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UNITED STATES PATENT OFFICE 
Bernard D. Willis, deceased, late of Oak Park, Ill., 
by Wm. Walter Owen, executor, Elgin, Ill., as 
signor to Automatic Electric Laboratories, Inc., 
a corporation of Delaware 

Application April 13, 1942, Serial No. 438,695 
4 Claims. 

The present invention relates to switching sys 
tems and more particularly to automatic switches 
for telephone systems of the character of that 
disclosed in the copending application of Bernard 
D. Willis, Serial No. 377,835, filed February 7, 
1941. 
While the automatic switches utilized in the 

telephone system disclosed in the Willis applica 
tion mentioned are entirely satisfactory in op 
eration, they are of more complicated construc 
tion and arrangement than is desirable. 
Accordingly one of the principal objects of the 

present invention is to provide an improved auto 
matic switch of the character noted which is of 
relatively simple and compact construction and 
arrangement. 
Another object of the invention is to provide 

an improved automatic switch including a con 
tact controlling member having both primary 
and secondary movements along an associated 
single row of contacts. 
A further object of the invention is to provide 

an improved automatic switch of the primary 
secondary motion type, wherein the Speeds at 
which the respective primary and secondary mo 
tions thereof take place are so correlated that 
the switch selects one group of contacts from the 
associated contact bank per unit time interval 
during the primary motion thereof and then se 
lects one contact from the previously selected 
group of contacts per unit time interval during 
the secondary motion thereof. 
A still further object of the invention is to pro 

vide an improved automatic switch of the pri 
mary-secondary rotation type, wherein the pri 
mary and secondary rotations thereof take place 
uniformly at different speeds along a single an 
nular path. 

In general, the objects set forth above are at 
tained in accordance with the present invention 
by providing an automatic switch comprising a 
contact bank including a plurality of groups of 
contacts arranged in a row, each of the groups 
including N contacts, and a contact controlling 
member mounted for both primary and Second 
ary movements along the row of contacts. Also 
the switch comprises means for imparting pri 
mary movement to the member at a substantially 
uniform speed NS, whereby the member selects 
from the contact bank one group of contacts per 
unit time interval during the primary movement 
thereof, and means for imparting Secondary 
movement to the member at a substantially uni 
form speed S, whereby the member selects from 
the previously selected group of contacts one 
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Contact per unit time interval during the sec 
ondary movement thereof. More particularly, 
the groups of contacts in the contact bank are 
arranged in an annular row and the contact con 
trolling member is mounted for both primary and 
Secondary rotations along the annular row of con 
tacts. Also primary rotation is imparted to the 
member at a substantially uniform speed N 0 and 
Secondary rotation is imparted to the member 
at a substantially uniform speed 0. 

Further features of the invention pertain to 
the particular arrangement of the mechanical 
elements of the automatic switch, whereby the 
above-outlined and additional operating fea 
tures are attained. 
The invention, both as to its organization and 

method of operation, together with further ob 
jects and advantages thereof, will best be un 
derstood by reference to the following specifica 
tion taken in connection with the accompanying 
drawings, in which Figure 1 is a side elevational 
View, partly in Section, of an automatic switch 
embodying the present invention; Fig. 2 is a sec 
tional view, taken along the line 2-2 in Fig. 1, 
of the gear train incorporated in the automatic 
switch shown in Fig. 1; Fig. 3 is a sectional view, 
Similar to Fig. 2, of a modified form of the gear 
train, which is adapted to be incorporated in 
the automatic switch shown in Fig. 1: Fig. 4 is 
a diagrammatic illustration of one form of the 
contact bank of the automatic switch, which is 
utilized When the gear train shown in Fig. 2 is 
incorporated therein; Fig. 5 is a diagrammatic 
illustration of a modified form of the contact 
bank of the automatic switch, which is utilized 
When the gear train shown in Fig. 3 is incorpo 
rated therein; Fig. 6 is a diagrammatic illustra 
tion of one form of the wiper set of the auto 
matic Switch, which is utilized when either of the 
contact banks shown in Figs. 4 and 5 is em 
ployed; Fig. 7 is a diagrammatic illustration of 
another modified form of the contact bank of the 
automatic switch, which is utilized. When the 
gear train shown in Fig. 2 is incorporated there 
in; Fig. 8 is a diagrammatic illustration of a fur 
ther modified form of the contact bank of the 
automatic switch, which is utilized when the gear 
train shown in Fig. 3 is incorporated therein; 
Fig. 9 is a diagrammatic illustration of a modi 
fied form of the Wiper set of the automatic 
Switch, which is utilized when either of the con 
tact banks shown in Figs. 7 and 8 is employed; 
Figs. 10 and 11, taken together, illustrate dia 
grammatically one form of a telephone system 
sembodying the present invention and compris 



2 
ing an automatic Switch incorporating the gear 
train shown in Fig. 2 and utilizing either of the 
contact banks shown in Figs. 4 and 7; Figs. 10 
and 12, taken together, illustrate diagrananati 
cally a modified form of the telephone System and 
comprising an automatic Switch incorporating 
the gear train shown in Fig. 3 and utilizing either 
of the contact banks shown in FigS. 5 and 8; 
Figs. 13 and 14, taken together, illustrate dia 
grammatically another modified form of the tele 
phone system and comprising an automatic 
SWitch incorporating the gear train shown in 
Fig. 2 and utilizing either of the contact banks 
shown in Figs. 4 and 7 and Figs. 13 and 15, taken 
together, illustrate diagrammatically a further 
modified form of the telephone System and con 
prising an automatic SWitch incorporating the 
gear train shown in Fig. 3 and utilizing either 
of the contact banks shown in Figs. 5 and 8. 

Referring now more particularly to Figs. 1 and 
2 of the drawings there is illustrated an auto 
matic switch ifi embodying the present inven 
tion, Which comprises an upper Supporting chan 
nel 0 , a lower supporting channel 93 and a 
substantially U-shaped supporting bracket 23, 
the flanges of the Supporting channels and 
f02 being directed toward each other and secured 
together in place between the outer ends of the 
legs of the supporting bracket 3 by a plurality 
of screws f4. Also the Switch 99 comprises an 
operating shaft C5 suitably journaled in a bear 
ing provided in the botton wall of the lower Sup 
porting channel 32, a carriage 6, a gear brack 
et 7, and a gear train supported by the gear 
blacket 7 and interposed between the operat 
ing shaft 5 and the carriage 06. More par 
ticularly, the carriage 96 is in the form of a 
disk disposed above the gear bracket 37 and 
surrounding the operating shaft 05; while the 
gear bracket 07 surrounds the operating shaft 
95 and is of substantially U-shape, including 

upper and lower plates fia and 09 and a con 
necting strap if 8. Also a flexible friction plate 
ff surrounds the operating shaft 95 and is 
rigidly secured to the lower plate 9 of the gear 
bracket T by a number of rivets f2. Further 
a collar 3 Surrounds the operating shaft, 5 
and is rigidly Secured to the upper Surface of the 
carriage iOS by a number of screws 4. The 
carriage 5 and the Supported coliar 3, as well 
as the gear bracket C7 and the supported fric 
tion plate , are held in assembled relation upon 
the operating shaft (5 by an arrangement Con 
prising two collars 5 and respectively car 
ried adjacent the upper and lower ends of the 
operating shaft it. More particularly, the col 
lar 5 is secured to the upper end of the operat 
ing shaft £5 by a set screw and bears upon 
the adjacent, upper surface of the botton Wall of 
the lower supporting channel 92; while the col 
lar 6 is Secured to the lowe' end of the operat 
ing shaft (5 by a set screw 8 and bears upon 
the adjacent lower surface of the friction plate 
f : . The collar 3 is spaced from the lower 
surface of the bottom wall of the lower support- 6: 
ing channel 82 by a washer 9 surrounding the 
operating shaft. i. 5; while the carriage 6 and 
the upper plate $8 of the gear bracket 7 are 
arranged in spaced relation by a washer 20 Sur 
rounding the operating shaft (5. 

It is noted that the gear train interposed be 
tween the operating shaft 5 and the carriage 
188 comprises a drive gear 2 rigidly secured to 
the operating shaft, 35 and arranged between 
the upper and lower plates 88 and 09 of the 
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2,840,445 
gear bracket f 87, two transmission pinions 22 
and 23 rotatably mounted on two pins 24 and 
25 extending between the upper and lower plates 
98 and (9 of the gear bracket DT and a ring 

gear 23 rigidly secured to the lower surface of 
the carriage 8 adjacent the peripheral edge 
thereof. The teeth on the drive gear 2f mesh 
the teeth on the transmission pinions 22 and 

| 23 disposed on opposite sides thereof; While the 
teeth on the transmission pinions 22 and 23 
mesh the internal teeth on the ring gear 26. 
Finally it is noted that the opposite ends of the 
flexible friction plate engage the lower Sur 
face of the ring gear 26 in order normally to 
lock the ring gear 28 and consequently the car 
riage 5 directly to the operating shaft 35. 

Also the Switch 0 comprises shift mechanism 
3 for controlling the gear train and conse 
quently the speed of rotation of the carriage D6. 
The shift mechanism 3 comprises a shift mag 
net M!3, provided with a core 32, a cup-shaped 
field element 33 and a movable armature 34. 
Also the shift nechanism 39 includes a fiction 
ring 35. The shift magnet M3, the core 32 
and the field element 33 comprise a unit which 
is suitably secured in a centrally disposed U 
shaped bend 36 formed in the supporting brack 
et 83; while the armature 34 surrounds the 
operating shaft 25 and is secured to the flexible 
friction plate adjacent the outer ends thereof 
by two clips 3 and 33. The friction ring 35 
is Suitably secured to the supporting bracket C3 
in Surrounding relation. With respect to the arma 
ture 3 and is arranged below the outer ends of 
the friction plate in spaced relation with re 
Spect thereto. At this point it is noted that the 
Outer ends Of the friction plate normally en 
gage the lower surface of the ring gear 25, but 
are adapted to engage the upper surface of the 
friction ring 35 when the friction piate is 
flexed due to movement of the armature 34 in a 
downward direction, in a manner more fully ex 
plained hereinafter. 

Further the Switch comprises a stub shaft 
48 suitably journaled in a bearing provided in 

the top Wall of the upper supporting channel G 
and arranged in alignment with the operating 
Shaft it:5. The upper end of the stub shaft A2 
carries a, bevel gear 44 which bears against the 
upper surface of the top wall of the upper sup 
porting Channel 3:. A collar f42 is secured to 
the Stub Shaft f iO by a set screw 43 and bears 
against the lower surface of the top wall of the 
upp8r Supporting channel i. 

Further the switch 99 comprises clutch mech 
anisin 58 including a go magnet M54 and a 
Stop magnet M.52. The go magnet M, 3 in 
cludes a core 53 carrying two spaced-apart field 
elementS 54 on the opposite ends thereof; while 
the stop magnet M.52 includes a core 55 carry 
ing two Spaced-apart field elements 55 on the 
Opposite ends thereof. The core 53 is secured 
to two nonmagnetic brackets f 57 by two screws 
58, which brackets 57 are suitably secured to 
the top Wall of the upper supporting channel (i. 
Similarly, the core f 55 is secured to two non 
magnetic brackets 59 by two screws 39, which 
bracketS 59 are suitably secured to the bottom 
Wall of the lower supporting channel 82. The 
upper end of the operating shaft 35 carries a 
tubular collar ?et slidably mounted thereon, a 
pin 62 being fixed to the operating shaft i? a 5 and 
arranged in a longitudinally extending slot 53 
formed in the tubular collar 61. The lower end 
of the tubular collar 6 f is normally Supported 
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upon the collar 5 and the upper end thereof 
carries an annular flange 64 formed of mag 
netic material. A drive plate 65 is secured to 
the lower end of the stub shaft 40 by a set 
screw 66 and arranged above and in spaced re 
lation with the annular flange 64. 
The Switch 8) is supported as a whole in co 

operating relation with a drive shaft 6 upon 
two external supports 68 engaging the lower 
surface of the top Wall and the adjacent flanges 
of the upper supporting channel 0. It is noted 
that the drive shaft; 67 is common to a plural 
ity of SWitches of the character of the Switch 
00 and is suitably journaled in a number of 

bearing brackets 69 carried by an external Sup 
port 70. More particularly, the drive shaft 67 
Carries a bevel gear if which is arranged to 
mesh the bevel gear 4f carried on the upper 
end of the stub shaft 40 when the Switch 00 
is Supported in place upon the external supports 
68, in the manner noted above. Also the switch 
0 is supported in cooperating relation with re 

spect to a contact bank support 72 which car 
ties a contact bank, not shown, the contact bank 
support 2 being disposed between the legs 
of the supporting bracket 03 and carried by two 
external supports 73. The external supports 
3 and the contact bank support 2 engage the 

legs of the supporting bracket (3, thereby posi 
tively to position the switch 0. Further it is 
noted that the carriage 66 supports a wiper 
set, not shown, which cooperates with the contact 
bank carried by the contact bank support 2. 
When the switch () is completely released the 

shift magnet M3 is deemergized, whereby the 
flexible friction plate f is biased, due to its 
inherent resiliency, into engagement with the 
lower surface of the ring gear 25 in order to 
lock the ring gear 26 and consequently the car 
riage 06 directly to the operating shaft 05, as 
previously noted. Also, at this time, the wiper 
set carried by the carriage 26 occupies its nor 
mal position with respect to the contact bank 
carried by the contact bank support T2, in a 
manner more fully explained hereinafter. 
thermore, the go magnet M5 and the stop mag 
net M.52 are normally deemergized, whereby the 
tubular collar 6 occupies its normal position 
engaging the collar i5 and the annular flange 
64 carried by the tubular collar 6 disengages 

the associated drive plate S5. Finally the drive 
shaft 6 is rotated at a constant speed in the 
clockwise direction, as viewed toward the right, 
in Cider to drive the stub shaft 40 at a con 
stant speed in the clockwise direction, as viewed 
from the top. Hence, at this time, the stub shaft 
49 and the drive plate 35 carried thereby are 
rotated in the clockwise direction above the an 
nular fiange 64 carried by the tubular collar 
6i. 
In order to operate the switch 00, thereby to 

cause the wiper set carried by the carriage 06 to 
select a particular group of contact sets in the 
associated contact bank, the go magnet M5 
is first energized and retained energized for a 
corresponding given time interval, depending up 
on the speed of rotation of the stub shaft 4), 
this given time interval comprising one or more 
unit tire intervals, as explained more fully here 
inafter; and, at the conclusion of this given time 
interval, the go magnet Mis is deenergized and 
the stop magnet Mis2 is energized. When the 
go magnet M.5A is thus energized the field ele 
ments 54 thereof attract the annular flange 64, 
thereby to cause the annular flange 64 to move 
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the carriage 06 in the clockwise direction, which 
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3 
upwardly into frictional engagement with the 
drive plate 65, the pin and slot connection 
62-63 between the operating shaft 05 and 

the tubular collar 6 accommodating this move 
ment of the tubular collar 6 and the annular 
flange f G4 carried thereby. When the annular 
flange 64 is thus moved by the go magnet M5t 
into frictional engagement with the drive plate 
65 the operating shaft 05 is clutched to the 

stub shaft 40 and is rotated in the clockwise 
direction. 
At this time the operating shaft 95 is direct 

ly locked to the ring gear 26 and consequently 
to the carriage 06 by the resilient friction plate 

, whereby the carriage 106 is rotated in the 
clockwise direction with the operating shaft O5 
at the same speed. During this rotation of the 
operating shaft 105 the gear bracket 07 is ro 
tated therewith, whereby the transmission pin 
ions 22 and 23 remain stationary upon the 
associated pins 24 and 25, but are revolved 
about the operating shaft 05 with the gear 
bracket fol. As the carriage 06 is thus rotated 
in the clockwise direction the wiper set supported 
thereby is moved continuously with respect to the 
groups of contact sets in the associated contact 
bank, whereby the different groups of contact 
sets are progressively selected by the wiper set. 
More particularly, the speed of rotation of the 
operating shaft f G5 is so related, with respect to 
the position of the groups of contact sets in the 
contact bank associated with the wiper set car 
ried by the carriage 6, that the wiper set se 
lects one group of contact sets in the associated 
contact bank during each unit time interval. 
Thus, at the conclusion of the first, second etc. 
unit time intervals, the wiper set has selected 
the corresponding first, second etc. groups of 
contact sets in the associated contact bank. 
At the conclusion of the given time interval 

the go magnet M5 is deenergized and the stop 
magnet M.52 is energized, as previously noted, 
whereupon the field elements 56 of the stop 
magnet M.52 attract the annular fiange 64 caus 
ing the tubular collar 61 and the annular flange 
164 carried thereby to be moved downwardly, the 
pin and slot connection 62-63 between the 
Operating shaft 5 and the tubular collar 6 
facilitating this movement. At this time the 
stop magnet MiS2 is retained energized, there 
by to retain the annular flange 64 out of en 
gagement with the drive plate 65 and in locked 
engagement With the field elements 56. As 
long as the stop magnet M 52 is retained ener 
3ized, the annular flange 64 is retained in locked 
engagement With respect to the field elements 
56, thereby to prevent movement of the car 

riage 96 and consequently the wiper set car 
ried thereby. 
At the conclusion of the rotary movement of 

motion constitutes the primary motion of the 
SWitch 9, as explained above, the shift magnet 
M3 is energized. When the shift magnet M3 
is thus energized the armature 34 is attracted 
by the cup-shaped field element 33 and is moved 
downwardly, whereby the straps 37 and 38 con 
necting the armature 34 to the flexible friction 
plate it flex the outer ends of the friction plate 
if downwardly out of engagement with the 

lower Surface of the ring gear 126 and into en 
gagement. With the upper surface of the fric 
tion ring 85. When the armature 34 is thus 
operated in order to flex the friction plate y 
as explained above, the ring gear 26 and con 



