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AUTOMATIC TELEPHONE SWITC AND 
SYSTEM 

John H. Bellamy, Brookfield, H., assignor to 
Kellogg Switchboard and Supply Company, 
Chicago, Ill., a corporation of Illinois 
Application July 20, 1942, Serial No. 451,565 

(C. 19-22) 39 Claims. 

This invention relates to automatic telephone 
switches and systems. The general object of the 
invention is the production of a new and im 
proved automatic switch and an improved au 
tomatic telephone System having circuit arrange 
ments utilizing the advantages of the improved 
switch. 
A specific object is the production of an auto 

matic switch having such a structure that a 
group of them may be compactly mounted and 
controlled by common selecting apparatus. 
A further specific object is the production of 

an automatic telephone system utilizing groups 
of the improved switches and arranged to control 
the individual Switches and their common Select 
ing mechanisms to provide the Switching stages 
necessary in a telephone system of any size. 
A further object is the provision of a System 

in which serially related primary and secondary 
switches are arranged in groups at each switch 
ing stage, with control mechanisms common re 
spectively to the several groups, each such mech 
anism being effective to operate the aSSOciated 
switches to set up connections successively. 
A further object is to so arrange the system 

that each switching stage may comprise serially 
related small-capacity primary and secondary 
switches, and that the switching operations at 
any intermediate switching stage occur with suf 
ficient rapidity that they may be accomplished 
readily during the time interval elapsing be 
tween successive digit-trains of impulses. 
Other objects and features will appear herein 

after. 
GENERAL DESCRIPTION 

The switch structure herein is an improvement 
on the switch structure shown in the United 
States patent to George R. Eaton, No. 2,281,564, 
issued May 5, 1942, while the automatic telephone 
system utilizing the improved switch structure 
is an improvement on the automatic telephone 
system shown in the copending application of 
George R. Eaton, Serial No. 412,103, filed Sep 
tember 24, 1941, and on the copending applica 
tions of Norman H. Saunders, Serial No. 400,990, 
filed July 3, 1941, and Serial No. 429,232, filed 
February 2, 1942. 

A. THE SWITCH STRUCTURE 

As shown in the Eaton patent above referred 
to, a number of separate ten-point automatic 
switches are controlled by the same Common 
stepping shaft, such shaft being positionable to 

s 
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40 
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50 

of contacts in each of the associated switches, 
the preliminarily selected stackup of contacts in 
any desired idle switch being then operated by 
the individual magnet of such switch. The com 
mon shaft is thereafter free to select a stackup 
for Operation in any other idle associated switch. 
The improved switch structure herein disclosed 

is such that as many individual switches as de 
sired may be mounted one above the other with 
their corresponding stackups in vertical align 
ment. The horizontally disposed rotatable 
shafts of Eaton are replaced by vertically ex 
tending shafts, each of which has a slight angul 
lar movement in either of the two directions to 
select preliminarily one stackup or the other of . 
a pair in each of the Switches across the front 
of which the shaft extends. Five such vertical 
shafts suffice for a group of switches having ten 
selective stackups each. Each such shaft is pro 
vided with a pair of magnets for giving it its 
two rotational selective movements respectively. 
The improved arrangement enables the indi 

vidual switches to be assembled more compactly; 
enables selection of stackups to be accomplished 
instantaneously by a single shaft movement, 
rather than by a step-by-step shaft movement; 
and enables the number of switches whose con 
tacts are to be multipled together to form a sec 
tion within the group to be chosen as desired, 
such multipling being accomplished by con 
ductors extending vertically between adjacent 
stackupS. 
Other features of improvement in the switch 

structure will be brought out hereinafter. 
B. THE SYSTEM 

In the automatic telephone systems shown in 
the Copending Eaton application and in the co 
pending Saunders applications referred to, the 
use of Small-capacity primary and secondary 
switches as a switching stage is confined to the 
Switching stage called the line-finder stage for 
Originating calls and called the connector stage 
for terminating calls. 

In the Eaton System, the major portion of the 
Selector switching stage is represented by selec 
tors each comprising a number of Eaton's small 
capacity switches controlled by a common shaft, 
each such switch representing a separate choice 
in any selected group of links. Such a system 
obviously becomes expensive if a large number 
of choices is provided for each selector, while 
efficiency is Sacrificed if the number of choices is 

preliminarily select any one of the ten stackups 55 low, 
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In the portion of Eaton's selector switching 

stage used to extend calls to the operator's. 
switchboard, small-capacity primary and sec 
ondary switches are used to interconnect the op 
erator trunks with calling ones of the links in- 5 
coming to the switching stage. When used in 
this portion of a switching stage, the hunting 
time of the primary and secondary-finder 
switches is of little importance, because such 
hunting is not required to be accomplished in 
an inter-digit interval. . 
In the systems disclosed in the copending 

Saunders applications, hereinbefore referred to, 
no attempt whatever is made to. use the small 
capacity switches at the selector stage, recourse 
being had to expensive large-capacity selectors 
of conventional construction. 
The operation of the small-capacity switches 

disclosed herein is sufficiently rapid that any se 
lector stage may be represented by serially relat 
ed groups of primary and secondary switches, 
such groups of switches corresponding respec 
tively to the separately designated groups of 
links outgoing from such switching stage. The 
switching arrangement at any group is such that 
as many choices are offered as there are links 
outgoing from the group. 
The arrangement disclosed herein is such that 

the required primary and secondary switches at 
a selector switching stage are operated simulta 
neously rather than consecutively, thus avoid 
ing adding the small switching time intervals to 
gether. The only additional time interval con 
sumed at a selector switching stage is that re 
quired for the operation known as matching, 
which consists in selecting an idle primary switch 
and a matched idle secondary switch. This 
matching Operation is rapidly accomplished by a 
small number of fast relay Operations, and the 
total time consumed at the switching stage is 
well within the inter-digit dialing interval. 
Other objects and features of the disclosed au 

tomatic telephone system will appear herein 
after. . 

C. THE DRAWINGS 

The accompanying drawings, comprising Figs. 
to 52, show sufficient of the mechanical and 

circuit apparatus of a telephone system embody 
ing the features of the invention to enable th 
invention to be understood. 

Figs, 1 to 8 show views of a group of individual 
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DETALED DESCRIPTION 
A. THE SwircH STRUCTURE 

The switching equipment shown in Figs, 1 to 
8 will now be described. Fig.1 shows a front view 
of an upright switch frame with a number of 
switches mounted thereon, together with their 
common operating mechanism. The switch 
frame is of rectangular construction, being con 
posed of vertical side members and , and 
horizontal end members 2 and 4. These frame 
members may be of U-shaped cross-section, as 
shown for members and 3 in Figs. 3, 4, and 6. 
The frame members f to 4 may be cut to de 

sired length from standard U-bar stock and 
welded together at their points of intersection to 
form a rigid mounting frame. The rear web of 
vertical members and 3 may be extended at the 
top and bottom of the frame to provide lugs 
to 8 by means of which the frame can be mount 
ed alongside other similar frames to make up a 
switchboard as shown in Fig. 9. 
The front web of frame members and is 

suitably drilled and tapped to enable individual 
switches, such as f0, 1, 3, and f4, to be mounted 
compactly within the frame by bolts . All of 
such switches are identical with each other, and 
appear in plan view as shown in Fig. 6. 
Each of the individual switches has a number 

of selectable stackups of contact springs S to 
SO. These stackups are arranged in pairs on 
each of the switches, and the corresponding pairs 
on the several switches are in vertical alignment, 
as shown. 
Each of the switches is provided with a mag 

net 34 having an armature 35 arranged to op 
erate any selected one of the selectable stackups 
of the switch. 

Five vertical selecting shafts (-2, 3-4, 5-, 
T-18, and 9-0) are provided, one for each ver 
tical row of pairs of stackups. These shafts are 
of a cross-section seen best in Fig. 6. Each shaft 
carries a longitudinal blade 23, such as may be 
provided readily in one piece with the shaft by 

is the forming process known as extruding. The 

50 

Switches constructed according to the features of 
the invention, together with the common select 
ing mechanism and the frame on which the 
group is mounted; 

Fig. 9 shows a switchboard made up of a suf 
ficient number of frames of switches constructed 
according to Figs. 1 to 8 to provide the groups of 
switches necessary in a specific automatic tele 
phone system embodying the invention; 

Fig. 10 shows the arrangement of exchanges, 
and the grouping within one exchange, of the 
specific telephone system in which the invention 
is embodied; 

Fig. 10A, comprising parts 1 to 8, is a sche 
matic showing of the switching arrangement of 
the local exchange shown in Fig. 10. 

Figs. 11 to 50 are circuit drawings of sufficient 
of the apparatus of Fig. 10A to enable the system 
to be understood; 

Fig. 51 shows how the parts of Fig. 10A are in 
tended to be arranged; and 

Fig. 52 shows the intended arrangement of 
the sheets on which Figs. 11 to 50 are drawn, 

55 

SO 

65 

70 

fifth shaft (9-0) is shown in profile view in 
Fig. 2. 
As will later appear, selection pf One or the 

other of the two vertically aligned rows of stack 
ups associated with a shaft may be effected by a 
slight turning movement of the shaft in the cor 
responding direction from its normal position, 
such turning movement being through an angle 
of about ten degrees, for example. 
Selecting magnets Mf to Mf 0 are provided in 

five pairs for performing the turning movements 
of the shafts pursuant to selection. Each shaft 
is provided with a double armature near its 
end. Such armature has one end adapted to ex 
tend in front of one selecting magnet of a pair 
to turn the shaft in One direction, and another 
end adapted to extend in front of the adjacent 
operating magnet of the pair to turn the shaft 
in the other direction. The pairs of selecting 
magnets for alternate shafts (beginning with the 
first) are located at the top of the frame, while 
the pairs of operating magnets for the remain 
ing shafts are located at the bottom of the frame. 
The magnets Mi to MO are secured to de 

tachable brackets 9 and 5. These brackets 
serve also as bearing plates within which the 
shafts are journaled at their reduced end por 
tions. 
A plan view of bracket 9, with its associated 

is equipment, is shown in Fig. 3, while a bottom 
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view of the same bracket is shown in Fig. 4. As 
may be seen in Fig. 4, the magnets M2, M, M6, 
M5, MO, and M9 are mounted on a downwardly 
extending integral portion of bracket 9 at the 
rear thereof, with the front of the magnets in 
suitable location for attraction of the associated 
double armatures 7 in either direction, depend 
ing upon which magnet of a pair is energized. 

Each selecting shaft has a restoring cam 8 
adjustably attached thereto by a set screw. As 
seen in Fig. 3, each such cam has a V-shaped 
notch into which the roller 2 of the associated 
cam spring 9 rides. The springs f9 are fastened 
respectively in cam-spring brackets 22, located 
On the rear portion of mounting brackets 9 and 
5. Each cam spring 9 is tensioned to hold its 

roller 20 normally in the bottom of the W notches 
of the associated can 8. 
shafts is turned in either direction, the concerned 
shaft roller 20 rolls up the corresponding side of 
the notch in the cam against the tension of its 
can Spring 9. Spring 9 brings the roller 
promptly to the bottom of the notch when the 
magnet is deenergized, restoring the shaft 
promptly to its normal position. 
Each of the cam-spring brackets also contains 

a pair of off-normal springs 2, the innermost 
one of which has an insulating bushing adapted 
to be engaged by restoring spring 9 to close the 
off-normal contacts 2 slightly before the Shaft 
reaches its operated position in either direction. 
Off-normal springs 2 are used to close Control 
circuits for purposes which will appear herein 
after. 
An intermediate-bearing bracket 2 (Fig. 1) is 

provided. This bracket is shown in plan view 
at Fig. 5. It provides Split bearings for the Se 
lecting shafts, one-half of each bearing being in 
the main bracket portion 2, while the other half 
of each bearing is in the removable portion 24, 
attached to part 2 by screws 25. As shown in 
Fig. 2, the blade 23 of the shafts is removed at 
the location of the intermediate bearing bracket 
2, as well as for a suitable distance from each 
end of the shaft. 
At this point, the intended operation of the 

switching arrangement is described briefly. 
When any one of the individual switches mount 
ed on the frame shown in Fig. 1 is to be operated, 
the desired one of the five selecting shafts is 
turned in the desired direction whereby the cor 
responding one of the ten vertical rows of Stack 
ups of contacts (one stackup in each individual 
Switch) is selected. Such Selection has no effect 
On the stackups of any Switches already oper- ; 
ated, and has no immediate effect on the stack 
ups of any unoperated ones of the switches. 

Following the making of the selection, the op 
erating magnet 34 of a desired individual switch 
is energized, causing operation of the selected 
stackup of contacts of such switch, the other se 
lected stackups being unaffected. The magnet 
38 is maintained energized for as long a time as 
it is desired to have the operated condition of 
the individual Switch to continue, but the com 
mon Selecting shaft is promptly restored to ter 
minate the selection made by its operation. 

Fig. 6, taken along line 6-6 of Fig. 1, shows 
a plan view of individual Switch 4 (Fig. 1), Sim 
ilar to the other individual Switches. Switch f4 
has Selective stackups S to S0, and common 
stackup SC, mounted thereon. Such stackups 
are actuatable by plate 40, actuatable in turn by. 
armature 35 of magnet 34. Actuating plate 40 lies 
within the cut-away front portion of the switch 

When any of the 
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frame, reducing the required vertical height to 
this extent. Plate 40 carries upturned pivot ears 
4f and 42, and fixed ears 38 and 39 are provided 
On the Switch frame. Pivot pin 43 passes through 
all these ears to retain plate 40 pivotally in place. 
The one end of pin 43 may be provided with a 
retaining head as indicated, while the other end 
may be bifurcated and bent outwardly, as at 44, 
to retain the pin removably in place. 

Plate 40 has an actuating extension 46 which 
overlies the rear end of the generally L-shaped 
armature 35. The cooperating portion of ar 
mature 35 may be offset downwardly, as indicat 
ed, by an amount about equal to the thickness 
of plate 40 and extension 46, while extension 46 
may be offset upwardly, as indicated, by an 
amount substantially equal to the thickness of 
the armature material. Armature 35 has an 
opening through which stud 27 extends. Re 
taining nut 36, threaded on stud. 37, retains ar 
mature 35 pivotally in place, 
When magnet 34 is energized, it attracts the 

downwardly extending portion of armature 35 
(seen in profile view in Fig. 8) drawing this ar 
mature portion inwardly, and raising the hori 
Zontal portion of the armature to thereby rotate 
the plate 40 about pivot pin 43. The springs in 
the common stackup SC, and the springs in any 
Selected one of stackups S to SO are thereby 
actuated. When magnet 46 is deenergized, plate 
40 falls of its own weight and restores armature 
35. 

Fig. 7 is a right-side view taken along the line 
7-7 of Fig. 6 to show the common stackup SC 

.it) 
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of Fig. 6. The vertical frame member 2 and a 
portion of the frame of the Switch is are suffi 
ciently broken away to give an unobstructed side 
view of the stackup SC and of actuating plate 
40. Portions of the Switch fé are omitted in this 
view for clarity. 
Stackup SC includes a pair of "make' contact 

springs 75 and 76 and a pair of "break' contact 
springs 73 and 74, all actuatable by plate 40. 
Stackup SC includes also a pair of normally 

3 closed cut-out springs and 72 which are not 
actuatable by the plate 30, but are adapted to be 
opened manually, as by the insertion of a piece 
of insulating material of suitable thickness be 
tween the front and ends of the contact springs 
7 and 72 to separate the contacts thereof. 
Contact springs. T3 to 76 are controlled by a 

bushing 77. The lower end of this bushing rests 
on the top Surface of actuating plate 60, while the 
upper end of this bushing is normally just below 
the lower Surface of the upper contact Spring 73. 
Contact springs 73 and 74 are thus normally in 
Contact with each other, and contact springs 75 
and 76 are normally out of contact with each 
other. Bushing 7 is secured to spring 76, as in 
dicated, but passes freely through springs 74 and 
75, each of which is bifurcated as shown in Fig. 
6 for the top springs of the stackups S to S.O. 
Whenever plate 40 is raised about the pivot 

pin 43, bushing 77 is thereby moved upwardly. 
The contact carried on the front of spring 76 is 
thereby brought into engagement with the con 
tact carried by Spring 75. At the same time the 

75 

upper end of bushing T 7 engages spring'73 and 
brings it out of contact with spring. T4. These 
springs assume their normal position when ar 
mature plate 70 is released and allowed to return 
to its illustrated normal position. It will be un 
derstood, of course, that the number and ar 
rangement of actuatable contact Springs in 
stackup SC may be varied according to individ 
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usal circuit requirements, depending upon the 
function to be performed by the Switch with 
which the stackupis associated. 

Fig. 8, taken along the line - of Fig. 6, 1 
lustrates stackup SO of the switch 4 in 
profile view. The selective stackups S to SO of 
rig. 6 are each so arranged that it is not nor 
mally actuated by the upward movement of plate 

. The lower spring of each of these stackups 
is a support spring, normally resting on the up 

one of the fingers 30 to the right or to the left 
is controlled by the common shafts 1-2 to 8-0, 

. 

O 

wardly turned support ledge 4S, which extends 
across the frame below the stackups S to S0, 
but stops short of extending below the common 
stackup sc. In Fig. 8, the lower spring 48 of 
stackup sile can be seen to be resting on the up 
stariding ledge is, maintaining the stackup Suff 
ciently above the level of actuating plate 0 that 
the stackup is-out of the direct reach of the ac 
tuating plate, and is thus not directly actuated by 
an upward movement of such plate. 
The lower spring 48 in stackup SO is merely 

a supporting and actuating spring. Stackup SO 
includes four springs 55 to 58 which may be 
termed 'armature" springs, in that they are to 
be directly moved when the stackup is actuated. 
springs 5 to 62 are termed "make" springs, be 
ing paired respectively with armature springs 55 
to 5. 
Each of the armature springs 58, 5, and 56 

carries a bushing as illustrated, whereby arma 
ture springs 55 to 58 and support spring 49 can 
be moved upwardly as one. These bushings do 
not touch the "make springs 60, 6, and 62, but 
pass freely between the branches thereof, the 
latter springs having a bifurcate shape as shown 
in Fig. 6 for the top springs of the selective 
stackups. 
When support spring 48 is raised upwardly by 

an action to be subsequently described, arnature 
springs 55 to 68 are raised into engagement with 
their respective make springs 59 to 62. The four 
pairs of contacts thus closed may correspond re 
spectively to those leads in a telephone system 
which are commonly referred to as tip, ring, 
sleeve, and hold (T, R, S, and H). 
For the purpose of enabling any one of the 

stackups S to SO of switch 4 to be selected 
and operated, five selecting fingers 30 are pro 
vided as seen in Fig. 6, one such finger for each 
of the common operating shafts, these fingers 
may be formed of thin strip material, and they 
lie directly on actuating plate 40, being held piv 
otally in place by shoulder screws 29. Each of 
the selecting fingers 30 is adapted to be rotated 
a small angular distance to the left or to the 
right to select and render operable one stackup 
or the other of the associated pair. Each of the 
fingers 30 carries a pair of upstanding actuat 
ing blades 3, one such blade for each associated 
stackup. As shown, fingers 30 are normally SO 
positioned that, when plate 40 is actuated, the 
blades 3 pass upwardly alongside the associated 
stackups without causing operation thereof, un 
less one of the fingers 30 has been rotated either 
to the right or to the left. Considering finger 
3D associated with stackups S5 and S6, when this 
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finger 30 is moved in a clockwise direction, the . 
left-hand upstanding blade 3 f thereof comes be 
low stackup S5 to thereby select and render this 
stackup operable by plate 40. When this finger 
3D is rotated in a counterclockwise direction from 
its normal position, the right-hand upstanding 
portion 3 thereof is brought beneath stackup 
S6 to thereby select this stackup and render it 
operable by plate 40. The desired turning of any 

O 

5 

shown in section in Fig. 6. 
Each of the selecting fingers to has a pair of 

control levers 6 assembled therewith to serve 
as a yielding coupling between such finger and 
the blade 23 of the associated shaft. The levers 
2 are yieldably assembled with the fingers 80 to 
enable the common shaft to return to its normal 
position after an operation of a stackup in any 
one of the switches, while leaving the selecting 
finger to in an off-normal position for so long a 
time as the selected stackup of a switch is to re 
main in operated position. This yielding ar 
rangement is provided by loosely assembling the 
two similar control levers 26, one above the other 
on top of the selecting finger 30 and around the 
Sane pivot screw 2. The finger 30 and the two 
assembled levers 26 are thus each independently 
rotatable around the pivot screw 29. 
Each of the fingers 30 has an upstanding po 

sitioning blade 28 at the front portion thereof 
adjacent the shaft blade 23. This upstanding 
blade 28 lies between the levers 26. It is through 
this blade 28 that the associated finger 30 is 
moved either to the right or to the left to select 
one of the associated stackups and is later re 
turned to its normal position. Each of the pairs 
of levers 26 is provided with a generally hairpin 
shaped tension spring 27, seen in front view in 
Fig. 1, and in profile view in Fig. 8. Each such 
spring 2 normally urges the associated levers 2 
toward each other to grasp the upstanding blade 
portion 28 of the selecting finger 30 between 
them. By this arrangement, when anyone of the 
shafts is turned in either direction, the corre 
sponding one of the levers 26 is thereby directly 
rotated around the associated pivot screw 2. 
The tension spring 27 causes the other lever 26 
to follow, thereby rotating the associated select 
ing finger 20, through the consequent movement 
of the upstanding blade 28. When any one of 
the selecting fingers 30 is held from returning to 
its normal position when the associated shaft re 

5 stores, the concerned levers 26 are merely forced 
apart against the tension of the light hairpin 
spring 27. The return movement of the common 
shaft is thus not materially interfered with, and 
the consequent tensioning of hairpin spring 2 
insures that the off-normal-selecting finger 30 
Will return to normal position when Subsequently 
released, 

