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Bernard D. Willis, deceased, late of Oak Park, IIL.,
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

14 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 17,
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 guto-
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
coentact 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-
matry 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 ofcon-
tacts. Also primary rotation is imparted to the
member at a substantially uniform speed N ¢ and
secondary rotation is imparted to the member
at a substantially uniform speed ¢.

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 g 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 switech, 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 5 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
embodying the present invention and compris-




2
ing an automatic switch incorporating the gear
train shown in Pig. 2 and utilizing either of the
contact banks shown in Figs. 4 and 7; Figs. 10
and 12, taken together, illustrate diagrammati-
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;
Tigs. 13 and 14, taken together, llustrate dia-
grammatically another modified form of the tele-
phone system and comprising an automatic
switch incorporating the gear train shown in
Tig. 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 com-
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 159 embodying the present inven-
tion, which comprises an upper supporting chan-
nel: 101, a lower supporting channel 182 and &
substantially U-shaped supporting bracket 123,
the flanges of the supporting channels 181 and
102 being directed toward each other and secured
together in place between the outer ends of the
legs of the supporting bracket 1893 by a plurality
of screws 104, Also-the switch 189 comprises an
operating shaft 105 suitably journaled in a hear-
ing: provided:in the bottom wall of the lower sup-
porting channel 162, a carriage (08, a gear brack-
et 107 and a gear train supported by the gear
bracket 187 and interposed between the operat-
ing shaft 195 and the carriage 106. More par-
ticularly, the carriage 186 is in the form of a
disk disposed above the gear bracket 1971 and
surrounding the operating shaft 105; while the

gedr bracket {97 surrounds the operating shait 4

185 ‘and is of substantially U-shape, including
upper and lower plates 83 and {09 and a con-
necting strap 18, Also a flexible friction plate
{11 surrounds the operating shaft 185 and is
rigidly secured to the lower plate 188 of the gear
bracket {91 by a number of rivets {12, Purther
a collar 113 surrounds the operating shaft 103
and is rigidly secured to the upper surface of the
carrigge 10§ by a number of screws {l4. The
carriage 185 and the supported coliar {13, as well
as the gear bracket 107 and the supported fric-
tion plate {11, are held in assembled relation upon
the operating shaft 105 by an arrangement com-
prising two collars 115 and 1§ respectively car-
ried adjacedt the upper and lower ends of the
opérating shaft 145, More particularly, the col~
1ar 115 is secured to the upper end:of the operat-
ing shaft 185 by a set screw {17 and bears upon
the adiacent uppsr surface of the bottom wall of
the lower supporting channel {82; while the col-
lar M8 iz secured to the lower end of the operat-
ing shaft {45 by a zet screw {18 and bears upon
the sdjacent lower surface of the friction plate
fee,
stiface of the hottom wall of the lower support-
ing chaunel 102 by a washer !9 surrounding the
onerating shaft 185; while the carriage 186 and
the upper plate {98 of the gedar bracket 187 are
arranged in spaced relation by a washer 120 sur-
rounding the operating shaft 165,

It is noted that the gear train interposed be-
tween the operating shaft 95 and the carriage
{46 comprises a drive gear 121 rigidly secured to
the operating shaft 185 and arranged between
4he upper and lower plates 168 and 109 of the
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gear bracket (87, two transmission pinions 122
and 123 rotatably mounted on two pins 124 and
125 extending between the upper and lower plates
188 and (069 of the gear bracket 107 and a ring
gear 125 rigidly secured to the lower surface of
the carriage 188 adjacent the peripheral edge
thereof. The teeth cn the drive gear 121 mesh
the teeth on the transmission pinions 22 and
123 disposed on opposite sides thereof; while the
teeth on the transmission pinions 122 and 123
mesh the internal teeth on the ring gear 1%Z6.
Finally it is noted that the opposite ends of the
flexible friction plate {l! engage the lower sur-
face of the ring gear 12§ in order normally to
lock the ring gear 128 and consequently the car-
riage 108 directly to the operating shaft {85.

Also the switch 180 comprises shift mechanism
130 for controlling the gear train and conse-
guently the speed of rotation of the carriage {DG.
The shift mechanism 138 comprises a shift mag-
net M131{, provided with a core 132, a cup-shaped
field element 183 and & movable armature 134,
Also the shift mechanism 139 includes a friction
ring {25. The shift magnet M{3l, the core 152
and the field element 133 comprise a unit which
is suitably secured in a centrally disposed U-
shaped bend 1238 formed in the supporting brack-
et 183; while the armature 124 surrounds the
operating shaft 185 and is secured to the flexible
friction plate 141 adjacent the outer ends thereof
by two clips 187 and (33. The friction ring i35
is suitably secured to the supporting bracket {83
in surrounding relation with respect to the arma-
ture 134 and is arranged below the outer ends of
the friction plate {114 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 {28, but
are adapied to engage the upper surface of the
friction ring (385 when the friction piate {il is
flexed due to movement of the armature {134 in a
downward direction, in a manner more fully ex-
plained hereinafter.

Further the switch {88 comprises a stub shaft
{48 suitably journaled in a bearing provided in
the top wall of the upper supporting channel (5t
and arranged in alignment with the operating
shaft i¢5. The upper end of the stub shaft 143
carries g bevel gear {4{ which bears against the
upper surface of the top wall of the upper sup-
porting channel {8f. A collar 142 is secured to
the stub shait (48 by a set screw 143 and bears
against the lower surface of the top wall of the
upper supporting channel {81,

Further the switch 199 comprises clutch mech-
anism (%8 including a go magnet MIS{ and a
stop magnet MI52. The go magnet MI&! in-
cludes a core 183 carrying two spaced-apart field
elements 184 on the opposite ends thereof; while
the stop magnet M52 includes a core {55 carry-
ing two spaced-apart field elements 155 on the
opposite ends thereof. The core 183 is secured
to two nonmagnetic brackets (5T by two screws
188, which brackets 18T are suitably secured to
the top wall of the upper supporting chanmnel (4.
Similarly, the core {55 is secured to two non-
magnetic brackets 159 by two screws {29, which
brackets {59 are suitably secured to the bottom
wall of the lower supporting channel 182. The
upper end of the operating shaft 185 carries a
tubular collar 181 slidably mounted thereon, a
pin 1862 being fized to the operating shaft 185 and
arranged in a longitudinally extending slot 153
formed in the tubular collar 161. The lower end
of the tubular collar {61 is normally supported
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upon the collar 115 and the upper end thereof
carries an annular flange 164 formed of mag-
netic material. A drive plate 165 is secured to
the lower end of the stub shaft 140 by a set
screw 166 and arranged above and in spaced re-
iation with the annular flange 164.

The switch 189 is supported as a whole in co-
operating relation with a drive shaft 16T upon
two external supports 168 engaging the lower
surface of the top wall and the adjacent flanges
of the upper supporting channel 10f, It is noted
that the drive shaft 161 is common to a plural-
ity of switches of the character of the switch
100 and is suitably journaled in a number of
bearing brackets 169 carried by an external sup-
port 170. More particularly, the drive shaft 167
carries a bevel gear (7l which is arranged to
mesh the bevel gear I4f carried on the upper
end of the stub shaft 140 when the switch 100
is supported in place upon the external supports
168, in the manner noted above. Also the switch
108 is supported in cooperating relation with re-
spect to a contact bank support 172 which car-
vies a contact bank, not shown, the contact bank
support 172 being disposed between the legs
of the supporting bracket {03 and carried by two
external supports 173. The external supports
113 and the contact bank support 172 engage the
legs of the supporting bracket 103, thereby posi-
tively o position the switch 180. Further it is
noted that the carriage {06 supports a wiper
set, not shown, which cooperates with the contact
pank carried by the contact bank support 172,

When the switch 100 is completely released the

shift magnet M{3! is deenergized, whereby the ¢

flexible friction plate il is biased, due to its
inherent resiliency, into engagement with the
lower surface of the ring gear 128 in order to
lock the ring gear 126 and consequently the car-
riage 106 directly to the operating shait 105, as
previously noted. Also, at this time, the wiper
set carried by the carriage 186 occupies its nor-
mal position with respect to the contact bank
carried by the contact bank support 172, in a

manner more fully explained hereinafter. Fur-

thermore, the go magnet M 151 and the stop mag-
net M152 are normally deenergized, whereby the
tubular collar 161 occupies its normal position
engaging the collar ({5 and the annular flange

164 carried by the tubular collar 161 disengages 5

the associated drive plate 165, Finally the drive
shaft 167 is rotated at a constant speed in the
clockwise direction, as viewed toward the right,
in order to drive the stub shaft 146 at a con-
stant speed in the clockwise direction, as viewed
from the top. Hence, at this time, the stub shaft
149 and the drive plate 165 carried thereby are
rotated in the clockwise direction above the an-
nular flange 84 carried by the tubular collar
{61.

In order to opérate the switch 180, thereby to
cause the wiper set carried by the carriage 106 to
select a particular group of contact sets in the
associated contact bank, the go magnet M{51
is first energized and retained energized for a
corresponding given time interval, depending up-
on the speed of rotation of the stub shaft 140,
this given time interval comprising one or more
unit time intervals, as explained more fully here-
inafter: and, at the conclusion of this given time
interval, the go magnet MIE! is deenergized and
the stop magnet M52 is energized. When the
go magnet Mi5I is thus energized the field ele-
ments 154 thereof attract the annular flange 164,
thereby to cause the annular flange 164 to move
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upwardly into frictional engagement with the
drive plate 165, the pin and slot connection
162—163 between the operating shaft (05 and
the tubular collar 161 accommoedating this move-
ment of the tubular collar 161 and the annular
flange 164 carried thereby. When the annular
flange 164 is thus moved by the go magnet MISH
into frictional engagement with the drive plate
165 the operating shaft 105 is clutched to the
stub shaft 140 and is rotated in the clockwise
direction.

At this time the operating shaft 195 is direct~
1y locked to the ring gear 126 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 105
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 122 and 123 remain stationary upon the
associated pins 124 and 125, but are revolved
about the operating shaft 105 with the gear
bracket 167. As the carriage 106 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 085 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 (08, 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 Mibl is deenergized and the stop

magnet M152 is energized, as previously noted,

whereupon the field elements 156 of the stop
magnet M52 attract the annular flange 164 caus-
ing the tubular collar {61 and the annular flange
{64 carried thereby to be moved downwardly, the

pin and slot connection (62—163 between the

operating shaft 105 and the tubular collar 161
facilitating this movement. At this time the
stop magnet MI52 is retained energized, there-
by to retain the annular flange 154 out of en-
gagement with the drive plate 1685 and in locked
engagement with the field elements 156. As
long as the stop magnet M152 is retained ener-
zized, the annular flange 164 is retained in locked
enzagement with respect to the field elements
156, thereby to prevent movement of the car-

riage 106 ‘and consequently the wiper set car-

ried thereby.
At the conclusion of the rotary movement of

motion constitutes the primary motion of the
switch 109, as explained above, the shift magnet
MI31 is energized. When the shift magnet Mi3{

is thus energized the armature 134 is attracted

by the cup-shaped field element 1233 and is moved
downwardly, whereby the straps {37 and 138 con-
necting the armature (34 to the flexible friction
plate {#{ flex the outer ends of the friction plate
{it 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 #35. When the armature 134 is thus
operated in order to flex the friction plate 1if,
as explained above, the ring gear 126 and con-
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sequently the carriage 106 are unlocked from the
operating shaft 105; and the friction plate 111t
and consequently the gear bracket |07 are locked
to the stationary friction ring 135.

After the switch 100 has been operated in the
manner described above, thereby to cause the
wiper set carried by the carriage 106 to select
one of the groups of contact sets in the associ-
ated contact bank carried by the contact bank
support 172, the switch #00 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 M152 is first deenergized and then the
go magnet MI5! is energized and retained ener-
gized for a corresponding given time interval,
depending upon the speed of rotation of the stub
shaft 148, this given time interval comprising one
or more umt time intervals, as explained more
fully hereinafter; and at the conclusion of this
given time interval the go magnet MI51 is de-
energized and the stop magnet M52 is energized.
When the stop magnet Mi52 is thus deenergized
the field elements 156 release the annular flange
164; and when the go magnet M151 is thus ener-
gized the field elements 154 attract the annular
flange 184, thereby again to clutch the annular
flange 184 to the drive plate 165, in the manner
breviously explained; whereby the operating
shaft 195 is again rotated in the clockwise direc-
tion with the stub shaft 140. The rotation of
the operating shaft 105 in the clockwise direction
effects rofation of the drive gear 121 in the clock-
wise direction, whereby the transmission pinions
122 and 128 are rotated in the counterclockwise
direction about the pins 124 and 125 extending
between the upper and lower plates 108 and 109
of the gear bracket 10T due to the fact that the
gear bracket 187 is locked by the friction plate
L1 to the stationary friction ring 135 against
rotation in the clockwise direction. The rota-
tion of the transmission pinions 122 and 123 in
the counterclockwise direction about the pins 124
and 125 effects rotation of the ring gear 126 in
the counterclockwise direction, whereby the car-
riage {8§ is driven continuously in the counter-
clockwise direction during the given time interval
mentioned.