4. 
sequently the carriage 6 are unlocked from the 
operating shaft 05; and the friction plate 
and consequently the gear bracket O are locked 
to the stationary friction ring 35. 
After the switch 00 has been operated in the 

manner described above, thereby to cause the 
wiper set carried by the carriage 06 to select 
one of the groups of contact sets in the associ 
ated contact bank carried by the contact bank 
support 72, the switch OO is operated further 
in order to cause the Wiper set to select a par 
ticular contact set in the previously selected 
group of contact sets in the associated contact 
bank. In order to accomplish this end, the Stop 
magnet M.52 is first deenergized and then the 
go magnet M5 is energized and retained ener 
gized for a corresponding given time interval, 
depending upon the speed of rotation of the stub 
shaft 4, this given time interval comprising One 
or more unit time intervals, as explained more 
fully hereinafter; and at the conclusion of this 
given time interval the go magnet M5 is de 
energized and the stop magnet Mf 52 is energized. 
When the stop magnet M.52 is thus deenergized 
the field elements 56 release the annular flange 
64; and when the go magnet M5 f is thus ener 

gized the field elements 54 attract the annular 
flange 64, thereby again to clutch the annular 
flange is to the drive plate 65, in the manner 
previously explained; whereby the operating 
shaft 5 is again rotated in the clockWise direc 
tion with the stub shaft 40. The rotation of 
the operating shaft 05 in the clockwise direction 
effects rotation of the drive gear 2? in the clock 
wise direction, whereby the transmission pinions 
| 22 and 23 are rotated in the counterclockwise 
direction about the pins 24 and 25 extending 
between the upper and lower plates 08 and 109 
of the geal bracket 07 due to the fact that the 
gear bracket 97 is locked by the friction plate 

to the stationary friction ring 35 against 
rotation in the clockwise direction. The rota 
tion of the transmission pinions 22 and 23 in 
the counterclockwise direction about the pins 24 
and 25 effects rotation of the ring gear 26 in 
the counterclockwise direction, whereby the car 
riage 96 is driven continuously in the counter 
clockwise direction during the given time interval 
mentioned. 
As the carriage 05 is thus rotated in the coun 

terclockwise direction the Wiper set carried there 
by successively engages the individual contact 
sets in the previously selected group of contact 
sets in the associated contact bank. The gear 
train interposed between the operating shaft 05 
and the carriage 96 has a transmission ratio, as 
determined by the number of teeth disposed 
about the periphery of the drive gear 2 and the 
number of teeth disposed about the interior of 
the ring gear 26, of 10:1; whereby the oper 
atting shaft 5 is rotated in the clockwise direc 
tion ten times as fast as the rotation of the car 
riage 6 in the counterclockwise direction when 
the gear train is effective. At the conclusion of 
any given number of unit time intervals the Wip 
er set engages a corresponding individual contact 
set in the previously selected group of contact 
sets in the associated contact bank. Thus at the 
conclusion of the first, second etc. unit time in 
tervals the wiper set engages the corresponding 
first, second etc. individual contact sets in the 
previously selected group of contact sets in the 
associated contact bank. 
At the conclusion of the given time interval 

the go magnet M5 is deenergized and the stop 
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magnet M.52 is again energized, as previously 
noted; Whereupon the field elements 54 release 
the annular flange 64 and the field elements 56 
attract the annular flange 64 in order to cause 
the annular flange 64 to be locked to the field 
elements 56, in the manner previously explained. 
At this time the Wiper set carried by the car 

riage 6 has selected a particular group of con 
tact SetS in the aSSociated contact bank corre 
Sponding to the first time interval mentioned 
and a particular individual contact set in the 
previously selected group of contact sets in the 
aSSOciated contact bank corresponding to the sec 
Ond tine interval mentioned, thereby to estab 
lish a connection to the particular selected in 
dividual contact set. At the conclusion of the 
rotary movement of the carriage 06 in the coun 
ter-clockwise direction, which motion constitutes 
the Secondary motion of the switch OE), as ex 
plained above, the shift magnet Mi3f and the 
Stop magnet M.52 are retained energized. 

In VieW of the foregoing explanation of the 
mode of Operation of the switch 0 first to se 
lect a palticular group of contact sets and then 
to Select a particular individual contact set in 
the previously selected group of contact sets in 
the associated contact bank, it will be understood 
that the carriage C6 is first rotated in the clock 
Wise direction, the primary movement of the 
Switch 29, at a speed of f OS; then the carriage 
6 is rotated in the counterclockwise direction, 

the Secondary movement of the switch f OO, at a 
Speed of S. Accordingly the switch GO oper 
tates during the primary movement of the car 
riage 6 to select one group of contact sets per 
unit time interval and then operates during the 
Secondary movement of the carriage G6 to se 
lect one contact set from the previously selected 
group of contact sets per unit time interval. 

In order completely to release the switch OO 
the shift magnet M3? and the stop magnet M 52 
are first deenergized and the go magnet M5. 
is energized. When the shift magnet M3 is 
thus deenergized the armature 34 is released 
by the cup-shaped field element 33, whereby 
the friction plate if moves the armature 34 
upwardly Out of engagement with the cup-shaped 
field element 33 due to its own resiliency. Fur 
thermore, the Outer ends of the resilient friction 
plate f l are moved upwardly out of engagement 
With the stationary friction ring 35 and into 
engagement with the ring gear 26, whereby the 
ring gear 26 and consequently the carriage 06 
are again locked to the operating shaft 05 di 
rectly, as previously explained. When the stop 
magnet M.52 is thus deenergized the field ele. 
ments 55 release the annular flange 64; and 
When the go magnet MI5 is thus energized the 
field elements 54 attract the annular flange 64, 
Whereby the annular flange 64 is moved upWard 
ly into engagement with the drive plate f65, in 
the manner previously explained. At this time 
the Operating shaft C5 is again clutched to the 
stub shaft 40 and is rotated in the clockwise 
direction, whereby the carriage 96 and the Wiper 
Set carried thereby are rotated in the clockwise 
direction at the Speed of f SS, in the manner pre 
viously explained. Finally when the wiper set 
carried by the carriage 96 is returned to its nor 
mal position the go magnet M5 is deenergized 
and the stop magnet Mf 52 is energized. When 
the go magnet M.5i is thus deemergized the field 
elements f4 release the annular flange 64; and 
When the stop magnet Mf 52 is thus energized 
the field elements 55 attract the annular fange 
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64, whereby the annular flange 64 is moved 
downwardly into locked engagement With the 
field elements 56, in the manner previously ex 
plained. At this time the operating shaft 05 
is again declutched from the stub shaft 40. Ul 
timately the stop magnet M.52 is deemergized; 
however, the annular flange 64 remains in en 
gagement with the field elements 56 due to the 
action of gravity in view of the fact that the go 
magnet M5 is not energized at this time. 
this time the SWitch OO is completely released 
and available for further use. 
In view of the foregoing explanation of the re 

lease of the Switch 00 it will be understood that 
the carriage 06 thereof is rotated in the clock- 5 
wise direction back to its normal position at the 
speed of OS due to the fact that the shift magnet 
M3 is deenergized at the beginning of the re 
lease period. Accordingly the carriage O6 of 
the switch OO is rapidly returned, in the clock- 20 
wise direction, to its normal position, in the man 
ner explained above. 

Referring now more particularly to Fig. 3 of 
the drawings, a modified form of the gear train, 
similar to the gear train shown in Fig. 2, is illus- 25 
trated, which may be incorporated in the SWitch 
shown in Fig. 1. More particularly, this gear 
train comprises, in addition to the drive gear 2 
and the ring gear 26, two sets of transmission 
pinions 30, 302 and 304, 305 interposed between 30 
the operating shaft 5 and the carriage 96. 
More specifically, the drive gear 2 is rigidly se 
cured to the operating shaft 05 and the trans 
mission pinions 30, 302, 303 and 364 are re 
spectively rotatably mounted upon pins 3, 32, 35 
3f4 and 35 extending between the upper and 
lower plates C8 and 09 of the gear bracket 0. 
The teeth on the drive gear 2 mesh the teeth 
on the transmission pinions 30 and 32 disposed 
on opposite sides thereof; the teeth. On the trans- ; ) 
mission pinions 30 and 302 respectively mesh 
the teeth on the transmission pinions 304 and 305 
disposed on opposite sides thereof; While the 
teeth on the transmission pinions 34 and 305 
mesh the teeth disposed about the interior of the 45 
ring gear 26 at opposite sides thereof. 
The gear train shown in Fig. 3 may be Sub 

stituted directly for the gear train shown in Fig. 
2 in the Switch shown in Fig. 1, in an obvious 
manner, in order to produce a modified Switch 50 
f09. Considering now the operation of the modi 
fied switch 00 it is noted that the primary move 
ment of the carriage 96 in the clockwise direc 
tion is the same as that previously described in 
view of the fact that, during the primary move- 55 
ment of the switch, the operating shaft 05 is 
locked directly to the ring gear 26 and conse 
quently to the carriage 06, in the manner pre 
viously explained. However, the secondary move 
ment of the carriage 06 is modified due to the 60 
interposition of the two sets of transmission pin 
ions 30, 302 and 304, 305 between the drive gear 
2 and the ring gear 26. More particularly, 
when the armature 34 is operated in order to 
flex the outer ends of the friction plate out 65 
of engagement with the ring gear f26 and into en 
gagement with the stationary friction gear 35, 
the operating shaft 05 is operatively connected 
to the carriage 06 through the gear train, as 
previously explained. At this time, rotation of 70 
the operating shaft (5 in the clockwise direc 
tion effects rotation of the drive gear 2 in the 
clockwise direction, and the consequent rota 
tion of the transmission pinions 30 and 302 in 
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and 32. The rotation of the transmission pin 
ions 30 and 302 in the counterclockwise direc 
tion about the pins 3 and 32 effects rotation 
of the transmission pinions 304 and 395 in the 
clockwise direction about the pins 34 and 35. 
Finally the rotation of the transmission pinions 
304 and 35 in the clockwise direction about the 
pins 34 and 35 effects rotation of the ring gear 
26 and consequently the carriage 06 in the 
clockwise direction. Accordingly, in the modified 
form of the Switch 00, not only the primary 
movement of the carriage C6 but also the sec 
ondary Inovement thereof takes effect in the 
clockwise direction. Moreover, in the modified 
SWitch 3, the gear train interposed between the 
Operating Shaft 5 and the carriage 06 has a 
transmission ratio, as determined by the number 
of teeth disposed about the periphery of the drive 
gear 2 and the number of teeth disposed about 
the interior of the ring gear 26, of 10:1; whereby 
the operating shaft 5 is rotated in the clock 
Wise direction ten times as fast as the rotation 
of the carriage 106 in the clockwise direction, 
when the gear train is effective. 
Thus, at the conclusion of any given number 

of unit time intervals, the wiper set engages 
a corresponding individual contact set in the 
previously selected group of contact sets in the 
aSSociated contact bank. Thus, at the conclusion 
of the first, second, etc., unit time intervals, the 
Wiper Set engages the corresponding first, second, 
etc., individual contact sets in the previously se 
lected group of contact sets in the associated 
contact bank, 
The Subsequent operation of the modified 

Switch 08 at the conclusion of the second time 
interval, as well as the ultimate release thereof, 
is the Same as those previously explained. More 
particularly, incident to the release of the modi 
fied SWitch, the carriage (6 is rotated in the 
clockwise direction back into its normal position. 
In view of the foregoing explanation of the 

mode of operation of the modified switch OO 
to Select first a particular group of contact sets 
anlo then a particular individual contact set in 
the previously selected group of contact sets in 
the associated contact bank, it will be understood 
that the carriage 06 is first rotated in the clock 
Wise direction, the primary movement of the mod 
ified Switch 0 at a speed of f OS; then the car 
riage fo6 is rotated in the clockwise direction, 
the Secondary movement of the modified switch 
00, at a Speed of S. Accordingly the modified 

SWitch feo operates during the primary move 
ment of the carriage 106 to select one group of 
contact Sets per unit time interval and then 
Operates during the secondary movement of the 
Carriage 6 to Select one contact set from the 
previously selected group of contact sets per unit 
time interval. Also it will be understood that, 
during the release of the modified switch OO, the 
Carriage 96 thereof is rotated in the clockwise 
direction back to its normal position, at the speed 
of iOS, due to the fact that the shift magnet M3 
is deemergized at the beginning of the release 
period. Accordingly the carriage 106 of the 
modified Switch 00 is rapidly returned in the 
clockwise direction to its normal position, in the 
manner explained above. 

Referring now more particularly to Figs. 4 and 
6 of the drawings, there are illustrated diagram 
matically one form of the wiper set 600 and the 
asSociated contact bank 400 of the switch 00 

: Which may be utilized when the gear train, shown 
the counterclockwise direction about the pins 31 75. in Fig. 2, is incorporated therein. More particu 



larly, the wiper set GOO is carried by the operating 
shaft C5 and comprises a number of wipers 601, 
602, etc. of the double-ended type; while the con 
tact bank 400 is of the 100-point type. More 
specifically, the contact bank AC comprises ten 
groups of contact sets; each group of contact Sets 
comprises ten individual contact Sets; and each 
individual contact set comprises a number of 
contacts respectively associated with the wiper's 
GO, 602, etc., of the wiper set 600. 
In this form of the switch 80 the wiper set 600 is rotated continuously during the primary 

movement thereof in the clockwise direction, as 
indicated by the arrow P, from the normal po 
sition P successively through the positions Pl, 
P2, etc., and P9 during the successive correspond 
ing time intervals. Subsequently the wiper Set 
600 is rotated continuously during the secondary 
movement thereof in the counterclockwise direc 
tion, as indicated by the arrow S, from the oper 
ated position P1, P2, etc., back toward the ad 
jacent position Po, Pi, etc., during the corre sponding time intervals. 
From an examination of the contact bank 400 

shown in Fig. 4, it will be understood that, in 
order to operate the switch 09 to select the con 
tact sets 1, 2, etc., the wiper set 600 is first ro 
tated in the clockwise direction during the pri 
mary movement thereof from the normal posi 
tion Po engaging the contact set fo to the posi 
tion Pi to engage the contact set 20, and is then 
rotated in the counterclockwise direction during the secondary movement thereof from the oper 
ated position Pi toward the adjacent position P0 
to engage the contact sets if, f2, etc. Similarly, 
in order to operate the switch 100 to select the 
contact sets of, 02, etc., the wiper set 600 is first 
rotated in the clockwise direction during the pri 
mary movement thereof from the normal posi 
tion Po engaging the contact set 0 back to the 
position P0 to engage the contact set 0, and is 
then rotated in the counterclockwise direction during the secondary movement thereof from the 
operated position P0 toward the adjacent position 
P9 to engage the contact sets 0, 02, etc. Ulti 
mately, when the switch 100 is released the wiper 
set 600 is rotated in the clockwise direction from 
the engaged contact set back to the normal posi 
tion P0 to engage the contact set 0. 
Also the operating shaft 05 operates off-nor 

mal switch control mechanism illustrated dia grammatically as a cam 40 carried by the op 
erating shaft 05 and an associated set of switch springs S405. The cam 40 comprises two projec 
tions 402 and 403 corresponding to the two nor 
mal positions of the wiper set 600; while the set of 
switch springs S405 comprises a set of contacts 
406 which is engaged when the wiper set 600 
occupies either one of its normal positions and 
a set of contacts 407 which is engaged when the 
wiper set 600 occupies other than one of its nor 
mal positions. This off-normal Switch control 
mechanism is utilized in the switch 100 for a purpose more fully explained hereinafter. 
Referring now more particularly to Figs. 5 and 