Referring to Fig. 6, when shaft 9-0 associ 
ated with stackup SO is rotated in a clockwise 
direction (as seen in Fig. 6, by an energization of 
magnet MO, Fig.1), blade 23 directly moves the 
right-hand one of the levers 26 of switch 4 
(along with the corresponding parts of all the 
other switches), whereby the other lever 26 is 
caused to follow by the tension of the hairpin 
Spring 2. The selecting finger 30 is thereby ro 
tated through the consequent movement of the 
upstanding front blade portion 28 thereof. The 
upstanding selecting blade 3 ? (shown also in Fig. 
8) is thereby brought underneath the end of sup 
port spring 48 (Fig. 8) of stackup Sto. Under 
this condition, switch magnet 34 may be ener 
gized to attract its armature 35, thereby raising 
actuating plate 40 through the medium of exten 
sion 46. Selecting finger 30 is moved upwardly 
along with its effective selecting blade 3. Such 
blade 3 engages the lower side of support spring 
9, raising spring 49 upwardly sufficiently to 
bring armature springs 55 to 58 into contact re 

s 
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spectively with their associated make contact springs 59 to 62. 
In the intended operation of the device, mag 

net 34 remains energized, but the common shaft 
operating magnet is promptly restored to per 
mit the shaft to restore to normal position. 
The restoration of the shaft to normal position 

causes the associated fingers 30 in all unoperated 
switches to restore to normal position. In the 
operated switch 4 of Figs. 6 and 8, however, the 
selecting finger 30 associated with the shaft un 
der discussion is not restored to normal position 
when the shaft 9-0 restores, for the Selecting 
blade 3 shown in Fig. 8 is retained by the illus 
trated downwardly extending catch portion 49 of 
support spring 48. The concerned selecting fin 
ger 30 is thereby prevented temporarily from ro 
tating around its pivot screw 29 to normal posi 
tion under the tension of spring 27. The selected 
stackup Sf O is thus held actuated so long as mag 
net 36 remains operated. 
When magnet 34 is subsequently deemergized 

to allow armature 35 and plate 40 to restore, the 
contact springs in stackup SO are thereby re 
stored to their illustrated normal condition, 
whereupon the concerned selecting blade 3 of 
the off-normal finger 30 is disengaged from catch 
49 of spring 48 and is allowed to return immedi 
ately to its normal position illustrated in Fig. 6, 
under the control of its restoring spring 27. 
As shown in Fig. 6, each selecting finger 30 has 

a downwardly extending stop blade 32, which lies 
within a limit hole 33 in plate 40. Each such 
hole 33 is of suitable size to permit the left and 
right selecting movement of its finger 30 to occur 
unopposed, but when a shaft is removed for any 
purpose, the stops 32 cooperate with the walls de 
fining holes 33 to limit the rotation of the fingers 
30 from normal position, whereby such fingers 
remain close to normal position, and the removed 
shaft may be readily inserted, the forward ends 
of fingers 26 being beveled outwardly as shown 
to facilitate reentry of shaft blade 23 between 
them. The arrangement of the Selective stack 
ups in pairs, with ample spacing between pairs, 
enables inspection and adjustment of the con 
tact springs of the several stackups to be made 
readily. 
The spacing apart of the pairs of stackups also 

facilitates attaching and Soldering of vertical 
bare-wire multiples extending between corre 
sponding stackups of the concerned switches. 
For this purpose, the rearwardly extending ter 
minal portions of the 'nake' contacts in the 
Selective stackups are provided with laterally 
projecting terminal lugs as seen best in Fig. 6. 
These laterally projecting lugs for the tenth 
stackup SO are shown at 63 to 66 in Fig. 8. 
Each such lug is provided with an indentation 
or notch into which the vertically extending 
multipling wire may be laid and soldered. Addi 
tionally, a rear attachment notch is provided on 
each terminal portion to which a conductor can 
be connected to extend the multiple to the de 
sired point. The four make springs in any 
stackup are specifically different. The lug on 
each is at a different horizontal distance from 
the end thereof, to bring each stackup group of 
bare multipling conductors in a vertical plane 
at right angles to the face of the Switchboard. 
Additionally, such contact springs are made in 
lefts and rights; that is, the side lugs on each 
odd-numbered stackup extend to the left, while 
the lugs on each even-numbered stackup extend 
to the right, as shown. 
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The make springs in the stackups S to Sio of 

any switch comprise ten separate outlets. The 
armature springs of stackups Sf to SO of any 
switch are multipled together horizontally, and 
provided with common terminals 6 to 0 Con 
Stituting the inlet of the Switch. The horizontal 
multipling is accomplished by forming the arma 
ture springs of the selective stackups as forward 
integral extensions of strips extending laterally 
through the clamping portions of stackups S to 
S0. Such strips are 5 to 54, having inlet ter 
minals 67 to 70, respectively. The inlet termi 
nals 67 to 70 are offset laterally to the rear of 
the common stackup SC to clear the adjacent 
field in which the vertical bare-wire multipling 
of stackup SO is accomplished. 

Fig. 9 shows a switchboard comprising 
Switches as disclosed in Figs. 1 to 8 arranged in 
the specific groups required in the telephone ex 
change whose circuit arrangements are herein 
disclosed. This switchboard includes switch 
frames F to F 8, each constructed as shown in 
Fig. 1. These frames are attached to floor bar 
902 and to top bar 90. 
Various sized groups of individual switches are 

mounted on these frames to meet the require 
ments to appear hereinafter. The. frames are 
all of the same length, sufficient to accommo 
date seventy-two individual switches and the 
common selecting mechanism, as is required for 
Eps 2SP and 3SP, mounted on frames F and 
F2. 
Frames F and F2 accommodate groups 2LP 

and 3LP, each of which has sixty switches. 
Frane F3 accommodates two separate groups 

2LS and 3LS, each of which contains 32 switches. 
Each of the groups 2LS and 3LS has its own 
Separate set of shafts Supported on upper and 
lower brackets such as 9 and 5 in Fig. 1. Simi 
larly, frames F4 to F8 and F3 to F 8 accommo 
date two groups each, while frame F9 accommo 
dates the four nine-switch groups 4D to TD. 

It will be clear that two physically separate 
groups of switches, each with its own separate 
set of control shafts and common actuating mag 
nets, can be made to operate as a single group 
by suitably interconnecting the operating mag 
nets of the two groups whereby corresponding 
magnets in the two groups may be energized at 
the sale time. The necessity for such provi 
sion, however, is avoided in the layout shown in 
Fig. 9 where the mounting frames are each long 
enough to accommodate the maximum number 
of switches required in any one group, 

B. THE SYSTEM 

As shown in Fig. 10, the automatic telephone 
System to which the invention is applied herein 
includes two automatic exchanges. One auto 
matic exchange is termed the local automatic 
exchange, while the other is termed automatic 
exchange #9 in that it is reached from the local 
automatic exchange responsive to the dialing of 
the initial digit 9. 
As is indicated in Fig. 10, there are twenty 

five trunk lines incoming from automatic ex 
change #9 to the local exchange, and twenty 
seven trunk lines Outgoing from the local ex 
change to automatic exchange #9. 

Additionally, a toll switchboard is shown in 
Fig. 10 which is reached from the local auto 
matic exchange responsive to the dialing of the 
digit 0. As indicated, this toll Switchboard is 

75 
interconnected with the local automatic ex 
change by six trunk lines incoming to the local 
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automatic exchange and by six other trunk lines 
outgoing therefrom to the toll switchboard. 
The local automatic exchange of Fig. 10 is one 

having a nominal capacity of one thousand lines. 
Only 600 lines, however, are at present provided 
for, being served by the hundreds groups of 
switching equipment 2 to . ". . . 
The selector stage required in a one-thousand 

line exchange is indicated within the local auto 
matic exchange of Fig. 10 by the rectangle la 
beled "Selector stage.' 
are sixteen link paths leading to the selector 
stage from each of the hundreds groups 2 and , 
nine from each of the hundreds groups 4 to , 
twenty-five from automatic exchange #9, and 
six from toll switchboard #0. This drawing in 
dicates also that the groups of link paths lead 
ing from the selector stage and corresponding re 
spectively to the initial dialed digits 2 to 7, 9, and 
0 comprise sixteen link paths leading to each of 
the hundreds groups 2 and 3, nine link paths 
leading to each of the hundreds groups 4 to 7, 
twenty-seven link paths leading to automatic 
exchange #9, and six.link paths leading to toll 
switchboard #0. 

Hundreds groups 2 and 3 of the local exchange 
are similar in that each contains individual lines 
and P. B. X lines, while hundreds groups 4 to 
of the local exchange are required to serve ind 
vidual lines and four-party lines. 
The present requirements of hundreds groups 

2 and 3 is that each shall contain sufficient links 
and switching equipment that fifteen originated 
connections and fifteen terminated connections 
may be established contemporaneously in each. 
The present requirements with respect to each 

of the hundreds groups 4 to 7 is that it contain 
sufficient links and switching equipment that 
eight originated connections and eight termi 
nated connections may be established contem 
poraneously in each. 

C. THE SWITCHING DAGRAM 

The switching diagram shown in Fig. 10A, 
parts 1 to 8, will now be explained. 

C. : LINE-FINDER AND CONNECTOR 
SWITCHING STAG 

The switching equipment for the line-finder 
and connector stage of hundreds group 2 com 
prises the primary line-finder switch group 2LP 
of Fig. 10A, part 1, and secondary line-finder 
switch group 2LS of Fig. 10A, part 2. These are 
the switch groups shown at 2LP and 2IS of Fig. 9 
on the frames F and F. 
Connections originated in hundreds group.2 

may be extended over the sixteen selector links 
in the associated branch of selector cable 
CA-200, being selector links SL? to SL6. The 
number of these links has been increased by one 
from the required fifteen to give a latitude in the 
event of abnormal traffic peaks, as well as to pro 
vide for those cases when one of the selector links 
assigned to the hundreds group for outgoing 
service cannot be used because of the inability 
to match such link with an idle primary switch 
in the calling ten-line group. 
The connections terminating in hundreds 

group 2 come into the group over the sixteen 
incoming links represented by cable CA-950 
incoming to secondary switch group 2LS. Here 
again, the required group number of fifteen is in 
creased by one for reasons above stated. 
The switching arrangement within hundreds 

Fig. 10 shows that there 
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group 3 is only partially shown in Fig. 10A, but 
is similar to that for hundreds group 2. The 
switch groups for hundreds group 3 are shown 
at 3LP and 3LS on frames F2 and F, Fig. 9. 
The calls outgoing from hundreds group 3 are 

led over the sixteen selector links SL to 
S2, 
The primary and secondary switching appara 

tus for hundreds group 4, as shown iri parts 1 
and 2 of Fig. 10A, comprises primary group LP 
and secondary group 4LS. These switch groups 
are shown on the switchboard drawing, Fig. 9, at 
4P and LS on switch frame F4. 
The required outgoing connections from hun 

dreds group 4 may be established through switch 
group 4S by way of the sixteen links in the as a 
sociated branch of cable CA-1200 comprising 
selector links SL33 to SL4. The required num 
ber (8) has been increased by one as a safety 
margin for reasons above discussed. 
Connections incoming to hundreds group 4 

may be established through switch group 4LS by 
way of the nine links in the associated cable 
CA-3250, the required number having been in 
creased from eight to nine to provide a margin 
of safety as hereinbefore discussed. 
The switching arrangement for connections 

outgoing from and incoming to each of the hun 

30 
dreds groups 5 to T is similar to that provided 
for hundreds group 4, hundreds groups 5 to 
being only partially indicated. The primary 
switching groups for hundreds groups 5 to are 
shown at 5LP to TLP on frames F5 to FT (Fig. 9), 

35 
on which frames are also shown the secondary 
groups SLS to TIS for the same hundreds groups. 
The calls outgoing from hundreds groups are 

handled over the selector links SL2 to SLSO in 
cable CA-200; those from hundreds group are 

40 
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stalled (hundreds group 8, for example) and also. 
to take care of increased traffic requirements 

65 

handled over selector links. SL5 to SL59; and 
those from hundreds group are handled Over 
selector links SL60 to SL68. 
. The twenty-five trunklines incoming from au 
tomatic exchange #9, Fig. 10A, part 3, comprise 
selector links SL69 to SL93 in cable CA-20, 
arid those incoming from toll switchboard #0 
comprise selector links SL94 to SL99 in cable 
CA-200. The total present selector-link re 
quirements of the exchange is thus ninety-nine 
selector links SL to SL99. These selector links 
extend respectively to selectors S to S99 (Fig. 
10A, part 6), shown in groups of ten selectors 
each. Future requirements of the system with 
respect to selector links and selectors are pro 
vided for by installing selector links SL? 0 to 
SL20 associated respectively with selectors S 
to Sf20, which may be used for future growth, 
as when an additional hundreds group is in 

from any of the present hundreds groups. 
The selectors above referred to are each simi 

lar to selector S, shown in detail in Fig. 11. It 
is to be observed that such a selector consists 
merely of a group of link-control and digit-im 
pulse counting relays. 

Referring again to switch groups 2LP and 2LS 
(parts 1 and 2 of Fig. 10A) which serve hundreds 
group 2, it is to be observed that switch group 
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2LP is divided into ten primary sections num 
bered 1 to 0 respectively. Each such section in 
cludes six primary switches all having access to 
the same tens group of lines. For example, group 
comprises switches A to F which have access 

in common to lines to 0 of the hundreds 
group; section 2 of switch group 2LP comprises 
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the six primary switches 2A to 2F which have 
access to lines 2 to 20 of the group; and, finally, 
the tenth or O section comprises the Six primary 
switches OA to OF which have access to the tens 
group of lines 0 to 00. 
Any one of the switches in any section of the 

primary switch group 2LP may be used to com 
plete either an originating or a terminating con 
nection. The number of switches in a section 
depends, therefore, upon the total peak require 
ments of the tens group of lines, for calls both 
outgoing and incoming. Six switches have been 
provided in each primary section in the 2 and 3 
hundreds groups on the basis of a peak require 
ment of six connections in a tens group, whether 
originated, terminating, or both. . 
The switches in secondary group 2LS are di 

vided into as many sections (six in this case) as 
there are primary switches in a section of group 
2LP. The sections in group 2LS are designated 
A to F respectively. As indicated, the Switches in 
section A of 2LS have common access, through 
the ten links (1 to 0) of cable 2LA, to the A pri 
mary switches fA to OA in group 2LP. Similarly, 
the switches in secondary section B have access 
(through the ten links of cable 2LB) to the ten 
B primary switches in group 2LP; link cables 
2LC, 2Lo, and 2LE are associated respectively 
with secondary sections C, D, and E of group 
2LS and contain the links extending to the cor 
respondingly lettered switches in primary sec 
tions to O; and cable 2LF contains the ten pri 
mary links rendering primary switches F to OF 
accessible in common to the switches in section 
F of secondary group 2LS. 
By the above arrangement, each secondary 

section of switches has access in common to One 
primary switch in each primary section. Any 
secondary switch in group 2LS can thus complete 
connection, through a primary Switch, to any 
subscriber line in the hundreds group. 
Since secondary group 2LS must accommodate 

sixteen outgoing paths (represented by selector 
links SL to SL 6), and must also accommodate 
sixteen incoming paths (represented by the six 
teen links in cable CA-950), the total switches 
required in secondary group SL2 is thirty-two. 
These thirty-two switches are provided by six 
switches in section A, five switches in each of the 
groups B to E, and six switches in group F. 
The first four switches in section A of group 

2LS are assigned to outgoing service, being 
choices 1 to 4. The remaining twelve of the six 
teen outgoing choices are switches B to B3, C 
to C3, D and D2, El and E2, F and F2. 
The remaining switches in sections A to F of 

group 2LS are assigned to incoming service, the 
choice being in reverse order. 
The first four choices for incoming Service are 

the sixth to second switches in section F. The 
remaining twelve of the sixteen incoming choices 
are switches E5 to E3, D5 to D3, C5 and C4, B5 
and B4, A6 and A5. 
In group 4LP assigned to the 4 hundreds group 

of lines, the lighter traffic requirements permit 
each tens group of subscriberlines to be served by 
a primary section of four switches, the switches 
in group 4LP being those numbered A to D, 2A 
to 2D, and so forth, to OA to 0D. 
There being only four primary switches to a 

section in group 4LP, the switches in group 4LS 
are divided into only four corresponding sections, 
sections A to D. The eighteen Switches required 
in group'4LS are made up of five switches in Sec 
tion A, four in each of the sections B and C, and 

7 
five switches in section D. The outgoing choices 
1 to 9 in group 4LS are respectively the first 
three switches in section A, and the first two in 
each of the sections B, C, and D. The nine in 
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coming choices in sections D to A of group LS 
are respectively switches 5 to 3 in section D, 
and 3 in each of sections C and B, and switches 5 
and 4 in section A. 

C2. THE SELECTOR STAGE 
The switch groups at the selector switching 

stage of Fig. 10 are the selector-primary groups 
2SP to TSP (Fig. 10A, part 7), 9SP, and OSP (Fig. 
10A, part 8), shown in Fig. 9 at 2SP to 7SP, 9SP, 
and OSP, on frames Flf to F8; and selector 
secondary groups 2SS to TSS (Fig. 10A, part 4), 
9SS, and OSS (Fig. 10A, part 5), shown in Fig. 9 
at 2SS to TSS, 9SS, and OSS on frames F0, F3 
to F6, F8, and FT. 
As shown in Figs. 11 and 12 for the selectors 

Sf, S33, S69, and S94, the selector links SL to 
SL20 hereinbefore referred to are paired respec 
tively with selector multiples SM to SM120, as 
indicated in Fig. 10A, part 6. Each of the selec 
tor multiples comprises three conductors re 
ferred to respectively as tip, ring, and sleeve con 
ductors (T, R, and S). As shown in Fig. 10A, 
the selector multiples are divided into groups of 
ten multiples each, corresponding to the capacity 
of the ten-point primary switches used at the se 
lector switching stage. These groups are SM 
to SMO, SM to SM20, and so forth, to SM 
to SM20. The twelve groups of selector multi 
ples extend horizontally from the twelve groups 
of selectors into multiple connection with the re 
spective twelve sections into which the primary 
switches in groups 2SP to SP are divided. 

Multiples SM69 to SM.93 (representing the se 
lector links SL69 to SL93, which carry traffic in 
coming from automatic exchange #9) are not 
required to be multipled into primary group 9SP 
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through which outgoing calls to exchange #9 are 
made, leaving only ninety-five Selector multiples 
to be provided for in group 9SP. The selector 
multiples connected to group 9SP are the six 
groups comprising multiples SM to SM60, a par 
tially filled seventh group comprising multiples 
SM6 to SM68, a partially filled eighth group 
comprising multiples SM94 to SM 00, and the 
ninth and tenth groups comprising multiples 
SMIf 0 to SMI2O. 

Likewise, the selector multiples SM69 to SM.93 
are not required to be multipled into switch 
group OSP, which handles calls to toll switch 
board #0. Additionally, selector multiples SM.94 
to SM.99 (which handle calls incoming from the 
toll switchboard) do not have to be multipled 
into Switch group OSP. Therefore, only nine 
groups of the selector multiples need to be ex 
tended to the switch group OSP. The first six of 
these groups comprise selector multiples SM to 
SM60; the incompletely filled seventh group 
comprises multiples SM6 to SM68 and SM 00; 
and the eighth and ninth groups comprise selec 
tor multiples SMO to SM 20, 

Referring particularly to switch group 2SP 
(through which connections destined for the 
Seconds hundreds group in the local exchange are 
made with selector multiples SM to SM120), the 
Switches in this group are divided into twelve sec 
tions. The Switches fA to F in section of 
group 2SP have common access to selector mul 
tiples SM to SM 0; the switches 2A to 2F in 
Section 2 have common access to selector multi 
ples SM to SM20; and so forth, to the switches 
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in section 2 of group 2SP, which have common 
access to selector multiples SM to SM120. 
The number of switches in any of the twelve 

sections of group 2SP is required to be at least 
sufficient to handle the peak number of connec 
tions which may be required from the associated 
group of ten selector multiples into the associat 
ed 2 hundreds group. The number of switches 
illustrated herein in each section of group 2SP 
is six. This number is believed to be more than 
ample. The sixteen link paths leading to the 
associated hundreds group 2 (from secondary 
switch group 2SS) are approximately sixteen 
percent of the total number of link paths lead 
ing from the Switching stage. Yet, the arrange 
ment shown enables sixty percent of the calls 
made over any single group of ten selector mul 
tiples to be extended to such hundreds group, 
The allowance for variation is thus about four 
to One. - 
The sixteen switches A to F2 in the corre 

sponding secondary group 2SS are divided into 
as many sections (six) as there are Switches 
in a single section in the Selector primary group 
2SP. Sections A to D have three Switches each, 
while sections E and F have two each. 
The switches in section A of group 2SS have 

common access to twelve links in cable 2SA, 
leading respectively to the A switches (A to 
2A) in sections to 2 of group 2SP; and the 

switches in Sections. B to F have access through 
the links in cables 2SB to 2SF to the Switches 
B to F in the twelve sections of group 2SP. 
Switch groups 3SP and 3SS are arranged and 

interconnected in the same way as switch groups 
2SP and 2SS. 
The switches in primary group 4SP are divid 

ed into twelve sections, with the Switches in each 
Section having common access to a separate one 
of the twelve groups of selector multiples. Since 
there are Only nine link paths (less than ten per 
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therefore, considered that not more than six cells 
outgoing through switch group SP will be offered 
by any single group of ten selector multiples. 
The group 9SP, therefore, is accordingly provided 
with six switches for each of the ten sections. . 
These switches are identified as switches. A to F 
in any section, being switches. A to F in sec 

* tion , and OA to OF in section 0. 
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cent of the total) leading from the selector 
switching stage into the associated 4 hundreds 
group, the Switches in a section in group 4SP have 
been reduced from six (as in 2SEP and 3SP) to 
four. It is extremely unlikely that any group of 
ten selector multiples will receive more than four 
calls destined for the hundreds group 4, as the 
average for a full loaded group of ten selector 
multiples is less than one call for the concerned : 
hundreds group. 
The nine switches in selector-secondary group 

4SS are divided into as many sections (four) as 
there are Switches in a section in group 4SP. 
Section A of group 4SS contains three switches 
and Sections B to D contain two switches each. 

Sections A to D of selector-secondary group 
4SS have access through cables 4SA to 4SD to 
the Switches in selector-primary group 4SP. 
The arrangement of the Switches in selector 

Secondary groups 5SS to TSS and in the selec 
tor-primary groups SSP to SP is similar to the 
arrangement groups SS and 4SP. 
The switches in the selector primary group 

9SP are divided into ten sections corresponding 
respectively to the ten groups of selector multi 
ples through which calls may be received for the 
associated automatic exchange #9. Since the 
twenty-Seven link paths outgoing from the local 
automatic exchange to automatic exchange #9 
Comprise less than thirty percent of the total link 
paths outgoing from the selector switching stage, 
the average number of calls outgoing to auto 
matic exchange #9 from any full-loaded group of 

70 

The twenty-seven switches in secondary group 
SS, corresponding respectively to the twenty 
seven link paths outgoing to automatic exchange 
#9, are divided into six sections. A to F, corre 
sponding to the number of switches in a section 
in the associated selector primary group 9SP. 
There are five switches in each of the sections 
A to C of group 9SS, and four switches in each 
of the sections D to F. 
The switches in section A of group 9SS have 

common access, through the ten links in cable 
9SA to the ten. A switches (A. to OA) in selec 
tor-primary group 9SP, while the switches in 
sections B to F of group 9SS have access, through 
the links in cables SB to SF, to the B to F 
Switches in group 9SP. 

Calls for the toll switchboard #0 are handled 
through the switches in selector primary group 
OSP, divided into nine sections corresponding re 
spectively to the nine groups of selector multi 
ples over which calls for the toll switchboard may 
arrive. Each of the nine sections of group 4SP 
comprises four primary switches. . 
The six switches in selector-secondary group 

OSS, corresponding respectively to the six link 
paths outgoing to the toll switchboard, are di 
vided into four sections A to D. corresponding 
to the number of switches to a section in the as 
sociated selector primary group OSP. There are 
two Switches in each of sections A and B of 
group 4SS, and one switch in each of the sections 
C and D. The sections of group OSS-have access 
Over the links in cables OSA to OSD to the 
switches A. to D in the respective sections of 
group OSP. 