As the carriage (06 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 105
and the carriage 106 has a transmission ratio, as
determined by the number of teeth disposed
about the periphery of the drive gear 121 and the
number of teeth disposed about the interior of
the ring gear 126, of 10:1; whereby the oper-
ating shaft 109 is rotated in the clockwise direc-
tion ten times as fast as the rotation of the car-
riage 196 in the counterclockwise direction when
the gear train is effective. At the coneclusion 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 ete. unit time in-
tervals the wiper set engages the corresponding
first, second ete. individual contact sets in the
breviously selected group of contact sets in the
associated contact bank. .

_ At the conclusion of the given time interval
the go magnet M15{ is deenergized and the stop
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magnet Mi§2 is again energized, as previously
noted; whereupon the field elements 154 release
the annular flange 164 and the field elements 156
attract the annular flange 164 in order to cause
the annular flange 164 to be locked to the field
elements 158, in the manner previously explained.

At this time the wiper set carried by the car-
riage 108 has selected a particular group of con-
tact sels in the associated contact bank corre-
sponding to the first time interval mentioned
and a particular individual contact set in the
breviously selected group of contact sets in the
associated contact bank corresponding to the sec-
ond time 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 106 in the coun-
ter-clockwise direction, which motion constitutes
the secondary motion of the switch 109, as ex~
plained above, the shift magnet Mi3! and the
stop magnet M152 are retained energized.

In view of the foregoing explanation of the
mode of operation of the switch 120 first to se-
lect a particular 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 166 is first rotated in the clock-
wise direction, the primary movement of the
switch 188, at a speed of 18S; then the carriage
186 is rotated in the counterclockwise direction,
the secondary movement of the switch 199, at a
speed of IS. Accordirgly the switeh 180 oper-
ates during the primary movement of the car-
riage 108 to select one group of contact sets per
unit time interval and then operates during the
secondary movement of the carriage 1086 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 (09
the shift magnet M{31 and the stop magnet M52
are first deenergized and the g0 magnet MI{51
is energized. When the shift magnet M13] is
thus deenergized the armature 134 is released
by the cup-shaped fleld element 123, whereby
the friction plate 11 moves the armature (34
upwardly out of engagement with the cup-shaped
fleld element, (33 due to its own resiliency. Fur-
thermore, the outer ends of the resilient friction
blate (1§ are moved upwardly out of engagement
with the stationary friction ring 185 and into
engagement with the ring gear 128, whereby the
ring gear 126 and consequently the carriage 1086
are again locked to the operating shaft 195 di-
rectly, as previously explained. When the stop
magnet M152 is thus deenergized the field ele-
ments 5§ release the annular flange 164; and
when the go magnet Mis1 is thus energized the
field elements 54 attract the annular flange 164,
whereby the annular flange 164 is moveqd upward-
Iy into engagement with the drive plate 165, in
the manner breviously explained. At this time
the operating shaft 10858 is again clutched to the
st_ub shaft {40 and ig rotated in the clockwise
direction, whereby the carriage 186 and the wiper
set carried thereby are rotated in the clockwise
direction at the speed of i8S, in the manner pre-
viously explained. Finally when the wiper set
carried by the carriage 106 i returned to its nor-
mal position the go magnet M5 is deenergized
and the stop magnet Mi52 is energized. When
the go magnet MI5] is thus deenergized the field
elements 154 release the annular flange 164; and
when the stop magnet MI82 is thug energized
the field elements 155 attract the annular flange
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168, whereby the annular flange 164 is moved
downwardly into locked engagement with the
field elements 156, in the manner previously ex-
plained. At this time the operating shaft 105
is again declutched from the stub shaft 180. TUl-
timately the stop magnet Mi52 is deenergized;
however, the annular flange 164 remains in en-
gagement with the field elements 156 due to the
action of gravity in view of the fact that the go
magnet M151 is not energized at this time, At
this time the switch 100 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 106 thereof is rotated in the clock-
wise direction back to its normal position at the
speed of 108 due to the fact that the shift magnet
MI31 is deenergized at the beginning of the re-
Jease period. Accordingly the carriage 106 of
the switch 100 is rapidly returned, in the clock-
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-
trated, which may be incorporated in the switch
shown in Fig. 1. More particularly, this gear
“train comprises, in addition to the drive gear (21
and ithe ring gear 126, two sets of transmission
pinions 301, 302 and 304, 305 interposed between
the operating shaft 185 and the carriage 106.
More specifically, the drive gear 121 is rigidly se-
“cured to the operating shaft {05 and the trans-
mission pinions 301, 302, 303 and 364 are re-
spectively rotatably mounted upon pins 311, 312,
314 and 315 extending between the upper and
lower plates 108 and 109 of the gear bracket 107.
The teeth on the drive gear 121 mesh the teeth
on the transmission pinions 301 and 302 disposed

on opposite sides thereof; the teeth on the trans-

mission pinions 301 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 304 and 305
mesh the teeth disposed about the interior of the
ring gear 126 at opposite sides thereof.

The gear train shown in Fig. 3 may be sub-
stituted directly for the gear train shown in Fig.
-9 in the switch shown in Fig. 1, in an obvious
‘manner, in order to produce 2 modified switch
{069. Considering now the operation of the modi-
- fied switch 100 it is noted that the primary move-
ment of the carriage 186 in the clockwise direc-
tion is the same as that previously described in
view of the fact that, during the primary move-
ment of the switch, the operating shaft 105 is
locked directly to the ring gear 126 and conse-
quently to the carriage 106, in the manner pre-
viously explained. However, the secondary move-
ment of the carriage 106 is modified due to the
interposition of the two sets of transmission pin-
jons 304, 302 and 304, 305 between the drive gear
i21 and the ring gear (26, More particularly,
when the armature 134 is operated in order to
flex the outer ends of the friction plate 111 oub
- of engagement with the ring gear 126 and into en-
“gagement with the stationary friction gear 135,
the operating shaft {05 is operatively connected
to the carriage 106 through the gear train, as
previously explained. At this time, rotation of
the operating shaft 105 in the clockwise direc-
tion effects rotation of the drive gear 121 in the
clockwise direction, and the consequent rota-
tion of the transmission pinions 30! and 302 in
the counterclockwise direction about the pins 31
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and 212. The rotation of the transmission pin-
jons 301 and 302 in the counterclockwise direc-
tion about the pins 311 and 312 effects rotation
of the transmission pinions 384 and 305 in the
clockwise direction about the pins 214 and 315.
Finally the rotation of the transmission pinions
304 and 205 in the clockwise direction about the
pins 314 and 315 effects rotation of the ring gear
126 and consequently the carriage 106 in the
clockwise direction. Accordingly, in the modified
form of the switch 100, not only the primary
movement of the carriage 106 but also the sec-
ondary movement thereof takes effect in the
clockwise ‘direction. Moreover, in the modified
switch 85, the gear train interposed between the
185 and the carriage (06 has a
{ransmission ratio, as determined by the number
of teeth disposed about the periphery of the drive
gear 121 and the number of teeth disposed about
the intevior of the ring gear {26, of 10:1; whereby
the operating shaft 105 is rotated in the clock-
wise direction ten times as fast as the rotation
of the carriage 108 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 108 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 166 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 100
to select first a particular group of contact sets
anld 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 108 is first rotated in the clock-
wise direction, the primary movement of the mod-
ified switch 100 at a speed of 108; then the car-
riage 106 is rotated in the clockwise direction,
the secondary movement of the modified switch
109, at a speed of 1S. Accordingly the modified
switch 100 operates during the primary move-
ment of the carriage 186 to select one group of
contact sets per unit time interval and then
operates during the secondary movement of the
carriage 166 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 100, the

-carriage 166 thereof is rotated in the clockwise

direction back to its normal position, at the speed
of 108, due to the fact that the shift magnet Mi3l
is deenergized 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 100

. which may be utilized when the gear train, shown

75-10 Fig. 2, is i_ng:orpqrated therein, More particu-



1arly, the wiper set 629 is carried Ky the operating
shatt 185 and comprises a number of wipers sot,
602, etc. of the double-ended type; while the con-
tact bank 480 is of the 100-point type. More
specifically, the contact bank 460 comprises ten
groups of contact sets; each group of contact sets
comprises ten individual contact sets ; and each
individual contact set cornprises g numbey of
contacts respectively associated with the wipers
601, €062, etc., of the wiper set 600,
~In this form of the switch 1808 the wiper set
608 is rotated continuously during the primary
movement thereof in the clockwise direction, as
indicated by the arrow P, from the normal po-
sition PO successively through the positions PI,
P2, ete., and P9 during the successive corréspond-
ing time intervals. Subsequently the wiper set
600 is rotated continuously during the secondary
movement theréof in the counterclockwise direc-
tion, as indicated by the arrow S, from thé oper-
ated position P1, P2, etc., back toward the ad-
jacent position PO, P, etc., during the corre-
sponding timé intervals.

From an examination of the contact bank 480
shown in Fig. 4, it will be understood that, in
order to operate the switch 108 to select the con-
tact sets 11, 12, 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 10 to the posi-
tion P1 to engage tlie contact set 20, and is then
rotatéd in the counterclockwise direction during
the secondary movement thereof from the oper-
ated position P toward the adjacent position Pd
to engage the contact sets 11, 12, etc. Similarly,
in order to operate the switch 160 to select the
contact sets 01, 02, etc., the wiper set 600 is first
rotated in the clockwise direction quring the pri-
mary movement thereof from the normal posi-
tion Pd engaging the contact set 10 back to the
position PO to engage the contact set 10, and is
then rotated in the counterclockwise direction
during the secondary movement, thereof from the
operated position P8 toward the adjacent position
P8 to engage the contact sets 81, 02, ete. Ulti-
mately, when the switch 100 is released the wiper
set 660 is rotated in the clockwise direction from
the engaged contact set back to the normal posi-
tion PO to engage the contact set 10. .
.. Also the operating shaft 105 operates off-nor-
mal switch control mechanism illustrated dia-
grammatically as a cam 481 carried by the op-
erating shaft 105 and an associated set of switch
springs 8405. The cam 401 comprises two projec-
tions 402 and 483 corresponding to the two nor-
mal positions of the wiper set 689; while the set of
switch springs S405 comprises 2 set of contacts
406 which is engaged when the wiper set 600
occupies either one of its normal positions and
& 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 168 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 660 and the
associated contact bank 580 of the switch 100
which may be utilized when the gear train,
-shown in Fig. 3, is incorporated therein. _ More
barticularly, the wiper set 609 is carried by the
operating shaft 105 and comprises a number of
wipers 601, 682, 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 588 comprises tén groups of contact
sets; edch group of contact sets comprises ten
Individual contact s6ts; and edch IRdiviAual comne
tact set compiisés a number of contacts respec-
tively associated with thé wipers 601 , 602, etc.,
of the Wipér sét 600. ‘

In this form of the &witch 1o9 the wiper set

600 is rotatéd contintously during the primary
movemernit théreof in the clockwise direétioti, as
indicated by the arrow P, from the normal posi-
tion P8 successively through the positions P,
P2, ete., and P§ quring the siiccessive ¢orrespond-
ing time intérvals. Subsequently the wiper set
600 is rotated continuously during the secoridary
movemert theréof in the clockwise diréction, as
Indicafed by thé arrow S, from the operatéd po-
sition P1, P2, gtc., forwardly t6ward the adjacent
position P2, P2, etc., during the corresponding
time intervals.