6 of the drawings, there are illustrated diagram 
matically one form of the wiper set 600 and the 
associated contact bank 500 of the switch 00 
which may be utilized when the gear train, 
shown in Fig. 3, is incorporated therein. More 
particularly, the wiper set 600 is carried by the 
operating shaft f C5 and comprises a number of 
wipers 60i, 602, etc., of the double-ended type, 
as previously noted; while the contact bank 500 
is of the 100-point type. More specifically, the 
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contact bank 560 comprises ten groups of contact 
sets; each group of contact sets comprises ten 
individual contact sets; and each individual con 
tact set comprises a number of contacts respec 
tively associated with the wipers 60?, 602, etc., of the wiper set 600. 
In this form of the switch 00 the wiper set 600 is rotated continuously during the primary 

movement thereof in the clockwise direction, as 
indicated by the arrow P, from the normal posi tion P0 successively through the positions Pf, 
P2, etc., and P9 during the successive correspond 
ing time intervals. Subsequently the wiper set 
600 is rotated continuously during the secondary 
movement thereof in the clockwise direction, as 
indicated by the arrow S, from the operated po 
sition P1, P2, etc., forwardly toward the adjacent position P2, P3, etc., during the corresponding 
time intervals. 
From an examination of the contact bank 500 

shown in Fig. 5, it will be understood that, in 
order to operate the switch 109 to select the con 
tact sets fi, f2, etc., the wiper set 600 is first 
rotated in the clockwise direction, during the pri 
mary movement thereof, from the normal posi 
tion P6 engaging the contact set 90 to the position 
P to engage the contact set 00, and is then ro 
tated in the clockwise direction, during the sec 
ondary movement thereof, from the operated 
position P toward the adjacent position P2 to 
engage the contact sets, 2, etc. Similarly, in 
order to operate the switch 00 to select the con 
tact sets {i, 82, etc., the wiper set 600 is first ro 
tated in the clockwise direction, during the pri 
mary movement thereof, from the normal posi 
tion P6 engaging the contact set 90 back to the 
position P0 to engage the contact set 90, and is 
then rotated in the clockwise direction, during 
the secondary movement thereof, from the oper 
ated position P0 toward the adjacent position Pl 
to engage the contact sets 0, 02, etc. Ultimately, 
when the switch f60 is released the wiper set 600 
is rotated in the clockwise direction from the 
engaged contact set back to the normal position 
PO to engage the contact set 90. 
Also the operating shaft 05 operates off-nor 

mal Switch control mechanism illustrated dia 
grammatically as a can 50 carried by the oper 
ating shaft. 5 and an associated set of switch 
Springs S505. The cam 50 comprises two pro 
jections 532 and 503 corresponding to the two 
normal positions of the wiper set 600; while the 
set of switch springs S505 comprises a set of con 
tacts 56 which is engaged when the wiper set 600 
Occupies either one of its normal positions and a 
Set of contacts 507 which is engaged when the 
wiper set 660 occupies other than one of its nor 
mal positions. This off-normal switch control 
mechanism is utilized in the switch 00, for a pur 
pose more fully explained hereinafter. 
Referring now more particularly to Figs. 7 

and 9 of the drawings, there are illustrated di 
agrammatically a modified form of the wiper 
set 906 and the associated contact bank 700 of 
the switch fee which may be utilized when the 
gear train, shown in Fig. 2, is incorporated there 
in. More particularly, the wiper set 900 is car 
ried by the operating shaft fo5 and comprises a 
first section 901, including a number of wipers 
902, 903, etc., and a second section 9 f, includ 
ing a number of wipers 9 2, 93, etc.; while the 
contact bank G0 is of the 100-point type and 
comprises a first section 7 of associated with the 
first section 99 of the wiper set 900 and a sec 
ond section 702 associated with the second sec 
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tion 9 of the wiper set 900. Preferably the 
first section 90 of the wiper set 9C0 is arranged 
above the second section 9 thereof; and the 
first section f of the contact bank 700 is ar 
ranged above the second section 792 thereof. 
Each of the sections Toi and 702 of the contact 
bank 700 comprises five groups of contact Sets; 
each group of contact sets comprises ten indi 
vidual contact sets; and each individual contact 
set comprises a number of contacts. The con 
tacts in each contact set in the first section 70 
of the contact bank 700 are respectively aSSo 
ciated with the wipers 902, 903, etc., of the first 
section 90 of the Wiper set 900; while the con 
tacts in each contact set in the second section 
O2 of the contact bank 70 are respectively as 

sociated with the wipers 9 2, 93, etc., of the 
second section 9 f of the wiper set 990. 
In this form of the switch 00 the wiper set 

900 is rotated continuously during the primary 
movement thereof in the clockwise direction, as 
indicated by the arrow P, from the normal posi 
tion PO successively through the positions Pl, 
P2, etc., and P9 during the successive corre 
sponding time intervals. During this primary 
movement of the wiper set 900 the first section 
99 thereof cooperates with the associated first 
section 7 O of the contact bank 709 in the posi 
tions PO, P, P2, P3 and P4 and the Second sec 
tion 9 f thereof cooperates with the associated 
second section 792 of the contact bank 700 in 
the positions P5, P6, P., P8 and P9. Subse 
quently the wiper set 900 is rotated continuously 
during the secondary movement thereof in the 
counterclockwise direction, as indicated by the 
arrow S, from the operated position P, P2, etc., 
back toward the adjacent position P0, P, etc., 
during the corresponding time intervals. 
From an examination of the contact bank To 

shown in Fig. 7, it will be understood that, in 
order to operate the Switch 99 to select the 
contact sets 1, 2, etc., the wiper set 900 is 
first rotated in the clockwise direction during 
the primary movement thereof, whereby the 
first section 99 of the wiper set 90 is moved 
from the normal position P0 engaging the con 
tact set 9 to the position Pf to engage the con 
tact set 29; the wiper set 900 is then rotated in 
the counterclockwise direction during the Sec 
ondary movement thereof, whereby the first 
section 9 of the wiper set 900 is moved from 
the operated position Pl toward the adjacent 
position PO to engage the contact sets , 2, 
etc. Similarly, in order to operate the Switch 
00 to select the contact sets 5, 52, etc., the 

wiper set 900 is first rotated in the clockwise di 
rection during the primary movement thereof, 
whereby the first section 90 of the wiper set 900 
is moved from the normal position P engaging 
the contact set 0 to bring the second section 
9 of the wiper set 900 to the position P5 to 
engage the contact set 60; the wiper set 900 is 
then rotated in the counterclockwise direction 
during the secondary movement thereof, where 
by the second section 9 thereof is moved from 
the operated position P5 and the first section 
90 thereof is moved toward the adjacent po 
sition P4 to engage the contact sets 5, 52, etc. 
In order to operate the switch too to Select the 
contact sets 61, 62, etc., the wiper set 900 is first 
rotated in the clockwise direction during the pri 
mary movement thereof, whereby the first Sec 
tion 9 of the wiper set 900 is moved from the 
normal position P0 engaging the contact set 
D. to bring the second section 9 of the Wiper 
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7 
set 900 to the position P6 to engage the con 
tact set 70; the wiper set 900 is then rotated 
in the counterclockwise direction during the 
secondary movement thereof, whereby the sec 
ond Section 9 of the wiper set 900 is moved 
from the operated position P6 toward the ad 
jacent position. P5 to engage the contact Sets 
6, 62, etc. Similarly, in order to operate the 
switch 00 to select the contact sets 0, 02, etc., 
the wiper set 900 is first rotated in the clockwise 
direction during the primary movement thereof, 
whereby the first section 90 of the wiper set 
90) is noved from the norinal position P) en 
gaging the contact set 0 back to the position 
PO to engage the contact set 0; the wiper set 
90) is then rotated in the counterclockwise di 
rection during the Secondary movement there 
of, whereby the first section 9 thereof is 
moved from the operated position P0 and the 
second section 9 f thereof is moved toward the 
adjacent position P9 to engage the contact sets 
O, 02, etc. Ultimately, when the witch f OO is 
released the wiper set 990 is rotated in the clock 
wise direction from the contact set engaged by 
either the first Section 9 or the second Section 
9 thereof to bring the first section 9 thereof 
back to the normal position P2 to engage the 
contact set 0. 

Also the operating shaft 5 operates off-nor 
mal Switch control mechanism illustrated dia 
grammatically as a cam 70' carried by the oper 
atting shaft 05 and an associated set of switch 
springs S705. The cam 70' comprises a single 
projection 702’ corresponding to the single nor 
mal position of the wiper set 900; while the set 
of Switch springs S705 comprises a set of contacts 
706 which is engaged when the wiper set 900 occu 
pies its normal position, and a set of contacts 707 
which is engaged when the wiper set 900 occupies 
other than its normal position. This off-normal 
SWitch control mechanism is utilized in the Switch 
00, for a purpose more fully explained herein 

after. 
Referring now more particularly to Figs. 8 and 

9 of the drawings there are illustrated diagram 
matically a modified form of the wiper set 900 
and the associated contact bank 809 of the switch 
C0 which may be utilized when the gear train, 
shown in Fig. 3, is incorporated therein. More 
particularly, the wiper set 900 is carried by the 
operating shaft 05 and comprises a first section 
90 t, including a number of wipers 902, 903, etc., 
and a Second Section 9 f, including a number of 
wipers 9 2, 913, etc., as previously noted; while 
the contact bank 800 is of the 100-point type and 
comprises a first section 80 l associated with the 
first Section 90 of the wiper set 900 and a second 
Section 892 associated with the second section 
9ff of the wiper set 990. Preferably the first sec 
tion 90 of the wiper set 900 is arranged above the 
Second section 9 thereof; and the first section 
80 of the contact bank 800 is arranged above the 
second section 802 thereof. Each of the sections 
80 and 892 of the contact bank 800 comprises 
five groups of contact sets; each group of con 
tact sets comprises ten individual contact sets; 
and each individual contact set comprises a num 
ber of Contacts. The contacts in each contact set 
in the first section 80 of the contact bank 800 
are respectively associated with the wipers 902, 
903, etc., of the first section 90 of the wiper 
Set 900; the contacts in each contact set in the 
Second Section 802 of the contact bank 800 are 
respectively associated with the wipers 92, 93, 
etc., of the second section 9 ft of the wiper set 900, 
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In this form of the switch 00 the wiper set 

900 is rotated continuously, during the primary 
movement thereof, in the clockwise direction, as 
indicated by the arrow P, from the normal posi 
tion P5 successively through the positions P, P2 
etc. and P9 during the successive corresponding 
time intervals. During this primary movement 
of the wiper set 989 the first section 96f thereof 
cooperates with the associated first Section 80 
of the contact bank 890 in the positions P8, Pl, 
P2, P3 and P4, and the second section 9 thereof 
cooperates with the associated second section 882 
of the contact bank 800 in the positions P5, P6, 
PT, P8 and P9. Subsequently the wiper set 90 
is rotated continuously during the Secondary 
movement thereof, in the clockwise direction, as 
indicated by the arrow S, from the operated 
position Pi, P2 etc. forwardly toward the adjacent 
position P2, P3, etc. during the corresponding 
time intervals. 
From an examination of the contact bank 800 

shown in Fig. 8, it will be understood that, in 
order to operate the switch 100 to select the con 
tact sets it ?2 etc., the wiper set 939 is first 
rotated in the clockwise direction during the pri 
mary movement thereof, whereby the first sec 
tion 96 of the Wiper set 9 is moved from the 
normal position Pa engaging the contact Set 90 
to the position Pi to engage the contact 06; the 
wiper set 960 is then rotated in the clockwise 
direction during the secondary movement thereof, 
whereby the first section 90 of the wiper set 900 
is moved from the operated position P toward 
the adjacent position P2 to engage the contact 
sets , 2 etc. Similarly, in order to operate the 
switch to select the contact sets i, 52 etc., 
the wiper set 930 is first rotated in the clockwise 
direction during the primary movement thereof, 
whereby the first section 9et of the wiper set 900 
is moved from the normal position P engaging 
the contact set 95 to bring the second section St 
of the wiper set 990 to the position P5 to engage 
the contact set ); the wiper set, 930 is then ro 
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tated ill the clockwise direction during the Sec 
ondary movement thereof, whereby the second 
section s : thereof is moved from the operated 
position. P5 toward the adjacent position P6 to 
engage the contact sets 5, 52 etc. Similarly, in 
order to operate the switch ( ) to select the con 
tact sets 3, 2 etc., the wiper Set 90 is first 
rotated in the clockwise direction during the pri 
mary movement thereof, whereby the first sec 
tion 6) of the wiper set 98 () is moved from the 
normal position P0 engaging the contact Set 90 
back to the position PE to engage the contact 
set 90; the wiper set 900 is then rotated in the 
clockwise direction during the Secondary nove 
ment thereof, whereby the first section 96 there 
of is moved from the operated position ti toward 
the adjacent position Pll to engage the contact 
sets 0, 62 etc. Ultimately, when the Switch 90 
is released the wiper set 900 is rotated in the 
clockwise direction from the contact Set engaged 
by either the first section 9 or the second sec 
tion 9 thereof to bring the first Section 90 
thereof back to the normal position P to engage 
the contact set St. 
Also the operating shaft 65 Operates off-nor 

mal switch control mechanism illustrated dia 
grammatically as a can 89' carried by the oper 
ating shaft 35 and an associated set of switch 
springs S835. The cam 80? comprises a single 
projection 802’ corresponding to the single nor 
mal position of the wiper set 900; while the set 
of switch springs S805 comprises a set of con 
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tacts 86 which is engaged when the wiper set 
900 occupies its normal position and a set of con 
tacts 807 which is engaged when the Wiper Set 
900 occupies other than its normal position. This 
off-normal switch control mechanism is utilized 
in the switch 00, for a purpose more fully ex 
plained hereinafter. 

Referring now more particularly to Figs. 10 and 
11 of the drawings there is illustrated an auto 
matic telephone system comprising an exchange 
having a plurality of Subscriber lines extending 
thereto, including the subscriber lines 00 and 

of respectively extending to the subscriber sub 
stations T and T2. Also the exchange comprises 
subscriber controlled switching apparatus for set 
ting up connections between the various sub 
Scriber lines, the switching apparatus comprising 
a line switch individual to each subscriber line, 
the line switches 002 and O2 being individual 
to the subscriber lines 00 f and ff0, respective 
ly, and a group of connectors including the con 
nector 000. Preferably, each of the line switches 
has access to each of the connectors and each 
of the connectors has access to each of the sub 

i5 Scriber lines in the exchange. 
Preferably each subscriber substation comprises 

conventional subscriber substation apparatus in 
cluding a telephone instrument, a ringer and a 
calling device or dial. Preferably each line switch 
is identical to the line switches 002 and O2, 
which line switches are connected and arranged 
in accordance with conventional practice. 

Preferably each of the connectors is identical 
to the connector foo which comprises an auto 
matic Switch of the character of the automatic 
Switch 00 shown in Fig. 1; which automatic 
Switch has incorporated therein a gear train of 
the character of that shown in Fig.2 and is pro 
Vided with an associated contact bank of the 
character of that shown either in Fig. 4 or in 
Fig. 7 and a corresponding wiper set of the char 
acter of that shown either in Fig. 6 or in Fig. 9. 
In other words, the automatic switch incorpo 
rated in the connector 000 is of the type dis 
closed, wherein the wiper set thereof is advanced 
Continuously during the primary movement 
thereof in the clockwise direction and then is 
advanced continuously during the Secondary 
movement thereof in the counterclockwise direc 
tion, in the manner previously explained. Also 
this automatic switch comprises a gO magnet 
M056, a stop magnet MO57, a shift magnet 
M058, three sets of switch springs SiO35, Sf 0.36 
and SO39, a wiper set including the Wipers 
f 5. inclusive, and an associated contact bank 
Also the connector f000 comprises a minor 

switch 29, including a slide f 23, an associated 
contact bank 24, a step magnet Mf 2 for mov. 
ing the slide if 23 step by step with leSpect to the 
associated contact bank 24, and a release mag 
net M 22 for releasing the slide 23 and for 
Causing it to be returned to its normal position. 
Also a set of switch springs Sf 25 is associated 
With the slide ff23 of the minor switch 20. 

Further the connector f00 Comprises a relay 
group including a line relay R. Of O, a hold relay 
R020, a dial relay R030, a first digit relay R050 
a second digit relay R C4), a go relay Rf O60, a. 
stop relay RO65, a test relay Rf 0.0, an answer 
relay R 075, switch-through relay R080, a ring 
relay RO90 and a reset relay R? 0.95, and a con 
trol network. 

In the connector 800 the circuit elements of 
the relay group are strapped to the individual 
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wipers of the wiper set of the automatic Switch 
and to certain elements of the minor Switch 

20. More particularly, the conductors COlf, 
CO2, CI Of3, CIO 4 and CO 5 are respectively 
strapped to the line wiper , the line wiper 

2, the control wiper f3, the unit Wiper 4 
and the group wiper 5 of the Wiper set of the 
automatic switch; and the conductors C06, 
C 07 and CEO 8 are respectively strapped to the 
conductors Clf 6, Clfil and Clf 8 extending 
to the minor Switch 20. 
The mechanical construction and arrangement 

of the automatic switch OO shown in Fig. 1, as 
Well as the electrical connection and arrange 
ment of the telephone system shown in Figs. 10 
and 11, will best be understood from a consider 
ation of the mode of operation of the apparatus 
incorporated in the system incident to the ex 
tension of a telephone connection from the Sub 
scriber substation T to the subscriber substa 
tion T2. 
A call is initiated at the subscriber substation 

T by removing the receiver of the telephone 
instrument thereat from its associated Switch 
hook, whereupon the line switch 002 operates 
automatically to search for a trunk extending 
to an idle connector in accordance With conven 
tional practice. Assuming that the connector 
OOO is the first idle connector accessible to the 

line switch 002, the line switch 092 operates 
to seize the trunk 005 extending thereto, the 
trunk OO5 being marked as idle by the absence 
of ground potential upon the control conductor 
COO8 thereof. When the line Switch 092 Seizes 
the trunk 1005 further operation thereof is ar 
rested and it operates to switch through, there 
by to complete an obvious connection between the 
subscriber line 00 and the line conductors 
CO)6 and COO of the trunk 005. When this 
connection is completed an obvious loop circuit 
is completed between the calling subscriber Sub 
station T and the upper and lower windings of 
the line relay ROO in the connector 1000 by 
way of the subscriber line 00, the line Switch 
002 and the trunk 005. When thus energized . 