C3. THE OUTGOING REPEATERs 

The repeaters 9R to 9R2 are inserted respec 
tively in the twenty-seven trunk lines outgoing 
from the switches in selector secondary group 
9SS to the associated automatic exchange #9, 
and repeaters OR to OR6 are inserted respec 
tively in the six trunk lines outgoing from the 
Switches in secondary, group OSS to the asso 
ciated toll Switchboard. All of these repeaters 
may be similar, repeaters 9Rf and OR, being 
shown in the circuit drawings, Figs. 40 and 46. 

C4. THE SELECTORS 

As previously noted, selectors S. to S 20 are 
indicated (in part 6 of Fig. 10A) in groups of ten 
each, there being one selector for each selector 
link and associated selector multiple. As shown 
in Fig. 11, each of these selectors comprises es 
sentially a group of control relays and a group 
of digit-impulse counting relays. The counting 
relays count the received impulses constituting 
the initial digit in a called number. The count 
ing relays of any operated selector energize a 
start conductor and a mark conductor associated 
with the called group of selector-primary and se 
lector-secondary switches to cause the necessary 
apparatus of the called group to be started into 
Operation to select the associated selector multi 
ple, by selector-primary and selector-seconda 

ten selector multiples is less than three. It is, is action as will be hereinafter described. 
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C5. TEE. SELECTOR Connor EQUPEENTs 

Each of the selector groups 2 to 7, 9, and 0 is 
provided with a selector common equipment for 
controlling the associated groups of selector-pri- . 
mary and selector-secondary switches, according 
to the starting and marking information in 
parted thereto from time to time by the selectors 

9 
contain Switches operative to interconnect the 
connectors in calling condition with matched 
paths through the associated line-secondary and 
line-primary groups to the respective called lines. 
In connection with the distributors 2D and 3D, the so-called graded trunking principle is em-- 
ployed because the number of link paths (six 

S to Sf20. This information is imparted over 
the conductors in cable CA-300, which includes 
a separate mark conductor and a separate start 
conductor for each of the selectors, extending to 
each of the selector groups of primary and sec 
ondary switches. 
The Selector common equipment for selector 

group 2 is 2SCE, while common equipments 
SCE, 9SCE, and OSCE are shown for selector 

groups , 9, and 0 respectively. It will be under 
stood, of course, that selector group 3 (compris 
ing switch groups SS and 3SP) is provided with 
a common equipment similar to 2SCE, while se 
lector groups 5 to 7 are each provided with a 
Common equipment similar to SCE. 

C6. THE CoNNECTORs 
Each of the links extending from an individual. 

s 

20 

switch of Fig. 10A in the selector secondary. 
groups 2SS to SS extends to a connector asso 
ciated with the concerned hundreds group of 
lines. The sixteen connectors associated respec 
tively with the switches in group 2SS are indi 
cated at 2C to 2Cl6, while the nine connectors 
associated respectively with the switches in group 
4SS are shown at AC to 4C9. The circuit ar 
rangements of connector 2C are shown in detail 
in Figs, 20 and 21, while the circuit arrange 
ments of the party-line connector 4C are shown 
in detail in Figs. 33 and 34. Each of these con 
nectors includes essentially a group of control 
relays and a sufficient number of groups of 
counting relays to count the series of digit im 
pulses necessary to identify the called substa 

O 

tion in the concerned hundreds group. Only . 
tens and units groups of counting relays are re 
quired in the connectors such as C assigned to 
the P. B. X, and straight-line hundreds groups 2 
and 3, while tens, units, and party groups of 
counting relays are required in each of the con 
nectors such as 4C assigned to the four-party 
line and individual-line hundreds groups 4 to . 

C7. THE LINE COMMON EQUIPMENTS 
Each of the hundreds groups of lines in the 

local exchange is provided with a line common 
equipment for controlling primary and secondary 
line-finder action on originated calls, and for 
controlling secondary and primary connector ac 
tion and distributor action. On terminating calls. 
The line common equipments for hundreds 
groups 2 and 4 are shown at 2LCE and 4LCE in 
Fig. 10A, part 2. Cable CA-90 carries tens 
and units conductors associated with the group-2 
connectors 2C to 2Cl6 to common equipment 
2LCE, while cable CA-3200 carries tens and 
units conductors associated with the group 
connectors 4C? to 4C9 to the common equipment 
4LCE. Other conductors in cable CA-900 con 
nect common equipment 2LCE with each of the 
switch groups 2LP and 2LS, as well as with the 
distributor group 2D. Similarly, common equip 
ment LCE is connected with each of the asso 
ciated switch groups ALP, LS, and 4D. 

C8, DISTRIBUTORS 

Distributor groups 2D to 7D are associated re 
spectively with hundreds groups 2 to . 
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group 2LS; 

teen) leading from the connectors into the re 
spective line-secondary groups are in excess of 
the number of selective positions (ten) of the 
distributors. In the case of the distributor 2D, 
the sixteen link paths are those contained in 
cable CA-1950 leading to line-secondary 
switches in group 2LS. As indicated in part 4 of 
Fig. 10A, stackups to 6 of distributor switches 
2D to 2D8 provide link paths to six of the six 
teen connector-action secondary switches in 

switches 2D9 to 2D6 provide access to six other 
of the associated connector-action secondary 
switches; and stackups 4 to O of all the distrib 
utors 2D to 2D6 provide link paths to the final 
four connector-action secondary switches in 
group 2LS. 
As indicated in Fig. 19, wherein the stackups 

of switches 2D and 2D9 are shown in detail, the 
six Odd-numbered connector-action choices to 

are through stackups to 6 of distributors 
2D to 2D8; the even-numbered connector-ac 
tion choices 2 to 2 are through stackups to 6. 
of distributors 2D9 to 2D6; while the final four 
choices 3 to 6 are through stackups 6 to 0 of 
all of the distributors 2D to 2D 8. 

D. THE CIRCUIT DRAwINGs 
The relation of the equipment shown on the 

circuit drawings, Figs. 11 to 50, to the switching 
diagram shown in Fig. 10A, is as follows: 

Figs. 11 to 13 show the selectors S, S33, S69, 
and S94 together with the terminal blocks in 
Fig. 13 to which the associated start and mark 
conductors are connected; 

Figs. 14 to 17 show the line common equipment 
2LCE for hundreds group 2; 

Figs. 18, 19, 20 and 21, and 22 show respec 
tively certain switches ... of the line-primary 
group 2LP of Fig. 10A, part 1, and certain asso 
clated Subscriber lines and line equipment; cer 
tain switches of line-secondary group 2LS and 
distributor group 2D; connector 2C; and cer 
tain switches of the #2 selector groups 2SS and 
2SP; - 

Figs. 23 to 26 show the selector common equip 
ment 2SCE for the digit-2 selector group; 

Figs. 27 to 30 show the line common equipment 
4ICE of hundreds group 4; 

Figs. 31, 32, 33 and 34, and 35, show respec 
tively certain switches of the line-primary group 
4LP and associated subscriber lines and line 
equipment; certain switches of the line-second 
ary group. 4LS and of the distributor group 4D, 
the connector 4C?; and certain switches of the 
Selector-secondary and selector-primary groups 
4SS and 8SP; 

Figs. 36 to 39 show the selector common equip 
ment 4SCE for the digit-6 selector group; 

Figs. 40 and 41 show respectively one of the 
trunk lines incoming from, and one of the trunk 
lines outgoing to, the associated automatic ex 
change #9, with the repeater 9R interposed 
in the illustrated outgoing trunk line; and cer 
tain Switches of the selector-secondary and selec 
tor-primary groups 9SS and 9SP; 

Figs. 42 to 45 show the selector common equip 
They 75 ment 9SCE for the digit-9 selector group; 

stackups 4 to 6 of distributor 

N 
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Figs, 46 and 47 show respectively one of the 

trunk lines incoming from, and one of the trunk 
lines outgoing to, the toll switchboard, with the . 
repeater OR interposed in the illustrated outgo 
ing trunk line; and certain switches of the selec 
tor-secondary and selector-primary groups OSS 
and OSP; and 

Figs, 48 to 50 show the selector common equipa 
ment OSCE for the digit-0 selector group. 

E. CALL rROM. SUBSTATION #211 
To SUBSTATION it411 

Operations involved in a call from individual 
line substation #211 (Fig. 18) in hundreds group 
2 to individual-line substation #4111 on line #411 
(Fig. 31) in hundreds group 4 will now be de 
scribed. 

E1. MARKING THE CALLING LINE 
When the receiver (not shown) is removed at 

substation #211, the usual direct-current bridge 
is closed across the conductors thereof, operat 
ing line relay 802, through contacts of cutoff 
relay 803. At its outer contacts, line relay 802 
grounds start conductor S, common to the ten 
line circuits associated respectively with lines ff 
to 10 in hundreds group 2. Cable CA-850 has 
ten branches B to BO, each associated with a 
separate group of ten line circuits. 

Line relay f602 also places ground potential 
on the associated mark conductor M to iden 
tify the calling line in the calling tens group. 

E2. TENS SELECTION 
Assuming that the chained group relays 62 to 
630, associated respectively with the ten tens 

groups, are all in restored condition at this time, 
the grounding of conductor St in branch B of 
cable CA - 800 closes a circuit for group-f relay 
62, as follows: from ground on conductor S, 

through contacts of group-lockout relay 60, the 
winding of group relay 6, the left-hand wind 
ing of group relay 62, contacts controlled by 
the second right armature of relay f62, chain 
end conductor f652, contacts of hold relay 50T, 
conductor 65, series-chain contacts of relays 
630 to f62, corresponding contacts of transfer 

control relay 50, chain-supply conductor 544, 
contacts of clear-out relay 506, and through re 
sistor 526 to battery. Relays 6 and 62 
operate in series over this circuit. Upon operat 
ing, relay f62, at its second right armature, locks 
itself to the operating chain and disconnects its 
winding from chain-end conductor 652. At its 
first right armature, relay 62 opens the chain 
circuit to deprive chain-end conductor 633 of 
energizing potential, whereby operation of any 
of the other pairs of group relays is prevented 
for the time being. 
At its fourth right armature, relay 62 ap 

plies ground potential to conductor in sec 
ondary-magnet branch BSM of cable CA-900, 
thereby energizing selecting magnet M of line 
secondary group 2LS (Fig. 19). This magnet 
corresponds to magnet M (Figs. 1, 3, and 4). 
The operation of magnet M of group 2LS causes 
its associated shaft (-2, Fig. 1) to rotate in 
such a direction as to move the upstanding left 
hand actuating plates 3 of all its fingers 30 
(Figs. 6 and 8) under the stackups S of all the 
switches in the secondary group. This selection 
is maintained in group 2LS of Fig. 19 until a sec 
ondary switch and a primary switch have 
operated to extend the calling line to an idle Se 
lector. 
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E3. UNITs SELECror . 

When group relay Bff operates (in series with 
2), it connects the associated units-mark 

conductors Mff to MO in branch B of cable 
CA-1800 respectively to the units conductors 

to 0 in cable CA-f OO, leading to units 
preference relays 72 to 730. With conductor 
Mill having been grounded by the calling line 
relay 802, ground potential is extended over 
conductor of cable CA-600 to relay 72, op 
erating relay 72 through contacts controlled by 
the second armature thereof, chain-end conduc 
tor 752, contacts of hold relay SO, conductor 
75, chain contacts of relays 730 to 72, chain 

supply conductor 544, contacts of clear out re layios, to battery through resistor S2. Upon 
operating, relay 72 locks itself to the contact 
chain and disconnects its winding from chain 
end conductor 52. At its inner armature, it 
opens the chain circuit to prevent operation of 
any other ones of the relays 722 to 30, in the 
event that two or more lines in the same tens 
group are calling at the same time. The lowest 
numbered line has the operating preference in 
the arrangement indicated, which is similar to 
the arrangement associated with tens group 
relay 62 f to f630, where the lowest numbered 
tens group has the operating preference. 
At its third armature, relay 72 applies 

ground potential to conductor of the primary 
magnet branch BPM of cable CA-900, thereby 
operating magnet M of group 2LP, Fig. 18. The 
# stackups of all the primary switches in group 
2LP are thereby selected. 

E4. STARTING THC CYCLE TIER 

The cycle timer comprising relays 503 to 505 
is used to time a cycle of operations of the com 
mon equipment 2LCE, and to clear out the com 
mon equipment in the event that the matching 
operation to be hereinafter described is unsuc 
cessful. The starting of the cycle timer is initi 
ated by start relay 502, operated through the 
third left armature of any of the relays 82 to 
630, and over conductors 634 and 634'. At its 

right armature, relay 50 operates each of the 
relays 504 and 505 through the associated re 
sistor. At its first left armature, relay 502 closes 
an operating circuit for the right-hand winding 
of relay 503. The operation of relay 503 is 
delayed for a short interval by the normally 
short-circuited left-hand winding thereof, pref 
erably on the armature end of the relay. Upon 
operating, at the end of an interval sufficient to 
allow relays 503 and 504 to operate, relay 503 
Opens its delaying winding to render it fast re 
storing, and it short-circuits relay 504 to cause 
this relay to restore after an interval. 
When the short-circuited relay 504 restores, 

it in turn short-circuits the winding of relay f 505 
to cause the latter relay to restore at the end of a 
further interval. 
The matching operation to be described, un 

less prevented from occurring by an all-links 
busy condition, is able to take place and cause 
the normal clearing-out action of the common 
equipment to occur before the operation of the 
cycle timer (relays f503 to 505) has progressed 
sufficiently far that relay f S05 thereof has been 
restored. 

E5. PRIMARY MATCHING 

The six left armatures of relay 62 connect 
individual test conductors A to F of primary 
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branch BP of cable CA-900 respectively to the 
conductors A to F of cable CA-400, leading to 
the six primary-match relays 403 to 408. 

Test conductors A to F in branch BP of ca 
ble CA-900 are associated respectively with 
switches A to F (Fig. 10A, part 1), comprising 
section of group 2LP, these being the six pri 
mary Switches having access to the tens group of 
lines containing the currently calling line #2. 
Switches A and F of 
2LP in Fig. 18. : 

If switch A is idle at this time, there is an 

this group are shown at o 

idle-indicating battery potential On the associ 
ated hold conductor H, which is consequently ex 
tended through make-busy contacts 897 (corre 
sponding to contact springs 7 and 72, Fig. 7, 
mounted for convenience in the upper portion of 

s 

stackup SC of the switch), to conductor A. 
This idle-indicating battery potential is applied 
through the low-resistance upper winding of op 
erating magnet. 806 (magnet 34 in the appara 
tus drawings) by Way of the normally closed C 
stackup (stackup SC in the apparatus drawings) 
of contacts. Similarly, for each idle one of the 
associated switches A to F in the same pri 
mary section, there is an idle-indicating battery 
potential on the associated one of the cable con 

2) 

25 

ductors A to F in branch BP. For each of 
these switches which is in use, there is a ground 
potential on the associated one of the conductors 
A to F. 
The test conductors A to F in branch BP of 

cable CA-909 having been extended respective 

sh 

ly (by contacts of relay 62) to conductors A to 
Fof cable CA-400, the potentials on conductors 
A to F are extended respectively to the left ter 
minals of the left-hand windings of primary 
match relays 403 to 408. Accordingly, each of 
the relays 403 to 408 associated with an idle 
primary switch in the connected section of group 
2LP (Fig. 18) is operated by battery potential 
supplied over the corresponding One of the con 
ductors. A to F of cable CA-400, provided the 
right terminal of the left-hand winding of such 
relay is Supplied with a return ground potential, 
as all Such terminals normally are. The right 
terminals of the left-hand windings of relays 
1403 to 408 are connected respectively to section 
conductors A to F in the Secondary-finder-action 
branch BSF of cable CA-900, by way of the 
conductors of cable CA-450, contacts of cutoff 
relay 402, and the back contacts of transfer re 
lay 4. 

Section conductors A to F of branch BSF ex 
tend respectively to sections A to F of line-sec 
ondary group 2LS (Fig. 10A, part 2) whereat 
they connect multiply to the outgoing or finder 
action ones of these switches. That is, section 
conductor A of branch BSF connects to switches 
A to A4; section conductor B connects to 
switches B to B3; conductor C connects to 
switches C to C3; conductor D connects to 
switches D and D2; and so forth, to section 
conductor F which connects to switches Fif and 
F2. Of these switches, switch A is shown at 
2LS in Fig. 19, from which it will be seen that 
section conductor A of branch BSF of cable 
CA-90C is maintained grounded through the 
normally closed upper pair of contacts in the 
associated stackup c as long as switch. A? is idle. 
Such conductor is grounded when any of the 
finder-action secondary switches in the same 
section is idle. Similarly, each of the other con 
ductors 3 to F in cable branch BSF of cable 
CA-90 is maintained grounded as long as 
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there is an idle secondary finder-action switch in 
the associated section. 

It may be assumed at this time that all ef. the 
section conductors A to F in branch BSF of cable 
CA-900 are grounded, because there is at least 
one finder-action secondary switch idle in each 
of the sections of group 2LS. Under this condi 
tiola, the right terminal of the left-hand winding 
of each of the primary-match relays 403 to f4 
is supplied with ground potential. 

If it be assumed further that all of the switches 
A to F in the calling first section of primary 2P 
(Fig. 10A, part 1, and Fig. 18) are idle, all of 
the relays 403 to .408 start to operate simulta 
neously. None of the stackup operating mag 
nets, such as 806 and fe08, of primary device 
2LF are operated at this time because of the 
comparatively low-resistance (small number of 
turns) of the upper windings. of the operating 
magnets such as 806 and 1808, and because of 
the high-resistance (large number of turns) of . 
the left-hand windings of relays f403 to 408. 
Each of the relays 403 to 408 is preferably so 

arranged that the locking armatures thereof (the 
third left armature for finder action, now under 
consideration, and the second left armature for 
connector action, to be later described) are com 
pletely operated when the relay as a whole is only 
partially operated, and while the front contacts 
of the right armatures of the relay are still un 
closed. This may be accomplished as by placing 
the locking armature springs in the preferred 
position in the respective stackups, with a suit 
able gap in the operating bushing to permit sufi 
cient movement of the armature proper to effect 
the complete break-make operation of the said 
locking armature springs before the remaining ar 
mature springs of the stackup are encountered. 
Upon partially operating, each of the primary 

matching relays 463 to 408 attempts to close 
alccking circuit for itself at its third left arma 
ture. The locking circuit of these relays, how- . 
ever, is claimed, with the preference leading 
from A to F. As a result, only the A relay 403 
is able to close a locking circuit for itself. This 
locking circuit is from ground on locking conduc 
tor 532 (applied by start relay .502) through 
contacts of transfer relay 40, third left arma 
ture of relay 403 and its front contact, and the 
right-hand winding of relay f 403, to battery, 
through the winding of cutoff relay 402. Cutoff 
relay 402 now operates to disconnect conduc 
tors A to F of cable CA-450 thereby open-cir 
culting the high-resistance matching windings of 
all of the relays 403 to 408. When this occurs, 
the partially operated unsuccessful matching re 
lays 404 to 408 restore, but relay 403 completes . 
its operation by the energization of its right 
hand winding in its locking circuit in series with 
cutoff relay 402. Relays 403 and 4O2 remain 
locked operated until locking conductor. 532 is 
suhsequently ungrounded. . 
The successful locking and the completion of 

the operation of the A primary matching relay 
403 signifies that the A primary switch in the 

calling section of the primary group is idle and 
that there is at least one idle finder-action sec 
ondary switch in the corresponding A section of 
the Secondary group, and it predetermines that 
the matching will occur in the A secondary sec 
tion. 

E6. SECONDARY MATCHING 
The primary matching operation having oc 

curred by the described operation of the A pri 
mary-matching relay 403, the secondary-match 
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ing operation next occurs. This secondary 
matching operation is a preference selection 
among any idle ones of the finder-action second 
aries in the section of the secondary group pre 
determined by the primary-matching operation. 
With the A primary-matching relay 43 in 

fully operated condition, the high-resistance left 
hand windings of secondary-matching relays 
4ff to 144 are under the control respectively 
of test conductors All to A4 in the secondary 
branch BS of cable CA-900, through Contacts 
of relay.f43. 

Conductors. A to A4 in branch BS extend re 
spectively to secondary switches Af to A4 of sec 
ondary group 2L.S. (Fig. 10A, part 2), of which 
secondary switch A is shown at 2LS in Fig. 19. 
Idle-indicating battery potential is maintained 
on each of the test conductors such as A associ 
ated with idle finder-action secondary switches 
of group 2LS. For example, if switch. A? of group 
2LS is idle, idle-indicating battery potential is 
maintained on the associated test conductor Af 
in secondary branch BS over the following cir 
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10. 

ondary-matching relay 4, coupled with the 
restored condition of secondary-matching relays 
42 to 4 f4 predetermines that the first-choice 
secondary switch in the matched A secondary 
section will be operated, along with the matched 
Aprimary switch A in the calling first section 
of the primary grOUlp. 

E7. OPERATING THE MATCHED PRIMARY 
AND Szcon DARY SwircHEs 

At its lower armature, cutoff relay 4 is closes 
a circuit from the grounded locking conductor 

5 

20 

cuit path: from battery, through resistor 4 
associated with the selector S (Fig. 11), through 
the normally closed make-busy contacts fffs, 
contacts of release and cut off relays 03 and, 

Of, hold conductor H of selector link S. in 
cable CA-200, the low-resistance lower wind 
ing of the operating magnet 90 of switch Af, 
and thence through the normally closed make 
busy contacts 902 of switch. A to the associ 
ated test conductor A in branch BS of cable 
CA-900. 