_From an examination of the contact bank 550
shown in Fig. 5, it will pe understood that, in
order to operate the switch 109 to select the con-
tact sets 1, 12, etc., the wiper set 600 is first
rotated in the clockwise direction, during the pri-
faary movement thereof, from the normal posi-
tion P§ engaging the contact seét, 90 to the position
Pl to engage the contact set 00, and is then ro-
tated in the clockwise divection, during the sec-

ondary movement thereof, from the operated

Position P1 toward the adjacent position P2 to
engage the contact sets {1, 12, etc. _ Similarly, in
order to operate the switch 100 to select the con~
tact sets €1, 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: P8 engaging the contact set 90 back to the
bositionr PO to engage the contact set 90, and is
then rotated in the clockwise direction, during
the secondary movement thereof, from the oper-
ated position P9 toward the adjacent position PI
to engage the contact sets 01, 02, etc. Ultimately,
when the switch 160 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 105 operates off-nor-
mal switch control mechanism illustrated dia-
grammatically as a cam 501 carried by the oper-
ating shaft 195 and an assoclated set of switch:
springs 8505. The cam 501 comprises two pro-
Jections 592 ang 503 corresponding to the two
normal positions of the wiper set 6090 while the
set of switch springs S505 eomprises g set of con-
tacts 588 which is'engaged when the wiper set 600
occupies either one of its hormal positions and a
set of contacts 507 which is engaged when the
wiper set 660 occupies other than one of its nor-
mal Dositions: This off-normal switch control
mechanism is utilized in the switch 100, for a pur-
bose 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 900 and the associated contact bank 760 of
the switch 148 which may be utilized when the
gear frain, shown in Fig. 2, is incoi'pora;téd there-
in. More particularly, the wiper set 900 is car~
ried by thé operating shaft 105 and compriseés a,
first section 901, including a numbsér of wipers
902, 803, etc., and a second section 911, includ-
ing a number of wipers 942, 813, etc.; while the
contact bank 160 is of the 100-point type and
comprises a first section 704 associated with tHe
first section 991 of the wiper set 998 and a sec-
ond section 702 associated with the second sec-
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tion 911 of the wiper set 880. Preferably the
first section 801 of the wiper set 980 is arranged
above the second section 8i1 thereof; and the
first section 141 of the contact bank 700 is ar-
ranged above the second section 702 thereof.
Each of the sections T8l and 102 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 701
of the contact bank T80 are respectively asso-
ciated with the wipers 982, 803, etc., of the first
section 901 of the wiper set 808; while the con-
tacts in each contact set in the second section
102 of the contact bank 780 are respectively as-
sociated with the wipers 912, 913, etc:, of the
second section 91 of the wiper set 960,

In this form of the switchn 180 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 Pi,
P2, etc.,, and P8 during the successive corre-
sponding time intervals. During this primary
movement of the wiper set 908 the first section
991 thereof cooperates with the associated first
section 101 of the contact bank 789 in the posi-
tions PO, Pl, P2, P3 and P4 and the second sec-
tion 91{ thereof cooperates with the associated
second section 182 of the contact bank 700 in
the positions P35, P8, PI, P8 and P3.  Subse-
quently the wiper set 908 is rotated continuously
during the secondary movement thereof in the
counterclockwise direction, as indicated by the
arrow S, from the operated position P1, P2, etc,,
back toward the adjacent position P9, PlI, ete.,
during the corresponding time intervals.

From an examination of the contact bank 700
shown in Fig. 7, it will be understocd that, in
order to operate the switch 188 to select the
contact sets 11, 12, etc., the wiper set 900 is
first rotated in the clockwise direction during
the primary movement thereof, whereby the
first section 961 of the wiper set 998 is moved
from the normal position P0 engaging the con-
tact set 19 to the position Pl to engage the con-
tact set 20; the wiper set 900 is then rotated in
the counterclockwise direction during the sec-
ondary movement thereof, whereby the first
section 981 of the wiper set 960 is moved from
the operated position Pl toward the adjacent
positicn P0 to engage the contact sets I, 12,
etc. Similarly, in order to operate the switch
100 to select the contact sets 51, 52, etc., the
wiper set 980 is first rotated in the clockwise di-
rection during the primary movement thereof,
whereby the first section 801 of the wiper set 998
is moved from the normal position P8 engaging
the contact set 10 to bring the second section
911 of the wiper set 980 to the position P5 to
engage. the contact set 68; the wiper set 909 is
then rotated in the counterclockwise direction
during the secondary movement thereof, where-
by the second section 8f1 thereof is' moved from
the operated position P5.and the first section
801 thereof is moved toward the adjacent po-
sition P4 to engage the contact sets 51, 52, etc.
In order to operate the switch 130 to select the
contact sets 61, 62, ete., the wiper set 900 is first
rotated in the clockwise direction during the pri-
mary movement thereof, whereby the first sec-
tion 981 of the wiper set 900 is moved from the
normal .position PO engaging the contact- set
10 to bring the second section 911 of the wiper
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set 990 to the position P6 to engage the con-
tact set T0; the wiper set 980 is then rotated
in the counterclockwise direction during the
secondary movement thereof, whereby the sec-
ond section 911 of the wiper set 909 is moved
from the operated position P& toward the ad-
jacent position P5 to engage the contact sets
61, €2, etc. Similarly, in order to operaie the
switch 100 to select the contact sets 01, 02, etc.,
the wiper set 900 is first rotated in the clockwise
direction during the primary movement thereof,
whereby the first section 80i of the wiper set
§00 is moved from the norinal position P9 en-
gaging the contact set 10 back to the position
P0 to engage the contact set 10; the wiper set
899 is then rotated in the counterclockwise di-
rection during the secondary movement there-
of, whereby the first section 981 thereof is
moved from the operated position PJ and the
second section 911 thereof is moved toward the
adjacent position P9 to engage the contact sets
01, 02, etc. Ultimately, when the switch 100 is
released the wiper set 990 is rotated in the clock-
wise direction from the contact set engaged by
either the first section 881 or the second section
911 thereof to bring the first section 821 thereof
back to the normal position P9 tc engage the
contact set 10,

Also the operating shaft 185 operates off-nor-
mal switch control mechanism illustrated dia-
grammatically as a cam 101’ carried by the oper-
ating shaft 105 and an associated set of switch
springs S705. The cam 701’ comprises a single
projection 702’ corresponding to the single nor-
mal position of the wiper set 880; while the set
of switch springs ST05 comprises a set of contacts
106 which is engaged when the wiper set 980 occu-~
pies its normal position, and a set of contacts 107
which is engaged when the wiper set 9008 occupies
other than its normal position. This off-normal
switch control mechanism is utilized in the switch
100, 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 908
and the associated contact bank 800 of the switch
180 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 105 and comprises a first section
801, including a number of wipers 932, 803, etc.,
and a second section 911, including a number of
wipers 812, 913, etc., as previously noted; while
the contact bank 800 is of the 100-point type and
comprises a first section 801 associated with the
first section 901 of the wiper set 909 and a second
section 802 associated with the second section
911 of the wiper set 980. Preferably the first sec-
tion 901 of the wiper set 800 is arranged above the
second section 911 thereof; and the first section
801 of the contact bank 800 is arranged above the
second section 802 thereof. Each of the sections
801 and 882 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 881 of the contact bank 800
are respectively associated with the wipers 902,
903, etc., of the first section 901 of the wiper
set 900; the contacts in each contact set in the
second section 802 of the contact bank 860 are
respectively associated with the wipers 912, 918,
ete., of the second section 911 of the wiper set 900,
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In this form of the switch 100 the wiper set

800 is rotated continuously, during the primary

movement thereof, in the clockwise direction, as
indicated by the arrow P, from the normal posi-
tion P3 successively through the positions P, P2
ete. and P9 during the successive corresponding
time intervals. During this primary movement
of the wiper set 300 the first section 981 thereof
cooperates with the associdted first section 801
of the contact bank 888 in the positions P8, PlI,
P2, P3 and P4, and the second section 9! thereof
cooperates with the associated second section 802
of the contact bank 880 in the positions P35, P8,
PT, P8 and P9. Subsequently the wiper set 909
is rotated continuously during the secondary
movement thereof, in the clockwise direction, as
indicated by the arrow S, from the operated
position Pi, P2 ete, forwardly toward the adjacent
position P2, P3, ete. 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 i, 12 ete., the wiper set 989 is first
rotated in the clockwise direction during the pri-
mary movement thereof, whereby the first sec-
tion 801 of the wiper set 928 is moved from the
normal position P engaging the contact set $0
to the position Pl tc engage the contact 06; the
wiper set 860 is then rotated in the clockwise
direction during the secondary movement theéreof,
whereby the first section 981 of the wiper set 900
is moved from the operated position Pl toward
the adiacent position P2 to engage the contact
sets {1, 2 etc. Similarly, in order to operate the
switch 188 to select the contact sets &i, 52 etc.,
the wiper set 980 is first rotated in the clockwise
direction during the primary movement thereof,
whereby the first section 881 of the wiper set 908
is moved from the normsl position P83 engaging
the contact set 89 to bring the second section 811
of the wiper set 880 to the position P5 to engage
the contact set 49; the wiper set 920 is then ro-
tated in the clockwise direction during the sec-

ondary movement thereof, whereby the second °

section &1{ thereof iz moved from the operated
position P5 toward the adjacent position PG to
engage the contact sets §i, 52 ete. Similarly, in
order to operate the switch 108 to select the con-
tact sets 91, 62 etec., the wiper set 508 is first
rotated in the clockwise direction during the pri-
mary movement thereof, whereby the first sec-
ticn 861 of the wiper set 880 is moved from the
normal position PO engaging the contact set 90
back tc the position P2 to engage the contact
set 80; the wiper set 909 is then rotated in the
clockwise direction during the secondary move-
ment thereof, whereby the first section 84! there-
of is moved from the operated position P# toward
the adjacent position P{ to engage the contact
sets 01, 82 ete. Ultimately, when the switch 100
is released the wiper set 900 is rotated in the
clockwise direction from the contact set engaged
by either the first section 9€1 or the second sec-
tion 911 thereof to bring the frst section 901
thereof back to the normal position P2 to engage
thie contact set §0. ‘

Also the operating shait {65 operates off-nor-
magl switch control mechanism illustrated dia-
grammatically as a cam 801’ carried by the oper-
ating shaft 185 and an associated set of switch
springs S805. The cam 88{’ comptrises a single
projection 802’ corresponding to the single nor-
mal position of the wiper set 800; while the set
of switch springs ©8085 comprises a seét of con=
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tacts 806 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
800 occupies other than its normal position. This
off-normal switch control mechanism is utilized
in the switeh {80, for a purpose more fully ex-
plained hereinafter.

Reférring 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 1881 and
1ol respectively extending to the subscriber sub-
stations T and T2. Also the exchange comprises
subscriber controlled switching apparatus for set-
ting up connectiong between the various sub-
scriber lines, the switching apparatus comprising
a line switch individual to each subscriber line,
the line switches 1002 and {102 being individual
to the subscriber lines 1801 and 118!, respective-
Iy, and a group of connectors including the con-
nector {060, 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-

5 scriber lines in the exchange.

Preferably each subscriber substation comprises
conventional subscriber substation apparatus in-
cluding a telephone instrument, a ringer and z
calling device or dial. Preferably each line switch
is identical to the line switches 1002 and 1102,
which line switches are connected and arranged
in accordance with conventional practice.

Preferably each of the connectors is identical
to the connector (080 which comprises an auto-
matic switch of the character of the automatic
switch 100 shown in Fig. 1; which automatic
switch has incorporated therein a gear train of
tlfxe 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
n:1‘0VeI'nent thereof in the counterclockwise direc-
thh, in the manner previously explained. Also
this automatic switch comprises a go magnet
M1056, a stop magnet MI1057, a shift magnet
MI1058, three sets of switch springs S1035, S1036
and 51039, a wiper set including the wipers (111
i',c.; ll']HS, inclusive, and an associated contact bank

.{uso the connector {060 comprises a mirnor
switch 1129, including a slide 1123, an associated
g:ontact bank 1124, a step magnet Mi 121 for mov-
Ing the slide 1{23 step by step with respect to the
assoclated contact bank 1124, and a release mag-
neg Ml 122 for releasing the slide 1123 and for
causing it to be returned to its normal position.
Also a set of switch springs S1125 is associated
with the slide 1123 of the minor switch fi20,

Further the connector 1000 comprises a relay
group including a line relay RI810, a holg relay
R1020, a dial relay R{020, a first digit relay R1050
a second digit relay RI849, a go relay RI1060, é
stop relay R1065, a test relay R1070, an answer
relay R1075, switch-through relay R1080, 3 ring
relay R1080 and a reset relay Ri 895, and a con-
trol network.

In the connector 1800 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
1120. More particularly, the conductors CI0I1,
Ci012, C1013, C1014 and CI0I5 are respectively
strapped to the line wiper 1111, the line wiper
1112, the control wiper (113, the unit wiper (114
and the group wiper 1115 of the wiper set of the
automatic switch; and the conductors CI0186,
C1017 and C1018 are respectively strapped to the
conductors CI1{6, CII1T and Clii8 extending
to the minor switch 1120.

The mechanical construction and arrangement
of the automatic switch 100 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 T1 to the subscriber substa-
tion T2.

A call is initiated at the subscriber substation
Tl by removing the receiver of the telephone
instrument thereat from its associated switch-~
hook, whereupon the line switch 1002 operates
automatically to search for a trunk extending
to an idle connector in accordance with conven-
tional practice. Assuming that the connector
1000 is the first idle connector accessible to the
line switch 1002, the line switch 1092 operates
to seize the trunk 1005 extending thereto, the
trunk 1005 being marked as idle by the absence
of ground potential upon the control conductor
C1008 thereof. When the line switch 1092 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 {001 and the line conductors
C1096 and CI1007 of the trunk 1005. 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 RI010 in the connector 1008 by
way of the subscriber line 1081, the line switch

1002 and the trunk 1005. When thus energized .

the line relay R1010 operates to complete, at the
contacts 1011, an obvious circuit for energizing
the winding of the hold relay R1029, thereby to
cause the latter relay to operate. Also the line

relay RI010 completes, at the contacts 1014, an -

obvious circuit, including the contacts 1061, for
energizing the winding of the stop relay R1065 in
series with the stop magnet MI1057, thereby to
cause the stop relay R1065 to operate and to

cause the stop magnet M1085T to operate in order 5

positively to lock the operating shaft 105 against
rotation at this time. Upon operating, the hold
relay R1020 completes, at the contacts 1022, an
obvious path for applying ground potential to the
control conductor C1008 of the trunk 1985, 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 cslling subscriber substation T! and
‘the connector 1000, and the connector 1003 is in
readiness to receive the first digit.