the line relay R, f of O operates to complete, at the 
contacts 10, an obvious circuit for energizing 
the winding of the hold relay R? 020, thereby to 
cause the latter relay to operate. Also the line 
relay R of O completes, at the contacts 04, an 
obvious circuit, including the contacts 06, for 
energizing the winding of the stop relay RO65 in 
series with the stop magnet MiO57, thereby to 
cause the stop relay R 065 to operate and to 
cause the stop magnet Mt 957 to operate in order 5 
positively to lock the operating shaft 105 against 
rotation at this time. Upon operating, the hold 
relay RiO2O completes, at the contacts 022, an 
obvious path for applying ground potential to the 
control conductor Ci 008 of the trunk 905, there 
by to mark the connector 1000 as busy to the 
other line switches having access thereto. At this 
time an operative connection is completed be 
tween the calling subscriber substation T and 
the connector i000, and the connector COO is in 
readiness to receive the first digit. 
The subscriber at the calling subscriber substa 

tion T then dials the first digit at the calling 
device thereat, whereby a corresponding num 
ber of impulses are transmitted over the Sub 
scriber line IOO to the line relay ROC. The 
line relay Ri Oi O follows the impulses of the first 
digit, restoring each time the circuit for ener 
gizing in series the upper and lower windings 
thereof is interrupted and operating each time 
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the circuit for energizing the upper and lower 
Windings thereof in Series is recompleted, in ac 
cordance With conventional practice. Upon 
restoring, the line relay Rt Of O interrupts, at the 
contacts Of , the previously mentioned circuit 
for energizing the winding of the hold relay RO20 
and completes, at the contacts O2, an obvious 
path, including the contacts O23 and 043 and 
the conductors COf 6 and C 6, for energizing 
the step magnet Mif 2 of the miner switch 20, 
Also, upon restoring, the line relay R00 com 
pletes, at the contacts O3, an obvious circuit, 
including the contacts f024, for energizing the 
winding of the dial relay R030, thereby to cause 
the latter relay to operate. Also, upon restoring, 
the line relay ROO interrupts, at the contacts 
f04, the previously traced circuit for energizing 
the winding of the stop relay R? 0.65 in series 
With the stop magnet MO57, thereby to cause 
the stop relay R65 to restore and to cause the 
stop magnet MO57 to restore in Order to release 
the operating Shaft 5 for rotation at this time. 
Upon reoperating, the line relay R00 recom 
pletes, at the contacts ( f, the previously men 
tioned circuit for energizing the winding of the 
hold relay R020; interrupts, at the contacts 
02, the previously traced circuit for energizing 

the step magnet M f2 of the minor Switch 20; 
and interrupts, at the contacts 03, the previ 
ously traced circuit for energizing the Winding 
of the dial relay Rf 030. Also the line relay ROf 0, 
upon reoperating, prepares, at the contacts 04, 
the previously traced circuit for energizing the 
winding of the stop relay RO65 in series with the 
stop magnet M.52; however, the last-men 
tioned circuit is not completed at this time due 
to the operated position of the go relay R 060, 
in a manner more fully explained hereinafter. 
Both the hold relay R 020 and the dial relay R 033 
are of the slow-to-release type; accordingly these 
relays do not restore during impulsing. 
Upon operating, the step magnet M. 2 of the 

minor switch 20 drives the slide. 23 one step, 
whereby ground potential is applied to the first 
contact in the associated contact bank 24 and 
the first marking conductor terminated thereby. 
The application of ground potential to the first 
marking conductor terminated by the first con 
tact in the contact bank 24 of the minor switch 

20 completes a circuit, including the group 
Wiper 5 and the engaged group contact of 
the contact set 0 in the contact bank 0 of 
the automatic switch, the conductor CO 5 and 
the contacts 054, for energizing the winding of 
the go relay R06) in Series with the go magnet 
MO56. When thus energized the go relay R 60 
operates to interrupt, at the contacts 106, a 
point in the previously traced circuit for ener 
gizing the winding of the stop relay ROG5 in 
series with the stop magnet MO57, as previous 
ly noted. Also the go relay R 060 interrupts, at 
the contacts 063, a point in a circuit traced 
hereinafter for energizing the release magnet 
M22 of the minor Switch 20. When thus 
energized the go magnet MO56 operates, there 
by to clutch the stub shaft 40 to the operating 
shaft 05 of the automatic switch, in the man 
ner previously explained. 
When the slide f 23 of the minor Switch 20 

is moved away from its normal position the set 
of switch springs S25 is actuated, thereby to 
prepare the previously mentioned circuit for en 
ergizing the release magnet Mf 22. Also When 
the automatic switch is operated the wiper set 
thereof is advanced in the clockwise direction 
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with respect to the associated contact bank if , 
whereupon the sets of switch springs Si35, S$9 
and S35 are Operated. More particularly, the Set 
of switch Springs S35 is actuated into engage 
ment, thereby to complete an obvious alternative 
path for applying ground potential to the control 
conductor C. G8 of the trunk 5, Whereupon 
the trunk C5 is further marked as busy to the 
line switches having access thereto. The set of 
switch springs SiO39 is actuated into engage 
ment, thereby to prepare a circuit traced here 
inafter for energizing the Winding of the first 
digit relay R 050. Finally the set of switch 
springs Si36 is actuated, thereby to interrupt, 
at the contacts 238 thereof, a further point in 
an alternative circuit traced hereinafter for en 
ergizing the stop magnet M5; and to prepaire, 
at the contacts f3, thereof, a further point in 
a circuit traced hereinafter for energizing the 
Winding of the reset, relay R 35 in series with the 
go magnet, MC5. 

In view of the foregoing eXplanation of the 
initial operation of the connector GC), it will be 
understood that the line relay Rio follows the 
first digit causing this digit to be registered by 
the step magnet Vit 2 of the minor switch 2. 
More particularly, the step magnet M. 2 is en 
ergized and subsequently deenergized a number 
of times corresponding to the first digit, where 
by the slide 23 is operated a corresponding 
number of steps, whereupon ground potential is 
applied to a corresponding number of the con 
tacts in the associated contact bank f 24. As 
previously noted, the application of ground po 
tential to the first contact in the contact bank. 
| 24 associated with the slide if 23 of the mino: 
switch 20 initiates operation of the automatic 
switch incorporated in the connector C, where 
upon the wiper set is rotated in the clockwise di 
rection with respect to the associated contact bank 

O of the automatic switch. At this point it is 
noted that the group contacts of the contact Sets 
0, 9, 8, 7, 6, 5, 4, 3, 2 and in the 

contact bank if C of the automatic SWitch are 
connected to the first marking conductor termi 
nated upon the first contact in the contact bank 
24 of the minor switch 28. Similarly, the 

group contacts of the contact sets 20, 29, 28, 2 
26, 25, 24, 23, 22 and 2 in the contact bank 0 
of the automatic switch are connected to the Sec 
ond marking conductor terminated upon the Sec 
ond contact in the contact bank 24 of the 
minor switch 2?. Finally, in this connection, 
it is noted that the slide 23 is of Such a length 
that it is capable of simultaneously bridging not 
more than nine of the contacts in the aSSociated 
contact bank 24 of the minor switch 29, for 
a purpose more fully explained hereinafter. 

Considering now the extension of the call from 
the calling subscriber substation T to the called 
subscriber substation T2 in greater detail, it is 
noted that the subscriber line extending 
to the called subscriber substation T2 is termi 
nated upon the contact set 8 in the contact 
bank of the automatic switch; accordingly 
the first digit dialed at the calling subscribfe?' 
substation T is 0 and the Second digit, to be 
dialed at the calling subscriber substation. T 
will be 8. Hence, the first digit 0 dialed at the 
calling subscriber substation T is registered in 
the minor switch 2C in the connector , as 
previously explained. 
During the registration of the first digit 0 

the minor switch 29 the automatic SWitch is 
operated, operation of the automatic switch be 
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ing initiated when the first impulse is registered 
in the minor switch 20, as previously noted, 
Accordingly when the first digit 0 is completely 
registered in the minor SWitch 2) the Wiper set 
of the automatic switch has traversed a consid 
erable number of the contact sets in the aSSO 
ciated contact bank O and occupies a position 
in engagement, with Some contact set Well be 
yond the contact set 20, such, for example, as 
the contact Set 9. At this time, when the first 
digit 0 is completely registered in the minor 
switch 28 the slide 23 thereof bridges the 
contacts 2 to , inclusive, in the associated con 
tact bank 24, but does not engage the first con 
tact, in the associated contact bank f : due to 
the fact that the Side 23 is capable of bridging 
Simultaneously only nine contacts in the aSSoci 
ated contact bank, as previously noted. Hence, 
at this time, ground potential is applied by way 
of the slide 23 to each contact in the associated 
contact bank f24 with the exception of the first 
contact therein. Hence, ground potential is ap 
pied to the marking conductors terminated by 
the Second through the tenth contacts in the 
contact bank 24 of the minor Switch 20 in 
Order to cause continued operation of the auto 
natic SWitch. 
At the conclusion of the first digit 0 the line 

relay R C reoperates, thereby to retain the 
hold relay R. 2 in its operated position and 
to interrupt, at the contacts 3, the previously 
traced circuit for energizing the winding of the 
dia relay R. O3), whereupon the latter relay re 
stores shortly thereafter, the dial relay R, f 3) 
being of the slow-to-release type. Upon restor 
ing, the dial relay R 030 prepares, at the con 
tacts 3, a further point in the previously men 
tioned circuit for energizing the winding of the 
first digit relay RG50. Operation of the auto 
matic switch incorporated in the connector E30) 
continues until the wiper set disengages the con 
tact Set and reengages the contact Set in 
the associated contact bank 9, whereupon the 
previously traced circuit for energizing in Series 
the winding of the go relay R,068 and the go 
magnet M5S is interrupted. The last-men 
tioned circuit is interrupted due to the engage 
ment of the group wiper 15 of the wiper set, 
of the automatic switch with the group contact 
in the contact set 0 in the associated contact 
bank 9, the ungrounded first marking con 
ductor being terminated by the group contact of 
the contact set in the contact bank if 0, as 
previously noted. When the above-mentioned 
circuit for energizing the winding of the go re 
lay R, in Series with the go magnet M 355 is 
thus interrupted, the go relay R06) and the go 

Upon restoring the go 
relay R. 60 completes, at the contacts Si, the 
previously traced circuit for energizing the Wiind 
ing of the stop relay R G65 in series with the 
stop magnet M5, thereby to cause the stop 
relay R 55 and the stop magnet MO5 to oper 
ate. When the go magnet MO56 restores and 
the stop magnet MO5 operates the operating 
shaft 5 is declutched from the stub shaft, 4), 
in the manner previously explained, thereby to 
arrest further movement of the wiper set of the 
automatic SWitch incorporated in the connector 
0. 
Also, upon restoring, the go relay R.63 com 

pletes, at the contacts 662, the previously men 
tioned circuit for energizing the Winding of the 
first digit relay R50, this circuit extending 
from ground by way of the contacts 09, 862, 
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the set of switch springs SC39, the contacts 

52 and 93 and the winding of R,050 to bat 
tery, whereupon the latter relay operates. Fur 
ther the go relay R. 69 completes, at the con 
tacts 063, the previously mentioned circuit for 
energizing the release magnet M22 of the 
minor switch 20. The last-mentioned circuit 
extends from ground by Way of the set of switch 
springs Sf 25, C 7, Cli, the contacts O63, 
CO 8, C i? 8 and the release magnet M22 to 
battery. When thus energized the release mag 
net M 22 operates in order to release the slide 

23, whereupon the slide 23 is returned to its 
normal position. When the slide 23 is thus 
released the set of Switch springs S. 25 is actu 
ated into disengagement, thereby to interrupt 
the above-traced circuit for energizing the re 
lease magnet M22, whereupon the latter mag 
net restores. At this time the minor switch t 20 
is completely released. 

. Upon operating, the first, digit, relay RA 5 com 
pletes, at the contacts 05, an obvious holding 
circuit, including the contacts 02, for energiz 
ing the Winding thereof, interrupts, at the con 
tacts 4052, the previously traced original oper 
ating circuit for energizing the winding thereof. 
interrupts, at the contacts 654, a further point 
in the previously traced circuit for energizing the 
winding of the go relay R. 69 in series with the 
go magnet M56, and prepares, at the contacts 
953, an alternative circuit for energizing the 

winding of the go relay R. 39 in series with the 
go magnet M858. Also the first digit relay 
R050 completes, at the contacts O55, an obvious 
circuit for energizing the shift magnet M1058, 
thereby to cause the latter magnet to operate in 
order to render effective the gear train shown 
in Fig. 2 incorporated in the automatic switch 
provided in the connector C60, in the manner 
previously explained. At this time the connector 
() is in readiness to receive the second digit 8. 
The subscriber at the calling subscriber sub 

station T then dials the second digit 8, thereby 
to case the line relay Rio to follow in the 
manner previously explained. The line relay 
R99 repeats, at the contacts 912, the second 
digit 8 over the previously traced circuit to the 
step magnet, Mi 2 of the innior switch 20, 
whereby the slide 23 registers the second digit 
8 in the associated contact bank 24 of the 
minor switch 2), in the manner previously ex 
plained. Also the line relay Rio repeats the 
second digit 8 at the contacts 93 to the dial 
'relay R. 38, thereby to cause the latter relay to 
operate and remain operated during impulsing, 
in the manner previously explained. Upon oper 
ating, the dial relay R. 30 completes, at the con 
tacts 32, a circuit, including the contacts 02 
and f O5 and the resistor (34, for energizing the 
winding of the second digit relay R. 34.9. When 
the above-traced circuit is completed the second 
digit relay R 40 operates partially shortly there 
after, the second digit relay Rase being of the 
combination slow-to-operate and marginal type. 
Upon operating partially, the second digit relay 
R. 43 prepares, at the contacts 42, an alter 
native circuit traced hereinafter for energizing 
the winding thereof; the last-mentioned circuit 
being interrupted at this time, at the contacts 
f 33, due to the operated position of the dial 
relay 30. 
When the registration of the second digit 8 in 

the minor Switch 2 is initiated the slide 23 
bridges the first eight contacts in the associated 
contact, bank 24, thereby to callse ground po 
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tential to be applied to the associated marking 
conductors in the manner previously explained. 
The application of ground potential to the first 
contact in the Contact bank 24 of the minor 
switch 20 and consequently to the first mark 
ing conductor completes, a circuit, including the 
unit wiper 4 of the wiper set and the engaged 
unit contact of the contact set 9 in the associ 
ated contact bank flo of the automatic switch, 
C04 and the contacts 053, for energizing the 
winding of the go relay ROSO in series with the 
go magnet M 056, thereby to cause the go relay 
R 960 and the go magnet M 056 to operate. 
Upon operating, the go relay R? 06 interrupts, 
at the contacts 06, the previously traced circuit 
for energizing the winding of the stop relay R 065 
in series with the stop magnet Mf 057, thereby 
to cause the stop relay R 065 and the stop mag 
net M85 to restore. When the stop magnet 
M 057 restores and the go magnet MiO56 oper 
ates the operating shaft 5 is again clutched 
to the stub shaft 40, whereby the wiper set of 
the automatic switch is moved in the counter 
clockwise direction with respect to the associated 
contact bank ff0, in the manner previously ex 
plained. Also, upon operating, the go relay 
R060 interrupts, at the contacts 062, a further 
point in the previously traced operating circuit 
for energizing the winding of the first digit re 
lay R050, and interrupts, at the contacts iO63, 
the previously traced circuit for energizing the 
release magnet M22 of the minor switch 20. 
When the Second digit 8 is registered in the 

minor Switch f20 the set of switch springs S 25 
is operated, thereby to prepare a point in the 
previously traced circuit for energizing the release 
magnet M22. Also the unit contacts in the 
contact sets fo, Oi, O2, 93, 04, O5, G6 and 07 in 
the contact bank 0 of the automatic switch 
are marked with ground potential, thereby to 
complete alternative circuits for continuing the 
energization of the winding of the go relay R 60 
in Series with the go magnet MO56, whereby op 
eration of the wiper set of the automatic switch 
is continued. 
At the conclusion of the second digit 8 the line 

relay ROC reoperates, thereby to retain the hold 
relay R020 in its operated position and to 
effect the restoration of the dial relay Ro80 
Shortly thereafter, the dial relay R1030 being of 
the Slow-to-release type. Upon restoring, the 
dial relay R930 completes, at the contacts 033, 
the previously mentioned alternative circuit for 
energizing the winding of the second digit relay 
R040, the last-mentioned circuit extending 
from ground by way of the contacts C2, 05, 
042 and 833 and the winding of R040 to bat 

tery. Shortly after the second digit relay Ro40 
is thus energized it operates completely as it is 
of the combination slow-to-operate and margin 
all type, as previously noted. Upon operating 
completely the second digit relay R. O40 com 
pletes, at the contacts 04 f, a holding circuit, 
including the contacts 042, 05 and 62, for 
energizing the Winding thereof. Also the sec 
Ond digit relay R040 interrupts, at the con 
tacts 043, a further point in the previously traced 
circuit for energizing the step magnet M2 
of the minor Switch 20, thereby positively to 
prevent the registration of further digits in the 

Finally the sec 
Ond digit relay R? 040 completes, at the con 
tacts 044, either a circuit for energizing the 
Winding of the Switch-through relay Roso in 
series with the lower winding of the test relay 
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ROT 0 or a path for short-circuiting the winding 
of the switch-through relay Ri88, depending 
upon the idle or busy condition of the subscriber 
line 0t extending to the called subscriber Sub 
station T2, in a manner more fully explained 
hereinafter. 
At this point it is noted that, following the 

conclusion of the second digit 8, there is a con 
siderable elapse of time prior to the restoration of 
the dial relay R. C30 and another considerable 
elapse of time prior to the complete operation of 
the second digit relay R4; during which time 
intervals operation of the automatic switch in 
corporated in the connector G89 is completed 
and the idle or busy condition of the Subscriber 
line 0 , extending to the called subscriber sub 
station T2, is tested. More specifically, during 
the registration of the second digit 8 in the 
minor switch 20, the wiper set of the auto 
matic switch is being moved with reference to 
the associated contact bank 8, in the manner 
previously explained; and when the second digit 
8 is completely registered in the minor Switch 

20 the wiper set of the automatic switch en 
gages a contact set in the associated contact 
bank if O well beyond the contact set i8, such, 
for example, as the contact set . According 
ly, very shortly after the second digit 8 is reg 
istered in the minor Switch 29 the Wiper set 
of the automatic switch disengages the contact 
set 07 and engages the contact set 08 in the aSSoci 
ated contact bank C, whereby the previously 
traced circuit, including the unit wiper 4 of 
the wiper set, for energizing the winding of the 
go relay RO60 in series with the go magnet 
MO56 is interrupted. The previously traced cir 
cuit for energizing the winding of the go relay 
R 060 in series with the go magnet M C56 is 
interrupted when the wiper set of the auto 
matic switch disengages the contact set 07 and 
engages the contact set 8 in the associated 
contact bank O due to the fact that the unit 
contact of the contact set 08 in the contact 
bank I O is connected to the ninth marking 
conductor terminated upon the ninth contact in 
the contact bank if 24 of the minor switch 20; 
no ground potential being applied to the ninth 
contact in the contact bank 24 of the minor 
switch f 20 due to the fact that the second digit 
8 is registered in the contact bank 24 of the 
minor switch 20 at this time. 