It may be assumed that all of the finder-action 
secondary switches ( to Apf section A of group 
2LS) are adle at this time. In this event, each 
of the associated test conductors A to A4 in 
branch BS of cable CA-900 has an idle-indicat 
ing battery potential thereon. Operating cir 
cuits are, therefore, closed for the high-resist 
ance matching windings of each of the second 
ary-matching relays f4 to 44: from battery 
on each of the test conductors All to A4 in branch 
BS of cable CA-900, the second to sixth right 
armatures of primary-matching relay 403, back 
contacts of transfer relay f4f0, the left-hand 
windings of relays 4 to f44, to ground 
through contacts of cutoff relay f4 f5. All of the 
secondary-matching relays f4 to 44 (repre 
senting secondary choices 1 to 4 respectively in 
the matched secondary section) now start to 
operate. None of the secondary operating mag 
nets (such as 90) operates at this time, be 
cause of the low resistance (small number of 
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turns) of its lower winding, coupled with the . 
high resistance of the matching windings of re 
lays 4 to 42. 
Upon partially operating, each of the second 

ary relays closes a point in a locking circuit for 
its right-hand winding, but under this condi 
tion only the first choice relay 4 is able to lock, 
Its locking circuit is from ground on conductor 
532, through the first right armature of relay 
4, the right-hand winding of relay 4, and 

through the winding of cutoff relay 45, to bat 
tery. Cutoff relay 45 operates in this circuit 
to disconnect the matching windings of relays 
4 to 44, whereupon the partially, operated 

relays 42 to 44 restore, but relay 4f oper 
ates fully and remains operated in the above 
traced locking circuit including its right-hand 
winding. 
The secondary-matching operation is now 
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582, through contacts of clear-out relay 506, 
for slow-acting hold relay 507. Hold relay 50 
operates after a slight interval. At its second 
and third right armatures, relay fol discon 
nects chain-end conductors 652 and 752 to pre 
clude any new operations of relays f2 to 630 
and 72 to 730 for the time being following 
the clearing out of relays 62 and 72, which 
is to follow. At its first right armature, relay 
507 shunts the associated contacts of clear-out 

relay. 506, while at its first left armature it op 
erates clear-out relay O. 
At its second left armature, clear-out relay 
506 locks itself to contacts of start relay 502, 
and at its first right arnature it disconnects 
hold relay 507, but slow-acting hold relay 507 
remains operated for a substantial interval there 
after. 
A further result of the operation of hold relay 
507 is the grounding of operating conductor 533 

at the first left armature thereof. Responsive to , 
this operation, the operating magnets of the 
matched-primary and secondary switches are en 
ergized to bring about the operation of the se 
lected if set of stackups in each switch to ex 
tend connection from the calling line to selector 
S., Fig. 11, associated with the matched second 
ary switch. . . . 
The operating circuit for the matched primary 

switch is from ground on Operating conductor 
533, through the first left armature of the op 

erated primary-matching relay 403, conductor 
A in , cable CA-400, contacts of the operated 
group relay 42, test conductor A in branch 
BP of cable CA-900, make-busy contacts 897 
of primary switch A, c-stackup contacts of 
switch A, to battery through the low-resistance 
upper winding of operating magnet 806. Mag 
net f806 (corresponding to magnet 34, with its 
armature 35, of the switch shown in plan view 
in Fig. 6) now operates, to close the selected # 
stackup of contacts of switch A of group 2LP. 
The operation of magnet 806 occurs promptly as 
a result of the energization of the powerful low 
resistance upper winding thereof. This upper 
winding is disconnected when the associated c 
stackup of contacts opens, leaving the compara 
tively high-resistance lower winding of the relay 
energized as a holding winding which consumes 
but little holding current. 
The operating circuit for the matched second 

ary switch is as follows: from ground on operat 
ing conductor 533, through the second right ar 
mature of the operated secondary-matching re 
lay 4, contacts of transfer relay 4f0, and of 
the operated primary-matching relay f403, test 
conductor A in secondary branch BS of cable 
CA-900, make-busy contacts 902, and low-re 
sistance lower winding of operating magnet 90, 
conductor H of selector link SL, contacts of re 
lays of and 03, make-busy contacts f 5, 

complete, and the fully operated condition of sec- 76 and thence to battery, through resistor it 4. 
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Magnet 90f is quickly energized Over the above 

circuit for its powerful lower winding. There 
upon the selected if stackup of contacts of sec 
ondary switch. A? of group 2LS is closed to com 
plete the extension of the connection of the call 
ing line to the selector S. 

At the normally closed upper pair of the c stack 
up, section conductor A of branch BSF is un 
grounded at one point, while at the normally 
open lower contact pair of the C stackup, the 
comparatively high-resistance upper winding of 
magnet 90 is connected up as a low-current 
holding winding. 
E8. PREPARING THE SELECTOR. S. FOR OPERATION 

The tip, ring, and sleeve conductors of line 
multiple L. M. iii.21 (Fig. 18) associated with 
calling line #211 have been extended by the above 
operations through the # stackup of switch. A 
of primary group 2LP, through link L.A. in cable 
2LA, the # stackup of switch A of secondary 
group 2LS, and selector link SL in cable 
CA-200, to the tip, ring, and sleeve conductors 
incoming to the selector S, Fig. 11. 

Line relay 02 of the selector Sf now operates 
Over the calling line, followed by the operation 
of slow-acting release relay 63, to prepare the . 
Selector for operation in response to the initial 
digit in the desired number. At its first right 
hand armature, release relay 03 applies ground 
potential to the associated incoming hold con 

Additionally, the c. 
stackup of contacts of Switch Al is operated. . 

13 
erence relays 722 to 730 can operate for the 
time being, for chain-end conductor 752 is being 
maintained disconnected by slow-acting hold re 
lay 507, 
E9, CLEARING OUT THE COMMON EQUIPMENT 2CE 
After a sufficient time has elapsed for the de scribed operation of the primary and secondary 

0. 
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ductor H, closing a holding circuit for the oper 
ated primary and secondary switches to main 
tain magnets 806 and 90 operated after the 
common equipment 2LCE of Figs, 14 and 17 has 
cleared out. Additionally, release relay if O3, at 
its third right armature, applies ground poten 
tial to the associated incoming sleeve conductor 
S thereby closing a circuit over the sleeve con 
ductor S of link SL, and through the sleeve Con 
tacts in the operated # stackups of the second 
ary and primary switches A of Fig. 19 and A 
of Fig. 18, for cutoff relay 803 associated with 
the calling line. 

Line relay 862 is now disconnected and re 
stored by cutoff relay 893. Upon restoring, line 
relay 802 disconnects ground potential from 
conductor Mi and disconnects ground poten 
tial at one point from start conductor S, com 
mon to the ten lines served by the first section 
of switches in primary group 2LP, 

In order to explain one feature of operation 
of the common equipment, it will be assumed 
that another line in the same ten-line group has 
made a call in the meantime, in which case con 
ductor St remains grounded after line relay 802 
has restored. The restoration of line relay 802 
and the consequent ungrounding of conductor 
M results in the immediate removal of ground 
potential from conductor in cable CA-600, 
whereupon the # units-preference relay 72 
restores and removes ground potential from the 
associated conductor in primary magnet 
branch BPM of cable CA-1900, permitting se 
lecting magnet M of group 2LP (Fig. 18) to re 
store. The associated shaft (-2 of Fig. 1) is 
thus permitted to restore to normal position. 
This, however, causes no harm to result as the 
matched primary switch has already been Oper 
ated as described. 
With another line calling in the same ten-line 

group, One or another of the marking conductors 
M2 to MO in branch B of cable CA-800 is in 
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switches (A of 2LP, Fig.18, and All of 2LS, Fig. 
19) to occur, followed by the described opera 
tion of line and release relays ff02 and 03 to 
close a holding circuit for the operated primary 
and secondary switches. Slow-acting hold relay 
507 in the common equipment 2LCE restores 

responsive to having been disconnected by clear 
out relay 506 as described. Upon restoring, re 
lay 567 removes ground potential from operate 
conductor 633, but this causes no harm to re 
sult because a holding circuit has been closed, as 
described, for the operated primary and second 
ary switches. 

Relay 50 also reconnects chain-end conduc 
tors 652 and 52, at the same time disconnect 
ing resistor 526 from chain-supply conductor 
f544. Any operated ones (6 and 82) of the 
tens-group relays 62 to 830 and 6 to 620, 
are thereby restored, as is any operated one of 
the units-preference relays 2 to 30, for they 
all depend for Operating current on the now 
disconnected chain-supply conductor 544. 
One result of the restoration of relay 82 is 

the ungrounding of conductor in branch BSM 
of cable CA-1900, thereby deemergizing select . 
ing magnet M of group 2LS, Fig. 19. 
A further result of the restoration of relay 

62 is the removal of ground potential from 
start conductor f 634, permitting start relay 502 
to restore. The restoration of start relay 502 is 
followed immediately by the restoration of cycle 
timer relay A503 and the restoration of any oper 
ated ones of the associated cycle-timer relays 
504 and 505, whereby the cycle-timer is imme 

diately cleared out. 
Start relay 592 also ungrounds lock conductor 

f532, thereby unlocking and restoring primary 
match relay 403 and cutoff relay 402, as well 
as secondary-match relay AG and cutoff relay 
45. 
Clear-out relay 506 restores responsive to the 

removal of ground from lock conductor 532 by 
start relay 502. It reconnects battery-supply 
resistor 526 to the chain-supply conductor 544 
whereupon relays 62 and 6 immediately re 
operate over start conductor SA (still grounded 
by another call in the tens group of lines, as as 
sumed), to cause the common equipment to be 
taken for use for another cycle of operations, re 
Sulting in an idle primary switch and an idle sec 
Ondary switch being matched with the second 
calling line to extend such line to an idle selec 
tOr by Operations substantially as hereinbefore 
described. 
When there is no other line calling in the same 

tens group, the start conductor such as S. in 
cable CA-800 is ungrounded immediately upon 
the restoration of the concerned line relay such 
T '2 when the associated cutoff relay such as 
83 operates as hereinbefore described. In this 

Case, the Operated group relays such as 6 and 
70 62 immediately clear out along with units 

preference relays 72 and 730, when the calling 
line relay (f62) is disconnected and restored, 
as described. The described clearing-out opera 
tion is immediately initiated by start relay 592, 

grounded condition, but none of the units-pref- 5 but no new cycle of operations can be initiated 
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until slow-acting hold relay 507 falls back to 
reconnect chain-end conductors 652 and T52. 

E10. HOLDING THE SWITCHES OPERATED 
The selected # stackup of contacts of sec 

ondary switch. A? of group 2LS is maintained Op 
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ture of driver relay II, through the winding of 
the 1, 7 counting relay fo, and thence through 
the contact chain controlled by relays 08 to 

erated by magnet 90 whose high-resistance up- - 
per winding is maintained energized through the 
lower pair of contacts in the operated c (com 
mon) stackup thereof, from ground potential 
maintained on the associated hold conductor H 
of selector link SL? by release relay 03 of selec tor Sf. The temporary operating energization 

10 

of the low-resistance lower winding has been . 
terminated by the substitution of ground poten 
tial for battery potential on hold lead H of link 
SL?. Additionally, the associated test lead Al 
in branch BS of cable CA-900 has now been 
disconnected by the described clearing-out oper 
ation of the common equipment 2LCE of Figs. 14 
to 1. 
The ground potential on hold lead H of link 

SL is extended, through the lower contact pair 
in the operated # stackup of switch Al, to the 
hold lead H in link L.A.extending to the oper 
ated primary switch fa of group 2LP. The 
ground potential on this lead maintains the high 
resistance lower winding of Operating magnet 
806 energized to maintain the switch A oper 

ated. The powerful low-resistance Operating 
winding of magnet 806 is maintained discon 
nected from the holding circuit at the operated c 
stackup of contacts. 

E11. SETTING THE SELECTORS1 . 

The selector Sf of Fig. 11 has been prepared 
for operation by the previously described opera 
tion of line relay 02 over the calling line and 
the consequent operation of release relay 03. 
A dial-tone signal is now transmitted back to the 
calling line from the common dial-tone lead DT, 
through contacts of busy relay fo, small-ca 
pacity condenser f6, contacts of the operated 
release relay if O3, and contacts of cutoff relay 
O, to the tip conductor of the extended con 

nection. The calling subscriber is thereby in 
formed that he may now dial the digits in the 
desired number (4 f). 
When the hundreds digit 4 is dialed, by the 

usual calling device (not shown), a series of four 
momentary, closely spaced, interruption impulses 
is produced in the direct-current bridge across 
the conductors of the calling line, whereby line 
relay O2 of the selector S is momentarily re 
stored four times. Release relay 03, being ren 
dered slow-restoring as by the indicated con 
ducting sleeve surrounding its core inside its 
winding, remains operated throughout the series 
of restorations of line relay 02. 

Each time it restores, line relay ff02 trans 
mits an impulse through contacts of the oper 
ated release relay ff03, and through contacts of 
busy relay iO4, to impulse conductor f7. Se 
ries relay O5 operates responsive to the first 
impulse delivered to conductor 7. Being slow 
restoring as indicated, series relay 05 remains 
operated throughout the series of impulses to 
maintain the two sets of contacts of counting re 
lays 07 to ff2, associated with cables SC and 
MC, disconnected. 

E11a. Count ING THE DIGIT IMPULSEs 
The first impulse delivered to conductor if 

results in the closure of a circuit from ground 
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tiff, to battery through resistor f3. Counting 
relay BT is thereby operated. At its first left 
armature, it prepares an operating circuit for 
the 2, 8 counting relay B. At its right arma 
ture, it closes a locking circuit for itself to ground 
through the right-hand winding of driver relay 

06, and locking conductor ff 8, grounded 
through contacts controlled by the first right ar 
mature of busy relay 4, the front contact of 
the second right armature of release relay 3, 
back contact of the first right armature of cutoff 
relay fel, and front contact of the first right 
armature of release relay 3. Driver relay 

06, however, does not operate for the time be 
ing, for its right-hand winding is short-circuited 
by ground potential on impulse conductor 
until the first impulse subsides. . . 
At the end of the first impulse delivered to 

conductor f7, driver relay it operates in the 
locking circuit of relay do. Upon so doing, it 
disconnects impulse conductor fill from odd 
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impulse conductor and transfers it to even 
impulse conductor ff2O. 
When the second impulse is delivered to con 

ductor fill, such impulse passes through con 
tacts of the operated driver relay 06, to even 
impulse conductor 20, and thence through con 
tacts of the operated counting relay f OT, the 
winding of the 2, 8 counting relay ff08, to bat 
tery through chain contacts of relays foe to 

and resistor 3. Relay O8 thereupon 
Operates. At its first left armature, it prepares 
an Operating circuit for the next succeeding 
counting relay 09 by connecting it to odd-im 
pulse conductor 9 (now disconnected by the 
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operated driver relay OE). At its second right 
armature, relay 08 locks itself directly to 
ground on conductor fle, while at its first right 

, armature, it disconnects and restores the first 
counting relay 07, thereby open-circuiting the 
right-hand winding of driver relay 106. Driver 
relay 06 is maintained energized thereafter by 
its left-hand winding until the instant even 
numbered impulse (the second impulse) is termi 
nated. 
At the end of the second impulse, counting re 

lay ff08 having been operated and locked as de 
Scribed and counting relay ff07 having been re 
stored, driver relay ff06 restores as a result of 
the consequent deemergization of its left-hand 
winding, transferring impulse conductor 
back from even-impulse conductor. 20 to odd 
impulse conductor 9. 
When the third impulse is delivered to conduc 

tor , by the third momentary restoration of 

60 

line relay 02, Odd-impulse conductor 9 is 
again energized through contacts of the restored 
driver relay ff06. The 1, 7 counting relay of 
does not now respond as it has been disconnect 
ed at the first right contacts of the operated 2, 8 
counting relay ff08. The 39 counting relay fog 

65 now operates in a circuit from ground on conduc tor 9, through contacts of operated relay fiO, 
the winding of relay O9, and thence to battery, 
through the chain contacts of relays ff0 and 

70 
lff, and resistor f3. Upon operating, relay 
09, at its second right armature, locks itself to 

branch locking conductor 2 ?, connected to the 
grounded locking conductor fff 8 through the 
right-hand winding of driver relay fos, driver 
relay 0 not responding for the time being as 

thereon, through the back contact of the arma-75 hereinbefore described. At its second left arma 

s 

s 
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ture, relay O9 shunts the first left armature 
and front contact of relay fo8 so as to maintain 
relay 109 connected to odd-impulse conductor 

9 after relay 8 restores, as it now does re 
sponsive to the opening of the back contact of 
the first right armature of relay O9, Relay 

09 is thus maintained connected to conductor 
9 for the duration of the currently received 

impulse, whereby the right-hand winding of 
driver relay O8 is maintained short-circuited 
until the impulse is terminated. 
When the third impulse is terminated, driver 

relay OS is again operated, this time by the en 
ergization of its right-hand winding in the lock 
ing circuit of counting relay fo9. It again 
transfers impulse conductor from odd con 
ductor 9 to even conductor 20. 
When the fourth impulse is received on Con 

ductor if, it is delivered, through the front 
contact of the operated driver relay 06, to even 
conductor 20, The 4, 0 counting relay O is 
thereupon operated in a circuit from ground. On 
conductor 20, through the front contact of the 
first left armature of relay 9, the winding of 
relay 0, and thence to battery, through con 
tacts of relay and resistor f3. Upon ope 
erating, relay life locks itself directly to conduc 
tor 8 at its second right armature; it con 
nects the fifth counting relay to odd conduc 
tor 9 at its first left arnature; and, at its 
first right armature, it disconnects and restores 
counting relay 09, leaving driver relay fo 
energized only by its left-hand holding winding. 
At the end of the fourth received impulse, 

driver relay 06 is again restored to transfer in 
pulse conductor from even conductor 20 
back to odd conductor 9 in preparation for the 
operation of the fifth counting relay in re 
sponse to the fifth impulse of the series provided 
the series contains a fifth impulse, 

The remaining counting-relay operation is that 
relay O8 is reoperated over even conductor 

20 when the eighth impulse is received, re 
storing relay 07; relay fo9 is operated over odd 
conductor if f 9 when the ninth impulse is re 
ceived, restoring relay, 8; and the 4, 0 count 
ing relay to is operated over even conductor 

O 
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3. 

3. 
In the present example, the impulse series 

comprises four impulses, as a result of which no 
further counting-relay operations occur, after 
counting relay if operates as described and re 
stores counting relay 9. 
At this point, it may be well to describe the 

further counting-relay operations that Occur in 
impulse series containing up to the full number 
of ten, as when the digit 0 is dialed. Driver re 
lay 06 continues to be operated by its right 
hand Winding, as previously described, responsive 
to the termination of each odd impulse, and to be 
held by its left-hand holding winding until the 
end of the next succeeding even impulse, after 
the circuit through its right-hand Winding is 
opened at the beginning of such even impulse. 

Counting relay has operated over odd con 
ductor 9 when the fifth impulse arrives, lock 
ing itself to branch locking conductor 2 and to 
odd conductor 89, and restoring counting relay 

. 
When the sixth impulse arrives, counting relay 
2 is operated, through contacts of counting re 

lay , from ground on even conductor 20. It 
locks itself directly to conductor 8 and re 
mains operated thereafter until conductor if 8 
is subsequently ungrounded. Relay is con 
sequently maintained disconnected at the Con 
tacts of relay f2 and cannot therefore be re 
Operated. 
The chain circuit is again completed to the 1, 7 

counting relay foll, through contacts of restored 
relays 8 to . As a result, when the sev 
enth impulse is delivered, relay it is reoperat 
ed. Over odd conductor 9. 

4. 
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2 when the tenth impulse is received, restor 
ing relay 09. 
By referring to the contacts of relays ff07 to 

If t 2 associated with conductors to o in cables 
MC and SC, it will be observed that, for any 
number of impulses from one to five, the corre 
sponding ones of conductors to 5 in these ca-. 
bles are connected up, through contacts of op 
erated counting relays 07 to respectively. 
When the received series contains six impulses, 

and relay 2 operates, conductor 6 in each of 
the cables SC and MC is rendered effective 
through front contacts of the operated relay 2, 
and through back contacts of the restored re 
lays 0 to O. 
When the received impulse series contains any 

number from seven to ten, the corresponding ones 
of the conductors to 0 in cables SG and MC 
are connected up, through front contacts of the 
sixth counting relay 2, and through front Con 
tacts of the corresponding One of the reoperated 
relays for to if G. 
In the present example, the received impulse 

series contains 4 impulses, corresponding to the 
called hundreds digit 4, and the only counting 
relay in operated condition in the selector S at 
the end of the impulse series is the fourth count 
ing relay to, as hereinbefore described, 
E12. THE SELECTOR ARRANGEMENT of START AND 

MARK CoNDUCTORs 
Each of the 120 selectors has two cables re 

ferred to respectively as a start cable and as a 
mark cable. As shown in Figs. 1 and 12, the 
start and mark cables of selectors are SC and 
MC; those of selector S33 are SC33 and MC38; 
selector S69 has corresponding cables SC69 and 
MC69, and selector S94 has corresponding cables 
SC94 and MC94. 
As shown in Fig. 13, the start and mark cables 

of the selectors extend respectively to start and 
mark terminal blocks, such as SB and MB for 
selector S ; SB33 and MB33 for selector S33; 
blocks SB69 and MB69 for selector S69; and 
blocks SB94, and MEB9, for Selector S96. These 
terminal blocks are preferably arranged in reg 
ular order, with the first pair being SB and MB . 
of selector S, the last pair being the corresponds 
ing blocks of the last selector S 2 (not shown). 
Terminals 2 to 7, 9, and 0 in each of the 120 

pairs of blocks of Fig. 13, are connected to sepa 
rate conductors in cable CA-300. The #2 ter 
minals in all of the SB blocks are connected re 
spectively to conductors S to S2O in branch B2 
of cable CA-300, and the #2 terminals of the 
MB blocks are connected respectively to other 
conductors M to MI2 in the same branch B2 
of the cable. Each of the illustrated branches 
B2 to B7, B9, and BG contains 120 start conduc 
tors corresponding respectively to the 20 Se 
lectors, and 120 mark conductors corresponding 
respectively to the 120 selectors, there being 240 
conductors in each branch of cable CA-300. 

Special connections are made to the i? and i8 
terminals in the MB blocks to cause a busy tone 
signal to be returned when the digit 1, or the 
digit 8, is dialed as an initial digit as will be here 

S in after described, 
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As shown along the top of Figs. 23, 36, 42, and 

48, the branches B2 to BO of cable CA-30 
extend respectively to the selector common 
equipments for the various groups of paths out 
going from the selector switching stage. 
The call now under consideration is for hun 

dreds group 4. The corresponding branch of 
cable CA-1300 is branch B4 extending to the . 
common equipment SCE shown in Figs. 38 to 
39. 

B4M and B4S, Fig. 36. Sub-branch B4M con 
tains the mark conductors M to M20 corre 
sponding to the digit-4 mark conductors of the 
respective selectors S to S2, while branch 
BS contains start conductors S to S20 corre 
sponding to the digit-4 start conductors of the 
respective selectors S to S20. 
Terminal blocks 36 and 362 are provided to 

enable the 120 mark conductors in cable branch 
BM to be cross-connected as desired to conduc 
tors to 20 in cable CA-3700. The cross-sec 
tion on blocks 36 and 362 is straight, as in 
dicated, because the selector multiples SM to 
SM20 extend straight across. from the selectors 
to the primary sections of group 4SP (Figs. 10A 
and 35). 

Blocks 363 and 364 are provided to permit 
start conductors S to S2 in cable CA-3700 
corresponding respectively to the twelve primary 
section relays 370 to 372, Fig. 37, to be cross 
connected with the 120 start conductors in sub 
branches B4S in cable CA-300 as desired. 

in Conformance With the illustrated Straight 
across connection of the selector multiples to the 
concerned primary group 4SP of Figs. 10A and 
35, individual start conductors S to Sf 0 in 
branch B4S are multiply connected to section 
start conductor S ; the next ten individual start 
conductors are connected to section-2 start con 
ductor S2; and so on, to the final ten individual 
start conductors Slf to Sf2O in B4S, which are 
multiply connected to section-f2 start conductor 
S2. 