The subscrlber at the calling subscriber substa-
tien Tl then dials the first digit at the calling
device thereat, whereby a corresponding num-
ber of impulses are transmitted over the sub-
scriber line 1001 to the line relay RIC18. The
line relay R1010 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. TUpon
restoring, the line relay R1010 interrupts, at the
contacts 1011, the previously mentioned circuit
for energizing the winding of the hold relay R1020
and completes, at the contacts 1012, an obvious
path, including the contacts 1023 and 1043 and
the conductors C1016 and Cii16, for energizing
the step magnet M112i of the miner switch 1120.
Also, upon restoring, the line relay R1010 com-
bletes, at the contacts 1013, an obvious circuit,
including the contacts 1024, for energizing the
winding of the dial relay R1030, thereby to cause
the latter relay to operate. Also, upon restoring,
the line relay RI010 interrupts, at the contacts
1014, the previously traced circuit for energizing
the winding of the stop relay RI065 in series
with the stop magnet M1057, thereby to cause
the stop relay R1065 to restore and to cause the
stop magnet M 1057 to restore in order to release
the operating shaft 105 for rotation at this time.
Upon reoperating, the line relay RI0{0 recom-
pletes, at the contacts 1011, the previously men-
tioned circuit for energizing the winding of the
hold relay RI1020; interrupts, at the contacts
1042, the previously traced circuit for energizing
the step magnet MI121 of the minor switch 1120;
and interrupts, at the contacts 10{3, the previ-
ously traced circuit for energizing the winding
of the dial relay R1030. "Also the line relay R1010,
upon reoperating, prepares, at the contacts 1014,
the previously traced circuit for energizing the
winding of the stop relay R1085 in series with the
stop magnet MIE857; however, the last-men-
tioned circuit is not completed at this time due
to the operated position of the go relay R1060,
in a manner more fully explained hereinafter.
Both the hold relay R1020 and the dialrelayR 1038
are of the slow-to-release type; accordingly these
relays do not restore during impulsing.

Upon operating, the step magnet M1121 of the
minor switch 1120 drives the slide 1123 one step,
whereby ground potential is applied to the first
contact in the associated contact bank {124 and
the first marking conductor terminateq thereby.
The application of ground potential to the first
marking conductor terminated by the first con-
tact in the contact bank 1124 of the minor switch
1120 compietes a circuit, including the group
wiper 1115 and the engaged group contact of
the contact set 10 in the contact bank 1110 of
the automatic switch, the conductor C1815 and
the contacts 1054, for energizing the winding of
the go relay R1060 in series - with the go magnet
MIi056. When thus energized the go relay RI060
operates to interrupt, at the contacts 1061, a
point in the previously traced circuit for ener-
gizing the winding of the stop relay RI065 in
series with the stop magnet M1057, ag previous-
ly noted. Also the go relay R1069 interrupts, at
the contacts 1063, a point in a circuit traced
hereinafter for energizing the release magnet
MIit22 of the minor switch 1120. When thus
energized the go magnet MI056 operates, there-
by to cluteh the stub shaft 148 to the operating
shaft 185 of the automatic switch, in the man-
ner previously explained.

When the slide 1123 of the minor switch 1120
is moved away from its normal position the set
of switch springs S1125 is actuated, thereby to
prepare the previously mentioned circuit for en-
ergizing the release magnet Mi{22. Also when
the automatic switch is operated the wiper set
thereof is advanced in the clockwise direction
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with réspect to the asscciated contact bank 1119,
whereupon the sets of switch springs 51035, S1338
andSi038are operated. More particularly, the set
of switch springs S1835 is actuaied into engage-
‘ment, thereby to complete an obvious alternative
path for applying ground potential to the control
conductor CI088 of the trunk 1885, whereupon
the trunk 1688 is further marked as busy to the
line switches having access thereto. The set of
switch springs Si038% is actuated inio engage-
ment, thereby to prepare a circuit traced here-
inafter for energizing the winding of the first
digit relay RI850. Finally the set of switch
springs S{0836 is actuated, thereby to interrupt,
at the contacts 1838 thereof, a further pcint in
an alternative circuit traced hereinafter for en-
ergizing the stop magnet Mi857; and to prepare,
at the contacts 1837 thereof, a further point in
a circuit traced hereinafter for energizing the
winding of the reset relay R 285 in series with the
go magnet MI057,

In view of the foregoing explanaticn of the
initial operation of the counector 1663, it will be
understood that the line relay R4918 follows the
first digit causing this digit to be registered by
the step magnet M1i21 of the minor switch 1{28.
More particularly, the step magnet ME{21 is en-
ergized and subsequently deenergized a number
of times corresponding to the first digit, where-
by the slide 1123 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 (124, As
previously noted, the application of ground po-
tential to the first contact in the contact bank
{1124 associated with the slide 1123 of the minor
switeh 1120 initiates operation of the automatic
switeh incorporated in the connector 1802, where-
upon the wiper set is rotated in the clockwise di-
rection withrespect to the associated contact bank
i110 of the automatic switch. At this point it is
noted that the group contacts of the contact sets
i0, I8, 18, 17, 16, 15, {4, i3, {2 and (i in the
contact bank 11{8 of the automatic switch are
connected to the first marking conductor termi-
nated upon the first econtact in the contact bank
{124 of the minor switch 1123, Similarly, the
group contacts of the contact sets 20, 28, 28, 27,
26, 25, 24, 22,.22 and 21 in the contact bank {1i8
of the automatic switch are connected to the sec-
ond marking conductor terminated upon the sec-
ond contact in the contact bank 1124 of the
minor switch (128, Finally, in this connection,
it is noted that the slide §i228 is of such a length
that it is capable of simultaneously bridging not
more than nine of the contacts in"the associated
contact bank #4124 of the mincr switch 1129, for
a purpose more fully explained hereinafter.

Considering now the extension of the call from
the calling subscriber substation Tl to the called
stbscriber substation T2 in greater detail, it is
noted that the subscriber line ({61 extending
to the called subscriber substation T2 is termi-
nated upon the contact set 88 in the contact
bank {110 of the automatic switch; accordingly
the first digit dialed at the calling subscribex
substation TI is 0 and the second digit to he
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 1120 in the connector 1028, as
previously explained.

During the registration of the first digit 0
the minor switch {129 the automatic switch is
operated, operation of the automatic switch he-

10

15

0
S

30

60

3151

60

76

2,340,445

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 {129 the wiper sct
of the automatic switch has fraversed a consid-
erable number of the contact sets in the asso-
ciated contact bank 1110 and occupies a positicn
in engagement with some contact set well be-
yond the contact set 20, such, for example, as
the contact set 93, At this time, when the first
digit 0 is completely registered in the minor
switeh {120 the slide 1123 thereof bridges the
contacts 2 to 8, inclusive, in the associated con-
tact bank 1124, but does not engage the first con-
tact in the associated contact bank (124 due to
the fact that the slide 1123 is capable of hridging
simultaneously only nine contacts in the 2ssoci-
ated contact bank, as previously noted. Hence,
at this time, ground potential is applied by way
of the slide {123 to each contact in the associated
contact bank {24 with the exception of the first
contact therein. Hence, ground potential is ap-
plied to the marking conductors terminated by
the second through the tenth contacts in the
contact bank 1124 of the minor switch {20 in
order to cause continued operation of the auto-
matic switch.

At the conclusion of the first digit 0 the line
relay RICI® reoperates, thereby to retain the
hold relay RI020 in its operated position and
to interrupt, at the contacts 1913, the previously
traced circuit for energizing the winding of the
dial relay R10389, whereupon the latter relay re-
stores shortly thereafter, the dial relay R1538
being of the siow-to-release type. Upon restor-
ing, the dial relay R$030 prepares, at the con-
tacts 1831, a further point in the previously men-
tioned circuit for energizing the winding of the
first digit relay R1058. Operation of the auto-
matic switch incorporated in the cennector 15069
continues until the wiper set disengages the con-
tact set 84 and reengages the contact set 18 in
the associated contact bank 1118, whereupon the
previcusly traced circuit for energizing in series

37 the winding of the go relay R1062 and the go

magnet M358 is interrupted. The last-men-
tioned circuit is interrupted due to the engage-
ment of the group wiper 1115 of the wiper set
of the automatic switch with the group contact
in the contact set 10 in the associated contact
bank 1110, the ungrounded first marking con-
ductor being terminated by the group contact of
the contact set {8 in the contact bank 1110, as
previously noted. When the above-mentioned
circuit for energizing the winding of the go re-
lay R1868 in series with the go magnet MI955 is
thus interrupted, the go relay Ri1069 and the go
‘magnet MI05S restore. Upon restering the go
relay RI1860 completes, at the contacts 18614, the
previously traced circuit for energizing the wind-
ing of the stop relay RIGE5 in series with the
stop magnet MI857, thereby to cause the stop
relay R{055 and the stop magnet MI0857 to oper-
ate. When the go magnet MI{056 restores and
the stop magnet MI057 operates the operating
shaft 165 is declutched from the stub shaft 149,
in the manner previously explained, thereby to
arrest further movement of the wiper set of the
automatic switch incorporated in the connector
i00d.

Also, upon restoring, the go relay RI868 com-
pletes, at the contacts 10562, the previously men-
tioned circuit for energizing the winding of the
first digit relay RI1050, thig circuit extending
fromr ground by way of the contacts 1097, {062,
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the set of switch springs S1839, the contacts
1952 ang 1031 and the winding of R10560 to bat-
tery, whereupon the latter relay operates. Fur-
ther the go relay RI869 completes, at the con-
‘tacts 1083, the previously mentioned circuit for
energizing the release magnet M1122 of the
minor switch 1120. The last-mentioned circuit
extends from ground by way of the set of switch
springs S1125, Cili1, CI1811, the contacts 1063,
CI0i8, C11i8 and the release magnet M1122 to
battery. When thus energized the release mag-
net M1122 operates in order tc release the slide
{123, whereupon the slide {123 is returned to its
‘normal position. When the slide {123 is thus
released the set of switch springs S¢125 is actu-
ated into disengagement, thereby to interrupt
the above-traced circuit for energizing the re-
lease magnet M1122, whereupon the latter mag-
net restores. At this time the minor switch {20
is completely released.

. Upon operating, the first digit relay R1258 com-
nletes, at the contacts {081, an obvicus holding
circuit, including the contacts {021, for energiz-
‘ing the winding thereof, interrupts, at the con-
tacts 1052, the previously traced original oper-
ating circuit for energizing the winding thereof.
interrupts, a2t the contacts 1854, a further point
in the previously traced circuit for energizing the
winding of the go relay R186§ in series with the
go magnet MI25§, and prepares, at the contacts
1053, an alternative circuit for energizing the
winding of the go relay R1060 in sevies with the
go magnet MI8B8. Also the fivst digit relay
R 1050 completes, at the contacts 1088, an obvious
‘eircuit for energizing the shift magnet M1058,
thereby to cause the latter magnet to operate in
order to render effective the gear frain shown
in Fg. 2 incorporated in the automatic switch
provided in the connector {088, in the manner
previously explained. At this time the connector
1008 is in readiness to receive the second digit 8.

The subscriber at the calling subscriber sub-
staticn T! then dials the second digit 8, thereby
to cause the line relay Ri0¢9 to follow in the
manner previously explained. The line reclay
RI0I0 repeats, at the contacts 1812, the second
digit 8 over the previously traced circuit to the
step magnet M1{2! of the mnior switch 1128,
wherehy the slide {23 registers the second digit
8 in the associated contact bank {i24 of the
minor switch {129, in the manner previously ex-
plained. Also the line relay RI0i0 repeats the
second digit 8 at the contacts 1843 to the dial
relay R1928, thereby to cause the latter relay to
operate and remain operated during impulsing,
in the manner previcusly explained. Upon oper-
ating, the dial relay R1930 completes, at the con-
tacts 1032, a circuit, including the contacts 1021
and 1051 and the resistor 1034, for energizing the
winding of the second digit relay Rigdh, When
the above-traced circuit is completed the second
_digit relay R 1040 operates partially shortly there-
-after, the second digit relay R1848 being of the
combinaticn slow-to-operate and marginal type.