Accordingly, at this time, the go relay R 060 
and the go magnet M1056 restore. Upon restor 
ing, the go relay R. O60 recompletes, at the con 
tacts 06, the previously traced circuit for en 
ergizing the winding of the stop relay RO65 in 
series with the stop magnet MO5, Whereupon 
the stop relay R. C.65 and the stop magnet MO57 
reoperate. When the go magnet M56 restores 
and the stop magnet Mi957 operates the Oper 
ating shaft 05 is again declutched from the 
stub shaft 40, whereby further movement of 
the wiper set of the automatic switch is ar 
rested, in the manner previously explained. Also, 
upon restoring, the go relay ROS completes, 
at the contacts 063, the previously traced cir 
cuit, for energizing the release magnet Mil 22, 
thereby to cause the latter magnet to operate 
and release the slide 23 of the minor switch 

20, in the manner previously explained. When 
the slide 23 of the minor switch 2 is thus 
released the set of Switch springs S. 25 is ac 
tuated into disengagement, thereby to interrupt 
the previously traced circuit for energizing the 
release magnet M22, whereupon the latter 
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magnet restores. At this time the minor Switch 

29 is completely released. 
Upon operating, the stop relay Ri855 com 

pletes, at the contacts 056, a test circuit for test 
ing the idle or busy condition of the subscriber 
line extending to the called subscriber sub 
station T2. More particularly, the control Con 
ductor of the Subscriber line is connected by 
way of the control contact in the contact set 08 
in the contact bank 0 and the control wiper 

3 of the wiper set of the automatic SWitch, 
C3 and the contacts 363 and 83 to the tel 
minals cf the Winding of the SWitch-through re 
lay R. 382 and the lower winding of the test relay 
R. In the event the called subscriber Sub 
Station i2 is busy at this time, ground potential 
appears upon the control conductor of the sub 
scriber line e, thereby to complete the above 
traced test, circuit for energizing the lower Wind 
ing of the test relay R 97) and to prepare the 
above-traced test path for short-circuiting the 
Winding of the SWitch-through relay R. 98). 
Shortly following the above-mentioned test of 
the idle or busy condition of the subscriber line 

extending to the called subscriber substa 
tion T2, the second digit relay Rf6 43 operates in 
the manner previously explained. Upon operat 
ing, the Second digit relay RO45 completes, at 
the contacts 834, the previously mentioned path 
for short-circuiting the winding of the switch 
through relay R28, thereby positively to pre 
went operation of the latter relay at this time. 
When the lower winding of the test relay Rt OO 
is thus energized the latter relay operates to com 
plete, at the contacts 7, an obvious circuit for 
energizing the primary winding of the busy tone 
transformer 7. With busy tone current, to inter 
rupt, at the contacts 972, a circuit traced herein 
after for energizing the upper winding thereof, 
and to interrupt, at the contacts O73, a circuit 
traced hereinafter for energizing the winding of 
the ring relay R O 90. 
The busy tone current traversing the primary 

Winding of the busy tone transformer Oil in 
duces a corresponding busy tone voltage in the 
Secondary Winding thereof, whereby a corre 
Sponding busy tone current traverses a path ex 
tending fl'om ground by way of the lower winding 
of the line relay R F O 0, the condenser if 3, the 
contacts 89, the secondary winding of the busy 
tone transformer 1977, the contacts 082, the 
condenser if 5 and the upper winding of the line 
relay Rite) to battery. The busy tone current 
traversing the above-traced path causes busy 
tone current to be returned over the trunk 35, 
the line Switch f 282 and the subscriber line feo 
to the calling subscriber substation Tf, thereby 
to indicate to the Subscriber thereat that the de 
sired connection may not be had immediately 
due to the busy condition of the called subscriber 
Substation T2. The subscriber at the calling sub 
Scriber substation T then proceeds to release the 
connector f09 by replacing the receiver of the 
telephone instrument thereat upon its associated 
SWitchhook, in a manner more fully explained 
hereinafter. 
Now aSSune that, when the wiper set of the 

automatic Switch selects the contact set 38 in the 
associated contact bank f { } terminating the 
Subscriber line 6 extending to the called sub 
Scriber Substation T2, the called subscriber sub 
Station T2 is idle. In this event, no potential 
appears upon the control conductor of the sub 
Scribe' line of and the above-traced circuit, 
including the test circuit, is not completed for 
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energizing the lower winding of the test relay 
Rf 070, and shortly thereafter the second digit re 
lay R? 040 operates. Upon operating, the second 
digit relay R040 completes, at the contacts C44, 
an obvious circuit for energizing the winding of 
the SWitch-through relay R080 in series with the 
lower winding of the test relay RO70, where 
upon the switch-through relay R 080 operates; 
however, the test relay ROTO does not operate 
as the latter relay is of the marginal type. Upon 
operating, the Switch-through relay R 080 inter 
rupts, at the contacts 08, the previously traced 
test circuit and completes, at the contacts 86, 
a path, including the contacts (66, CfCl3, the 
control Wiper 3 of the Wiper set of the auto 
matic switch and the engaged control contact in 
the contact set 08 in the associated contact bank 
ffle, for applying ground potential to the control 
conductor of the subscriber line 0 extending 
to the called subscriber substation T2, thereby to 
mark the called subscriber substation T2 as busy 
at this time. Also the SWitch-through relay 
Rf8) completes, at the contacts 088, the previ 
Ously mentioned circuit for energizing the Wind 
ing of the ring relay R1090; the last-mentioned 
circuit extending from ground by Way of the con 
tacts Cl3, the interrupter 07, the contacts 

288, and the winding of R 090 to battery. The 
above-traced circuit for energizing the Winding 
of the ring relay R09) is completed intermit 
tently by the interrupter Oll, whereby the ring 
relay R? 090 operates and restores intermittently. 
Also the switch-through relay R? 080 prepares, at 
the contacts fo8 and 085, a connection traced 
hereinafter between the line conductors of the 
trunk 1605 and the line wipers and 2 of 
the Wiper Set of the automatic switch, prepares, 
at the contacts 083 and G84, a circuit traced 
hereinafter for energizing in series the upper 
and lower windings of the answer relay R? 975, 
and interrupts, at the contacts 82 and 0.89, 
the previously traced connection between the 
Secondary Winding of the busy tone transformer 
f077 and the line conductors of the trunk 1005. 
Each time the ring relay R. 690 operates it 

completes, at the contacts (92 and i893, a 
circuit for projecting ringing current over the 
line conductors of the subscriber line if C ex 
tending to the called subscriber Substation T2; 
and interrupts, at the contacts (99 and 94, 
further points in the previously mentioned cir 
cuit for energizing in series the upper and lower 
windings of the answer relay Rio5. The cir 
cuit for projecting ringing current over the line 
conductors of the subscriber line 0 extend 
ing to the called subscriber substation T2 ex 
tends from the source of ringing current G8 
by way of the contacts 392, CO, the line wiper 
if ii of the wiper set of the automatic switch 
and the engaged line contact of the contact Set 
63 in the associated contact bank to one 
of the line conductors of the subscriber line if G 
and from the source of ringing current of 8 by 
Way of the contacts C93, CfO2, the line Wiper 
if i 2 of the wiper set of the automatic switch 
and the engaged line contact of the contact Set 
8 in the associated contact bank ff ) to the 

other line conductor of the subscriber line Of; 
the ringer at the called subscriber Substation 
T2 being bridged across the line conductors of 
the subscriber line lio. Accordingly the ringer 
at the called subscriber Substation T2 is oper 
ated at this time and, when the Subscriber there 
at answers the call by removing the receiver of 
the telephone instrument thereat from its as 
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Sociated Switchhook, a circuit substantially iden 
tical to that previously traced is completed for 
energizing in Series the upper and lower wind 
ings of the answer relay RiG 5. The last-men 
tioned circuit extends from ground by way of 
the lower Winding of the answer reiay Ril 375, 
the contacts (84 and i (94 and CO2 to the 
line Wiper 2 of the wiper Set of the automatic 
Switch; and from battery by way of the upper 
Winding of the answer relay Riii.5, the contacts 

83 and io9 and CfO to the line wiper i if 
of the Wiper Set of the automatic Switch; the line 
Wipei's i i and 2 of the automatic switch 
being connected by way of the previously traced 
path to the called Subscriber substation T2. 
When the answer relay R? 075 is thus energized 
it Operates to complete, at the contacts 6i G, 
an obvious circuit, including the contacts iO2, 
for energizing the upper Winding of the test re 
lay R. City, thereby to cause the latter relay to 
operate. Upon operating, the test relay R.O 70 
interrupts, at the contacts i T3, the previously 
traced circuit for energizing the winding of the 
ling relay Rio9), thereby to prevent further in 
termittent operation of the latter relay. Also 
the test relay RO70 interrupts, at the contacts 
of2, the above-traced circuit for energizing the 

upper Winding thereof. However, the latter re 
lay remains in its operated position in view of the 
fact that the lower winding thereof is energized 
in Series with the winding of the switch-through 
relay R? 80 at this time, the test relay Rio 70 
being of the marginal type. 
At this time, an operative connection is com 

pieted between the calling subscriber substa 
tion T and the called subscriber substation T2. 
More particularly, the calling subscriber sub 
Station TE is connected by way of the subscriber 
line 601, the line switch i902 and the line con 
ductors Cité and CE 07 of the trunk iOG5 to 
the upper and lower windings of the line relay 
R010; while the called subscriber substation 
T2 is connected by way of the subscriber line 
0, the automatic switch incorporated in the 

connector its 60, the conductors Ciei, CO2, 
the contacts 09, 0.94 and 68 , 085 and the 
Condenser's 5, of 6 to the upper and lower 
Windings of the line relay R. O. G. 
The release of this established connection is 

under the control of the subscriber at the call 
ing Subscriber substation T1 and is effected when 
the Subscriber thereat replaces the receiver of 
the telephone instrument thereat upon its as 
Sociated Switchhook in order to interrupt the 
previously traced circuit for energizing in series 
the upper and lower windings of the line relay. 
R010 in the connector 080, whereupon the 
latter relay restores. Upon restoring, the line 
relay Réfé interrupts, at the contacts of , the 
previously linentioned circuit. for energizing the 
Winding of the hold relay RG20, thereby to 
cause the latter relay to restore shortly there 
after, the hold relay R? 020 being of the slow-to 
release type. Upon restoring, the hold relay 
R020 interrupts, at the contacts. 821, the pre 
viously traced multiple holding circuits for ener 
gizing the Windings of the first digit relay RO50 
and the Second digit relay Ri G40, thereby to 
cause the latter relays to restore. Upon restor 
ing, the second digit relay R 689 interrupts, at 
the contacts 044, the previously traced circuit 
for energizing the winding of the switch-through 
relay R1680 in series with the lower winding of 
the test relay RO70, thereby to cause the latter 
relays to restore, Upon restoring, the switch 
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through relay R. 383 interrupts, at the contacts 
f083 and 384, the previously traced circuit for 
energizing in Series the upper and lower Windings 
of the answer relay Rica, thereby to cause the 
latter relay to restore. Also, upon restoring, the 
hold relay R C20 interrupts, at the contacts (24, 
the previously traced circuit for energizing the 
winding of the dial relay R. 36, thereby to cause 
the latter relay to restore Shortly thereafter, tile 
dial relay R. G3 being of the Slow-to-release 
type. Further the hold relay R. 23 completes, 
at the contacts 25, the pieviously Inentioned 
circuit for energizing the Winding of the reset 
relay Rs 95 in series with the go magnet Me56, 
this circuit extending from ground by way of 
the contacts i. 3 and 835, the contacts 83 
of the set of switch springs SA 33, the Winding 
of R. 95 and the go magnet Mits 56 to battery. 
When thus energized the reset relay Riij95 and 
the go magnet MAG 56 operate. Further the line 
relay R 08 interrupts, at the contacts i4, the 
previously traced circuit for energizing the Wind 
ing of the stop relay R. Gij in Series with the Stop 
magnet M657, thereby to cause the stop relay 
RO65 and the stop magnet M 65 to restore. 
When the go magnet M856 operates and the 

stop magnet M 057 restores the operating shaft 
G5 is again clutched to the stub shaft 40, where 

upon the wiper set of the automatic SWitch in 
corporated in the connector f00 is rotated in 
the clockwise direction. With respect to the aSSO 
ciated contact bank fff). In this connection it 
is pointed out that the wiper set of the automatic 
switch is driven in the clockwise direction at 
the relatively high Speed due to the fact that 
the gear train shown in Fig. 2 is rendered inef 
fective at this time. More particularly, upon re 
storing, the first digit relay RB5t) interrupts, at 
the contacts (55, the previously mentioned cir 
cuit for energizing the shift magnet MO58, there 
by to cause the latter magnet to restore. Upon 
restoring, the shift magnet Mi (58 renders inef 
fective the gear train, shown in Fig. 2, which is 
incorporated in the automatic switch 80 shown 
in Fig. 1, in the manner previously eXplained. 
When the wiper set of the automatic Switch is 

returned to its normal position, engaging the 
contact set 6 in the associated contact bank 

O, the sets of switch springs SO35, SO39 and 
SC36 are actuated. More particularly, the set 
of switch springs SaS is actuated into disen 
gagement, thereby to interrupt the application of 
ground potential to the control conductor C1008 
of the trunk 835 in order to mark the trunk 
f OC5 and consequently the connector 900 as idle 
to the line switches having access thereto. The 
set of Switch springs SO39 is actuated into dis 
engagement, thelreby to interrupt a further point 
in the previously traced original operating cir 
cuit for energizing the winding of the first digit 
relay R 050. The set of switch springs Sf C36 is 
actuated in order to interrupt, at the contacts 
037 thereof, the previously traced circuit for 

energizing the Winding of the reset relay R. 995 
in series with the go magnet M C56, thereby to 
cause the go magnet M! (56 to restore imme 
diately and the reset relay R. 995 to restore short 
ly thereafter, the reset relay Rf (95 being of the 
slow-to-release type. Also the set of SWitch 
Springs SO36 is actuated, thereby to complete, 
at the contacts 38 thereof, an alternative cir 
cuit for energizing the stop magnet MO57, the 
last-mentioned circuit extending from ground 
by Way of the contacts of 3 and 925, the contacts 
938 of the set of switch springs S836, the con 
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tacts 896 and the stop magnet M C5 to bat 
tery. When thus energized the stop magnet 
MI5 Operates. When the go magnet M 356 
restores and the stop magnet MOST operates the 
operating shaft i G5 is again declutched from the 
stub shaft i48. At this time the automatic 
SWitch incorporated in the Connector i000 is com 
pletely released and the Wiper Set thereof occu 
pies its normal position, engaging the contact 
Set in the aSSociated contact bank iO. 
Shortly thereafter the reset relay R895 restores, 
thereby to prepare, at the contacts O9, a fur 
ther point in the previously traced original oper 
atting circuit for energizing the Winding of the 
first digit relay R50 and to interrupt, at the 
contacts 96, the previously traced alternative 
Circuit for energizing the stop magnet MO57. 
The stop magnet, M1057 then restores; however, 
the Operating shaft 05 remains declutched from 
the stub shaft 40 due to the action of gravity, 
in the nanner previously explained. 
The operative connection between the calling 

Subscriber substation T and the called subscrib 
er Substation T2 is completely released and the 
Connector f 608 is available for further use, as 
Sunning that the subscriber at the called sub 
Scriber substation T2 has replaced the receiver 
Of the telephone instrument thereat upon its 
a SSOciated SWitchhook at this time. 

Referring now more particularly to Figs. 10 
and 12 of the drawings, there is illustrated a mod 
ified form of the automatic telephone system 
Comprising an exchange having a plurality of 
Subscriber lines extending thereto, including the 
Subscriber lines i? and 20 respectively ex 
tending to the subscriber substations T and T3. 
Also the exchange compises subscriber controlled 
SWitching apparatus for setting up connections 
between the various subscriber lines, the switch 
ing apparatus comprising a line switch individual 
to each subscriber line, the line switches 302 
and 202 being individual to the subscriber lines 
f00 and 20?, respectively, and a group of con 
nectors including the connector CO). Prefer 
ably each of the line switches has access to each 
of the connectors and each of the connectors 
has access to each of the subscriber lines in the eXchange. 

Preferably each subscriber substation comprises 
Conventional Subscriber substation apparatus in 
cluding a telephone instrument, a ringer and a 
calling device or dial. Preferably each line 
SWitch is identical to the line switches (92 and 
202, which line switches are connected and ar 
aged in accordance with conventional prac 
Ce. 