E13. MARKING THE CALLING SELECTORS1 IN 
EQUIPMENT 4SCE 

When slow-restoring series relay ff05 falls 
back at the end of the series of impulses consti 
tuting the dialed hundreds digit 4, it applies 
ground potential at its first and second arma 
tures respectively to the fourth conductor in 
cable MC and to the fourth conductor in cable 
SC. Ground potential is applied to the fourth 
conductor in cable MC through the back con 
tact of the second left armature of relay foll, 
the low-resistance left-hand winding of the mar 
ginal busy relay if 04, back contact of the first 
armature of series relay 05, back contacts of 
armatures of relays f2 and , and the front 
contact of the third left armature of the Oper 
ated counting relay 0, to conductor 4 in cable 
MC. The ground potential applied directly at 
the back contact of the second armature of Series 
relay OS is extended over a similar path to the 
fourth conductor in cable SC. 
Ground potential is now extended from con 

ductors 4 in cables SC and MC, through ter 
minals 4 in blocks SB and MB of Fig. 13, Con 
ductors S and M in branch B4 of cable 
CA-300, through terminals of blocks 364 and 
B3 to section- start conductor S in cable 
CA-3700, as well as through terminals in blocks 
3B 2 and 36 to individual mark conductor in 
cable CA-3700. 

Branch B4 is divided into two sub-branches 
lo 
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The section and individual identity of the call 

ing selector S are thus marked in the common 
equipment 2SCE, 

E14. SECONDARY SELECTION 

Assuming that section relays 370 to 372 are 
all in restored condition at this time, the above 
grounding of section- start conductor S in 
cable CA-3700 results in the closure of a cir 
cuit for section- relay 37 f: from ground on 
conductor Sf, relay 37 f, contacts controlled by . 
the second right armature of relay 370, chain 
and conductor 3752, the chain contacts (back 
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contacts of the first right armatures) of relays 
72 to 370 in series, chain supply conductor 
385, contacts of relays 3809 and 3807, and hence 
to battery, through the winding of start, relay 
305. Section relay 370 and start relay BIS 
operate in series over the above-traced circuit, 
At its third right armature, section- relay 37 of 
applies ground potential to conductor in branch 
BSM of , cable CA-3500, thereby energizing se 
lecting magnet M of group 2SS (Fig. 22) to 
cause selection of the #f stackup of contacts in 
the associated secondary switch A and in all of 
the other secondary switches in this group. 

Relay 370 also locks itself to the chain circuit 
at its second right armature, disconnecting its 
winding from chain-end conductor 3752, while at 
its first right armature it opens the operating 
chain to the ungrounded chain-end conductor 
3752, thereby precluding operation for the time 
being of any of the other group relays 302 to 
372. The locking circuit of relay 37 of obviously 
includes conductor 385 and energized start relay 
3.05. 

E15. PRIMARY SELECTION 

Group relay 370 also connects the individual 
mark conductors to 0 in cable CA-3700 (cor 
responding respectively to the selectors St to 
SO) respectively to conductors to 0 in cable 
CA-3750 extending to selector-preference relays 
360 to 360. The selector-preference relays are 
arranged to prevent plural selection in the pri 
mary group when more than one selector asso 
ciated with the same primary section is making 
a call at the same time, to the same link group 
at the selector stage. 
The individual-marking ground potential On 

conductor in cable CA-3700 is now extended, 
through contacts of relay 30, and over con 
ductor in cable CA-37.50, to the left-hand 
winding terminal of the first selector-preference 
relay 360. A circuit is thereby closed for relay 
360, in series with selecting magnet M of group 
4SP (Fig. 35) as follows: from ground on con 
ductor of cable CA-350, through the winding 
of relay 360, conductor in primary-magnet 
branch BPM of cable CA-3500, magnet M of 
primary group 4SP (Fig. 35), conductor f in 
branch BPM of cable CA-3500, contacts con 
trolled by the second right armature of relay 
360, chain-end conductor 3652, contacts of re 
lay 3809, conductor 365, the chain contacts of 
relays 360 to 360, and thence to battery 
through chain-supply resistor 365f. Magnet M. 
of group 4SP of Fig. 35 is operated over the 
above circuit to select the #f set of stackups of 
all the primary switches in the group, which op 
eration occurs directly responsive to the opera 
tion of primary-section relay 372, simultane 
ously with the described operation of magnetM 
of secondary group 4SS (Fig. 35). 
Units-preference relay 360 operates in series 

w 

s 
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with the operating magnet over the above-traced 
circuit. At its second right armature, it locks it 
self and the operating magnet to resistor 365 
independent of chain-end coniuctor 3652, and 
disconnects the circuit from the latter conductor. 
At its first right armature, it opens the chain cir 
cuit to chain-end conductor 3652 to preclude op 
eration of any other ones of the selecting mag 
nets of the associated primary group 4SP (Fig. 
35), as well as the Operation of any further ones 
of the selector-preference relays 3602 to 360. 

E16. STARTING THE CYCLE TIMER 

As described, the operation of section- relay 
30 is accompanied by the simultaneous opera 

tion of start relay 3805 in series therewith. Start 
relay 3805 initiates the secondary-matching op 
eration to be hereinafter described. It also closes 

O 

s 

an operating circuit for relay 3806 of the cycle . 
timer comprising relays 3806 and 3807. The ac 
tion of relay 3806 is retarded for an interval by 
the left-hand winding thereof, short-circuited 
through its own back contacts, and through the 
upper front contact of relay 3805. As will sub 
sequently appear, relay 3807 responds to the op 
eration of relay 3806 to clear out the common 
equipment at the end of a short interval in the 
event that the normal cycle of Operations (lead 
ing to the normal clearing-out operation to be 
hereinafter described) falls at some point. 

E17. PRIMARY MATCHING 
A further result of the Operation of section 

relay 370 is that it connects up conductors A to 
D in the primary branch BP of CA-3500, these 
being the test conductors of the switches A to 
D comprising the first section of primary group 
6SP (Figs, 10A and 35). These conductors (A 
to D) are connected to conductors A to D in 
cable CA-3800, extending respectively to pri 
mary-rinatching relays 390 to 3904. Each of the 
relays 890 to 3904 is accordingly supplied with 
an operating battery potential over its associ 
ated conductors A to D in cable 3800, depending 
upon the corresponding primary switch being 
idle in the connected primary section of switches. 
If primary switch A in group 4SP (Fig. 35) is 
idle, there is no ground potential on the associ 
ated sleeve conductor S and on the associated 
test lead A in branch BP of cable CA-3500, 
with the result that idle-indicating battery po 
tential is extended to the said test conductor A, 
by way of the low-resistance upper winding of 
Operating magnet 3503, the associated c-stackup 
contacts, and make-busy contacts 3504, and 
thence over conductor A in branch BP of cable 
CA-3500, contacts of relay 370, and conductor 
A in cable CA-390, to the left terminal of re 
lay 390. 
Ground potential normally reaches the right 

winding terminal of the Aprimary matching re 
lay 390 over conductor A in branch BSG of ca 
ble CA-3500, through the normally closed lower 
pair of C-stackup contacts (Fig. 35) of any of the 
section-A switches (including switch A) in sec 
ondary group 2SS, conductor A' in branch BSG, 
and thence to the right winding terminal of re 
lay 390. 
Ground potential reaches the right winding 

terminal of the B primary-matching relay 3902 
by way of the back contact of the second right 
arnature of relay 390, section conductor B in 
branch BSG of cable CA-3500, c-stackup con 
tacts of any idle section-B secondary switch in 
group 2SS, and over the associated conductor B.’ 
to the right winding terminal of relay 3902, 
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Similarly, ground potential normally reaches 

the right terminal of the C primary-matching 
relay 3903 through the series back contacts of the 
second right armatures of relays 390 and 3902, 
the associated section conductors C and C of the 
associated cable branch BSG in series, while 
ground potential normally reaches the right ter 
minal of the ID primary-matching relay 3904, 
through the series back contacts of the second 
right armatures of relays 390 to 3903, and the 
associated section conductors D and D. in Series. 
Assuming that all the switches in the con 

cerned section f of primary group 4SP are idle 
and that there is at least one switch idle in each 
of the sections A to D of the associated secondary 
group 4SS, the described extension of the first 
section primary test leads to conductors. A to D 
of cable CA-3800 results in an energization of 
the windings of each of the primary-matching 
relays 390 to 3904. Accordingly, all four of these 
primary-matching relays 390 to 3904 start to 
Operate at the same time. Each of the relays. 
390 to 3903 opens the ground connection to the 
next succeeding one of the relays under this con 
dition, with the result that only relay 390 is 
able to operate fully. Relays 3902 to 3904 are 
accordingly deenergized and restored by the 
opening of the back contact of the second right 
armature of relay 390, which occurs before any 
of the relays 3902 to 3904 has fully operated. 
As a further result of its operation, at the front 

contact of its second right armature, relay 390 
applies ground potential directly to its right 
winding terminal, independent of the continued 
joined condition of secondary-section conductors 
A and A'. At its first right armature, relay 390 
disconnects the associated secondary-off-normal 
conductor SON from the corresponding arma 
tures of relays 3902 to 3904 and tiransfers it to 
the operating chain circuit of the A group of 
secondary-matching relays 3905 to 3907 corre 
sponding respectively to Switches A to A3 con 
stituting section A of group 4SS (Figs. 10A and 
35). At its left armature, relay 390 prepares 
an operating circuit for the A primary Switch. A 
in the connected section of primary group 4SP 
(Figs. 10A and 35). 
The primary-matching operation has now been 

accomplished by a single relay operation, the 
described operation of relay 390. 

E18. SECONDARY MATCHING 
Instead of succeeding the primary-matching 

operation, as in the line common equipment 
2LCE, the secondary-matching operation in the 
selector common equipment 4SCE occurs simulta 
neously with the primary-matching operation, 
which result is accomplished in the selector Com 
mon equipments by providing the full number of 
secondary-matching relays 3905 to 3909 and 380 
to 3804, corresponding respectively to the 
switches in the associated secondary group 4SS 
of Figs. 10A and 35, rather than by providing 
a group of secondary-preference relays common 
to all sections of the secondary group as in the 
line common equipments. 
When start relay 3805 operates in series with 

section relay 37 of as hereinbefore described, it 
applies ground potential to the left-winding ter 
minal of. each of the secondary-matching relays 
3905 to 3909 and 380 to 3804. Each of these 
relays thereupon operates, depending upon the 
associated secondary switch being idle. For ex 
ample, if secondary switch A of Fig. 35 is idle 
at this time, there is an idle-indicating battery 
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potential present on the associated test conduc 
tor A in branch BS of cable CA-3500, applied 
thereto over the following. circuit path: from 
battery, through resistor 33 associated with 
connector 4C, make-busy contacts S430 of the 
connector 4C, back contact of the fourth left 
armature of busy relay 3409, normally closed con 
tacts controlled by the second left armature of 
release relay 343, sleeve conductor S of link 
LA, the low-resistance operating winding of 
magnet 50, and the associated make-busy con 
tacts 502, to the said test conductor A. Sec 
Ondary-matching relay:05, individual to sec 
ondary switch. A? of Fig 35, is operated by this 
battery potential responsive to being connected 
up by start relay 380s. 

It may be assumed, for example, that all the 
switches in secondary group 4SS are idle-at this 
time, in which case all of the relays 3905 to see, 
and to 804 operate. The operation of none 
of these relays, except the section-A group 39es 
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ing, leaving the high-resistance holding winding 
energized to hold the switch operated. 
20. OPERATING THE MATCHED SCONDARY SWITCH 
When the shaft controlled by the energized 

magnet M of secondary group 4SS (Fig. 35) 
reaches the selective position, in which it selects 
the F stackup of contacts in each of the asso 
ciated secondary, switches, the associated off-nor 

10 mal contacts apply ground potential to conduc 
tor SON in cable CA-3500, thereby closing a cir 
cuit, through contacts of the operated primary 
matching relay 390, section-A secondary oper 
atting conductor 39, front contact of the oper 

5 ated secondary-matching relay 3905, conductor 
A? in branch Bs of cable CA-3500, make-busy 

2 

to , have any effect at this time because only . 
operate conductor 395 of the group comprising 
conductors 9 to 395 are connected up by the primary-matching group, wherein only relay 390 

operated, as before described. It is also clear that, with relays 905 to 3907 operated, the op 
eration of relay 3905 is alone effective, because 
conductor 95 is disconnected from the contact 
chain and is transferred into connection with 
the associated conductor A. 
With ordinary adjustments, primary and sec-. 

Ondary matching relays (390 and 3905) operate 
before the selecting-shaft rotation is completed, 
because of the light weight of an ordinary relay 
structure, as compared to the weight of a select. . 
ing shaft. Arrangements are, therefore, provided 
to prevent the closing of the circuit for the 
matched primary and secondary operating mag 
nets prior to completion of the stackup-selecting 
operations. These arrangements include the off 
normal contacts shown in association with the 
operating magnets of groups 4SS and 4SP (Fig. 
35). The oft-normal contacts of the secondary 
group control conductor SON in cable CA-350e, 
while the off-normal contacts in the primary 
group control conductor PON in the said cable. 
These off-normal contacts are shown structurally 
at 2 in Fig. 3. A pair of them is provided for 
each shaft of the mechanism, and each such pair 
is arranged to close just as the shaft reaches its 
selective position in either direction. - 
E19. OPERATING THE MATCHED PRIMARY Swirch 
When, responsive to the energization of mag 

net M, the shaft controlled by the magnets'M 
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and M2 of group 4SP (Fig. 35) is rotated into 
selective position to select the #f contact stack 
up of all of the associated primary switches, the 
associated off-normal contacts apply ground po 
tential to conductor PON in cable CA-soo, thereby closing a circuit through contacts of the 
Operated start relay 3805, through contacts of 
the operated primary-matching relay 390, con 
ductor A in cable CA-3800, front contact of the 
fourth left armature of section- relay 370, in 
dividual test conductor A in branch BP of cable . 
CA-50, make-busy contacts 3504, the associ 
ated normally closed c-stackup contacts, and 
thence through the low-resistance operating 
winding of magnet 3503, to battery. Magnet so 
thereupon operates to close the selected if stack 
up of contacts of the associated primary switch 
A and to open the c-stackup contacts to discon 
nect the powerful low-resistance operating wind 
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contacts 502, the low-resistance operating 
winding of magnet 350, conductor S in link 
4LA, and thence to battery through contacts of 
relays 3403 and 309, contacts 340, and resistor 
343. Magnet 50 now operates and closes the 
selected it stackup of contacts of the associated 
switch A, and it shifts the contacts of the asso 
ciated c stackup. The lower contacts of this 

5 stackup separate the associated conductors A and 
A' at one point, while the upper contacts of this 
stackup connect up the high-resistance holding 
winding of magnet 350. 

It is to be noted that the closing of the above 
operating circuits for magnets 3503 and 350 re 
sults in a short-circuiting of the primary and 
secondary-matching relays 9 and 3905, but re 
lays do not immediately restore as a result of be 
ing short-circuited, as is well known. 

2. PRPARING THE CONNECTOR 4C1 FOR 
OPERATION 

With the primary and secondary switches A 
and A of Fig. 35 now in operated condition, the 
tip and ring conductors of the selector link SL 
incoming to the selector S (Fig. 11) are now ex 
tended, by way of the tip and ring conductors 
of selector multiple SM in cable CA-1250, the 
operated # selective stackup of switch A of 
group SP (Fig. 35), the tip and ring conduc 
tors in link of cable 4SA, and tip and ring con 
ductors in the operated #f stackup of switch. A 
of group 4SS, to the tip and ring conductors in 
Coming to connector C (Fig. 34). 

Line relay 340 of the connector 4C now op 
erates over the calling line, in multiple with the 
line relay ff02 of the selector S. Upon so do 
ing, it operates release relay 3403 to prepare the 
connector for operation. This preparation in 
cludes the disconnection of the associated incom 
ing sleeve conductor, at its second left armature, 
from the battery-supply resistor 342 and the 
substitution of ground to provide a holding cir 
cuit for the operated primary and secondary se 
lector-action switches and for the selector S, 
after the cutoff operation has occurred in the 
selector S. 

E22. CUTOFF OPERATION AT SELECTOR S. 

O 

O 
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Since the incoming tip and ring conductors of 
the selector S (Fig. 11) in the selector link SL 
are permanently joined to the corresponding tip 
and ring conductors in the selector multiple SM, 
no Switching-through operation is required at the 
Selector S to permit the connector 4C? to be pre 
pared for operation as above described. A cut 
off operation, however, is required to disconnect 
line relay 02, and for other purposes. 
When the F -selective stackup of switch A of 

Fig. 35 is closed by the described operation of 
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magnet 3503 (responsive to the grounding of the 
associated conductor A in cable CA-3500), the 
ground potential on this conductor A is thereby 
extended to the sleeve conductor S of selector 
multiple SM, and thereover to the winding of 
cutoff relay O of the selector S. Cutoff relay 
A of thereupon operates. At its second right ar 
mature, it joints the sleeve conductor S of selec 
tor link SL to the grounded sleeve conductor S 
of the selector multiple SM. Additionally, re 
lay O, at the back contact of its first right ar 
mature, disconnects ground potential from lock 
ing conductor if 8, thereby clearing out driver 

O 

relay 06 and any operated ones of the count 
ing relays 07 to 2, thereby terminating the 
application of ground potential to the #4 con 
ductors in cables SC and MC. 
At its first left armature, relay 0 removes 

ground from the armature of line relay ff02; at 
the front contact of its first right armature, it 
makes a ground connection to the incoming hold 
conductor H in link SL to maintain this conduc 
tor grounded after release relay 03 has re 
stored; and at the back contacts of its third and 
fourth right armatures, it disconnects the wind 
ings of line relay fo2 from the associated tip and 
ring conductors. Line relay 02 accordingly re 
stores immediately, followed a short time later 
by the restoration of release relay 03. 
With release relay O3 restored, the clearings 

out operation of 4SCE (to be subsequently de 
scribed) having previously occurred, the connec 
tion is held as follows: a 
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Release relay 3403 in the connector AC, held 
over the calling line by line relay 340, main 
tains the associated incoming sleeve conductor S 
of link A grounded at the front contact of its 
second left armature. The ground potential on 
conductor S of link L.A? passes through the up 
per contacts in the operated c. stackup of Second 
ary switch A of group SS to the high resistance 
holding winding thereof. m 
The ground potential on the sleeve lead of ink 

(LA is extended, through the sleeve contacts of 
the operated it stackup of switch A, to the 
sleeve lead of primary switch A of group 4SP, to 
which lead the high-resistance holding winding 
of magnet 3503 is connected. 
The ground potential on the sleeve conductor 

of the said Switch A is extended, through the 
sleeve contacts of the operated # stackup there 
of, to the sleeve conductor of selector multiple 
SM, to hold cutoff relay 0 of the selector S. 
operated, which cutoff relay maintains the hold 
conductor H in link SL grounded at the front 
contact of its first right armature to maintain the 
line primary and Secondary Switches operated: 
The ground potential on the sleeve conductor 

of multiple SM passes through the front contact 
of the second right armature of cutoff relay Of 
to sleeve conductor S in link SL to maintain the 
cutoff relay 803 of the calling line operated. 

E23. CLEARING OUT THE COMMON EQUIPMENT 4SCE 

The Way in which the selector common equip 
ment SCE is cleared out at the end of its previ 
ously described operation will now be described. 
The normal clearing-out operation is con 

trolled by clear-out relays 3808 and 3809. Clear 
out relay 3808 is operated over conductor 3650 by 
the operation of any one of the selector-prefer 
ence relays 360 to 360 (relay 360 in this case). 
Upon operating, relay 3808, at the front contact 
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of its second right armature, shunts the associ 
ated contacts of relay 3809. At the back contact 
of its first armature, relay 3808 removes the 
short-circuit previously existing around the 
winding of the low-resistance clear-out relay 
3809. When this occurs, relay 3809 operates over 
conductor 3852 and through contacts of any op 
erated One of the section relays 370 to 32 (rea 
lay 30 in this case) in series with the actuated 
secondary selecting magnet, 
Upon operating, relay 3809, at its first arma 

ture, opens a further point in the shunt circuit 
previously existing around its winding; at its sec 
Ond armature, it renders the circuit of start re 
lay 3805 and the operated one of the relays 30 
to 32 dependent on the closed outer contacts of 
relay 3808; and at its third right armature, it 
disconnects chain-end conductor 3652 of relays 
360 to 360 to preclude operation of any fur 
ther one of these relays until relay 3809 again 
restores. 
The above operation of relays 3898 and 3809 

takes place in rapid succession following the de 
scribed operation of selector-preference relay 
360, and is concluded before the previously de 
Scribed Operation of the matched selector-stage 
primary and secondary switches. 
Upon the described operation of cutoff relay 

foil of selector Sl, ground potential is removed 
at the back contact of the second left armature 
thereof, from the previously marked conductor 4 
in cable MCft, thereby terminating the marked 
condition of this conductor immediately, without 
waiting for the associated counting relays to 
clear out as previously described. This operation 
results directly in the removal of ground poten 
tial from the left winding terminal of the operat 
ed selector-preference relay 360, whereupon re 
lay 360 restores and again completes the oper 
ating chain to chain-end conductor 3652, except 
for the open point at the third armature of the 

- energized clear-out relay 3809. 
The restoration of relay 380 also results in the 

removal of ground potential from conductor 
3650, open-circuiting and restoring clear-out re 
lay 388. With relay 389 operated, the restora 
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tion of relay 3808 opens the series circuit previ 
ously existing through start relay 3805 and sec 
tion relay 30. Relays 370 and 3805 thereupon 
immediately restore. Any operated ones of the 
matching relays 390 to 3909 and 380 to 380 are 
thereby immediately restored. 
The above restoration of start relay 3805 nor 

mally occurs before the retarded cycle-timer re 
lay 3806 has had time to operate. The circuit of 
the operating winding of relay 3806 is opened by 
start relay 3805, and the retarding winding of re 
lay 3806 is also opened, to terminate the fow of 
circulating current therein to avoid a partially 
Saturated condition thereof at the outset in the 
event that the next cycle of operations of the 
Common equipment immediately follows the 
clear-out operation now being described. 

Clear-out relay 3809 restores responsive to the 
described restoration of relay 370, rejoining the 
winding of start relay 3805 to chain-supply con 
ductor 385 and rejoining chain-end conductor 
3652 to conductor 365, completing the clearing 
out of the common equipment 4SCE. 

E24. RESUMS OF OPERATIONS AT THE SELEcroR 
STAGE 

In résumé of the described operations at the 
Selector stage, it may be pointed out that such 



operations occur in three successive short inter 
vals which may be tabulated as follows: 

Table 1 
INTERWALs Of OPERATION AT THE SELECTORSTAGE 

2 3. 
Seleure Matching Switch 
of 48CE and selecting operation 
(25 m. s.) (50 m. ...) (25 m. s.) 

Misp 303 
3. 39 

M1 of 2.SS 301 
38s 3.05 

As shown in the above table, the hereinbefore 
described operations at the selector switching 
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in five successive intervals, represented" respec- . 
tively by the columns of the table. 

O 

5 

stage resulting in the completion of the connec 
tion to the connector 4C of Fig. 4, following the 
hereinbefore described restoration of series relay 

of the selector S, occur in three successive 
intervals represented respectively by the three 
columns of the table. 