Upon operating partially, the second gdigit relay -

RIDA3 prepaves, at the contacts 1842, an ajter-
native circuit traced hereinafter for enervgizing
the winding thereof; the last-mentioned circuit
heing interrupted at this time, at the contacts
{033, due to the operated position of the dial
relay (630,

When the registration of the second digit 8 1in
the minor switch {128 is initiated the slide 1423
pridges the first eight contacts in the asseciated
contact bank 1124, thereby to cause 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 1124 of the minor
switch 1120 and consequently to the first mark-
ing conductor completes a circuit, including the
unit wiper 114 of the wiper set and the engaged
unit contact of the contact set 19 in the associ-
ated contact bank {110 of the automatic switch,
Ci014 and the contacts 1053, for energizing the
winding of the go relay R1080 in series with the
go magnet M1056, thereby to cause the go relay
RI060 and the go magnet MI{056 to operate.
Upon operating, the go relay RI080 interrupts,
at the contacts 1061, the previously traced circuit
for energizing the winding of the stop relay R106%5
in series with the stop magnet MI057, thereby
to cause the stop relay R1065 and the stop mag-
net MI057 to restore. When the stop magnet
ME057 restores and the go magnet MI1056 oper-
ates the operating shaft 188 is again clutched
to the stub shaft 140, whereby the wiper set of
the automatic switch is moved in the counter-
clockwise direction with respect to the associated
contact bank {110, in the manner previously ex-
plained. Also, upon operating, the go .relay
R1960 interrupts, at the contacts 1082, a further
point in the previously traced operating circuit
for energizing the winding of the first digit re-
lay R1659, and interrupts, at the contacts i063,
the previously traced circuit for energizing the
release magnet M1122 of the minor switch 1120.

When the second digit 8 is registered in the
minor switch {120 the set of switch springs S1125
is operated, thereby to prepare a point in the
previously traced circuit for energizing the release .
magnet MI122. Also the unit contacts in the
contact sets {8, 01, 02, 03, 24, 05, 06 and 07 in
the contact bank 1410 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 Ri060
in series with the go magnet M1056, whereby op-
eration of the wiper set of the automatic switch
is continued. )

At the conclusion of the second digit 8 the line
relay R1010 reoperates, thereby to retain the hold
relay R1020 in its operated position and to
effect the restoration of the dial relay RI030
shortly thereafter, the dial relay R1038 being of
the slow-to-release type. Upon restoring, the
dial relay R1830 completes, at the contacts 1033,
the previously mentioned alternative circuit for
energizing the winding of the second digit relay
RI1048, the last-mentioned circuit exfending
from ground by way of the contacts 1621, 1051,
1042 and 10832 and the winding of R1040 to bat-
tery. Shortly after the second digit relay R1640
is thus energized it operates completely as it is
of the combination slow-to-operate and margin-
al type, as previously noted. TUpon operating
completely the second digit relay R1040 com-
pletes, at the contacts 104i, a holding circuit,
including the contacts 1042; (051 and (621, for
energizing the winding thereof. Also the sec-
ond digit relay R1040 interrupts, at the con-
tacts 1043, a further point in the previously traced
circuit for energizing the step magnet Mii2i
of the minor switch {120, thereby positively to
prevent the registration of further digits in the
Finally the sec-
ond digit relay R1040 completes, at the con-
tacts 1044, either a circuit for energizing the
winding of the switch-through relay Ri10880 in
series with the lower winding of the test relay
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R!070 or a path for short-circuiting the winding
of the switch-through relay Ri089, depending
upon the idle or busy condition of the subscriber
line 1101 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 titme prior to the restoration of
the dial relay R103% and another considerable
elapse of time prior to the complete operation of
the second digit relay R1040; during which time
intervals operation of the automatic switch in-
corporated in the connector 1088 is completed
and the idle or busy condition of the subscriber
line 1101, extending to the called subscriber sub-
station T2, is tested. More specifically, during
the registration of the second digit 8 in the
minor switch 1120, the wiper set of the auto-
matic switch is being moved with reference to
the associated contact bank i{{3, in the manner
previously explained; and when the second digit
8 is completely registered in the minor switch
1129 the wiper set of the automatic switch en-
gages a contact set in the associated contact
bank 1110 well beyond the contact set 18, such,
for example, as the contact set 87. According-
1y, very shortly after the second digit 8 is reg-
istered in the minor switch 1128 the wiper set
of the automatic switch disengages the contact
set 07 and engages the contact set 88 in the associ-
ated contact bank (110, whereby the previcusly
traced circuit, including the unit wiper 114 of
the wiper set, for energizing the winding of the

go relay RI1060 in series with the go magnet. .

MI1056 is interrupted. The previously traced cir-
cuit for energizing the winding of the g0 relay
RI1080 in series with the go magnet MI056 is
interrupted when the wiper set of the auto-
matic switch disengages the contact set 07 and
engages the contact set 08 in the associated
contact bank 1110 due to the fact that the unit
contact of the contact set 08 in the contact
bank 11i0 is connected to the ninth marking
conductor terminated upon the ninth contact in
the contact bank 1124 of the minor switch 120
no ground potentia] being applied to the ninth
contact in the contact bank (124 of the minor
switch 1120 due to the fact that the second digit
8 is registered in the contact bank {124 of the
minor switch (120 at this time.

Accordingly, at this time, the go relay R1060
‘and the go magnet M1056 restore. Upon restor-
ing, the go relay R{060 recompletes, at the con-
tacts 186!, the previously traced circuit for en-
ergizing the winding of the stop relay R1065 in
series with the stop magnet M{857, whereupon
the stop relay R{865 and the stop magnet M105T
reoperate. When the go magnet MIiQ56 restores
and the stop magnet MIJ5T operates the oper-
ating shaft 105 is again declutched from the
stub shaft 140, 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 RISSD completes,
at the contacts 1063, the previously traced . cir~
cuit for energizing the release magnet Mit22,
thereby to cause the latter magnet to operate
and release the slide 1123 of the minor switch
1120, in the manner previously explained. When
the slide (123 of the minor switch 1120 ig thus
released the set of switch springs S1125 is ac-
tuated into disengagement, thereby to interrupt
the previously traced circuit for energizing the
‘release magnet MI122, whereupon the latter
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magnet restores. At this time the minor switch
1128 is completely released.

Upon operating, the stop relay Ri$55 com-
pletes, at the contacts 1058, a test circuit for test-
ing the idle or busy condition of the subscriber
line {18} extending to the calied subscriber sub-
station T2. More particularly, the control con-
ductor of the subscriber line {18! is connected by
way of the control contact in the contact set 08
in the contact bank (118 and the control wiper
1113 of the wiper set of the automatic switch,
CI913 and the contacts 583 and (887 to the ter-
minals of the winding of the switch~-through re-
lay R {482 and the lower winding of the test relay
RiIDIB. In the event the called subscriber sub-
station T2 is busy at this time, ground potential
appears Upon the control conductor of the sub-
scriber line 1184, thereby to complete the above-
traced tast circuit for energizing the lower wind-
ing of the fest relay R{079 and to prepare the
above-traced test path for short-circuiting the
winding of the switch-through relay R19890.
Shortly following the above-mentioned test of
the idle or busy condition of the subscriber line
1101 extending to the called subscriber substa-
tion T2, the second digit relay Ri848 operates in
the manner previously explained. Upon operzt-
ing, the second digit relay RI049 completes, at
the contacts {944, the previously mentioned path
for short-circuiting the winding of the switch-
through relay R1888, thereby positively to pre-
vent operation of the latter relay at this time.
When the lower winding of the test relay R1070
is thus energized the latter relay operates to com-
plete, at the contacts 1871, an obvious circuit for
energizing the primary winding of the busy tone
transformer 1871 with busy tone current, to inter-
rupt, at the contacts 1872, a circuit traced herein-
after for energizing the upper winding thereof,
and to interrupt, at the contacts i073, a circuit
traced hereinafter for energizing the winding of
the ring relay R10850.

The busy tone current traversing the primary
winding of the busy tone transformer 1077 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 winding
of the line relay RI0i0, the condenser i0i8§, the
contacts 1888, the secondary winding of the busy
tone transformer 1871, the contacts 10682, the
condenser {815 and the upper winding of the line
relay RAGIS to battery. The busy tone current
traversing the above-traced path causes busy
tone current to be returned over the trunk {045,
the line switch 1892 and the subscriber line 1201
to the calling subscriber substation T, thereby
to indicate to the subscriber thereat that the de-
sired connecticn may not be had immediately
due to the busy condition of the called subseriber
substation T2, The subscriber at the calling sub-
scriber substation T{ then proceeds to release the
connector 1889 by replacing the receiver 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 88 in the
associated contact bank ({5 terminating the
subscriber line 1181 extending to the called suh-
scriber substation T2, the called subscriber sub-
station T2 is idle. In this event, no potential
appears upon the contrel conductor of the sub-
scriber line 1181 and the above-traced circuit,
including the test circuit, is not completed fer
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energizing the lower winding of the test relay
R10170, and shortly thereafter the second digit re-
lay R1040 operates. Upon operating, the second
digit relay R1040 completes, at the contacts 1044,
an obvious circuit for energizing the winding of
the switch-through relay R1080 in series with the
lower winding of the test relay R1078, where-~
upon the switch-through relay R1080 operates;
however, the test relay R{070 does not operate
as the latter relay is of the marginal type. Upon
operating, the switch-through relay R1080 inter-
rupts, at the contacts 1081, the previously traced
test circuit and completes, at the contacts 1085,
a path, including the contacts 1066, CI013, the
control wiper 1113 of the wiper set of the auto-
matic switch and the engaged control contact in
the contact set 08 in the associated contact bank
i 118, for applying ground potential to the control
conductor of the subscriber line 1101 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
R 1880 completes, at the contacts 1088, 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 1078, the interrupter 1817, the contacts
1088, and the winding of R1090 to battery. The
above-traced circuit for energizing the winding
of the ring relay R1699 is completed intermit-
tently by the interrupter 1011, whereby the ring
relay R1099 operates and restores intermittently.
Also the switch-through relay Ri080 prepares, at
the contacts 1081 and 085, a connection traced
hereinafter between the line conductors of the
trunk 1685 and the line wipers {1l and 11i2 of
the wiper set of the automatic switch, prepares,
at the contacts 1083 and 1084, a circuit traced
hereinafter for energizing in series the upper
and lower windings of the answer relay RI075,
and interrupts, at the contacts {082 and 1089,
the previously traced connection between the
secondary winding of the busy tone transformer
1071 and the line conductors of the trunk {085,

Each time the ring relay Ri090 operates it
completes, at the contacts 1882 and 1093, a
circuit for projecting ringing current over the
line conductors of the subscriber line {101 ex-
tending to the called subscriber substation TZ2;
and interrupts, at the contacts 1081 and 1384,
further points in the previously mentioned cir-
cuit for energizing in series the upper and lower
windings of the answer relay Ri075. The cir-
cuit for projecting ringing current over the line
conductors of the subscriber line 1181 extend-
ing to the called subscriber substation T2 ex-
tends from the source of ringing current 1Gi8
by way of the contacts 1892, C1011, the line wiper
iit1 of the wiper set of the automatic switch
and the engaged line contact of the contact set
¢3 in the associated contact bank i1i0 to one
of the line conductors of the subscriber line 1161
and from the source of ringing current 1818 by
way of the contacts 1893, Ci012, the line wiper
{112 of the wiper set of the automatic switch
and the engaged line contact of the contact set
#8 in the associated contact bank (10 to the
other line conductor of the subscriber line 1i0f;
the ringer at the called subscriber substation
T2 being bridged across the line conductors of
the subscriber line 1104, "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 Ri§15. The last-men-
tioned circuit extends from ground by way of
the lower winding of the answer reiay Ri¥15,
the contacts 1084 and i084 and Citt2 to the
line wiper 1142 of the wiper set of the automatic
switch; and from battery by way of the upper
winding of the answer relay R1675, the contacts
1083 and 1091 and Ci0i{ to the line wiper 1ill
of the wiper set of the automatic switch; the line
wipers §itl and #4112 of the automatic switch
being connected by way of the previously traced
path to the called subscriber substation T2.
When the answer relay RI0T5 is thus energized
it operates to complete, at the contacts 1079,
an obvious circuit, including the contacts 1912,
for energizing the upper winding of the test re-
lay Rt07§, thereby to cause the latter relay to
cperate. Upon operating, the test relay R10710
interrupts, at the contacts (073, the previously
traced circuit for energizing the winding of the
ring relay Ri099, thereby to prevent further in-
termittent operation of the latter relay. Also
the test relay RI070 interrupts, at the contacts
1872, 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 Ri880 at this time, the test relay Ri0T)
being of the marginal type.