Preferably each of the connectors is identical 
to the connector 080 which comprises an auto 
matic SWitch of the character of the automatic 
SWitch. 69 shown in Fig. 1; which automatic 
SWitch has incorporated therein a gear train of 
the character of that shown in Fig. 3 and is pro 
Vided With an associated contact bank of the 
character of that shown either in Fig. 5 or in 
Fig. 8 and a corresponding wiper set of the chair 
acter of that shown either in Fig. 6 or in Fig. 9. 
In other Words, the automatic switch incorpo 
rated in the connector f0C0 is of the type dis 
closed, wherein the wiper set thereof is advanced 
continuously during the primary movement 
thereof in the clockwise direction and then is ad 
Vanced continuously during the secondary move 
ment thereof further in the clockwise direction, 
in the manner previously explained. Also this 
automatic Switch comprises a go magnet M1056, 
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a stop magnet MO57, a shift magnet MO58, three Fig. 3 effective, in the manner previously ex 
sets of switch springs SO35, SO36 and SO39, a plained. 
wiper set including the wipers 2 to 25, in- The Second digit 8 is then registered in the 
clusive, and an associated contact bank. 20. minor switch 220, whereby the slide 223 
Also the connector 000 comprises a minor 5 bridges the first eight contacts in the associated 

switch 220, including a slide 223, an associated contact bank 224 causing ground potential to 
contact bank 224, a step magnet Mf 22 for be applied to the first eight marking conductors. 
moving the slide 223 step by step with respect The application of ground potential to the first 
to the associated contact bank 224 and a re- eight marking conductors causes ground poten 
lease magnet Mf 222 for releasing the slide 223 10 tial to be applied continuously to the unit wiper 
and for causing it to be returned to its normal 24 of the wiper set of the automatic switch 
position. Also a set of switch springs S 225 is until the wiper set engages the contact set 98 
associated With the slide 223 of the minor in the associated contact bank 20 during the 
switch 220. secondary rotation of the wiper set in the 

Further the connector f000 comprises a relay is clockwise direction. When the wiper set en 
group and a control network connected and ar- gages the contact set 98 in the contact 
ranged in the manner previously described. bank f2O ground potential is removed from the 
In the connector 000 the circuit elements of unit wiper f24 thereof due to the fact that the 

the relay group are strapped to the individual unit contact in the contact set 98 is connected to 
Wipers of the Wiper set of the automatic SWitch 2, the ninth marking conductor having no ground 
and to certain elements of the minor Switch 220. potential thereon. On the ninth contact in the 
More particularly, the conductors Coll, COf 2, contact bank 224 of the minor switch 220. 
CO3, CfO 4 and CO 5 are respectively strapped Accordingly, at this time, the automatic switch 
to the line wiper 2, the line wiper 212, the incorporated in the connector 100 has operated 
control wiper 2 3, the unit wiper 214 and the 2 to select the contact set 98 in the contact bank 
group wiper 25 of the wiper set of the auto- 20 terminating the subscriber line 20 ex 
matic switch; and the conductors C96, Ci 07 tending to the called subscriber substation T3. 
and C 08 are respectively strapped to the con- The relay group in the connector 090 then 
ductor's C26, C2, and Cl28 extending to the operates in order to test the idle or busy con 
minor Switch 220. a dition of the called subscriber substation T3, 
The mechanical construction and arrangement whereupon busy tone current is returned to the 

of the automatic switch 00 shown in Fig. i., as calling subscriber substation T or ringing cur 
well as the electrical connection and arrange- rent is projected over the subscriber line 2C to 
ment of the telephone System shown in Figs. 10 the called subscriber substation T3, in the man 
and 12, will best be understood from a considera- 35 ner previously explained. The subsequent oper 
tion of the mode of Operation. Of the apparatus ation of the relay group in the connector 030, 
incorporated in the System incident to the ex- in response to the answering of the call at the 
tension of a telephone connection from the sub- called subscriber Substation T3, is the same as 
scriber substation T to the subscriber substa- that previously explained, whereupon an opera 
tion T3. 40 tive connection is completed between the calling 
The subscriber at the calling Subscriber sub- subscriber substation T and the called sub 

station Ti first initiates the call in the manner Scriber substation T3. 
previously explained, whereby the aSSociated line The Subsequent release of the established con 
Switch 002 seizes an idle connector, such, for nection between the calling Subscriber substation 
example, as the connector 000. The subscriber 45 T and the called subscriber substation T3 is 
at the calling subscriber substation T then dials under the control of the Subscriber at the calling 
the first and second digits of the directory nun- subscriber Substation T. and is effected when the 
ber of the called subscriber substation T3, the Subscriber thereat replaces the receiver of the 
digits 9 and 8, in view of the fact that the sub- telephone instrument thereat upon its associated 
scriber line 20 extending to the called sub-0 switchhook, in the manner previously explained. 
scriber substation T3 is terminated by the con- Referring now more particularly to Figs. 13 and 
tact set 98 in the contact bank 20 of the auto- 14 of the drawings there is illustrated another 
matic switch incorporated in the connector 1000. modified form of the automatic telephone system 
The operation of the relay group in the con- comprising an exchange having a plurality of 

nector f000, to cause the first digit 9 to be regis- 55 subscriber lines extending thereto, including the 
tered in the minor switch 22, is the same as Subscriber lines 30 and 40 respectively ex 
that previously explained, whereupon the slide tending to the subscriber substations T4 and T5. 
223 of the minor switch 220 bridges the first Also the exchange comprises subscriber con 
nine contacts in the associated contact bank trolled Switching apparatus for setting up connec 
224 in order to cause ground potential to be ap- 60 tions between the various subscriber lines, the 

plied to the associated first nine marking con- Switching apparatus comprising a line switch 
ductors. The application of ground potential to individual to each subscriber line, the line 
the first nine marking conductors causes ground Switches 302 and 402 being individual to the 
potential to be applied continuously to the group subscriber lines 30 and 40, respectively, and 
wiper 25 of the wiper set of the automatic 65 a group of connectors including the connector 
switch incorporated in the connector 000 and 300. Preferably each of the line switches has 
the consequent rotation of the wiper Set in the access to each of the connectors and each of the 
clockwise direction until the wiper Set engages connectors has access to each of the subscriber 
the contact set 80 in the associated contact bank lines in the exchange. 
2 O. When the wiper set engages the contact 70 Preferably each subscriber substation com 

set 80 in the associated contact bank 20 fur- prises Subscriber Substaiton apparatus, including 
ther operation thereof is arrested and the minor a telephone instrument and a ringer of conven 
switch 229 is released in the manner explained. tional construction and arrangement, and a call 
Also, at this time, the shift magnet MC58 oper- ing device or dial embodying the unique construc 
ates in order to render the gear train shown in 75 tion and arrangement disclosed in the copending 
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application of Bernard D. Willis, Serial No. 
413,177, filed October 1, 1941. As disclosed in the 
Willis application mentioned, this calling device 
is So constructed and arranged that it transmits 
a. Single impulse of Walliable length or time dura 
tion as contrasted With conventional calling de 
vices which transmit a variable series of impulses, 
this calling device including a finger dial and 
having the same general eXternal appearance as a 
conventional calling device. 

Preferably each of the connectors is identical 
to the connector 38) which comprises an auto 
matic switch of the character of the automatic 
Switchi 3) shown in Fig. 1; Which automatic 
Switch has incorporated therein a gear train of 
the character of that shown in Fig. 2 and is pro 
vided with an associated contact bank of the 
character of that shown either in Fig. 4 or in Fig. 
7 and a corresponding Wiper set of the character 
of that shown either in Fig. 6 or in Fig. 9. In 
other words, the automatic switch incorporated 
in the connector 300 is of the type disclosed, 
wherein the wiper set thereof is advanced con 
tinuously during the primary movement thereof 
in the clockwise direction and then is advanced 
continuously during the secondary movement 
thereof in the counterclockwise direction, in the 
manner previously explained. Also this auto 
matic switch comprises a go magnet M 355, a 
stop magnet M 357, a shift magnet Mi358, three 
sets of switch springs S335, S335 and S 339, 
a wiper set, including the wipers 4 to 43, 
inclusive, and an associated contact bank 4). 

Also the connector f30 comprises a relay 
group, including a line relay R3 ft), a hold relay 
R 329, a dial relay R. 330, a first digit relay R 359, 
a second digit relay R340, a go relay R. 366, a 
stop relay R. 365, a test relay R3, an answer 
relay R. 375, a switch-through relay R380, a 
ring relay R. 396 and a reset relay R. 395, and a 
control netWork. 
In the connector 33 the circuit elements of 

the relay group are strapped to the individual 
wipers of the wiper set of the automatic Switch. 
More particularly, the conductors C3, C32 
and C 33 are respectively strapped to the line 
wiper is , the line wiper 42 and the control 
wiper it 3 of the wiper set of the automatic 
Switch. 
The mechanical construction and arrangement 

of the automatic switch C shown in Fig. 1, as 
well as the electrical connection and arrangement 
of the telephone system shown in Figs, 13 and 14, 
will best be understood from a consideration of 
the mode of operation of the apparatus incorpo 
rated in the system incident to the extension 
of the telephone connection from the subscriber 
Substation T4 to the Subscriber Substation T5. 
A cail is initiated at the Subscriber Substation 

T4 by removing the receiver of the telephone in 
strument thereat from its associated Switchhook, 
whereupon the line switch t302 operates automat 
ically to search for a trunk extending to an idle 
connector in accordance with conventional plac 
tice. Assuming that the connector 399 is the 
first idle connector accessible to the line SWitch 
f302, the line switch 32 operates to seize the 
trunk 35 extending thereto, the trunk 35 be 
ing marked as idle by the absence of ground po 
tential upon the control conductor C328 thereof. 
When the line SWitch 32 seizes the trunk 33 
further operation thereof is arrested and it oper 
ates to switch through, thereby to complete an 
obvious connection between the Subscriber line 
30 and the line conductors C3G 6 and C30 of 
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the trunk 35. When this connection is com 
pleted an obvious loop circuit is completed be 
tween the calling subscriber Substation T4 and 
the upper and lower windings of the line relay 
R. 30 in the connector 393 by way of the sub 
scriber line 3, the line switch 302 and the 
trunk 35. When thus energized the line relay 
R. 38 operates to complete, at the contacts 3 , 
an obvious circuit for energizing the winding of 
the hold relay R. 323, thereby to cause the latter 
relay to operate. Also the line relay R30 com 
pletes, at the contacts 34, an obvious circuit, 
including the contacts 3GS, for energizing the 
Winding of the stop relay R. 365 in series With the 
stop magnet M 35, thereby to cause the stop 
relay R335 to operate and to cause the stop 
magnet Mi35 to operate in order positively to 
lock the operating shaft 25 against rotation at 
this time. Upon operating, the hold relay R320 
completes, at the contacts 322, an obvious path 
for applying ground potential to the control 
conductor C3 (8 of the trunk 335, thereby to 
mark the connector 339 as busy to the other 
line SWitches having access thereto. At this time. 
an Operative connection is completed between the 
C3lling SubScriber substation T4 and the connec 
tor 300, and the connector 398 is in readiness 
to receive the first digit. 
The subscriber at the calling subscriber substa 

tion T4 then dials the first digit at the calling 
device thereat, thereby to cause the previously 
traced connection between the calling subscriber 
Substation T4 and the line relay R3 0 in the 
connector 30 to be interrupted, to remain in 
terrupted for a corresponding given time interval 
and then to be recompleted at the conclusion of 
the given time interval. The duration of the 
given time interval is determined by the particu 
lar digit dialed at the calling device at the call 
ing Subscriber substation T4, as disclosed in the 
previously mentioned Willis application. Ac 
Cordingly the line relay R.3?) restores, remains 
restored for the given time interval and then re 
Operates. Upon restoring, the line relay R? 30 
interrupts, at the contacts 3 , the previously 
mentioned circuit for energizing the winding of 
the hold relay R. 32 and completes, at the con 
tacts 32, an obvious circuit, including the con 
tacts 323 and 374, for energizing the winding 
of the go relay R 369 in series with the go magnet 
M356, thereby to cause the go relay R 368 and 
the go magnet M 355 to operate. Also, upon re 
storing, the line relay R. 3 () completes, at the 
Contacts 33, an obvious circuit, including the 
contacts 324, for energizing the winding of the 
dial relay R. 33, thereby to cause the latter 
relay to operate. Further, upon restoring, the 
line relay R30 interrupts, at the contacts 34, 
the previously traced circuit for energizing the 
Winding of the stop relay R355 in series with the 
stop magnet M 357, thereby to cause the stop 
relay R. 365 to restore and to cause the stop 
magnet M35 to restore in order to release 
the Operating shaft 25 for rotation at this time. 
Upon Operating, the go relay Ri36 interrupts, at 
the contacts 361, a further point in the previ 
ously traced circuit for energizing the winding of 
the stop relay R 365 in series with the stop mag 
net M 357 and interrupts, at the contacts 382, 
a point in a circuit traced hereinafter for ener 
gizing the winding of the first digit relay R 350. 
When the go magnet M 356 operates and the 
stop magnet M 357 restores the operating shaft 
G5 is clutched to the stub shaft 49 of the auto 

matic switch, in the manner previously explained, 
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whereby the wiper set of the automatic switch 
is driven in the clockwise direction with respect 
to the associated contact bank 40. 

Also when the automatic Switch is operated the 
sets of Switch Springs SO35, SO39 and SO36 are 
operated. More particularly, the set of switch 
Springs SO35 is actuated into engagement, 
thereby to complete an obvious alternative path 
for applying ground potential to the control con 
ductor C308 of the trunk 305, whereupon the 
trunk 305 is further marked as busy to the line 
Switches having access thereto. The set of 
switch springs S339 is actuated into engagement, 
thereby to prepare a further point in the pre 
viously mentioned circuit for energizing the Wind 
ing of the first digit relay R. 350. Finally the set 
of switch Springs S336 is actuated, thereby to 
interrupt, at the contacts 338 thereof, a further 
point in an alternative circuit traced hereinafter 
for energizing the stop magnet M 357; and to 
prepare, at the contacts f33 thereof, a further 
point in a circuit traced hereinafter for energiz 
ing the winding of the reset relay R. 395 in series 
with the go magnet M356. 
Upon reoperating, the line relay R3 recom 

pletes, at the contacts 3, the previously men 
tioned circuit for energizing the winding of the 
hold relay R320, thereby to retain the latter 
relay in its operated position; the hold relay 
R320 being of the slow-to-release type does not 
restore during any digit. Also the line relay 
R3f O interrupts, at the contacts 32, the pre 
viously traced circuit for energizing the winding 
of the go relay R360 in series with the go mag 
net M.356, thereby to cause the go relay R? 360 
and the go magnet M 356 to restore. Further the 
line relay R3 to recompletes, at the contacts 
314, the previously traced circuit for energizing 

the winding of the stop relay R365 in series with 
the stop magnet M 357, thereby to cause the 
stop relay R365 and the stop magnet M 357 to 
reoperate. When the go magnet M356 restores 
and the stop magnet M 357 operates the oper 
atting shaft 05 is declutched from the stub shaft 
f40 of the automatic switch, thereby to arrest 
further operation of the wiper set in the clock 
wise direction with respect to the contact bank 
40, in the manner previously explained. Final 

ly, upon reoperating, the line relay R30 inter 
rupts, at the contacts 33, the previously traced 
circuit for energizing the Winding of the dial re 
lay R? 330, thereby to cause the latter relay to 
restore shortly thereafter, the dial relay R. 330 
being of the slow-to-release type. Upon restor 
ing, the dial relay R330 completes, at the con 
tacts 33, the previously mentioned circuit for 
energizing the winding of the first digit relay 
R350, this circuit extending from ground by Way 
of the contacts 362 and 397, the set of SWitch 
springs Si339, the contacts 352 and 33 and 
the winding of R? 350 to battery. When thus en 
ergized the first digit relay Rd 350 operates to 
complete, at the contacts 35, an obvious holding 
circuit, including the contacts 32, for ener 
gizing the winding thereof. Also the first digit 
relay Ri350 interrupts, at the contacts 352, the 
previously traced original operating circuit for 
energizing the winding thereof and completes, at 
the contacts 355, an obvious circuit for energiz 
ing the shift magnet M1358, thereby to cause the 
latter magnet to operate. Upon operating, the 
shift magnet M358 render's effective the gear 
train, shown in Fig. 2, incorporated in the auto 
matic switch provided in the connector 300 in 
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the connector 300 is in readiness to receive 
the Second digit, 

Considering now the extension of the call from 
the calling subscriber substation T4 to the called 
Subscriber Substation 15 in greater detail, it is 
noted that the subscriber line 40 extending to 
the called subscribed Substation T5 is terminated 
upon the contact set 08 in the contact bank 40 
of the automatic switch. Accordingly the first 
digit dialed at the calling subscriber substation 
T4 is 0 and the second digit to be dialed at the 
calling Subscriber substation T4 will be 8. Hence, 
incident to the dialing of the first digit 0, the line 
relay R3 restored, remained restored for an 
elapsed time corresponding to ten unit time in 
tervals and then reoperated, all in the manner 
previously explained. Accordingly, at the con 
clusion of the first digit 0, the wiper set of the 
automatic SWitch engages the contact set O in 
the aSSociated contact bank 4f). 
The Subscriber at the calling subscriber sub 

Station T4 then dials the second digit 8, thereby 
to cause the line relay R30 to restore, to remain 
restored for an elapsed time corresponding to 
eight unit time intervals and then to reoperate. 
Upon restoring, the line relay R? 30 interrupts, 
at the contacts 3, the previously mentioned 
Circuit for energizing the winding of the hold 
relay R. 320; however, the latter relay does not 
restore during the digit as it is of the slow-to 
release type, as previously noted. Also, upon 
restoring, the line relay R? 3i) again completes, 
at the contacts 32, the previously traced circuit 
for energizing the Winding of the go relay R 360 
in Series with the go magnet Mi356, thereby to 
cause the go relay R360 and the go magnet 
M356 to Operate. Also upon restoring, the line 
relay R? 30 again interrupts, at the contacts 
34, the previously traced circuit for energizing 
the Winding of the stop relay Rf 365 in series with 
the stop magnet Mf 357, thereby to cause the 
stop relay R? 365 and the stop magnet M 357 to 