Seizure of the selector : common equipment 
4SCE occurs during the first interval, relays 370 
and OS operating in series; during the second 
interval, five operations are started simultane 
ously, that of selector-preference relay 360, 
matching relays 90 and 3905, and the opera 
tion of the two selecting magnets MI; and, in the 
third interval, switch-operating magnets 3503 
and 50 occur responsive to the completion of 
the operation of the respective selecting mag 
nets M. 
As is indicated within parentheses in the table, 

the first and third intervals are rated at twenty 
five milliseconds each, and the second interval is 
rated at fifty milliseconds. These ratings are 
given by way of example only, for the intervals 
may be made considerably shorter than the times 
given, provided the concerned magnet windings 
are specially chosen to this end. 
With the respective interval durations as in 

dicated, the total time consumed by, the three 
intervals at the switching stage is only one hun 
dred milliseconds (one-tenth of a second) 
which is only a fraction of the average pause be 
tween Successive dial Operations at the calling 
substation. 

E25. RESURE OF CLEARING-OUT OPERATIONs 
AT 4SCE 

Since it is important that the common equipa 
ment SCE clear out promptly following the 
handling of a call to permit another call (if one 
has arrived or is waiting) to be handled imme 
diately thereafter, a résumé is given of the pre 
viously described clearing-Out Operations at the 
selector common equipment SCE of Figs, 36 to 
39, with reference to the following table: 

be 2 
CLEARNG-OUT INTERWALSA ASCE 

5 
(15 a. s.) 

2 
(5 a. s.) 

3. 
(15 a. s.) 

4. 
(15). 3.) 

As shown in the above table the above dea 
scribed clearing out of the common equipment 
SCE, following the described competion of the 
connection through the switching stage occurs 

45 

50 

SS 
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As shown by the above Table 2, cutoff relay 
of the selector S operates during the first 

clear-out interval (responsive to the operation of 
primary switch A, Fig. 35); selector-preference 
relay releases in the second interval respon 
sive to the operation of relay f; clear-out re 
lay 8 releases in the third interval responsive . 
to the restoration of relay 30; section relay 
870? and start relay 35 release in the fourth 
interval responsive to the restoration of relay 

8; and, in the fifth and final clear-out inter 
val, clear-out relay 30, primary-matching re 
lay 390?, and secondary-matching relay 3005, re 
lease responsive to the restoration of relays 370 
and 80s. 
The hereinbefore described reclosing of the . 

chain-supply conductor 8 at the back contact 
of the second armature of relay 30 renders 
the selector common equipment immediately ca 
pable of starting the next cycle of operations. 
As is indicated by the notations in parentheses 

under the respective column headings in Table 2, 
the relay-operating time of twenty-five millisec 
onds is assigned to the first interval, and the re 
lay-releasing time of fifteen milliseconds is as 
signed to each of the remaining intervals, a total 
time of eighty-five milliseconds. This is sub 
stantially less than one-tenth of a second. 

E26. SIMULTANEous SELECTOR-STAGE CALLs 
With the timing as given in the Tables 1 and 

2, when two calls at the selector switching stage 
are directed simultaneously to the same group of 
Selector links, the call which does not have pref 
erence in the chains of Figs. 36 and 37 waits 
through the selector-stage operating period. of 
the preferred call (one hundred milliseconds), 
and through the clearing-out period of the com 
mon equipment (eighty-five milliseconds), foll 
Owing which the second call is put through dura 
ing its selector-stage operating period, of one 
hundred milliseconds. The total inter-digit 
switching time required at the selector stage for 
the second of the two simultaneously presented 
calls under discussion is 285 milliseconds, sub 
stantially less than three-tenths of a second. 
This period of time is also well within the aver 
age interval occurring between successive series 
of digitimpulses, 

E. STNG THE CONNECTOR 4C1 
Following its seizure by the hereinbefore de 

scribed selector-switching action of the switches 
A? and A of Fig. 35 and the consequent opera 
tion of its line and release relays 3804 and 303 
to prepare it for operation, the connector C is 
set in accordance with the tens, units, and party 
digits 1, 1, and 1 in the called number, as Will 
now be described. a 

E2. OPERATING THE SEQUENCE RELAYS 
Sequence relays to , and their com 

mon driver relay 30, are provided to distribute 
the impulse series, received thereat over impulse 
conductor 335, to the tens register of Fig. 34, 
and the units and party registers of Fig. 35. 

Each time a digit is dialed into the connector 
4C, and line relay 340 restores momentarily a 
number of times corresponding to the value 
thereof, series relay 3404 is operated, through 
the back contact of the armature of line. relay 
340, and through the front contact of the right 
arnature of release relay 403. Being slow 
restoring, as indicated, series relay 3404 remains 
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operated throughout the series of impulses con 
stituting a dialed digit. - 
Each time it operates, series relay 3404 applies 

ground potential to conductor 3444, by way of 
the following circuit path: from ground on con 
ductor 3450, grounded at the front contact of 
the first left armature of release relay 303, back 
contact of the second left armature of busy relay 
3409, conductor 3440, and the front contact of 
the right armature of series relay 3404, to con 
ductor 34. 
The first grounding of conductor 34.4, at the 

beginning of the ten series of impulses, results 
in the closure of a circuit, through the back con 
tact of the first right armature of driver relay 
34 f6, and through the back contact of the first 
right armature of sequence relay 34 2, for the 
winding of the # sequence relay 34 f. Relay 
34 thereupon operates and closes a self-locking 
circuit, as follows: from ground on conductor : 
3440, left-hand winding of driver relay 340, front 
contact of the left armature of relay 38, back 
contact of the first right armature of relay 362, 
and thence to battery through the winding of re 
lay 34 . The left-hand winding of driver relay 
34 G remains unaffected in this locking circuit 
(being short-circuited) so long as the initial cir 
cuit for relay 34 if exists. 
When series relay 3404 falls back at the end of 

the first digit, relay 36 remains operated, and 
driver relay 38 operates in the above-traced 
locking circuit of relay 36. Upon operating, 
driver relay 36 disconnects conductor 3488 
from the winding of counting relay 38 and 
transfers it to the winding of relay 382, through 
contacts of the operated relay 34 f. 
Upon the next succeeding operation of series 

relay 3306 (during the units digit), the resulting 
grounding of conductor 3444 closes a circuit 
through contacts of the operated relays 380 and 
38 ft for counting relay 362. Relay 342 there 
upon locks itself to conductor 3440 at its first left 
armature. At its first right armature, relay 342 
opens the above-traced locking circuit and pre 
pares an operating circuit for relay 36 3. Count 
ing relay 36 if thereupon restores, but driver re 
lay 340 is maintained operated over conductor 
3644 by its right-hand winding until series relay 
3604 restores at the end of the digit. When this 
occurs, driver relay 360 restores, leaving relay 
342 locked operated over grounded conductor 
366. 
When series relay 3404 operates pursuant to 

the party digit (the final digit in the number), 
it closes a circuit over conductor 3444, through 
the back contact of the first right armature of 
driver relay 340, front contact of the first right 
armature of relay 342, to battery through the 
winding of relay 343. Relay 343 thereupon op 
erates. Upon So doing, it locks its winding in se 
ries with the left-hand winding of driver relay 
340, at the front contact of its left armature. 
When Series relay 3404 restores at the end of 

the party digit, counting relay 343 remains 
locked in series with the left-hand winding of 
driver relay 340 and the driver relay thereupon 
reoperates in the locking circuit of relay 343. 

E27b. REGISTERING THE TENS DIGIT 
Each time line relay 340 restores momentari 

ly during the daling of the tens digit in the de 
sired number, it extends ground potential 
through the front contact of the right armature 
of release relay 3403, and the back contact of the 
left armature of busy relay 3409, to impulse con 
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ductor 3435. . Impulse conductor. 3435 normally 
extends, through back contacts of sequence re 
lays 340 and 343, to the tens-register impulse 
conductor 3438, leading to the tens register con 
prising driver relay 3444 and counting relays 35 
to 3420. The operation of relays 344 to 3420 is 
as described for the corresponding relays ff06 
to f 2 of selector S. It will suffice to say that 
counting relays 345 to 3420 operate in accord 
ance with the value of the received digit series of 
impulses to prepare a circuit. Over the corre 
sponding one of the conductors f to 0 in branch 
BTM of cable CA-320). 

E27c, REGISTERING THE UNITs. DIGIT 
When the units digit is dialed, the impulse Se 

ries delivered to impulse conductor 3435 by line 
relay 340 is transmitted through the front con 
tact of the second right armature of driver re 
lay 340 (which has operated as described at the 
end of the tens digit), and through the back con 
tact of the right armature of sequence relay 343, 
to the units-register impulse conductor 343, ex 
tending to the relays 330 to 330, comprising the 
units register. The counting relays 3302 to 339 
are thereby set in accordance with the value of 
this digit to prepare a circuit Over the corre 
sponding one of the conductors to 0 in units 
mark cable 33UM. 

E27d. REGISTERING THE PARTY DIGIT 
When the party digit is dialed, the resulting 

series of impulses delivered to impulse conductor 
3635 by line relay 360 is transmitted through 
the back contact of the second right armature of 
driver relay 34 (restored as described at the 
end of the units digit), through the front con 
tact of the second armature of relay 342 (oper 
ated at the beginning of the units digit), and 
thence over the party-register conductor 3438 to 
relays 3308 to 333, constituting the party regis 
ter. Counting relays 3309 to 333 of this register 
Operate in accordance with any value of from 1 
to 5 of the called party digit to prepare a ringing 
circuit over the corresponding one of the com 
non ringing conductors F to F5. 

In the present example, the tens, units, and 
party digits (of the called number 4111) are 
each a 1. Accordingly, the # counting relays 
are operated in each of the registers; relay 345 
in the tens register, relay 3302 in the units reg 
ister, and relay 3309 in the party register. The 
first conductor A is accordingly selected in 
branch BTM of cable CA-3300 and in cable 32 
UM, while the first ringing conductor F is se 
lected at the party register. 

E.28. SEIZING THE COMMON EQUIPMENT 4LCE 
THROUGH THE CONNECTOR CHAIN 

When driver relay 340 reoperates as described 
at the end of the party digit (sequence relay 348 
having operated during the party digit), ground 
potential is applied to start conductor ST in 
branch BC of cable CA-3200, through contacts 
of the operated relays 343 and 340. 
Assuming that the line common equipment 

4LCE of Figs. 27 to 30 is idle at this time, the 
above grounding of start conductor ST in branch 
BC of cable CA-3200 closes a circuit for con 
nector-chain relay 300, individual to the call 
ing connector 4C, as follows: from ground on 
the associated start conductor ST, through the 
winding of relay 300, normally closed contacts 
controlled by the second right armature there 
of, the associated chain-end conductor, the 
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chained path through back contacts of the first 
right armatures of relays 3009 to 00, chain-sup 
ply conductor 30CH, transferrcontrol relay 280, 
normally closed contacts controlled by the sec 
ond right armature thereof, chair-end conductor 
2952, back contact of the second right anature 
of hoid relay 280, conductor 295, the chained 
path through the back contacts of relays 290 to 
282, conductor 2932, back contact of the first 
right armature of transfer-control relay 20, 
chain-supply conductor .2844, back contact of the 
second right armature of clear-out relay 280, to 
battery through chain-supply resistor 282. 
Transfer-control relay 280 and connector 

chain relay 300 operate in series over the above 
traced circuit. At its second right armature, re 
lay 300 locks itself directly to the operating 
chain over conductor BOCH, at the safne-time 
disconnecting its winding from the associated 
chain-end conductor. At its first right arnature 
it opens the operating chain to the associated 
common chain-end conductor to preclude Opera 
tion at this time of any of the associated Connec 
tor-chain relays 3002 to 009, At its left arma 
tures, relay 300 f connects up the associated con 
ductors TR, UR, H, BU, SW, and S in the as 
sociated branch BC of cable 3200, all of these 
conductors being individual to the calling con 
nector C of Figs, 33 and 34. 
E29. CHANGING Ove:R Coton EquPMENT ICE 
From LINE-FINDER OPERATION To CoNNECTOR 
OPERATION 

when transfer-control relay 280 operates in 
series with connector-chain relay 300 as de-- 
scribed, at its second right armature, it locks its 
self to chain-supply conductor 28, at the same 
time disconnecting its winding from the associ 
ated chain-end conductor 2952. At its first right 
armature, it disconnects chain-supply conductor 
2844 from conductor 2932, thereby depriving 
chain-end conductor 2952 of current, and pre 
cluding operation of any one of the relays 292 
to 2930 and 29 to 292 thereover for finder 
action, 
At its first left armature, transfer-control es 

lay 280 joins operate conductor 2833 to condie 
tor 3OH for a purpose to appear hereinafter; and, 
at its second left armature, it applies ground po 
tential to transfer conductor 283, thereby oper 
atting transfer relays 2 and 2 of, to complete 
the changeover of the common equipment from 
its normal condition for controlling line-finder 
action, to the condition in which it controls what 
is termed connector action. 
E30. SECTION SELECTION IN THE LINE PREARY 

GROUP 

The i? section of the primary group LP of 
Figs. 10A and 31 (containing the terminals of 
the called line #411i) is now selected by the op 
eration of section- relay 292 over the follow 
ing circuit: from ground, through the front con 
tact of the sixth left arnature of the operated 
connector-chain relay 300, conductor TR, in 
branch BC of cable CA-3200, back contacts of 
relays 3420 to 346 of the tens register, front 
contact of the third right armature of the oper 
ated counting relay. 345, conductor? in branch 
BTMI of cable CA-320, to battery through the 
right-hand winding of section- relay 292. Up 
on operating, relay 2821, at its left armatures, 
connects the conductors A to fo in branch BP 
of Cable CA-3200 respectively to the conductors 
A to D in cable CA-200, pursuant to primary 

right armature, it grounds conductor 
s 

O 
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matching to be subsequently described. Add 
tionally, relay. 292 f grounds start conductor. 234 
at its third right armature; while, at its fourth 

a 
branch BSM of cable CA-3200. 

E3, TEN's SELECTION 
Responsive to the grounding of conductor f in 

branch BSM of cable CA-32, by section- re 
lay 292, selecting magnet M of secondary group 
LS (Figs, 10A and 32) operates to select the 

stackup of contacts in all the associated sec 
Ondary switches. 

E32. UNITs SEECTIOg 
Contemporaneously with the described opera 

tion of section- relay 292, units selection in 
primary group LP (Figs, 10A and 31) is accom 
plished by the energization of selecting magnet 
MIf thereof over the following circuit path: from 
ground, through the front contact of the fifth 
left armature of connector-chain relay 300, con 
ductor UR in branch BC of cable CA-3200, back 
contacts of counting relays 36 to 33 of the 
units register of connector Cl, front contact of 
the third right arnature of the operated count. 
ing relay 3302, conductor in cable 33UM, to 
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battery through magnet M (Fig. 31) of primary 
group LP. The # stackup of contacts is there 
by selected in each of the associated primary 
Switches, 

E33. STARTING THE CYCLE 
The cycle timer of equipment LCE, compris 

ing relays 2803 to 280S, is started into operation 
responsive to the energization of start relay 2802 
over conductor 2934, grounded at the front con 
tact of the third right armature of section- re 
lay 2923. The operation and function of this 
cycle tinner is similar to that hereinbefore dis 
cussed in connection with the cycle timer shown 
in Fig. 15. - 

Start relay 2802 also grounds lock conductor 
2833 as a preparatory operation. 

E34. PRARY MATCHING 

Primary matching. at relays 2703 to 2706 now 
occurs, with the left-hand windings of these re 
lays being Connected, through conductors in ca 
ble CA-200, and through contacts of section 
relay 292, respectively to test conductors A to 
D in cable CA-3200, which test conductors are 

connected respectively to the primary switches 
A. to ED Comprising section of primary group 
4LP (Figs. 10A and 31). 

he right terminals of the left-hand wind 
ings of primary-match relays 2703 to 2706 are 
now connected, through conductors in cable 
CA-2750, contacts of cutoff relay 2702, and the 
front contacts of the operated transfer relay 
20, to conductors A to Drespectively in branch 
BSC of cable CA-3200. Conductors. A to D in the 
said branch BSC are connected multiply to the 
Connector-action Switches in sections A to D re 
spectively of secondary group LS (Figs. 10A and 
32). Any one of Such conductors is maintained 
grounded, as indicated in Fig. 32, so long as any 
One of the connector-action switches in the as 
Sociated Section is idle. For example, conductor 
D of this cable branch is normally maintained 
grounded at the upper contact pair of the c stack 
up of the connector-action secondary switch DS 
of Fig. 32, as well as at the corresponding con 
tacts in each of the other associated connector 
action SWitches in section D. 
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. It may be assumed, for the purpose of illus 
tration, that all four of the primary switches in 
the called it? primary section are idle, and that 
there is at least one idle connector-action sec 
ondary switch in each of the sections. A to ID of 
the concerned secondary group, IS. In this 
event, the high-resistance left-hand winding of 
each of the primary-matching relays 2703 to 2706 
is energized, resulting in all four of these relays 
starting to operate, 
The matching circuit for, primary-matching 

relay 27.06 may be traced from ground on con 
ductor D in branch BSC of cable CA-3200, 
through the front contact of the fourth arma 
ture of transfer relay 20, back contact of the 
fourth right armature of cutoff relay 202, con 
ductor D in cable CA-250, left-hand winding 
of relay 206, conductor D in cable CA-200, 
front contacts of the first left armature of sec 
tion- relay 22, conductor D in branch BP of 
cable CA-32, make-busy contacts 309, c 
stackup contacts of switch D of group LP, to 
battery, through the low-resistance Operating 
winding of magnet 308. Magnet 308 is not 
operated at this time because of the high-re 
sistance of the left-hand Winding of relay 26. 
Each of the relays 203 to 2706 attempts to close 

a locking circuit for itself upon partially oper 
atting, but in this example only relay 206 is able 
to close a locking circuit for itself. 
By the operation of the second left armature 

of transfer relay 20, locking conductor 222 
has been substituted for locking conductor 22, 
thus shifting the primary preference from the 
finder-action order of preference (section. A to 
section D) to the connector-action order (from 
section D to section A). 
At its second left armature, the section-D pri 

mary-matching relay 26 disconnects the con 
nector-action locking conductor 222 from the 
locking armatures of each of the relays 205 to 
293, and closes a locking circuit through its 
right-hand winding, to battery through the wind 
ing of cutoff relay 202. Cutoff relay 202, there 
upon operates to open-circuit the left-hand wind 
ing of each of the relays 2703 to 206. When this 
occurs, each of the partially operated matching 
relays 2703 to 2705 restores. Relay 27.06 is fully 
operated by its right-hand winding, in series 
with cutoff relay 202. m 
With relay 2706 locked operated, and relays 

2703 to 25 in restored condition, primary 
matching has taken place between the D primary 
switch (D) in the called it section of primary 
group ALP (Fig. 31) and section D of the associ 
ated secondary group ALS (Fig. 32). 

E35. SECONDARY MATCHING 
The described primary-matching Operation is 

followed by a secondary-matching operation. 
With primary-matching relay 206 operated 

and relays 2703 to 205 in restored condition, 
secondary-matching relays 2 to 23 are un 
der the control of test leads D5 to D3 respec 
tively, in branch BS of cable CA-3200, keeping 
in mind that transfer relay 20 is now in op 
erated condition. Each of these secondary 
matching relays, therefore, starts to Operate, de 
pending upon the associated one of the conneca 
tor-action secondary switches D5 to D3 in group 
4LS of Figs. 10A and 32 being in idle condition. 
It may be assumed that all three of these 
switches are in idle condition at this time, in 
which case all three of the secondary-matching 
relays 27 to 273 start to operate. 