At this time, an operative connection is com-
pleted between the calling subscriber substa-
tion Tl and the called subscriber substation T2.
More particularly, the calling subscriber sub-
station T is connected by way of the subscriber
liné 1801, the line switch 1902 and the line con-
ductors Cid¢é and Cid6T of the trunk i0d% to
the upper and lower windings of the line relay
RI018; while the called subscriber substation
T2 is connected by way of the subscriber line
fi01, the automatic switch incorporated in the
connector 1§00, the conductors Cigii, CI1012,
the contacts 1094, 1094 and (G8f, 1085 and the
condensers 1015, (0f6 to the upper and lower
windings of the line relay R1016. )

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.
R1010 in the connector 1088, whereupon the
latter relay restores. Upon restoring, the line
relay R1618 interrupts, at the contacts 18il, the
previously mentioned circuit. for energizing the
winding of the hold relay RI1020, thereby to
cause the latter relay to restore shortly there-
after, the hold relay R1820 being of the slow-to-
release type. Upon restoring, the hold relay
RI10620 interrupts, at the contacts. {021, the pre-
viously traced multiple holding circuits for ener-
gizing the windings of the first digit relay R1050
and the second digit relay RI10649, thereby to
cause the latter relays to restore. Upon restor-
ing, the second. digit relay R1G649 interrupts, at
the contacts 1044, the previously traced circuit
for energizing the winding of the switech-through
relay R1G80 in series with the lower winding of
the test relay R1010, thereby to cause the latter
relays to restore, " Upon restoring, the switch-
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through relay R138§ interrupts, at the contacts
1083 and (884, the previously traced circuif for
energizing in series the upper and lower windings
of the answer relay RI875, thereby to cause the
latter relay to restore. Also, upon restoring, the
hold relay R182) interrupts, at the contacts 1024,
the previously traced circuit for energizing the
winding of the dial relay Ri838, thereby to cause
the latter relay to restore shortiy thereafter, tie
dial relay RI1888 being of the slow-to-release
type. Further the hold relay Ri8289 completes,
at the contacts 1825, the previousiy mentioned
circuit for energizing the winding of the rese
relay R108%5 in series with the go magnet MI1056,
this circuit extending from ground by way of
the contacts 1843 and 1825, the contacts (83T
of the set of switch springs S{§38, the winding
of Ri883 and the go magnet Mig%6 to battery.
When thus energized the reset relay Ri§95 and
the go magnet Mi055 operaie. Further the line
relay RI019 interrupts, at the contacts §3{4, the
previously traced circuit for energizing the wind-
ing of the stop relay R{§6§ in series with the stop
magnet Mi687, thereby to cause the stop relay
RI1065 and the stop magnet M{657 to restore.
When the go magnet MI6§56 operates and the
stop magnet M108T restores the operating shaft
105 is again clutched to the stub shaft (49, where-
upon the wiper set of the automatic switeh in-
corporated in the connector {900 is rotated in
the clockwise direction with respect to the asso-
ciated contact bank [118. 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 R1850 interrupts, at
the contacts 1855, the previously mentioned cir-
cuit for energizing the shift magnet M 1058, there-
by to cause the latter magnet to restore. Upon
restoring, the shift magnet Mi658 renders inef-
fective the gear train, shown in Pig. 2, which is
incorporated in the automatic switch 180 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 18 in the associated contact bank
1110, the sets of switch springs S$1635, S1039 and
S1086 are actuated. More particularly, the set
of switch springs S{93% is actuated into disen-
gagement, thereby to inferrupt the application of
ground potential to the control conductor C10668
of the trunk 1685 in order to mark the trunk
{085 and consequently the connector 1080 as idle
to the line switches having access thereto., The
set of switch springs S1639 is actuated into dis-
engagement, thereby to interrupt a further point
in the previously traced original operating cir-
cuit for energizing the winding of the first digit
relay R1059. The set of switch springs SI836 is
actuated in order to interrupt, at the contacts
1037 thereof, the previously traced circuit for
energizing the winding of the reset relay R1085
in series with the go magnet MIi85S, thereby to
cause the go magnet MI1058 to restore imme-
diately and the reset relay R {095 to restore short-
1y thereafter, the reset relay R1085 being of the
slow-to-release type. Also the set of switch
springs S1836 is actuated, thereby to complete,
&t the contacts 1038 thereof, an alternative cir-
cuit for energizing the stop magnet M1t057, the
last-mentioned circuit extending from ground
by way of the contacts 1013 and 1925, the contacts
1838 of the set of switch springs S1938, the con-
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tacts 1856 and the stop magnet MI057 to bat-
tery. When thus energized the stop magnet
MI08T operates. When the go magnet MI1056
restores and the stop magnet Mi@57 operates the
operating shaft 165 is again declutched from the
stub shaft 40. At this time the automatic
switch incorporated in the connector 080 is com-~
pletely relecased and the wiper set thereof occi-
pies its normal position, engaging the contact
set 10 in the associated contact bank ({0,
Shortly thereafter the reset relay R1885 restores,
thereby to prepare, at the contacts 1087, a fur-
ther point in the previcusly traced original oper-
ating circuit for energizing the winding of the
first digit relay Ri658 and to interrupt, at the
contacts (898, the previously traced alternative
circuit for energizing the stop magnet MIiD57.
The stop magnet M1657 then restores; however,
the operating shaft 185 remains declutched from
the stub shaft 148 due to the action of gravity,
in the manner previously explained.

The operative connection between the calling
subscriber substation T1 and the called subscrib-
er substation T2 is completely released and the
connector {639 is available for further use, as-
suming that the subscriber at the called sub-
scriber substation T2 has replaced the receiver
of the telephone instrument thereat upon its
assoclated 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 (081 snd 1201 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 switeh individual
to each subscriber line, the line switches 1802
and 1282 being individual to the subscriber lines
1001 and {204, respectively, and a group of con-
nectors inciuding the connector 1080, Prefer-
ably each of the line switches hag access to each
of the connectors and each of the connectors
has access {0 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 1892 and
202, which line switches are connected and ar-
%‘gnged in accordance with conventional prac-
ice.

Preferably each of the connectors is identical
to the connector 1080 which coniprises an auto-
matic switch of the character of the automatic
switch {89 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 char-
acter of that shown either in Fig. 6 or in Fig. 9.
In other words, the automatic switch incorpo-
rated in the connector 1060 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 MI1056,
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a stop magnet Mi057, a shift magnet M1058, three
sets of switch springs S1035, S1036 and S1039, a
wiper set including the wipers {211 to f215, in-
clusive, and an associated contact bank 1210,

Also the connector 1080 comprises a minor
switeh 1220, including a slide {223, an associated
contact bank 1224, a step magnet MIi221 for
moving the slide 1223 step by step with respect
to the associated contact bank (224 and a Ye-
lease magnet M1222 for releasing the slide 1223
and for causing it to be returned to its normal
position. Also a set of switch springs $1225 is
associated with the slide 1223 of the minor
switch {220, )

Further the connector 1800 comprises a reiay
group and a control network connected and ar-
ranged in the manner previously described.

In the connector 1600 the circuit elements of
the relay group are strapped to the individual

wipers of the wiper set of the automatic switch ¢

and to certain elements of the minor switch 1220.
More particularly, the conductors CI811, Cl0t2,
C1013, 1014 and CI015 are respectively strapped
to the line wiper 1211, the line wiper 1212, the
control wiper 1213, the unit wiper {214 and the
group wiper 1215 of the wiper set of the auto-
matic switch:; and the conductors CI816, Cigl1
and C1018 are respectively strapped to the con-
ductors C1216, C121T and Ci218 extending to the
minor switch 1220,

The mechanical construction and arrangement
of the automatic switch 100 shown in Fig. 1, as
well as the electrical connection and arrange-
ment of the telephone system shown in Figs. 10
and 12, -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-
seriber substation Tl to the subscriber substa-
tion T3.

The subscriber at the calling subscriber sub-
station T first initiates the call in the manner
previously explained, whereby the associated line
switch 1802 seizes an idle connector, such, for
example, as the connector 1088. The subscriber
at the calling subscriber substation Tl then dials
the first and second digits of the directory num-
ber of the called subscriber substation T3, the
digits 9 and 8, in view of the fact that the sub-
scriber line 1201 extending to the called sub-
seriber substation T3 is terminated by the con-
tact set 98 in the contact bank 1210 of the auto-
matic switch incorporated in the connector 1000.

The operation of the relay group in the con-
nector 1690, to cause the first digit 9 to be regis-
tered in the minor switch 1212, is the same as
that previously explained, whereupon the slide
(223 of the minor switch 1220 bridges the first
nine contacts in the associated contact bank
1224 in order to cause ground potential to be ap-
plied to the associated first nine marking con-
ductors. The application of ground potential to
the first nine marking conductors causes ground
potential to be applied continuously to the group
wiper 12i5 of the wiper seb of the automatic
switch incorporated in the connector 1000 and
the consequent rotation of the wiper set in the
clockwise direction until the wiper set engages
the contact set 80 in the associated contact bank
1210. When the wiper set engages the contact
set 80 in the associated confact bank 1246 fur-
ther operation thereof is arrested and the minor
switch 1229 is released in the manner explained.
Also, at this time, the shift magnet M1058 oper~
ates in order to render the gear train shown in
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Tig. 3 effective, in the manner previously ex--
plained.

The second digit 8 is then. registered in the
minor switch 1220, whereby the slide 1223
bridges the first eight contacts in the associated
contact bank 1224 causing ground potential to
be applied to the first eight marking conductors.
The application of ground potential to the first
eight marking conductors causes ground poten-
tial to be applied continuously to the unit wiper
12184 of the wiper set of the automatic switch
until the wiper set engages the contact set 98
in the associated contact bank 1210 during the
secondary rotation of the wiper set in the
clockwise direction. When the wiper set en-
gages the contact set 98 in the contact
bank 1218 ground potential is removed from the
unit wiper 1214 thereof due to the fact that the
unit contact in the contact set 88 is connected to
the ninth marking conductor having no ground
potential thereon on the ninth contact in the
contact bank 1224 of the minor switch 1220,
Accordingly, at this time, the automatic switch
incorporated in the connector 1008 has operated
to select the contact set 98 in the contact bank
{210 terminating the subscriber line {201 ex-
tending to the called subscriber substation T3.

The relay group in the connector (080 then
operates in order to test the idle or busy con-
dition of the called subscriber substation T3,
whereupon busy tone current is returned to the
calling subscriber substation Tl or ringing cur-
rent is projected over the subscriber line 1281 to
the called subscriber substation T3, in the man-
ner previously explained. The subsequent oper-
ation of the relay group in the connector (060,
in response to the answering of the call at the
called subscriber substation T3, is the same as
that previously explained, whereupon an opera-
tive connection is completed between the calling
subscriber substation Ti and the called sub-
scriber substation T3.

The subsequent release of the established con-
nection between the calling subscriber substation
Ti and the called subscriber substation T3 is
under the control of the subscriber at the calling
subscriber substation Ti.and is effected when the
subscriber thereat replaces the receiver of the.
telephone instrument thereat upon its associated
switchhook, in the manner previously explained.

Referring now more particularly to Figs. 13 and
14 of the drawings there is illustrated another
modified form of the automatic telephone system
comprising an exchange having a plurality of
subscriber lines extending thereto, including the
subscriber lines §361 and 1401 respectively ex-
tending to the subseriber substations T4 and T3.
Also the exchange comprises subscriber con-
trolled switching apparatus for setiing up connec-
tions between the various subscriber lines, the
switching apparatus comprising a line switch
individual to each subscriber line, the line
switches {3062 and 1482 being individual to the
subscriber lines 1301 and 1401, respectively, 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 com-
prises subscriber substaiton 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 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 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 1383 which comprises an auto-
matic switch of the character of the automatic
switchh 8¢ shown in Fig. 1; which automatic
switch has incorporated therein g 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 Pig.
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 {308 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| 356, a
stop magnet Mi857, a shift magnet M1358, three
sets of switch springs S1335, S1335 and 51338,
a wiper set, including the wipers 1411 to {413,
inclusive, and an associated contact bank 1419,

Also the connector (309 comprises a relay
group, including a line relay R348, a hold relay
R1229, a dial relay R1230, a first digit relay R1350,
a second digit relay Ri340, a go relay R385, a
stop relay R{265, a test relay RI1370, an answer
relay RI315, o switch-through relay RI1388, a
ring relay R12386 and a reset relay R1395, and a
control network.

In the connector 1398 the circuit elements of
the relay group are strapped to the individual
wipers of the wiper set of the automatic switch.
Mere particularly, the conductors Ci2i i, Ci3t2
and C1313 are respectively strapped to the line
wiper {414, the line wiper 1412 and the control
wiper (443 of the wiper set of the automatic
switch.

The mechanical construction and arrangement
of the automatic switch 108 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 TS5.
A call 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 1302 operates automat-
ically to search for a trunk extending to an idle
connector in accordance with conventional prac-
tice. Assuming that the connector 1289 is the
first idle connector accessible to the line switch
1382, the line switch 1362 operates to seize the
trunk {305 extending thereto, the trunk {205 be-
ing marked as idle by the absence of ground po-
fential upon the control conductor C{328 thereof.
When the line switch 1202 seizes the trunk 205
further operation thereof is arrested and it oper-
ates to switch through, thereby to complete an

obvious connection between the subscriber line:

13061 and the line conductors C1366 and C1397 of

10

20

30

40

8¢

66

70

75

& interrupts, at the contacts

2,340,445

the trunk 1385. When this connection is com-
plefed an obvious loop circuit is completed be-
tween the calling subscriber substation T4 and
the upper and lower windings of the line relay
RI310 in the connector 1359 by way of the sub-
scriber line (361, the line switch 1202 and the
trunk {385. When thus energized the line relay
R1312 operates to complete, at the contacts 1314,
an obvious circuit for energizing the winding of
the hold relay R{328, thereby t0 cause the latter
relay to operate. Also the line relay R1218 com-~
pletes, at the contacts {514, an obvious circuit,
including the contacts 1361, for energizing the
winding of the stop relay R13385 in series with the
stop magnet Mi357, thereby to cause the stop
relay R1I385 to operate and to cause the stop
magnet MiI357 to operate in order positively to
lock the operating shaft 185 against rotation at
this time. Upon operating, the hold relay R1320
completes, at the contacts 1322, an obvious path
for applying ground potential to the control
conductor C{388 of the trunk 1385, thereby to
mark the connector (328 as busy to the other
line switches having access thereto. A% this time:
an operative connection is completed between the
calling subscriber substation T4 and the connec-
tor 1389, and the connector | 388 is in readiness
to receive the first digit.