Further the line relay R 310 recom 
pletes, at the contacts 313, the previously traced 
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circuit for energizing the winding of the dial 
relay R? 330, thereby to cause the latter relay to 
reoperate. 
When the go magnet M 356 operates and the 

stop magnet M 357 restores the Operating shaft 
05 is again clutched to the stub shaft 4 of the 
automatic SWitch, whereby the wiper set of the 
automatic Switch is rotated in the counterclock 
Wise direction. With respect to the associated con 
tact bank 40 due to the fact that the gear train, 
shown in Fig. 2, incorporated in the automatic 
SWitch is rendered effective at this time by virtue 
of the Operated position of the shift Inagnet 
M358. 
Upon operating, the dial relay R330 completes, 

at the contacts 332, a circuit, including the con 
tacts 32 and 35 and the resistor A334, for 
energizing the Winding of the second digit relay 

When the above-traced circuit is com. 
pleted the second digit relay Ri340 Operates par 
tially shortly thereafter, the second digit relay 
R340 being of the combination Slow-to-operate 
and marginal type. Upon Operating partially, 
the Second digit relay R340 prepares, at the 
contacts 342, an alternative circuit traced here 

70 in after for energizing the winding thereof; the last-mentioned circuit being interrupted at this 
time, at the contacts 333, due to the Operated 
position of the dial relay R330. 

the manner previously explained. At this time 75 
At the conclusion of the second digit 8 the line 

relay R30 reoperates, thereby to recomplete, at 
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the contacts 3, the previously mentioned cir 
cuit for energizing the winding of the hold relay 
Rf 320 and again to interrupt, at the contacts 
32, the previously traced circuit for energizing 
the winding of the go relay R 360 in series with 
the go magnet Mi356. Also, upon reoperating, 
the line relay R. 38 interrupts, at the contacts 
33, the previously traced circuit for energizing 
the winding of the dial relay R. 339, thereby to 
cause the latter relay to restore shortly there 
after, the dial relay R. 330 being of the slow-to 
release type. Further the line relay R? 30, upon 
reoperating, recompletes, at the contacts i3i, 
the previously traced circuit for energizing the 
winding of the stop relay R 365 in series with 
the stop magnet Mi35, thereby to cause the 
stop relay R365 and the stop magnet M 357 to 
operate. When the go magnet M.356 restores 
and the stop magnet M 357 operates the operat 
ing shaft to 5 is again declutched from the stub 
shaft 4 of the automatic switch, thereby to 
arrest further rotation of the Wiper set in the 
counterclockwise direction. With respect to the 
associated contact bank 48. 
Upon restoring, the dial relay R. 330 completes, 

at the contacts 333, the previously mentioned 
alternative circuit for energizing the Winding of 
the second digit relay R 340, the last-mentioned 
circuit extending from ground by Way of the 
contacts 32, 35 f, 342 and 333 and the wind 
ing of R. 340 to battery. Shortly after the sec 
ond digit relay R 340 is thus energized it operates 
completely as it is of the combination slow-to 
operate and marginal type, as previously noted. 
Upon operating completely, the Second digit re 
lay R. 34 completes, at the contacts 34, a hold 
ing circuit, including the contacts 342, 35i and 
E32, for energizing the winding thereof. Also 
the second digit relay R340 completes, at the 
contacts 344, either a circuit for energizing the 
winding of the switch-through relay R. 389 in 
series With the lower winding of the test relay 
R. 30 or a path for short-circuiting the Winding 
of the switch-through relay R380, depending 
upon the idle or busy condition of the subscriber 
line 48 extending to the called Subscribed Sub 
station T5, in a manner more fully explained 
hereinafter, 
At this point it is noted that, following the 

conclusion of the second digit 8, there is a con 
siderable elapse of time prior to the restoration 
of the dial relay R. 330 and another considerable 
elapse of time prior to the complete Operation 
of the second digit relay R1340; during which 
time intervals operation of the automatic switch 
incorporated in the connector 300 is completed 
and the idle or busy condition of the Subscriber 
line 40 extending to the called subscriber Sub 
station T5 is tested. Accordingly, at the conclu 
sion of the second digit 8, the Wiper set of the 
automatic switch engages the contact set 08 in 
the associated contact bank 40, whereby a test 
circuit for testing the idle or busy condition of 
the subscriber line 40 extending to the called 
subscriber substation T5 is completed. More par 
ticularly, the control conductor of the Subscriber 
line 4) is connected by Way of the control con 
tact in the contact set 08 in the contact bank 
£40 and the control wiper 43 of the Wiper 
set of the automatic switch, Cl33, the contacts 
366 and 387 to the terminals of the Winding 

of the switch-through relay R380 and the lower 
winding of the test relay R370. In the event 
the called Subscriber Substation T5 is busy at this 
time, ground potential appears upon the control 
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conductor of the subscriber line 40, thereby to 
complete the above-traced test circuit for ener 
gizing the lower winding of the test relay R 310 
and to prepare the above-traced test path for 
short-circuiting the winding of the Switch 
through relay R 380. Shortly following the 
above-mentioned test of the idle or busy condi 
tion of the Subscriber line 40 extending to the 
called subscriber substation T5, the second digit 
relay R340 operates in the manner previously 
explained. Upon operating, the second digit re 
lay R. 340 completes, at the contacts 1344, the 
previously mentioned path for short-circuiting 
the winding of the switch-through relay R380, 
thereby positively to prevent operation of the 
latter relay at this time. When the lower Wind 
ing of the test relay RA370 is thus energized the 
latter relay operates to complete, at the contacts 
t37, an obvious circuit for energizing the pri 
mary winding of the busy tone transformer 377 
with busy tone current, to interrupt, at the con 
tacts 372, a circuit traced hereinafter for en 
ergizing the upper Winding thereof, and to in 
terrupt, at the contacts 373, a circuit traced 
hereinafter for energizing the Winding of the ring 
relay R. 398. 
The busy tone current traversing the primary 

Winding of the busy tone transformer 377 in 
duces a corresponding busy tone voltage in the 
secondary winding thereof, whereby a corre 
Sponding busy tone current traverses a path ex 
tending from ground by way of the lower wind 
ing of the line relay R. 30, the condenser 3 f6, 
the contacts 389, the secondary winding of the 
busy tone transformer 1377, the contacts 382, 
the condenser 35 and the upper winding of 
the line relay R3? to battery. The busy tone 
Current traversing the above-traced path causes 
busy tone current to be returned over the trunk 
35, the line switch 392 and the Subscriber line 
30 to the calling subscriber substation T4, 
thereby to indicate to the subscriber thereat that 
the desired connection may not be had immedi 
ately due to the busy condition of the called sub 
scriber Substation T5. The subscriber at the call 
ing Subscriber substation T4 then proceeds to re 
lease the connector 300 by replacing the receiv 
er of the telephone instrument thereat upon its 
aSSOciated Switchhook, in a manner more fully 
explained hereinafter. 
Now aSSume that, when the wiper set of the 

automatic Switch selects the contact set 08 in the 
asSociated contact bank f4 terminating the 
subscriber line 40 extending to the called sub 
scriber substation T5, the called subscriber sub 
station T5 is idle. In this event, no potential 
appears upon the control conductor of the sub 
Scriber line 40, and the above-traced circuit, 
including the test circuit, is not completed for 
energizing the lower winding of the test relay 
R. 370 and shortly thereafter the second digit re 
lay R340 operates. Upon operating, the second 
digit relay R. 349 completes, at the contacts 1344, 
an obvious circuit for energizing the winding of 
the Switch-through relay R. 380 in series with 
the lower winding of the test relay R370, where 
upon the switch-through relay R. 380 operates; 
however, the test relay R? 370 does not operate 
as the latter relay is of the marginal type. Upon 
Operating, the switch-through relay R 380 in 
terrupts, at the contacts 387, the previously 
traced test circuit and completes, at the con 
tacts 386, a path, including the contacts f36S, 
Cl33, the control wiper 4 3 of the wiper set of 
the automatic switch and the engaged control 
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contact in the contact set 08 in the associated 
contact bank 40, for applying ground poten 
tial to the control conductor of the subscriber 
line 40 extending to the called subscriber Sub 
station T5, thereby to mark the called subscriber 
substation T5 as busy at this time. Also the 
switch-through relay R380 completes, at the 
contacts 388, the previously mentioned circuit 
for energizing the winding of the ring relay 
R1390; the last-mentioned circuit extending from 
ground by way of the contacts 373, the inter 
rupter 3 T, the contacts 388 and the winding. 
of R? 390 to battery. The above-traced circuit 
for energizing the winding of the ring relay R. 390 
is completed intermittently by the interrupter 
137, whereby the ring relay R. 390 operates and 
restores intermittently. Also the SWitch-through 
relay R380 prepares, at the contacts 38 and 
385, a connection traced hereinafter between 
the line conductors of the trunk 305 and the : 
line wipers 4 and 42 of the Wiper set of the 
automatic switch, prepares, at the contacts 383 
and 384, a circuit traced hereinafter for ener 
gizing in series the upper and lower Windings of 
the answer relay R35, and interrupts, at the 
contacts 382 and 389, the previously traced 
Connection between the secondary winding of the 
busy tone transformer 37 and the line con 
ductors of the trunk 305. 
Each time the ring relay R. 39 operates it 

completes, at the contacts 392 and 393, a cir 
cuit for projecting ringing current over the line 
conductors of the subscriber line 40f extend 
ing to the called subscriber substation T5 and 
interrupts, at the contacts 39 and 394, fur 
ther points in the previously mentioned circuit 
for energizing in series the upper and lower 
windings of the answer relay R 35. The circuit 
for projecting ringing current over the line con 
ductors of the subscriber line 40 extending to 
the called Subscriber Substation T5 extends from 
the source of ringing current 38 by way of the 
contacts 392, CE3 f, the line wiper f4 of the 
wiper set of the automatic switch and the en 
gaged line contact of the contact set 08 in the 
associated contact bank 40 to one of the line 
conductors of the subscriber line 4, and from 
the source of ringing current 38 by Way of the 
contacts 393, C 32, the line wiper 42 of the 
wiper set of the automatic switch and the en 
gaged line contact of the contact set 08 in the 
associated contact bank 40 to the other line 
conductor of the subscriber line 40; the ringer 
at the called Subscriber Substation T5 being 
bridged across the line conductors of the Sub 
scriber line to . Accordingly the ringer at the 
called subscriber substation T5 is Operated at 
this time aind when the Subscriber thereat an 
swers the call by removing the receiver of the 
telephone instrument thereat from its aSSoci 
ated switchhook a circuit substantially identical 
to that previously traced is completed for ener 
gizing in series the upper and lower Windings of 
the answer relay R3:5. The last-mentioned cir 
cuit extends from ground by Way of the lower 
winding of the answer relay R35, the contacts 
384 and 394, C32 to the line wiper 42 of 
the Wiper set of the automatic Switch; and from 
battery by way of the upper winding of the an 
swer relay R. 375, the contacts 383 and 391, 
C3 to the line wiper of the wiper set of 
the automatic switch; the line Wipers 4 and 
42 of the automatic Switch being connected 
by way of the previously traced path to the 
called subscriber substation T5, When the an 
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Swer relay R 35 is thus energized it operates to 
complete, at the contacts 36, an obvious cir 
cuit, including the contacts 372, for energizing 
the upper winding of the test relay R30, there 
by to cause the latter relay to operate. Upon 
operating, the test relay R30 interrupts, at the 
contacts 373, the previously traced circuit for 
energizing the winding of the ring relay R390, 
thereby to prevent further intermittent opera 
tion of the latter relay. Also the test relay R. 370 
interrupts, at the contacts 372, the above-traced 
circuit for energizing the upper Winding thereof; 
however, the latter relay remains in its operated 
position in VieW of the fact that the lower Wind 
ing thereof is energized in Series With the Wind 
ing of the SWitch-through relay R380 at this 
time, the test relay R30 being of the marginal 
type. 
At this time an operative connection is com 

pleted betWeen the calling Subscriber substation 
T and the called subscriber Substation T5. More 
particularly, the calling subscriber substation T4 
is Connected by Way of the Subscriber line 3, 
the line switch 32 and the line conductors 
C306 and C3 of the trunk 305 to the upper 
and lower windings of the line relay R. 39; while 
the called subscriber substation T5 is connected 
by Way of the subscriber line 4, the automatic 
switch incorporated in the connector 309, the 
conductors C 3 , C f312, the contacts 39, 394 
and 32, 385 and the condensers 35, 36 to 
the upper and lower windings of the line relay 
R. 3. 
The release of this established connection is 

under the control of the subscriber at the calling 
Subscriber substation T4 and is effective when 
the Subscriber thereat replaces the receiver of 
the telephone instrument thereat upon its asso 
ciated Switchhook in order to interrupt the previ 
Ously traced circuit for energizing in series the 
upper and lower windings of the line relay R. 39 
in the connector 399, whereby the latter relay 
restores. Upon restoring, the line relay R. 3 
interrupts, at the contacts 3, the previously 
mentioned circuit for energizing the Winding of 
the hold relay R. 32G, thereby to cause the latter 
relay to restore shortly thereafter, the hold re 
lay R 32 being of the slow-to-release type. 
Upon restoring, the hold relay R320 interrupts, 
at the contactS 32, the previously traced multi 
ple holding circuits for energizing the windings 
of the first digit relay R. 350 and the second digit 
relay R 340, thereby to cause the latter relays 
to restore. Upon restoring, the second digit re 
lay R36 interrupts, at the contacts 344, the 
previously traced circuit for energizing the Wind 
ing of the switch-through relay R380 in series 
with the lower winding of the test relay R. 30, 
thereby to cause the latter relays to restore. 
Upon restoring, the Switch-through relay R. 38 
interrupts, at the contacts 383 and 384, the 
previously traced circuit for energizing in series 
the upper and lower Windings of the answer re 
lay R. 375, thereby to cause the latter relay to 
restore. Also, upon restoring, the hold relay 
R 320 interrupts, at the contacts 324, the previ 
ously traced circuit for energizing the winding 
of the dial relay R. 330, thereby to cause the lat 
ter relay to restore shortly thereafter, the dial 
relay R. 335 being of the slow-to-release type. 
Further the hold relay R. 32C completes, at the 
contacts 325, the previously mentioned circuit, 
for energizing the winding of the reset relay 
R. 395 in series with the go magnet M356, this 
circuit extending from ground by way of the cons 



tacts 33 and 325, the contacts 33 of the set 
of switch Springs S 335, the winding of R. 395 
and the go magnet M 356 to battery. When thus 
energized the reset, relay R. 335 and the go mag 
net, M35 operate. Further the line relay R. 39 
interrupts, at the contacts 3 A, the previously 
traced circuit for energizing the winding of the 
stop relay R. 365 in series with the stop magnet 
Mi357, thereby to cause the stop relay R 365 and 
the stop magnet M 357 to restore. 
When the go magnet M 356 operates and the 

stop magnet M35 restores the operating shaft 
f05 is again clutched to the stub shaft 40, where 
by the Wiper set of the automatic switch incor 
porated in the connector 30) is rotated in the 
clockwise direction with respect to the associated 
contact bank 40. In this connection it is 
pointed out that the Wiper set of the automatic 
switch is driven in the clockwise direction at the 
relatively high Speed due to the fact that the 
gear train, shown in Fig. 2, is rendered ineffec 
tive at this time. More particularly, upon re 
storing, the first digit relay R 350 interrupts, at 
the contacts 355, the previously mentioned cir 
cuit for energizing the shift magnet Mi38, 
thereby to cause the latter magnet to restore. Up 
on restoring, the shift magnet M 358 renders 
ineffective the gear train, shown in Fig. 2, which 
is incorporated in the automatic switch it shown 
in Fig. 1, in the manner previously explained. 
When the wiper set of the automatic switch 

is returned to its normal position, engaging the 
contact set 0 in the associated contact bank 
40, the sets of switch springs S335, S333 and 
S336 are actuated. More particularly, the set of 
switch springs S335 is actuated into disengage 
ment, thereby to interrupt the application of 
ground potential to the control conductor C398 
of the trunk 305 in order to mark the trunk 305 
and consequently the connector 300 as idle to 
the line switches having access thereto. The set 
of switch springs S339 is actuated into disen 
gagement, thereby to interrupt a further point 
in the previously traced original operating Cir 
cuit for energizing the winding of the first digit 
relay R. 350. The set of switch springs S1336 
is actuated in order to interrupt, at the con 
tacts 337 thereof, the previously traced circuit 
for energizing the winding of the reset relay 
R 395 in series with the go magnet M.356, there 
by to cause the go magnet M 356 to restore in 
mediately and the reset relay R? 395 to restore 
shortly thereafter, the reset relay R 395 being 
of the slow-to-release type. Also the set of 
switch springs S336 is actuated, thereby to Com 
plete, at the contacts 338 thereof, an alterna 
tive circuit for energizing the stop magnet Mf 35, 
the last-mentioned circuit extending from ground 
by way of the contacts f33 and 325, the con 
tacts 338 of the set of switch springs S336, 
the contacts 396 and the stop magnet M.357 
to battery. When thus energized the Stop mag 
net M 35T operates. When the go magnet M 355 
restores and the stop magnet M 357 operates 
the operating shaft 05 is again declutched from 
the stub shaft 40. At this time the automatic 
SWitch incorporated in the connector 3C) is com 
pletely released and the wiper set thereof oc 
cupies its normal position, engaging the con 
tact set fo in the associated contact bank 40. 
Shortly thereafter the reset relay R. 395 restores, 
thereby to prepare, at the contacts 397, a fur 
ther point in the previously traced original op 
erating circuit for energizing the winding of the 
first digit relay R?.350 and to interrupt, at the 
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contacts 396, the previously traced alternative 
circuit for energizing the stop magnet Mi357. 
The stop magnet M 357 then restores; however, 
the Operating shaft 95 remains declutched from 
the stub shaft 40 due to the action of gravity, 
in the manner previously explained. 
The operative connection between the calling 

Subscriber Substation T4 and the called subscrib 
er substation T5 is completely released and the 
connector 300 is available for further use, as 
Sunning that the Subscriber at the called subscrib 
er substation T5 has replaced the receiver of the 
telephone instrument thereat upon its associated 
switchhook at this time. 