23 
The matching circuit of relay 27 is from 

ground, through contacts of cutoff relay 27, 
through the high-resistance left-hand winding 
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left-hand winding of secondary-matching 

of relay 27, front contact of the first right 
arnature of transfer relay 20, front contact of 
the first right armature of primary-matching re 
lay 208, conductor D5 in branch BS of cable 
CA-200, make-busy contacts 3204, lower con 
tact pair in the associated c. stackup, to battery 
through the low-resistance operating winding of 
magnet 203. Magnet 3203 is not operated at 
this time because of the high-resistance of the 

relay 
2. 
Upon Operating partially, relay 2 closes a 

Self-locking circuit through the front contact of 
its first right armature, its own right-hand wind 
ing to battery through cutoff relay 25. Cutoff 
relay 25 thereupon disconnects the left-hand 
winding of each of the relays 2 to 28, 
whereupon partially operated relays 272 and 
23 restore. Relay 27 operates fully and re 
mains operated in its locking circuit through its 
right-hand winding in series with the cutoff 
relay. w 

E36. DISTRIBUTOR SELECTION 

Selection now occurs in the distributor group 
4D (Figs. 10A and 32) according to which of the 
the nine connector-action secondary switches in 
group IS (Figs. 10A and 32) has been predeter 
mined by the described primary and secondary 
matching operations. In the present example, 
the first-choice connector-action secondary 
switch D5 in group LS (Fig. 32) is the one pre 
determined by the matching operation. Accord 
ingly, ground potential is extended from the 
front contact of the outer armature of trans 
fer relay 20, over conductor 22, the front 
contact of the Outer right armature of the oper 
ated primary-matching relay 206, over the asso 
ciated A distributor control conductor, and the 
front contact of the third right armature of sec 
Ondary-matching relay 27, to conductor in 
branch BDM of cable CA-320. The ground 
ing of this conductor results in the energization 
of the # selecting magnet M in the distributor 
group 4D (Figs. 10A and 32) to cause the # 
stackup of contacts to be selected in each of the 
nine distributor switches of the group. 
E37. OPERATING THE MATCHED PRIMARY, SECOND 

ARY, AND DISTRIBUTOR SWITCHES 
At its lower armature, cutoff relay 275 applies 

ground potential, from the grounded lock con 
ductor 2832, to conductor 2834, closing a circuit 
through contacts of clear-Out relay 288 for the 
slow-acting hold relay 280. Hold relay 288 be 
ing both slow-operating and slow-releasing as 
described hereinbefore in connection with the 
similar hold relay 5, operates after a sufficient 
interval has elapsed following the operation of 
cutoff relay 25 to permit the previously de 
scribed stackup selection to occur in distributor 
group 4D, Fig. 32. 
Upon operating, hold relay 280T disconnects 

the associated chain-end conductors 3052 and 
2952 at its third and second right armatures to 
preclude operation for the time being of any of 
the associated chained relays; at its first right 
armature and front contact, it shunts the asso 
ciated contacts of clear-out relay 2806; at the 
front contact of its Second left arnature, it 
closes an operating circuit for the delayed-action 
clear-out relay 2806; and, at its first left arma 
ture, it applies ground potential to Operate Con 
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ductor 28, closing a circuit for the operating?." 
magnet of each of the switches 4D and All of 
Fig. 32, and fo of Fig. 31. 1 
The operating circuit for magnet 320 of the 

secondary switch DS is as follows: from ground is 
on operate conductor 28, through the front . 
contact of the second right arriature of sec 
ondary match. relay 27, front contact of the 
first right armature of transfer relay 27 fo, front 
contact of the first right armature of primary- 0 
match relay 270s, test conductor D5 in branch 
BS of cable CA-3200, make-busy contacts 204, 
the lower pair of associated c-stackup contacts, 
and to battery through the low-resistance Operat 
ing winding of magnet 20. 
thereupon operates, closing the associated # 
stackup of contacts and shifting the contacts of 
stackup c. The upper contacts of the associated 
c stackup disconnect ground potential at one 
point from the associated section conductor D for 20 
the connector-action secondary switches, while 
the lower pair of contacts in the c. stackup dis 
connect the low-resistance operating winding of 
magnet 20, leaving the high-resistance lower 
winding connected as a holding winding. 25 
The operating circuit for magnet 308 of pri 

mary switch. D is as follows: from ground, on 
operate conductor 2833, through the front con 
tact of the first left-armature of primary 
matching relay 270, conductor D in cable 30 
CA-270, front contact of the first left arma 
ture of section- relay 2921, conductor ID in 
branch BP of cable CA-3200, make-busy con 
tacts 39, the associated . c-stackup contacts, 
and thence to battery through the low-resistance is 
operating winding of magnet O. Magnet 30 
thereupon operates to close the associated it 
stackup of contacts and to shift the contacts of 
stackup c. The c-stackup contacts disconnect 
the operating winding of magnet 30, leaving 40 
the high-resistance lower winding of this magnet 
connected as a holding winding. 
The operating circuit for the distributor switch 

(4D, Fig. 32) associated with the calling con 
nector 4C1 of Fig. 33 is as follows: from ground 
on operate conductor 2833, through the front 
contact of the first right armature of transfer 
control relay 280, conductor 39H, front contact 
of the fourth left armature of connector-chain so 
relay 300, conductor H of link L4C? in cable 
CA-3400, c-stackup contacts of Switch 4D (Fig. 
32), and thence to battery through the low-re 
sistance operating winding of magnet 3205. 
Magnet 3205 now operates to close the associated 65 
# stackup of contacts and to shift the associate 
ed C stackup, thereby disconnecting the low-re 
sistance operating winding of magnet 205, leave 
ing the high-resistance lower winding thereof 
connected as a holding winding. 50 
The outgoing tip, ring, and sleeve conductors 

of the connector 4C (conductors T, R, and S in 
link L4C) have now been extended through the 
tip, ring, and sleeve contacts in the operated if 
selective stackup of switch 4D (Fig. 32), tip, 
ring, and sleeve conductors of link in cable 
CA-3250, tip, ring, and sleeve contacts of the 
operated stackup if of secondary switch D5, pri 
mary link ID, and thence through the tip, ring, 70 
and sleeve contacts of the operated it stackup 
of contacts of primary switch D (Fig. 31) to the 
conductors T, R, and S respectively of line mu 
tiple L. M. #411, being the switchboard multiple 
of the called line, 75 

Magnet 320 is 

s 
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E38. TestNG THE CALLED LINE 

The operations now occurring depend upon 
whether the called line is busy or. is idle. If the 
called line is busy, cutoff relay 303 thereof is 
being held operated by ground potential on sleeve 
conductor S of line multiple L. M. til, applied 
thereto through the # selective stackup of con 
tacts of another one of the associated primary 
switches. On the other hand, if the called line 
is idle, there is no ground potential on the sleeve 
conductor thereof and the cutoff relay 38 is 
in a restored condition. 

In the present example, it may be assumed 
that the desired line is idle when called. Under. 
this condition, test relay 30 operates in series 
with cutoff relay 3.03 of the called line over the 
following circuit path, responsive to the com 
pletion of the described connection between the 
calling connector and the called line: from 
ground, through the winding of test relay 38, 
through the front contact of the first left arma 
ture of connector-chain relay 3, sleeve con 
ductor S in branch BC of cable CA-3200, and 
thence. Over the sleeve conductor of the estab 
lished connection, to battery through cutofr re 
lay 303. 
Cutoff relay for operates in series with test 

relay 308, clearing the called line for ringing 
and talking purposes. Test relay 38 prepares 

t for switching relay 340 of the connec 
to C, 

E39. SEZING THE CALLED IN 

The connector 4C is now operated to seize the 
called line and to free the common equipment 
4LCE, as follows: 
A further result of the grounding of operate 

conductor 2833 by the described operation of 
hold relay 280, and the consequent grounding of 
conductor OH, through contacts of transfer-con 
trol relay 280, is the closing of a circuit for the 
right-hand winding of delay relay of T. 
Upon Operating (after sufficient time has 

elapsed for the connection to be completed and 
for test relay 08 to operate if the called line is 
Idle), delay relay 307 operates. It removes the 
short-circuit from around its left-hand, delaying 
winding to render it fast releasing. Relay T 
applies ground potential to the associated con 
ductor common to relays 300 to 3000. A circuit 
is thereby closed through the front contact of 
the third left armature of relay 300 for busy re 
lay '09, whether the called line is busy or is idle. 
At the same time, with test relay 30 is operated, 
a circuit is closed through the front contact of 
the armature of this relay, through the front con 
tact of the second left armature of relay 30, 
and over switching conductor SW in branch BC 
of cable CA-3200, for relay 340 of the connec 
tor C. Switching relay 340 and busy relay 
409 both operate. Each of these relays locks it 

self operated to the local locking conductor 34, 
grounded at the front contact of the first left ar. 
mature of release relay 403. 
At the front contact of the first left armature of busy relay 3409, ground potential is appliedo. 

cally to the hold conductor H in link. Lic, to hold the operating magnets of the concernedd 
tributor, secondary, and primary switches be 
tween the connector and the called line after the 
Connon equipment is cleared out. 
Ground potential is applied through the front 

contact of the second left armature of switching 
relay and the front contact of the third left 
arnature of busy relay 340 to the sleeve con 
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ductors in link L4C to maintain cutoff relay 
303 operated after the common equipment has 
cleared out. w 

E39a. CLos NG THE RINGING CIRCUIT 
At the front contacts of the third and fourth 

left armatures of switching relay 3408, the ring 
ing circuit is eompleted to the called line, and a 
ringing-tone signal is applied to the calling line 
from the common lead RT, through the front 
contact of the outer left armature of Switching 
relay 3408, condenser 3423, and the back contact 
of the outer armature of ring-cutoff relay 3406. 
E39b. CLEARING OUT THE TENS AND UNITs REGIs 

TERS AND THE SEQUENCE RELAYS 
At the back contact of the second left arma 

ture of busy relay 3409, ground potential is dis 
connected from conductor 3440, thereby restor 
ing and clearing out any operated ones of se 
quence relays 340 to 343 and clearing out any 
operated ones of the tens register relays 344 to 
3420, as well as any operated ones of the units 
register relays 330 to 330. The marked con 
ductors in branch BTM of cable CA-3200 and 
in cable 33UM are thereby ungrounded. 

Selecting magnet M of group 4LP (Fig. 31) re 
stores responsive to the clearing Out of the units 
register, while section- relay 292 restores re 
sponsive to the clearing out of the tens register. 
E40. FREEING AND CLEARING OUT COMMON EQUIP 

MENT 4LCE 

Responsive, to the restoration of sequence re 
lays 340 and 343, start conductor ST in branch 
BC of cable CA-3200 is ungrounded, Open-cir 
cuiting and restoring connector-chain relay 300 
and transfer-control relay 280. Transfer relays 
270 and 20 restore responsive to the restOra 
tion of relay 280. 

Start relay 2803 restores responsive to the de 
scribed restoration of relay 292, open-circuiting 
and restoring any operated ones of the associ 
ated cycle-timer relays 2803 to 2805. Start re 
lay 2802 also removes ground potential from lock 
conductor 2832, permitting the operated relays 
27 O2, 2706, 27, and 275 to restore. Additional 
ly, the removal of ground potential from locking 
conductor 2832 permits clear-out relay 2806 to 
restore. 
A short interval later, slow-operating hold re 

lay 2807, whose circuit was initially opened at the 
back contact of the first right arnature of clear 
out relay 2806, restores and reconnects chain-end 
conductors 2952 and 3052, completing the clear 
ing out of the common equipment ALCE for fur 
ther operation, either for finder action or con 
nector action. 
The circuits of the operated selecting magnets 

M. in groups AD, 4LS, and 4LP (Figs. 32 and 31) 
are opened incident to the above clearing-Out op 
erations, as are the circuits over which the op 
erating magnets of the switches in this group 
were initially controlled. 
E41. HoLDING THE CONNECTION TO THE CALLED LINE 
After the clearing-out operation has taken 

place, the operating magnets of the switches be 
tween the connector and the called line are held 
operated as follows: the ground potential applied 
to the hold conductor H of link LC at the front 
contact of the first left armature or busy relay 
3409 maintains the lower winding of magnet 3205 
of the switch 4D energized as a holding wind 
ing; ground potential on the conductor H of link 
L3C is further extended, through the lower pair 
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of contacts in the operated stackup # of switch 
4D?, and over the hold conductor of link of ca 
be CA-3258, to the lower winding of magnet 
3203 of switch D5; and ground potential on the 
hold conductor H of secondary switch D5 is ex 
tended, through the lower pair of contacts in the 
operated # stackup of the switch to the hold 
conductor H of primary link ID, to provide a 
holding circuit for the lower winding of operat 
ing magnet 308 of the primary switch D. 

E42. SIGNALING THE CALLED suBSTATION 
Following the described operation of switching 

relay 3408, ringing current is transmitted to the 
called line from the selected 20-cycle ringing 
lead F, Fig. 33, through the front contact of the 
second right armature of counting relay 3309, 
back contacts of relays 330 to 33 3, conductor 
3432, back contact of the third left armature of 
ring-cutoff relay 306, front contact of the fourth 
left armature of Switching relay 3408, and thence 
to the called substation by way of the tip con 
ductor of the established connection. The return 
path for the ringing current is over the ring con 
ductor of the established connection, through the 
front contact of the third left armature of 
switching relay 3408, back contact of the second 
left armature of ring cutoff relay 3406, the wind 
ing of ring-trip relay 340, the exchange battery 
(not shown), and the common ground connec 
tion. 
The ringing current is preferably intermittent 

ly applied in accordance with the usual practice, 
as by ringing relay 3333 which alternately con 
nects the leads F to F5 to ground and to its re 
spective Source of ringing current, 

Ring-trip relay 340 is of the usual slow-re 
sponding construction, whereby it does not re 
spond to alternating current during the ringing 
operation, the flow of direct current being pre 
cluded at this time by the usual condenser (not 
shown) in the ringing circuit at the called sub 
station. 

E43. ANSWERING 

When the called subscriber responds, by re 
moving his receiver, the resulting closure of the 
usual direct-current bridge across the conductors 
of his line permits trip relay 349 to operate over 
the ringing circuit. Upon operating, trip relay 
3407 closes a circuit for ring-cutoff relay 3406. 
Ring-cutoff relay 3406 now operates and locks it 
self to the grounded conductor 3450, at the front 
contact of its first left armature. At the back 
contact of its first left armature, relay 3406 dis 
connects ground potential from conductor 3439, 
thereby permitting the party register comprising 
relays 3308 to 333 to clear out. 
At its outer armature, ring-cutoff relay 3406 

disconnects the ringing-tone lead RT from the 
calling line, while at its second and third left 
arnatures, it opens the ringing circuit and com 
pletes the talking circuit. Back-bridge relay 3402 
thereupon operates over the called line and 
makes a multiple application of ground potential 
to locking conductor 3450, 
The two subscribers may now converse as de 

sired. 

E44. CLEARING OUT THE ESTABLISHED CoNNECTION 

When the conversation is terminated and the 
Subscribers have replaced their receivers, the es 
tablished connection is cleared out, as will now 
be described. It will be assumed that the called 
subscriber does not replace his receiver for an 
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interval after the receiver is replaced on the 
calling line. . . . . . 

44a, CLEARING OUT THE CoNECTION 
FRO. TEE CALLING is f 

when the receiver is replaced on the calling 
line under the above assumption, line relay. 
restores, but back-bridge relay 42 remains op 
erated for the time being. Upon restoring, line 
relay 340 open-circuits the slow-restoring re 
lease relay 3402 and momenta reoperates ser 
ries relay 3404 through contacts of release relay 
340. The reoperation of series relay 44 is for 
no particular purpose except during a reverting 
call, to be hereinafter described. 
When release relay 403 restores, after a slight 

interval, it open-circuits series relay 3404 per 
mitting the latter relay to restore after a further 
slight interval. With relays 403 and 404 re 
stored, conductor 3450 is maintained grounded at 
the contacts of back-bridge relay 3402 to main 
tain the connection established between the con 
nector and the called line by maintaining relays 
3406, 3408, and 3409 locked operated. 
The second left armature of release relay 340 

disconnects the incoming sleeve conductor of the 
connector (conductor S in link 4LA) from 
ground, opening the holding circuit of the up 
per winding of magnet 350 of the selector sec 
ondary switch A (Fig. 35) and the holding cir 
cuit of the lower winding of magnet 350 of the 
selector primary switch A, whereupon these 
magnets restore returning these switches to their 
illustrated normal condition. 

Additionally, the removal of ground potential 
from the incoming sleeve conductor of the Con 
nector 4C open-circuits and restores cutof re 
lay Oil of the selector S (returning this selec 
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tor to its illustrated normal condition), and it . 
open-circuits and restores cutoff relay O asso 
ciated with the calling line. w 
A result of the above described restoration of 

cutoff relay O is the removal of ground poten 
tial from the associated hold conductor H of the 
selector link SL, thereby opening the holding 
circuit through the upper winding of magnet 90 
of the finder-action secondary switch Al (Fig. 
19), as well as the holding circuit through the 
lower winding of magnet 806 of primary switch 
A (Fig. 18). These operating magnets there 
upon restore returning the switch A of Fig. 19 
and the switch A of Fig. 18 to their illustrated 
normal condition. 
The connection between the calling line and 

the connector 4C of Figs. 33 and 34 has been 
cleared out by the above described operations. 

E44b, CLARING OUT THE CONNECTION 
TO THE CALLED LIN 

When the called subscriber replaces his re 
ceiver, back-bridge relay 3402 restores, finally 
removing ground potential from conductor 350. 
When this occurs, relays 3406,3408, and 34.09 
restore, completing the clearing out of the Con 
nector 4C and reconnecting the incoming sleeve 
conductor of the connector to idle-indicating 
battery potential through resistor 343 to render 
the associated secondary switch. A? of Fig. 35 
again selectable. 
The removal of ground potential from the out 

going sleeve lead S in link L4C by relay 3409 
permits-cutoff relay 303 of the called line to re 
store. The removal of ground potential from the 
outgoing hold lead H. in link IAC by relay 3209 
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32, 823, and 38; whereupon these magnets 
restore, clearing out the distributor switch D 
and the connector-action secondary switch O. 
of Fig. 32, and the primary switch fo of Fig. 31. 
The connection between the calling and called 

lines has now been completely cleared out and 
the apparatus involved therein has been ret 
to normal condition. Y 
When the called subscriber replaces his receiver 

first, back-bridge relay 402 restores, but without 
any immediate effect. Under this condition, 
when the calling subscriber replaces his receiver, 
ground potential is removed from conductor 
responsive to the restoration of release relay 
(as soon as the momentarily operated series relay 
3404 restores), resulting immediately in the de 
scribed clearing out of the connection to the 
called line, along with the clearing out of the 
connection from the calling line. 
45. ALTERNATIVE OPERATION's IN IN. Coon 

EQUIPMENT 2 CE 
Certain alternative operations in the line com 

mon equipment 2LCE (Figs. 14 to 17) will now 
be described, including other matching possibili 
ties, and the temporary locking out of a section 
of lines from finder action when a link paths 
outgoing therefrom are unavailable. 

E45a. MArchING IN OTHER PRIMARY SECTIons 
When the calling line is one associated with a 

section of primary 2LP (Figs. 10A and 18) other 
than the first section thereof, one or another 
of the start conductors S2 to SO (Fig. 16), con 
tained in One or another of the branches B2 to 
BO of cable CA-800, is grounded by the line 
relay (similar to 802) associated with the call 
ing line, causing the operation of one or another 
of the pairs of section relays 2 and 22 to 
620 and 630. From this point, the operation 

proceeds as previously described, with the ten 
individual mark conductors of the tens group of 
lines under consideration being connected re 
spectively to conductors to O in cable CA-00, 
and with the conductors A to F in cable 
CA-400 being connected respectively to the test 
conductors of the Switches A. to F in the Con 
cerned section of the primary group 2LP. The 
primary-matching relays 403 to 408 are there 
by rendered temporarily individual respectively 
to the six primary Switches in the calling section. 
E45b. MATCHING IN OTHER SECONDARY SECTIONS 

It was described hereinbefore that primary 
matching relay 403 is effectively Operated and 
locked, and that the associated partially Operat 
ed relays f404 to 408 are restored by cutoff relay 
402, to predetermine matching in the preferred 

section A of the secondary with the preferred A 
primary switch, in the event that all six of the 
concerned primary switches are idle and that 
there is at least one idle finder-action secondary 
switch in each of the sections A to F thereof. 
When the Aprimary-matching relay 403 fails 

to respond and the other associated relays re 
spond, then the B matching relay 404 is the one 
which is locked operated through the cutoff relay 
f02 and the remaining relays 405 to 48 are 
restored. 

Finally, if relays 403 to 40 fail to respond 
and relay 408 responds alone, it locks in series 
with cutoff relay 402 from ground. On conductor 
42, through the back contacts of the Outer left 

armatures of relays 403 to 40 and through the 
open-circuits the holding windings of magnets 75 front contact of its own outer left armature. 
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In any case, whichever one of the primary 

matching relays 403 to 408 operates fully con 
nects the test conductors of the matched section 
of finder-action secondary switches (comprising 
A? to A4; B to B3; C to C3; D and D2; El 
and E2; and FA and F2; in branch BS of cable 
CA-909) to the corresponding ones of the sec 
ondary match relays f4 to 44 to enable the 
latter relays to select an idle one of the switches 
in the natched secondary section, as previously 
described. - 

E45c. OTHER SECONDARY MATCHING 
In the previous example, the secondary match 

ing described was that involving the first-choice 
secondary switch in the matched secondary sec 
tion, the secondary-matching relay operating 
fully being relay f4. 
When relay i? fails to respond, because the 

first-choice finder-action secondary switch in the 
matched secondary section is in use, locking con 
ductor 423 remains extended to the first right 
armature of the second-choice secondary matrh 
relay is 2, enabling this relay to lock if it re 
sponds. Similarly, any succeeding one of the re 
lays 43 and 44 can lock and thereby operate 
fully if all the preceding secondary match relay 
fail to operate. 

In any case, when operate conductor 533 be 
comes grounded (by hold relay 50 as hereinbe 
fore described), the matched primary switch is 
operated through the front contact of the first 
left armature of the operated one of the primary 
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match relays 403 to 408, and the matched sec 
ondary switch is operated through the front con 
tact of the second right armature of the operated 
one of the secondary match relays 4 to 64, 

E45d. ALL FINDER-ACTION INKS BUSY 

As described, the operation of One of the pri 
mary-matching relays 803 to 408 for finder ac 
tion requires that the associated primary switch 
in the calling section be idle, and that at least one 
of the finder-action secondary switches in the 
corresponding secondary section be idle. There 
fore, when no finder-action link path is available 
on a call originated in hundreds group 2, none of 
the primary matching relays 463 to 808 can 
operate. Under this condition, no secondary 
matching can occur. As a consequence, relay 45 
fails to operate, whereby hold relay 59 cannot 
be operated over conductor 534. The normal 
cycle of operations begun by the equipment 2LCE 
cannot then be completed. This equipment, ho"- 
ever, is cleared out by cycle timer comprising re 
lays 503 to 505, previously discussed. 

It was described hereinbefore that the cycle 
timer is so arranged that it does not complite its 
cycle of operations under normal conditions. 
Under the conditions now assumed, however, the 
operation of the cycle timer proceeds to a com 
pletion. Briefly, this operation includes the. Op 
eration first of relays 508 and 505 by start 
relay 502, followed a short time later by the 
operation of the delayed-action relay 503. Re 
lay SO4 is short-circuited by relay 503, with the 
result that it restores a short interval thereafter. 
With relay 503 operated, and relay 504 re 
stored, relay 505 is short-circuited, with the re 
sult that it restores a short interval thereaffir 
Upon the restoration of relay 505, a circuit is 

closed for the right-hand winding of the delayed 
action clear-out relay 506 through contacts of 
the operated relays 502 and 503 and through the 
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back contact of the first left armature of relay 75 

27 
505. At the same time, ground potential is ap 

plied to busy conductor 635, through the back 
contact of the second left arnature of relay 505 
and the front left armature of relay 503, there 
by closing a circuit through the front contact of 
the first left armature of the operated one of the 
relays 6 to 620 for the associated one of the 
section-lockout relays so to 60, to battery, 
through contacts of the ten-second timer 800. 
Such section-lockout relay thereupon operates to 
disconnect the associated one of the start con 
ductors S. to SO from the winding of its associ 
ated one of the relays 6 to 620, and to close 
a locking circuit for itself thereover. The oper 
ated one of the lockout relays 60 to 6:0 re 
mains operated over its associated one of the 
start conductors as long as such conductor re 
mains grounded from the calling line, or until the 
ten-second timer 600 next opens its contacts 
momentarily to permit such relay to restore, ter 
minating the temporary locked-out condition. 
When delayed-action clear-out relay 506 re 

sponds to the above-mentioned closure of its cir 
cuit by the restoration of cycle-timer relay A505, 
it removes battery potential from chain-supply 
conductor 544 at the back contact of its Second 
right armature, thus forcing the clearing-out of 
any operated ones of the section relays 62 to 
f 630 (along with its companion one of the relays 
8 to 620) by an operation independent of 

lockout relays 60 f to 60. 
The removal of ground potential from start 

conductor 634 by the restoration of the operat 
ed one of the relays 62 to 630, results in the 
restoration of start relay f 502 to immediately 
clear out the cycle timer comprising relays 563 
to 595, permitting clear-out relay 506 to re 
store, and returning the common equipment 
2LCE to normal condition, 
E46. ALTERNATIVE OPERATIONS IN THE SELECTOR 

COMMON EQUIPMENT 4SCE 
From what has been already stated in connec 

tion with certain alternative operations in the 
line common equipment 2LCE of Figs. 14 to 17, 
corresponding alternative operations in the se 
lector common equipment (SCE will be clear. 
The operations occurring, however, when no 
matching is possible are somewhat different and 
will now be described. 