The subscriber at the calling subseriber 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 R{2{0 in the
connector 1308 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 Willig application. Ac-
cordingly the line relay Ri31J restores, remains
restored for the given time interval and then re-
operates. Upon restoring, the line relay R1310
13t1, the previously
mentioned circuit for energizing the winding of
the hold relay R1328 and completes, at the con-
tacts 1312, an obvious circuit, including the con-
tacts 1323 and 1374, for energizing the winding
of the go relay R1369 in series with the go magnet
MI{356, thereby to cause the go relay Ri380 and
the go magnet M358 to operate. Also, upon re-
storing, the line relay Ri{218 completes, at the
contacts 1313, an obvious circuit, including the
contacts 1324, for energizing the winding of the
dial relay RE328, thereby to cause the latter
relay to operate. Further, upon restoring, the
line relay R1310 interrupts, at the contacts | 314,
the previously traced circuit for energizing the
winding of the stop relay R1355 in series with the
stop magnet MIi357, thereby to cause the stop
relay RI265 to restore and to cause the stop
magnet MI357 to restore in order to release
the operating shaft 105 for rotation at this time.
Upon operating, the go relay R1388 interrupts, at
the contacts 1361, a further point in the previ-
ously traced circuit for energizing the winding of
the stop relay R{265 in series with the stop mag-
net M1357 and interrupts, at the contacts 1352,
a point in a circuit traced hereinafter for ener-
gizing the winding of the first digit relay R1350.
When the go magnet Mi3E§ operates and the
stop magnet M1357 restores the operating shaft
105 is clutched to the stub shaft 149 of the auto-
matic switeh, 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 1410,

Also when the automatic switch is operated the
sets of switch springs S1035, S1039 and S1036 are
operated. More particularly, the set of switch
springs S1035 is actuated into engagement,
thereby to complete an obvious alternative path
for applying ground potential to the control con-
ductor C1308 of the trunk {305, whereupon the
trunk 1305 is further marked as busy to the line
switches having access thereto. The iset of
switch springs S1339 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 R1350. Finally the set
of switch springs S1336 is actuated, thereby to
interrupt, at the contacts 1338 thereof, a further
point in an alternative circuit traced hereinafter
for energizing the stop magnet MI357; and to
prepare, at the contacts 1337 thereof, a further
point in a circuit traced hereinafter for energiz-
ing the winding of the reset relay R1395 in series
with the go magnet MI1356.

Upon reoperating, the line relay R1310 recom-
pletes, at the contacts 1311, the previously men-
tioned circuit for energizing the winding of the
hold relay RI1320, thereby to retain the latter
relay in its operated position; the hold relay
R 1320 being of the slow-to-release type does not
restore during any digit. Also the lihe relay
‘RI1310 interrupts, at the contacts 1312, the pre-
viously traced circuit for energizing the winding
of the go relay R1360 in series with the go mag-~
net M 1356, thereby to cause the go relay R1360
and the go magnet M 1356 to restore. Further the
line relay RIi3({0 recompletes, at the contacts
1314, the previously traced circuit for energizing
‘the winding of the stop relay R1365 in series with
the stop magnet MI357, thereby to cause the
stop relay R1365 and the stop magnet MI35T to
reoperate. When the go magnet Mi356 restores
and the stop magnet Mi357 operates the oper-
‘ating shaft 105 is declutched from the stub shaft
{40 of the automatic switch, thereby to arrest
further operation of the wiper set in the clock-
wise direction with respect to the contact bank
1410, in the manner previously explained. Final-
ly, upon reoperating, the line relay R1310 inter-
rupts, at the contacts 1313, the previously traced
circuit for energizing the winding of the dial re-
lay RI1330, thereby to cause the latter relay to
restore shortly thereafter, the dial relay R1330
being of the slow-to-release type. Upon restor-
ing, the dial relay R1330 completes, at the con-
tacts 1331, the previously mentioned circuit for

‘energizing the winding of the first digit relay
R1350, this circuit extending from ground by way
of the contacts 1362 and 1397, the set of switch
“springs S1338, the contacts 1352 and 1331 and
‘the winding of R1350 to battery. When thus en-
-ergized the first digit relay RI1350 operates to
complete, at the contacts 1351, an obvious holding
circuit, including the contacts 1321, for ener-
gizing the winding thereof. Also the first digit
‘relay R1350 interrupts, at the contacts 1352, the
‘previously traced original operating circuit for
energizing the winding thereof and completes, at
the contacts 1355, an obvious circuit for energiz-
ing the shift magnet M 1358, thereby to cause the
latter magnet to operate. Upon operating, the
‘shift magnet MI358 renders effective the gear
train, shown in Fig. 2, incorporated in the auto-
matic switch provided in the connector 1300 in
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the connector 1300 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 TH5 in greater detail, it is

noted that the subscriber line 1401 extending to

the called subscribed substation T5 is terminated
upon the contact set 08 in the contact bank 410
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 R1319 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 18 in
the associated contact bank (418,

The subscriber at the calling subscriber sub-
station T4 then dials the second digit 8, thereby
to cause the line relay R1310 to restore, to remain
restored for an elapsed time corresponding to
eight unit time intervals and then to reoperate.
Upon restoring, the line relay RI310 interrupts,
at the contacts 1311, the previously mentioned
circuit for energizing the winding of the hold
relay R1320; 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 Ri3id again completes,
at the contacts 1312, the previously traced circuit
Tor energizing the winding of the go relay R1369
in series with the go magnet Mi356, thereby to
cause the go relay Ri360 and the go magnet
MI356 to operate. Also upon restoring, the line

‘relay RI310 again interrupts, at the contacts

1314, the previously traced circuit for energizing
the winding of the stop relay R1365 in series with
the stop magnet M1351, thereby to cause the
stop relay R1365 and the stop magnet Mi357T to
Further the line relay RiI318 recom-

“pletes, at the contacts 1313, the previously traced
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the manner previously explained. At this time 75

‘R1340.

circuit for energizing the winding of the dial
relay R1330, thereby to cause the latter relay to
reoperate.

When the go magnet M1356 operates and the
stop magnet M1357 restores the operating shaft
105 is again clutched to the stub shaft 140 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 1410 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 magnet

Mi358.

Upon operating, the dial relay R1330 completes,
at the contacts 1382, a circuit, including the con-
tacts 1321 and 1351 and the resistor 1334, 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 R1340 prepares,- at the
~contacts 1342, an alternative circuit traced here-

inafter fqr energizing the winding thereof; the
last-mentioned circuit being interrupted at this
time, at the contacts 1333, due to the operated

»position of the dial relay R1330.

At the conclusion of the second digit 8 the line
relay R1310 reoperates, thereby to recomplete, at
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the contacts 13t1, the previously mentioned cir-
cuit for energizing the winding of the hold relay
Ri320 and again to interrupt, at the contacts
1312, the previously traced circuit for energizing
the winding of the go relay R13689 in series with
the go magnet M1358. Also, upon reoperating,
the line relay R{318 interrupts, at the contacts
{813, the previously traced circuit for energizing
the winding of the dial relay R{328, thereby to
cause the latter relay to restore shortly there-
after, the dial relay R1330 being of the slow-to-
release type. Further the line relay Ri30, upon
reoperating, recompletes, at the contacts i3i4,
the previously traced circuit for energizing the
winding of the stop relay RI1365 in series with
the stop magnet Mi857, thereby to cause the
stop relay RI368 and the stop magnet MI35T to
operate. When the go magnet M358 restores
and the stop magnet M1357 operates the operat-
ing shaft {05 is again declutched from the stub
shaft 148 of the automatic switch, thereby to
arrest further rotation of the wiper set in the
counterclockwise direction with respect to the
associated contact bank 1413,

Upon restoring, the dial relay R1338 completes, .

at the contacts 1333, the previously mentioned
alternative circuit for energizing the winding of
the second digit relay Ri340, the last-mentioned
circuit extending from ground by way of the
contacts 1321, 1351, 1342 and 1333 and the wind-
ing of R1340 to battery. Shortly after the sec-
ond digit relay R1340 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 R1349 completes, at the contacts 1341, a hold-
ing circuit, including the contacts 1342, 135{ and
£324, for energizing the winding thereof. Also
the second digit relay R1348 completes, at the
contacts 1344, either a circuit for energizing the
winding of the switch-through relay Ri389 in
series with the lower winding of the test relay
RI1318 or a path for short-circuiting the winding
of the switch~through relay RI[383, depending
upon the idle or busy conditicn of the subscriber
line 1481 extending to the called subscribed sub-
station TH, in a manner more fully explained
hereinafter.

At this peoint it is noted that, following the
conclusion of the second digit 8, there is & con-
siderable elapse of time prior to the restoration
of the dial relay R1338 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 1308 is completed
and the idle or busy condition of the subscriber
line 1481 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 1410, whereby a test
circuit for testing the idle or busy condition of
the subscriber line 14081 extending to the called
subscriber substation T5 is completed. More par-
ticularly, the control conductor of the subscriber
line 1481 is connected by way of the control con-
tact in the contact set 08 in the contact bank
{416 and the control wiper 1413 of the wiper
set of the automatic switch, C1313, the confacts
{366 and 1387 to the terminals of the winding
of the switch-through relay R1380 and the lower
winding of the test relay R1370. In the event
the called subscriber substation 'T§ is busy at this
time, ground potential appears upon the control
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conductor of the subscriber line 1481, thereby to
complete the above-traced test circuit for ener-
gizing the lower winding of the test relay RI310
and to prepare the above-traced test path for

short-circuiting the winding of the switch-

through relay Ri380. Shortly following the
above-mentioned test of the idle or busy condi-
tion of the subscriber line 149§ 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 R340 completes,. at the contacts 1344, the
previously mentioned path for short-circuiting
the winding of the switch-through relay Ri380,
thereby positively {o prevent operation of the
latter relay at this time. When the lower wind-
ing of the test relay R{378 is thus energized the
latter relay operates to complete, at the contacts
{371, an obvious circuit for energizing the pri-
mary winding of the busy tone transformer 1371
with busy tone current, to interrupt, at the con-
tacts 1872, a circuit traced hereinafter for en-
ergizing the upper winding thereof, and to in-
terrupt, at the contacts 1313, a circuit traced
hereinafter for energizing the winding of the ring
relay R1393.