Referring now more particularly to Figs. 13 
and 15 of the drawings, there is illustrated a 
further modified form of the automatic tele 
phone System comprising an exchange having a 
plurality of subscriber lines extending thereto, 
including the Subscriber lines 3 f and 50 re 
Spectively extending to the subscriber Substa 
tions T4 and T6. Also the exchange comprises 
subscriber controlled switching apparatus for set 
ting up connections between the various Sub 
Scriber lines, the Switching apparatus compris 
ing a line switch individual to each subscriber 
line, the line switches 302 and 582 being indi 
vidual to the subscriber lines 30 and 50, re 
Spectively, and a group of connectors including 
the connector 300. Preferably each of the line 
switches has access to each of the connectors 
and each of the connectors has access to each of 
the Subscriber lines in the exchange. 

Preferably each subscriber substation con 
prises subscriber Substation apparatus, including 
a telephone instrument and a ringer of conven 
tional construction and arrangement, and a call 
ing device or dial embodying the unique construc 
tion and arrangement disclosed in the copend 
ing application of Bernard D. Willis, Serial No. 
413,177, filed October 1, 1941. As disclosed in the 
Willis application mentioned, this calling device 
is so constructed and arranged that it transmits 
a Single impulse of variable length or time dura 
tion as contrasted with conventional calling de 
Vices which transmit a variable series of impulses, 
this calling device including a finger dial and 
having the same general external appearance 
as a Conventional calling device. 

Preferably each of the connectors is identical 
to the connector 390 which comprises an auto 
matic SWitch of the character of the automatic 
SWitch 00 shown in Fig. 1; which automatic 
SWitch has incorporated therein a gear train of 
the character of that shown in Fig. 3 and is pro 
Vided With an associated contact bank of the 
character of that shown either in Fig. 5 or in Fig. 
8 and a corresponding wiper set of the character 
of that shown either in Fig. 6 or in Fig. 9. In other 
Words, the automatic switch incorporated in the 
connector 300 is of the type disclosed, wherein 
the Wiper set thereof is advanced continuously 
during the primary movement thereof in the 
clockwise direction, and is then advanced con 
tinuously during the secondary movement thereof 
further in the clockwise direction, in the manner 
previously explained. Also this automatic switch 
Comprises a go magnet Mf 356, a stop magnet 
M357, a shift magnet M 358, three sets of switch 
Springs Si335, S1336 and S339, a Wiper set in 
cluding the wipers 5 to 5 3, inclusive, and an 
aSSociated contact bank 5 O. 

Further the connector 1303 comprises a relay 
group and a control network connected and ar 
ranged in the manner previously described. 
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In the connector 300 the circuit elements of 

the relay group are strapped to the individual 
wipers of the wiper set of the automatic Switch. 
More particularly, the conductors C3, C32, 
and C33 are respectively strapped to the line 
wiper 5, the line wiper 52 and the control 
wiper 53. 
The mechanical construction and arrangement 

of the automatic switch OO shown in Fig. 1, as 
well as the electrical connections and arrange 
ment of the telephone system shown in FigS. 13 
and 15, will best be understood from a considera 
tion of the mode of operation of the apparatus 
incorporated in the system incident to the ex 
tension of a telephone connection from the sub 
scriber substation T4 to the subscriber Substation 
T6. 
The subscriber at the calling subscriber substa 

tion T4 first initiates the call in the manner pre 
viously explained, whereby the associated line 
switch 302 seizes an idle connector, such, for 
example, as the connector 300. The subscriber 
at the calling subscriber substation T4 then pro 
ceeds to dial the first and second digits of the 
directory number of the called subscriber Sub 
station TG, the digits 9 and 8, in view of the fact 
that the subscriber line 50 extending to the 
called subscriber substation T6 is terminated by 
the contact set 98 in the contact bank 50 of 
the automatic switch incorporated in the connec 
tor 3. 
The operation of the relay group in the con 

nector 300 in response to the first digit 9, to ro 
tate the wiper set of the automatic SWitch in the 
clockwise direction to engage the contact set 80 
in the associated contact bank 50, is substan 
tially identical to that previously described. 
When the wiper set engages the contact set 8 
in the associated contact bank 50 further Op 
eration thereof is arrested and the shift magnet 
M358 is operated in order to render the gear 
train, shown in Fig. 3, effective, in the manner 
previously explained. 

0 

15 

20 

25 

30 

35 

40 

Also the operation of the relay group in the 
connector 300 in response to the second digit 
8, to rotate the wiper set of the automatic switch 
further in the clockwise direction to engage the 
contact set 98 in the associated contact bank 
50, is substantially identical to that previously : 

described. When the wiper set engages the Con 
tact set 9.2 in the associated contact bank 50, 
further operation thereof is arrested. At this 
time the connector 300 has operated to select the 
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contact 98 in the contact bank 5 fo terminating 
the subscriber line 50 extending to the called 
subscriber substation. T6. 
The relay group in the connector 300 then Op 

erates in order to test the idle or busy condition 
of the called subscriber substation T6, whereupon 
busy tone current is returned to the calling sub 
scriber substation T4 or ringing current is pro 
jected over the subscriber line 5C to the called 
subscriber substation T6, in the manner previ 
ously explained. The subsequent operation of 
the relay group in the connector 300, in response 
to the answering of the call at the called sub 
scriber substation TS, is the same as that pre 
viously explained, whereupon an operative con 
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nection is completed between the calling Sub 
scriber substation T4 and the called subscriber 
substation T6. 
The subsequent release of the established con 

nection between the calling subscriber substation 
T4 and the called subscriber substation. T6 is un 
der the control of the subscriber substation T4 

ro 

, 

2. 

and is effected when the subscriber thereat re 
places the receiver of the telephone instrument 
thereat upon its associated Switchhook, in the 
manner previously explained. 
While several embodiments of the automatic 

Switch, as well as several embodiments of the au 
tomatic telephone system, incorporating the pres 
ent invention, have been disclosed, it will be un 
derstood that various modifications may be made 
therein which are within the true spirit and scope 
of the invention. 
What is claimed is: 
i. An automatic switch comprising a contact 

bank including a plurality of groups of contacts 
arranged in a roW, each of said groups includ 
ing N contacts, a contact controlling member 
mounted for both primary and secondary move 
ments along said row of contacts, means for im 
parting primary movement to said member at a 
substantially uniform speed NS, whereby said 
member selects from said contact bank one group 
of contacts per unit time interval during the pri 
mary movement thereof, and means for impart 
ing secondary movement to said member at a 
Substantially uniform speed S, whereby said 
member selects from the previously selected 
group of contacts one contact per unit time inter 
Val during the secondary movement thereof, 

2. An automatic switch comprising a contact 
bank including a plurality of groups of con 
tacts arranged in an annular row, each of said 
groups including N contacts, a contact control 
ling member mounted for both primary and sec 
ondary rotations along said annular row of con 
tacts, means for imparting primary rotation to 
said member at a substantially uniform angu 
lar Speed N6, whereby said member selects from 
Said contact bank one group of contacts per unit 
time interval during the primary rotation there 
of, and means for imparting secondary rotation 
to Said member at a substantially uniform angul 
lar Speed 0, whereby said member selects from 
the previously selected group of contacts one con. 
tact per unit time interval during the second 
alry rotation thereof. - - 

3. An automatic Switch comprising a contact 
bank including a plurality of groups of contacts 
arranged in a row, each of said groups includ 

; ing N contacts, a contact controlling member 
mounted for both primary and secondary move. 
ments in opposite directions along said row of 
contacts, means for imparting primary move 
ment in one direction to said member at a sub 
stantially uniform speed NS, whereby said mem 
ber Selects from said contact bank one group 
of contacts per unit time interval during the 
primary movement thereof, and means for in 
parting secondary movement in the opposite di 
rection to said member at a substantially uni 
form Speed S, whereby said member selects from 
the previously selected group of contacts one con 
tact per unit time interval during the secondary 
movement thereof. 

4. An automatic switch comprising a contact 
bank including a plurality of groups of con 
tacts arranged in an annular row, each of said 
groups including N contacts, a contact control 
ling member mounted for both primary and sec 
ondary rotations in opposite directions along said 
annular row of contacts, means for imparting 
primary rotation in one direction to said member 
at a Substantially uniform angular speed No. 
Whereby Said member selects from said contact 
bank one group of contacts per unit time in 
terval during the primary rotation thereof, and 
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means for imparting secondary rotation in the 
opposite direction to said member at a Substan 
tially uniform angular speed 0, whereby said 
member selects from the previously selected group 
of contacts one contact per unit time interval 
during the Secondary rotation thereof. 

5. An automatic switch comprising a contact 
bank including a plurality of groups of contacts 
arranged in a roW, each of said groups include 
ing N contacts, a contact controlling member 
mounted for both primary and secondary move 
InentS in the same direction along said row of 
contacts, means for imparting primary move 
ment in one direction to said member at a sub 
stantially uniform speed NS, whereby said mem 
ber selects from said contact bank one group of 
contacts per unit time interval during the pri 
mary movement, thereof, and means for impart 
ing secondary movement further in said one di 
rection to said member at a substantially uniform 
Speed S, whereby said member selects from the 
previously selected group of contacts one con 
tact per unit time interval during the secondary 
movement thereof. 

6. An automatic switch comprising a contact 
bank including a plurality of groups of contacts 
arranged in an annular row, each of said groups 
including N contacts, a contact controlling mem 
ber mounted for both primary and secondary 
rotations in the same direction along said an 
nular row of contacts, means for imparting pri 
nary rotation in One direction to. Said member 
at a substantially uniform angular speed N6, 
Whereby said member selects from said contact 
bank one group of contacts per unit time interval 
during the primary rotation thereof, and means 
for imparting secondary rotation further in said 
One direction to said member at a substantially 
uniform angular speed 0, whereby said member 
Selects from the previously selected group of con 
tacts one contact per unit time interval during 
the secondary rotation thereof. 

7. An automatic switch comprising a contact 
bank including a plurality of groups of contacts 
arranged in a row, each of said groups includ 
ing N contacts, a contact controlling member 
mounted for both primary and secondary move 
ments along said row of contacts, an operating 
shaft, transmission mechanism selectively opera 
tive to impart to said member from said operat 
ing shaft primary movement at a substantially 
uniform Speed NS and secondary movement at 
a substantially uniform speed S, whereby said 
member is controlled to Select from said contact 
bank one group of contacts per unit time in 
terval during the primary movement thereof and 
to select from the previously selected group of 
contacts one contact per unit time interval dur 
ing the Secondary movement thereof. 

8. An automatic switch comprising a contact 
bank including a plurality of groups of contacts 
arranged in a row, each of Said groups includi 
ing N contacts, a contact controlling member 
mounted for both primary and secondary move 
ments along said row of contacts, an Operating 
shaft, transmission mechanism operatively con 
necting said operating shaft to said member and 
having primary and secondary transmission ra 
tios bearing the relation N:1, and means for con 
trolling Said transmission mechanism Selectively 
to render effective the transmission ratios there 
of, thereby to impart to said member primary 
movement at a substantially uniform speed NS 
and secondary movement at a substantially uni 
form speed S, whereby said member is controlled 
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to Select from Said contact bank one group of 
contactS. per unit time interval during the pri 
mary movement thereof and to select from the 
previously Selected group of contacts one coin 
tact per unit time interval during the Secondary 
movement thereof. 

9. An automatic switch comprising a contact 
bank including a plurality of groups of contacts 
arranged in an annular roW, each of Said groupS 
including N contacts, a contact controlling mem 
ber mounted for both primary and secondary 
rotations along Said annular row of contacts, an 
Operating shaft mounted for rotation at a sub 
Stantially uniform angular speed NO, transmis 
Sion mechanism including a gear train having a 
transmission ratio of N:1 and selectively opera 
tive to connect said operating shaft directly to 
Said member and to connect said operating shaft 
through said gear train to said member, and 
means for Selectively controlling the operation 
of Said mechanism, thereby to impart to said 
member primary rotation at a substantially uni 
form angular Speed N0 and Secondary rotation 
at a Substantially uniform angular speed 0, 
Whereby said member is controlled to select from 
Said contact bank one group of contacts per unit, 
time interval during the primary rotation there 
of and to Select from the previously selected 
group of contacts one contact per unit time in 
terval during the secondary rotation thereof. 

10. An automatic switch comprising a contact 
bank including a plurality of groups of contacts 
arranged in a row, each of said groups including 
N contacts, a contact controlling member hav 
ing a normal position and mounted for both 
primary and Secondary movements along said 
row of contacts, means for imparting primary 
movement to said member away from its normal 
position at a Substantially uniform speed NS 
for a time interval substantially AT, thereby to 
cause Said member to Select from said contact, 
bank the A group of contacts during the pri 
mary movement thereof, and means for impart 
ing Secondary movement to said mambar away 
from Said last-mentioned position at a substan 
tially uniform Speed S for a time interval sub 
Stantially BT, thereby to cause said inember to 
Select from Said A group of contacts the B con 
tact during the secondary movement; thereof. 

11. An automatic Switch comprising a contact 
bank including a plurality of groups of contacts 
arranged in a row, each of said groups including 
N contacts, a contact controlling member hav 
ing a normal position and mounted for both pri 
mary and Secondary movements along said low 
of contacts, a drive shaft, an operating shaft, 
clutch mechanism selectively operative to in 
part to Said operating shaft from said drive 
Shaft primary and secondary movements re 
Spectively corresponding to primary and second 
alry time intervals, and transmission mechanisin 
Selectively operative to impart to said member 
from Said Operating shaft corresponding pri 
mary and Secondary movements at respective 
Substantially uniform speeds NS and S, whereby 
Said member is controlled to select from said 
contact bank the one of said groups of contacts 
Corresponding to Said primary time interval 
during the primary movement thereof and to 
Select from Said one group of contacts the one of 
Said contacts corresponding to said secondary 
time interval during the secondary movement 
thereof. 

12. An automatic Switch comprising a con 
tact bank including a plurality of groups of con 
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tacts arranged in a row, each of said groups in 
cluding N contacts, a contact controlling mem 
ber having a 1lormal position and mounted for 
both primary and Secondary movement along 
said row of contacts, a drive shaft, an operating 
shaft, clutch mechanism Selectively operative to 
impart to said operating shaft from Said drive 
shaft primary and secondary movements respec 
tively corresponding to primary and Secondary 
time intervals, first electromagnetic means for 
controlling the operation of Said clutch mecha 
nism, transmission mechanisin Selectively Oper 
ative to impart to said member from Said oper"- 
ating shaft corresponding primary and Second 
ary movements at respective Substantially Uni 
form speeds NS and S, and second electromag 
netic means for controlling the operation of Said 
transmission mechanism, whereby Said member 
is controlled to select from said contact bank the 
one of said groups of contacts corresponding to 
said primary time interval during the primary 
movement thereof and to Select from Said one 
group of contacts the one of Said contacts cor 
responding to said secondary time inter Val dur 
ing the secondary movement thereof. 

13. In a switching System, an automatic SWitch 
comprising a contact bank including a plurality 
of groups of contacts arranged in a roW, each 
of Said groups including N Contacts, a contact 
controlling member mounted for both primary 
and secondary movements along said row of 
contacts, a digit register, means for registering 
variable primary and secondary digits in said 
digit register, means responsive to the registra 
tion of a primary digit in Said digit register for 
imparting primary movement to said member 
at a substantially uniform speed NS for a num 
ber of unit time intervals corresponding to said 
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primary digit, thereby to cause said member to 
select from said contact bank the One of Said 
groups of contacts corresponding to Said pri 
mary digit, and means responsive to the regis 
tration of a secondary digit in Said digit register 
for imparting secondary movement, to Said 
member at a Substantially unifornin Speed S for a 
number of unit time intervals corresponding to 
said secondary digit, thereby to cauSe Said illen 
ber to select from said one group of contacts the 
one of said contacts corresponding to Said Sec 
ondary digit. 

14. In a switching system, an automatic SWitch 
comprising a contact bank including a plurality 
of groups of contacts arranged in a low, each of 
Said groups including N contacts, a contact con 
trolling member mounted for both primary and 
secondary movements along said row of contacts, 
means for transmitting primary and Secondary 
impulses of variable time duration to said switch, 
means for imparting primary movement to said 
member at a substantially uniform speed NS 
during said primary impulse, thereby to cause 
Said member to select from Said contact bank 
the one of said groups of contacts correspond 
ing to the number of unit time intervals of the 
time duration of said primary impulse, and means 
for imparting Secondary movement to Said men 
ber at a Substantially uniform Speed. S during 
said Secondary impulse, thereby to cause said 
member to Select from Said One group of contacts 
the One of Said contacts corresponding to the 
number of unit time intervals of the time dura 
tion of Said Secondary impulse. 
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