The busy tone current traversing the primary
winding of the busy tone transformer 1377 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 R1318, the condenser 1316,
the contacts 1389, the secondary winding of the
busy tone transformer 1377, the contacts 1382,
the condenser 315 and the upper winding of
the line relay Ri316 to battery. The busy tone
current traversing the above-traced path causes
busy tone current to be returned over the trunk
1305, the line switch 1382 and the subscriber line
1301 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 T§. The subscriber at the call-
ing subseriber substation T4 then proceeds to re-
lease the connector 1380 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 88 in the
associated contact bank (4{0 terminating the
subscriber line 12881 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 1481, and the above-traced circuit,
including the test circuit, is not completed for
energizing the lower winding of the test relay
R1370 and shortly thereafter the second digit re-
lay R1340 operates. Upon operating, the second
digit relay R1349 completes, at the contacts 1344,
an obvious circuit for energizing the winding of
the switch-through relay R1380 in series with
the lower winding of the test relay R13108, where-
upon the switch-through relay R1380 operates;
however, the test relay RI1310 does not operate
as the latter relay is of the marginal type. Upon
operating, the switch-through relay R1380 in-
terrupts, at the contacts 1387, the previously
traced test circuit and completes, at the con-
tacts 1386, a path, including the contacts 1365,
C1313, the control wiper 1413 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 1410, for applying ground poten-
tial to the control conductor of the subsecriber
line 1401 extending to the called subscriber sub-
station T5, thereby to mark the called subscriber
substation T5 as busy at this time, Also the
switeh-through relay R1380 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 1313, the inter-
rupter 1317, the contacts 1388 and the winding
of RI390 to battery. The above-traced circuit
for energizing the winding of the ring relay R1390
is complefed intermittently by the interrupter
1311, whereby the ring relay R{390 operates and
restores intermittently. Also the switch-through
relay RI380 prepares, at the contacts 1381 and
1385, a connection traced hereinafter between

the line conductors of the trunk 1305 and the -

line wipers 1411 and 1412 of the wiper set of the
automatic switch, prepares, at the contacts 1383
and (384, a circuit traced hereinafter for ener-
gizing in series the upper and lower windings of
the answer relay R{315, and interrupts, at the
contacts 1382 and- 1389, the previously traced
connection between the secondary winding of the
busy tone transformer 1371 and the line con-
ductors of the trunk (305,

BEach time the ring relay RI{380 operates it
completes, at the contacts 1392 and 1393, a cir-
cuit for projecting ringing current over the line
conductors of the subscriber line 1461 extend-
ing to the called subscriber substation T5 and
interrupts, at the contacts 1391 and 1394, fur-
ther points in the previously mentioned circuit
for energizing in series the upper and lower
windings of the answer relay R13715. The circuit
for projecting ringing current over the line con-
ductors of the subscriber line 1481 extending to
the called subscriber substation T3 extends from
the source of ringing current 13{8 by way of the
contacts 1392, Ci311, the line wiper i4i{ of the
wiper set of the automatic switeh and the en-
gaged line contact of the contact set €8 in the
associated contact bank (419 to one of the line
conductors of the subscriber line (4901, and from
the source of ringing current (3{8 by way of the
contacts $3%3, C13i2, the line wiper 1412 of the
wiper set of the automatic switch and the en-
gaged line contact of the contact set 68 in the
associated contact bank 1410 to the other line
conductor of the subscriber line {48(; the ringer
at the called subscriber substation T5 being
bridged across the line conductors of the sub-
seriber line 1461, Accordingly the ringer at the
called subscriber substation T5 is operated at
this time and 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 R13%5. The last-mentioned cir-
cuit extends from ground by way of the lower
winding of the answer relay R1375, the contacts
1384 and 1394, Ci312 to the line wiper 1512 of
the wiper set of the automatic switch; and from
bhattery hy way of the upper winding of the an-
swer relay RI378, the contacts 1383 and 1381,
CI1311 to the line wiper 1811 of the wiper set of
the automatic switch; the line wipers 1411 and
1212 of the automatic switch being connected
by way of the previously traced path to the

called subscriber substation T§, When the an- !
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swer relay RI375 is thus energized it operates to
complete, at the confacts 1375, an obvious cir-
cuit, including the contacts 1372, for energizing
the upper winding of the test relay R1370, there-
by to cause the latter relay to operate. Upon
operating, the test relay R13710 interrupts, at the
contacts 1373, the previously traced circuit for
energizing the winding of the ring relay R1390,
thereby to prevent further intermittent opera-
tion of the latter relay. Also the test relay R1370
interrupts, at the contacts 1372, 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 R1380' at this
time, the test relay R1370 being of the marginal
type.

At this time an operative connection is com-
pleted between the calling subscriber substation
T4 and the called subscriber substation T5. More
particularly, the calling subscriber substation T4
is connected by way of the subscriber line 1381,
the line switch 1332 and the line conductors
C1208 and C1387 of the trunk 1305 to the upper
and lower windings of the line relay R1310; while
the called subscriber substation T5 is connected
by way of the subscriber line 1401, the gutomatic
switch incorporated in the connector 1308, the
conductors Ci3tt, C1312, the contacts 1381, i394
and {381, {385 and the condensers 1315, 1316 to
the upper and lower windings of the line relay
RiI3!H. :

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 R1219
in the connector 1888, whereby the latter relay
restores. Upon restoring, the line relay RI310
interrupts, at the contacts {211, the previously
mentioned circuit for energizing the winding of
the hold relay R1320, thereby to cause the latter
relay to restore shortly thereafter, the hold re-
lay R1228 being of the slow-to-release type.
Upon restoring, the hold relay R1320 interrupts,
at the contacts 1821, the previously traced multi-
ple holding circuits for energizing the windings
of the first digit relay R{1350 and the second digit
relay RI{248, thereby to cause the latter relays
to restore. Upon restoring, the second digit re-
lay RI1340 interrupts, at the contacts 1344, the
previously traced circuit for energizing the wind-
ing of the switch-through relay R1380 in series
with the lower winding of the test relay R1376,
thereby to cause the latter relays to restore.
Upon restoring, the switeh-through relay R1380
interrupts, at the contacts 1383 and 1384, the
previcusly traced circuit for energizing in series
the upper and lower windings of the answer re-
lay R1{315, thereby to cause the latter relay to
restore. Also, upon restoring, the hold relay
R1320 interrupts, at the contacts 1324, the previ-
ously traced circuit for energizing the winding
of the dial relay R1330, thereby to cause the lat-
ter relay to restore shortly thereafter, the dial
relay R1338 being of the slow-to-release type.
Further the hold relay R1328 completes, at the
contacts §328, the previously mentioned circuit
for energizing the winding of the reset relay
R{885 in :series with the go magnet M358, this
circuit extending from ground by way of the con-
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tacts 1313 and (328, the contacts 1337 of the set
of switch springs S{388, the winding of R{395
and the go magnet M358 to battery. When thus
energized the reset relay R1{385 and the go mag-
net Mi33% operate. Further the line relay R1319
interrupts, at the contacts 1314, the previously
traced circuit for energizing the winding of the
stop relay R{385 in series with the stop magnet
M{3817, thereby to cause the stop relay Ri385 and
the stop magtiet M {357 to restore.

When the go magnet M1356 operates and the
stop magnet MI357 restores the operating shaft
105 is again clutched to the stub shaft 148, where-
by the wiper set of the automatic switch incor-
porated in the connector {388 is rotated in the
clockwise direction with respect to the associated
contact bank 14{8. 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 Ri350 interrupts, at
the contacts 1355, the previously mentioned cir-
cuit for energizing the shift magnet Mi3E8,
thereby to cause the latter magnet to restore. Up-
on restoring, the shift magnet M358 renders
ineffective the gear train, shown in Fig. 2, which
is incorporated in the automatic switch 188 shown
in Fig. 1, in the manner previously explained.

When the wiper set of the autematic switch
is returned to its normal position, engaging the
contact set {0 in the associated contact bank
1410, the sets of switch springs S1335, 1339 and
S1336 are actuated. More particularly, the set of
switch springs S1335 is actuated into disengage-
ment, thereby to interrupt the application of
ground potential to the control conductor C1328
of the trunk 1305 in order to mark the trunk (305
and consequently the connector 1320 as idle to
the line switches having access thereto., The set
of switch springs S1328 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 RI350. The set of switch springs S1336
is actuated in order to interrupt, at the con-
tacts 1337 thereof, the previcusly traced circuit
for energizing the winding of the reset relay
R1395 in series with the go magnet M {356, there-
by to cause the go magnet MI356 to restore im-
mediately and the reset relay RI1385 to restore
shortly thereafter, the reset relay RI1395 being
of the slow-to-release type. Also the set of
switch springs S1336 is actuated, thereby to com-
plete, at the contacts 1338 thereof, an alterna-
tive circuit for energizing the stop magnet M {357,
the last-mentioned circuit extending from ground
by way of the contacts 1313 and 1325, the con-
tacts 1338 of the set of switch springs S1338,
the contacts 1396 and the stop magnet MI357
to battery. When thus energized the stop mag-
net M1357 operates. When the go magnet M {356
restores and the stop magnet MI357 operates
the operating shaft 105 is again declutched from
the stub shaft 140. At this time the automatic
switch incorporated in the connector 1369 is com-
pletely released and the wiper set thereof oc-
cupies its normal position, engaging the con-
tact set 10 in the associated contact bank {410.
Shortly thereafter the reset relay R1385 restores,
thereby to prepare, at the contacts 1397, a fur~
ther point in the previously traced original op-
erating circuit for energizing the winding of the
Arst digit relay RI356 and to interrupt, at the
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contacts 1396, the previously traced alternative
circuit for energizing the stop magnet Mi357.
The stop magnet M1357 then restores; however,
the operating shaft 105 remains declutched from
the stub shaft 140 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 TH is completely released and the
connector 1300 is available for further use, as-
suming that the subscriber at the called subscrib-
er substation T8 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 tecle-
phone system comprising an exchange having a
plurality of subscriber lines extending thereto,
including the subscriber lines 188t and 1581 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 subseriber
line, the line switches 1302 and 1582 being indi-
vidual to the subscriber lines 1381 and 1501, re-
spectively, and a group of conmectors including
the connector 1300. 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 com-
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. Ag 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 1380 which comprises an auto-
matic switch of the character of the automatic
switch 190 shown in Fig. 1; which automatic
switch has incorporated therein a gear train of
the character of that shown in Pig. 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 sutomatic switch incorporated in the
connector 1868 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 gutomatic switch
comprises a go magnet MI{356, a stop magnet
M 1857, a shift magnet M1358, three sets of switch
springs Si335, 51336 and S1239, a wiper set in-
cluding the wipers (511 to i5i3, inclusive, and an
associated contact bank {510,

Further the connector 1368 comprises a relay
group and a control network connected and ar-
ranged in the manner previously described.
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In the connector 1300 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 Ci3i1, C1312,
and CI313 are respectively strapped to the line
wiper 1511, the line wiper 1512 and the control
wiper 1513.

The mechanical construction and arrangement
of the automatic switch 100 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 & 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 subseriber substa-
tion T4 first initiates the call in the manner pre-
viously explained, whereby the associated line
switch 1302 seizes an. idle connector, such, for
example, as the connector 1380. 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 T8, the digits 9 and 8, in view of the fact
that the subscriber line {58{ extending to the
called subscriber substation T8 is terminated by
the contact set 98 in the contact bank 1510 of
the automatic switch incorporated in the connec-
tor 1300.

The operation of the relay group in the con-
nector 1369 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 15i0, is substan-
tially identical to that previously described.
When the wiper set engages the contact set 88
in the associated contact bank 1510 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. )

Also the operation of the relay group in the
connector {380 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
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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:

1. 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 N9, 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 angu-
lar speed 6, whereby said member selects from
the previously selected group of contacts one con-

. tact per unit time interval during the second-
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1510, is substantially identical to that previously : -

described. When the wiper set engages the con-
tact set &2 in the associated contact bank 1510,
further operation thereof is arrested. At this
time the connector (308 has operated to select the

50

contact 98 in the contact bank 1510 terminating .

the subscriber line 1581 extending to the called
subscriber substation T6.

The relay group in the connector 1360 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 156f to the called
subscriber substation T8, in the manner previ-
ously explained. The subsequent operation of
the relay group in the connector 1300, in response
to the answering of the call at the called sub-
seriber substation T8, is the same as that pre-
viously explained, whereupon an operative con-
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nection is completed between the calling sub- |

seriber substation T4 and the called subscriber
substation T$.

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

70
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ary 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 o said member at a sub-
stantially uniform speed NS, whereby said mem-
ber selects from said contact bank one group
of contfacts per unit time interval during the
primary movement thereof, and means for im-
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 N4.
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
cpposite direction to said member at a substan-
tially uniform angular speed 6, whereby said
member selects from the previously selected group
of contacts one contact per unit time interval
during the secondary rotation thereof.

8. 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 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, wherehy 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-
mary rotation in one direction to said member
at a substantially uniform angular speed N4,
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 6, whereby said memher
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, fransmission 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 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 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 con-
tact per unit time interval during the secondary
movement thereof.

9. An automatic switch comprising a contact
bank including a plurality of groups of contacis
arranged in an annular row, each of said groups
including N contacts, a contact controlling mem-
ber mounted for both primary and secondary
rotaticns along said annular row of contacts, an
operating shaft mounted for rotation at a sub-
stantially uniform angular speeq N¢, 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 opsration
of said mechanism, thereby to impart to said
member primary rotation at a substantially uni-
form angular speed N¢ and secondary rotation
at a substantially uniformm angular speed 0,
whereby said member is controlled to seiect 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 thereor.

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 Loth
primary and secondary movements along said
row .of contacts, means for imparting primary
movement to said member away from its normal
bosition at a substantially uniform speed N&
for a time interval substantialiy AT, thereby to
cause.said member to select from said contaci
bank the A group of contacts during the pri-
mary movement thereof, and means for impart-
ing secondary raovement to said membear away
from said last-mentioned position at a substan-
tially uniform speed S for g time interval sub-
stantially BT, thereby to cause said member 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
alranged 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 row
of contacts, a drive shaft, an operating shaft,
clutch mechanism selectively operative to im-
part to said operating shaft from said drive
shaft primary and secondary niovements re-
spectively corresponding to primary and second-
ary time intervals, and transmission mechanism
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 cne of said groups of contacts
corresponding to said primary time interval
during the primary movement thereo{ 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 normal position and mounted for
both primary and secondary movement along
said row of contacts, a drive shaft, an operating
shaft, ciutch 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 ciutch mecha-
nism, transmission mechanism 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 interval 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 movemeni to said
member at a substantially uniform speed S for a
number of unit time intervals corresponding to
sald secondary digit, thereby to cause said mem-
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 row, 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 mem-
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.

WM. WALTER OWEN,
Execulor of the Estate of Bernard D. Willis,
Deceased.