E460. ALL LINKS BUSY 

iset it be assumed now that, when the common 
equipment SCE is taken for use as hereinbefore 
described by the selector S of Fig. 11, all of the 
concerned links through which primary and sec 
ondary matching can be accomplished are in use. 
Under this condition, none of the primary 
matching relays 390 to 390 can operate. As a 
direct result, none of the conductors A to D of 
cable CA-38) is connected to the associated 
off-normal conductor PON, and none of the con 
cerned primary Switches is operated. At the 
same time, none of the concerned secondary 
switches is operated because secondary-operate 
conductors. 395 to 3954 are all left disconnected. 
When the connection is not completed through 

the selector switching stage, clear-out relays 3808 
and 3899 remain operated for sufficient time to 
permit the retarded cycle-timer relay 3806 to op 
erate. When it does so, it closes a circuit for the 
asSociated relay 380, but this relay does not 
operate for a substantial interval, being provid 
ed with a comparatively inductive winding and 
having a comparatively stiff adjustment, 



At the front contact of its right armature, 
cycle-timer relay 3 operates the marginally 
adjusted busy relay D4 of the calling selector 
st over the following circuit path from battery 
through resistor 3849, front contact of the right 
armature of cycle-timer relay 80s, busy con 
ductor 350, front contact of the left armature 
of selector-preference relay 30, conductor in 

... cable CA-3750, front contact of the outer left 
armature of section- relay 30, conductor in 
cable CA-370, terminal blocks 36 and 362, 
conductor MI in branch B of cable CA-300, 
conductor 4 in cable MC, front contact of the 
third left armature of counting, relay 0, back 
contacts of relays fill, 2, and OS, the lown 
resistance left-hand winding. Of marginal busy 
relay O4, to ground through the back contact 
of the second left armature of cutoff relay Of. 
Busy relay 04, which is unresponsive to the 

normal flow of current through its left-hand 
winding, now operates responsive to the increased 
current flow over the above-traced circuit, 
Upon operating, busy relay to closes a locking 

circuit for its right-hand winding; from ground, 
through the front contact of the first right arma 
ture of release relay 03, back contact of the 
first right armature of relay O., front contact 
of the second right armature of release relay 

03, front contact of the first right armature 
of relay 04, to battery through the right-hand 
winding of busy relay foll, 
In the common equipment 4SCE of Figs. 36 to 

39, when clear-out relay 380 responds, a suff 
cient interval after the response of relay 3806 to 
enable the busy relay of the selector to operate 
and lock as described, it open-circuits and re 
stores start relay 3805 and the operated section 
relay 370. The restoration of relay 370 dis 
connects the conductors in cable CA-3750, per 
mitting any operated one of the selector-pref 
erence relays 360 to 360 to clear out. 

Cycle-timer relay 3806 restores responsive to 
the restoration of start relay 3805, followed by 
the restoration of relay 380, completing the 
clearing-out operation: 
In the selector S (Fig. 11), busy relay. O4, 

at contacts controlled by its first right armature, 
removes ground potential from conductor if f 8, 
permitting relays 06 to ff2 to clear out; at 
the back contact of its left armature, relay fo4 
disconnects conductor if T to prevent further 
response of Series relay OS and of the counting 
relays; and at its second right armature, it dis 
connects the common dial-tone lead DT and sub 
stitutes the common busy-tone lead BT, thereby 
transmitting a busy signal back to the calling 
line to inform the calling subscriber that the 
desired connection cannot be completed for the 
time being. 
When the calling subscriber replaces his re 

ceiver, line relay ff02 restores, followed shortly 
by the restoration of release relay O3. By the 
restoration of release relay f O3, the locking cir 
cuit of busy relay 04 is opened, whereupon relay 
fl04 restores. 
The connection between the calling line and the 

selector Sf clears out responsive to the removal 
of ground potential from the hold conductor H 
in the selector link SL? by release relay O3. 

E4. THE CALLED LINE. Is BUSY 

Let it be assumed now that, in the call previ 
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the called line prevents test relay 3 of the 
common equipment 4CE from operating in series 
with the cutoff relay when the previously de 
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scribed test of the called line is made. Under 
this condition, the operation of delay relay 3 
results in the previously described operation of 
busy relay 3409 of the connector 4C, but the 
circuit over lead SW in branch BC of cable 
CA-3200 for switching relay 340B remains open 
at the contacts of test relay O8. Switching 
relay 30, therefore, remains unoperated. The 
previously described clearing out of the sequence 
relays and the tens and units registers occurs 
responsive to the described ungrounding of Con 
ductor 34 by busy relay 3409, resulting in start 
conductor ST in the associated cable branch BC 
being ungrounded to permit, the common equip 
ment 4CE to clear out. 
With busy relay 3409 operated, and with 

switching relay 3408 not operated, a busy-tone 
signal is transmitted back to the calling line from 
the common busy-tone lead BT, through the 
front contact of the outer left arnature of busy 
relay 8409, back contact of the outer left arma 
ture of Switching relay 3408, condenser 3423, and 
the back contact of the outer left armature of 
ring-cutoff relay 3406. The calling subscriber is 
thereby informed of the busy condition of the 
Called line. 
When the calling subscriber replaces his re 

ceiver following the receipt of the busy-tone sig 
nal, the removal of ground potential from con 
ductor 3450 consequent upon the restoration of 
release relay 3403, following the restoration of 
busy relay 3440. At the front contact of its first 
left armature, busy relay 3440 disconnects ground 
potential from conductor H in link L4C permit 
ting the connection established with the busy 
called line to be cleared out. The clearing out 
of the connection from the calling line to the 
connector results directly from the removal of 
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ously considered, the called line is busy. In this 
event, the ground potential on the sleeve con 
ductor S of line multiple L. M. #411 (Fig. 31) of s 

ground potential from the incoming sleeve con 
ductor of the connector at the front contact of 
the Second left armature of release relay 3403. 

F. REVERTING CALL ON PARTY LINE #410 
The way in which reverting calls are made on 

the party lines will now be described. For this 
purpose, it will be. assumed that the subscriber at 
Substation #4102 (Fig. 31) on party line #410 de 
Sires to converse with the subscriber at substa 
tion #4105 on the same party line. For this pur 
pose, the calling party-line subscriber removes his 
receiver; Waits for dial tone; dials the desired 
number, 4105; waits for busy tone; replaces his 
receiver for a sufficient length of time to enable 
the called substation to be signalled; and then re 
moves his receiver to converse with the called 
Subscriber when he answers. 

F1. MARKING THE CALLING IN 
When the receiver is removed at the calling 

party-line substation #4102 (Fig. 31), line relay 
04 operates through contacts of cutoff relay 
05. It grounds the associated start conductor 

S and the associated mark conductor MO. 
Assuming that the common equipment 4LCE of 

Figs. 27 to 30 is idle, the grounding of start con 
ductor S closes a circuit through branch B of 
cable CA-300, the back contact of group cutoff 
relay 290, section- relay 29ff, the left-hand 
Winding of Section if relay 292, contacts con 
trolled by the second right armature of relay 292, 
chain-end conductor 2952, contacts of hold relay 
280, conductor 295, chain contacts of relays 
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293 to 292, and 280, and thence to battery over 
chain-supply conductor 2844 and resistor 2826. 

Relays 29 and 292 operate over the above 
traced circuit. Relay 29 connects the associ 
ated mark conductors M to MO respectively to 
units-preference relays 302 to 3030, whereupon 
units-preference relay 3030 Operates over the 
grounded mark conductor MO to ground the asso 
ciated conductor 0 in branch BPM of cable CA 
3200 thereby operating selecting magnet MO in 
line primary group 4LP (Figs. 10A and 31) to 
cause selection of the #0 stackups of contacts in 
all the Switches thereof. 

Section- relay 292 grounds start conductor 
293 to start the cycle-timer comprising relays 
2803 to 2805 into operation by the operation of 
start relay 2802, at the same time grounding con 
ductor in branch BSM of cable CA-3200 to op 
erate selecting magnet M of group 4LS (Fig. 32), 
whereby the F set of stackups is selected therein. 

F2. FINDERACTION MATCHING 
Primary and secondary matching operations 

now take place substantially as hereinbefore de 
scribed. 

It may be assumed that primary Switch A of 
group 4LP (Fig. 31) and secondary switch. A? of 
group 4LS (Fig. 32) are idle, in which case pri 
mary-matching relay 2703 operates and locks in 
series with cutoff relay 202 and secondary 
matching relay 27 operates and locks in series 
with cutoff relay 275. At its lower contacts, cut 
of relay 275 connects the grounded lock con 
ductor 2832 to conductor 2834 thereby operat 
ing hold relay 280 through contacts of clear-out 
relay 2806. Hold relay 2807 closes an operating 
circuit for clear-out relay 2806 at its outer left 
hand contacts with the result that relay 2806 
operates a short time later and locks itself to con 
ductor 2832 at its left-hand contacts. 
F3. OPERATING THE MATCHED PRIMARY AND SEC 

ONDARY SWITCHES 
The operating magnets of the matched switches 
A and A? of Figs, 31 and 32 are operated respon 

sive to the grounding of operate conductor 2833 
at the inner left-hand contacts of hold relay 2807. 
The operating circuit for the matched primary 
switch is from ground on operate conductor 2833, 
through the front contact of the first left arma 
ture of the operated primary-match relay 2703, 
conductor A in cable CA-200, front contact of 
the fourth left armature of section- relay 292, 
conductor A in branch BP of cable CA-3200, 
make-busy contacts 307, c-stackup contacts of 
switch A, and through the low-resistance oper 
ating winding of magnet 306, to battery. Mag 
met 306 thereupon operates to close its selected 
#0 stackup of contacts and to shift its c stackup 
of contacts, whereby the operating winding of the 
magnet is disconnected, and the lower winding 
thereof is left connected as a holding winding. 
The operating circuit of the matched secondary 

switch is from ground on operate conductor 2833, 
through the front contact of the second right 
armature of the operated secondary-match relay 
27, back contact of the first right armature of 
transfer relay 20, front contact of the third 
right armature of relay 2703, conductor A in 
branch BS of cable CA-3200, make-busy con 
tacts 3202, low-resistance lower winding of oper 
atting magnet 320 of Switch. Af, hold conductor 
H in selector link SL33 (in cable CA-200), and 
thence to battery over the incoming hold conduc 
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29 
selector S of Fig.11. Magnet 320 operates over 
the above-traced circuit, closing the selected it? 
stackup of the switch A and shifting the c 
stackup thereof. The upper contacts of the c 
stackup remove ground potential at one point 
from the finder-action, section-A conductor in 
branch BSF of cable CA-3200, while the lower 
contact pair of the C stackup connects up the 
high-resistance upper winding of magnet 320 as 
a holding winding. 
The calling line has now been extended to the 

selector S33 (Fig. 12), through the #0 stackup 
of contacts of primary switch A (Fig. 31), link 
LA in cable LA, the # stackup of contacts of 
Edary Switch A (Fig. 32), and selector link 
S33. 
The selector SL33 is now prepared for opera 

tion as hereinbefore described for the selector St. 
It applies ground potential to the sleeve conductor 
of the established connection to operate cutoff 
relay 305 to restore line relay 304; it applies 
a holding ground potential to the hold conductor 
of the established connection to hold primary and 
Secondary switches operated; and it returns a 
dial-tone signal to the calling line to inform the 
calling subscriber that he may now proceed to 
dial the digits in the desired number. 
.F. CLEARING OUT THE COMMON EQUIPMENT 4CE; 

In the common equipment 4LCE, relays 3030, 
29, and 292 restore responsive to the restora 
tion of line relay 304, partially clearing out the 
Common equipment and restoring start relay 2802 
to clear Out the associated cycle timer and to re 
store clear-out relay 2806. The clearing out is 
complete when slow-restoring hold relay 2807 re 
stores to reconnect chain-end conductors 2952 
and 3052. - 

F5. SETTING THE SELECTOR S33 
When the calling subscriber at substation 402 

(Fig. 31) dials, the hundreds digit 4 in the desired 
number, the Selector S33 is set as hereinbefore 
described in connection with the selector. S. of 
Fig. 11 to prepare circuits over the conductors 
in the cables SC33 and MC33. 

F6. MARKING THE CALLING SELECTOR 
When the. Setting of the selector S33 is com 

plete and the relay therein corresponding to series 
relay ff05 restores, ground potential is extended 
over the prepared circuit paths, to conductors 4 
in cable SC33 and MC33, extending ground po 
tential through terminals of blocks SB33 and 
MB33, conductors S33 and M33 in branch B4 of 
cable CA-300, to start conductor S4 and mark 
conductor 33 in cable CA-3700. 
Assuming the common equipment 4SCE to be 

idle at the moment, the grounding of conductor 
S4 in cable CA-3700 results in the closure of a 
circuit for section-4 relay 3704, through contacts 
controlled by the second right armature of relay 
3704, chain-end conductor 3752, chain contacts 
of relays 272 to 370, chain-supply conductor 
385, contacts of relays 3809 and 3807, to battery 
through the winding of start relay 3805, relays 
3704 and 3805 operating. 

Start relay 3805 prepares for secondary match 
ing as hereinbefore described and starts the as 
Sociated cycle timer into operation. 

Section-4 relay 3704 grounds conductor 4 in 
branch BSM of cable CA-3500, thereby closing a 
circuit for selecting magnet M4 of secondary 
group 4SS (Fig. 35), to cause the #4 stackup to 
be selected in each of the associated secondary 

tor H of the selector S33 (Fig. 12), similar to the 75 switches, 



The ground potential on mark conductor 33 in 
cable CA-370 is extended through the front 
contact of the corresponding armature of sec 
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All in branch BS of cable CA-3500, make-busy 
contacts 002, lower winding of operating, mag 
net 50, sleeve conductor S in link 4LA, and 

tion-relay 70 to conductor in cable thence to battery over the previously traced 
CA-50, thereby operating selector-preference 5 path through resistor 343. Magnet is now 
relay 303, over conductor 3' in branch BPM of operates to close its selected #4 stackup of 
cable CA-300, selecting magnet M of selector- contacts, associated (through link 4 in cable 
primary group 4SP, conductor 3 in branch BPM SA) with secondary switch. 4A in group 4SP. 
of cable CA-20, contacts controlled by the sec- Magnet 350 also shifts its c stackup of contacts 
ond right armature of relay, chain-end con- 10 with results as hereinbefore described. 
ductor 3652, contacts of clear-out relay 3809, con- The seized connector C of Figs, 33 and 34 is. 
ductor 85, chained contacts of relays 3 f to seized and prepared for operation as hereinbefore 
30, to battery through chain-supply resistor described. The connection between the tip, ring, 
365. and sleeve conductors of selector link SL38 and 

selecting magnet M of group SP (Fig. 35) 15 the incoming conductors of the connector 4c is 
operates to select the #3 stackup of contacts in by Way of the multiple SM3, the #3 stackup of 
all the associated switches, while selector-prefers contacts of the operated primary switch 4A (Fig. 
ence relay Blocks itself and the selecting mag- 35), link 4 in cable SA, the operated #4 stackup 
net to the associated conductor in cable of secondary switch A, and link 4L.A.'s 
CA-3500 and disconnects its winding and that of 20 

magnet from chain-end conductor F9. CLEARING OUT Conton EquiPharr 4SCE 
, at the same time opening the operating cities endottido EEEEEEEE ponsive to the 

eration for the time being of any other one o Operation of the cutoff relay of the calling selector 
the selector-preference relays, f 25 S33), whereafter the connection between the call 

F. SELECTOR-ACTION MACENG ing line connector 4C is held by ground po 
tential on the incoming sleeve lead of link 4LA, 

inraisitory legist applied at the front contact of the second left 
scribed, the primary matching being accom- 30 armature of the operated release relay 3403. 
plished by relays 390 f to 3904 and the secondary 
matching being accomplished by relays 3905 to F10, COPLETING THE action TO THE CALLED 
909 and 80 to 804. . . . . . 
It may be assumed that all of the Switches of When the tens, units, and party digits (1, 0, 

section 4 (Fig. 10A, part T) of device 4SP, hav- 35 and 5) in the desired number are dialed, these 
ing access to the concerned selector multiple digits are recorded respectively in the tens regis 
SM3, are idle. One of these switches is 4A, Fig. ter of Fig. 34 and in the units and party registers 
35. In this event, all four of the primary-match- of Fig. 33, the sequence group comprising relays 
ing relays 390 f to 904 attempt to operate; com- 340 to 343 operating as hereinbefore described. 
plete operation of relays 3902 to 3903 is prevented The line common equipment LCE of Figs, 27 
by relay 390; and the Aprimary switch 4A of the to 30 is now taken for use for connector action, 
section is matched with the switches in section whereupon it operates to cause the connection to 
A, Fig. 10A, part 4, of group 4SS, of which sec- be completed to the called line by operations simi 
Ondary switch A (Fig. 35) is one. Assuming lar to those hereinbefore described. Selecting 
that switch A is idle, secondary matching relay magnet M of group IS (Fig. 32) is operated 
3905 operates, 45 y E. conductor in branch BSM 

O cade , responsive to the operation of 
F8. OP ERATING THE MATCHED PREARY AND section- relay 292, responsive in turn to ground 

Second ARY Swces potential received over conductor in branch 
When conductors PON and SON in cable BTM of cable CA-30, under the control of they \\ 

CA-3500 become grounded as hereinbefore de- 60 tens register (Fig. 34). t 
scribed, the matched primary and secondary The selecting magnet MO of primary group 
switches are operated. The operating circuit for 4LP (Fig. 31) is energized over conductor in 
the matched primary switch is from ground on Cable UM responsive to the marking in the units 
conductor PON of cable CA-350), through con- register of Fig. 33. - 
tacts of the operated start relay 3805, front con- 55 It may be assumed that the matched primary 
tact of the operated primary-matching relay 30 and secondary switches are the switches A of 
(relays 3902 to 3904 being in restored condition), Fig. 31 and connector-action secondary switch 
conductor A in cable CA-3800, front contact of D5 of Fig. 32. These two switches are operated 
the fourth left armature of section-4 relay 4, along with the distributor switch 4D of Fig. 32 
conductor A in branch BP of cable CA-5, 60 to complete the connection to the called party 
make-busy contacts. 3906, c-stackup contacts of line, #410. 
primary switch 4A, to battery through the low- Since the called line is also the calling line, 
resistance operating winding of magnet 55. the sleeve conductor (conductor S of line multiple 
Magnet 3505 closes, the selected #3 stackup of L. M. #410) of the called line is grounded, where 
contacts of switch 4A, associated with multiple 65 by test relay 308 fails to operate. Switching re 
SM33, and it shifts the c stackup of contacts to lay 408 is accordingly not operated, busy relay 
disconnect its operating winding, leaving the 409 operating alone. 
lower winding of magnet 505 connected as a The clearing out of the line common equip 
holding winding. ment 4LCE, along with the sequence relays and 
The operating circuit of the matched secondary 70 the tens and units register relays of the connector, 

Occurs as hereinbefore described, responsive to 
the operation of busy relay 3409. 
With switching relay 408 not operated, the 

connector C does not place ground potential on 
76 the outgoing sleeve conductor S in link L4C, 

switch is from ground on conductor SON of 
cable CA-50, through the front contact of the 
first right armature of primary-matching relay 
390, conductor 395, front contact of the arma 
ture of secondary match relay 3, conductor 
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leaving the sleeve conductor of the concerned line 
multiple L. M. #410 grounded only by virtue of 
the finder-action connection made as hereinbe 
fore described to the selector S33 of Fig. 12, and 
-thence through the selector Switching stage to 
the incoming conductors of the connector 4C. 

F11. THE REVERTING-CALL TEST 
When the calling subscriber at Substation 402 

hears the busy-tone signal in the reverting call, 
he is expected to follow instructions by replacing 
his receiver for a time interval sufficient to enable 
signaling of the called party-line substation to 
OCC. 
When the receiver is replaced on the calling 

line under the present assumed conditions, line 
relay 340 restores and operates series relay 3404 
through contacts of the slow-releasing release re 
lay 3403. Series relay 3404 prepares certain Cir 
cuits to be hereinafter traced, and at the front 
contact of its first left armature it makes a multi 
ple ground connection to conductor 3450 to main 
tain this conductor grounded after release relay 
3403 has restored. 
When release relay 3403 restores, responsive to 

the restoration of line relay 360, it removes 
ground potential from its incoming sleeve con 
ductor, but it first applies ground potential to 
its outgoing sleeve conductor (conductor S of 
link L4C) over the following circuit path: from 
ground through the front contact of the first left 
armature of the operated series relay 3404, nor 
mally closed contacts controlled by the first left 
armature of release relay 303, front contact of 
the second left armature of series relay 3404, nor 
mally closed contacts controlled by the fourth 
left armature of reverting-call relay 3805, and 
the front contact of the third left armature of 
busy relay 3409, to the said outgoing sleeve con 
ductor, Ground potential is therefore supplied 
over the sleeve conductor of the established con 
nection to the sleeve conductor S of the line 
multiple I. M. #410. The ground potential thus 
placed on the sleeve conductor S of line multiple 
L. M. #410 extends forward over the connection 
set up by finder action from the line as a calling 
line to and through the selector S33 of Fig. 12, 
and thence through the connection set up through 
the selector switching stage to the incoming sleeve 
conductor of the connector. The Cutoff relay 
(similar to fol) of the selector S33 is thereby 
held operated temporarily to enable the revert 
ing call test to be made. Such test is now made 
during the interval required for slow-restoring 
series relay 3806 to fall back, following the resto 
ration of release relay 3408. 
The incoming sleeve conductor of the Connec 

tor 4C is now extended, through the normally 
closed contacts controlled by the second left arm 
ature of release relay 3603, the front contact of 
the fourth left armature of busy relay 3809, and 
the front contact of the outer left armature of 
series relay 3404, to the right-hand winding of 
reverting-call relay 3405. Ordinarily, there is no 
ground potential on the incoming sleeve Conduc 
tor of the connector in the interval required for 
series relay 3404 to restore after release relay 
343 has restored. Now, however, the incoming 
sleeve conductor is grounded over the circuit path 
above pointed out, because the connection (a re 
verting-call connection) has been made to the 
same line from which the call originated. The 
right-hand winding of reverting-call relay 3406 
is accordingly energized by the ground potential 

3. 
Reverting-call relay 3405 now operates to close 
a locking circuit for its left-hand winding, at the 
front contact of its third left armature, to con 
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ductor 3439, connected to the grounded conduc 
tor 3450 through the back contact of the first left 
armature of relay 3606; relay 3405 also makes a 
multiple ground connection to conductor 345 at 
the front contact of its first left armature to lock 
the Connector in its reverting-call condition; it 
prepares a circuit for switching relay 3408 at its 
second left armature; and at the normally closed 
contacts controlled by its outer left armature, it 
Opens the previously traced ground connection to 
the outgoing sleeve conductor of the connector, 
thereby depriving the sleeve conductor of all por. 
tions of the connection made to and from the 
concerned subscriber line of ground potential. 
When this occurs, cutoff relay 305 restores, 
along with the cutoff relay (similar to 0) of 
the selector S33. The cutoff relay of such selec 
tor thereupon restores to permit the connection 
established thereto by finder action to clear out 
responsive to the consequent ungrounding of the 
associated incoming hold conductor of the selec 
tor. Additionally, the removal of ground po 
tential from the sleeve conductor causes the por 
tion of the connection set up through the selector 
switching stage to clear out directly, for the 
selector-stage switches (A and 4A, Fig. 33) are 
held directly over the sleeve conductor. 
The Only portion of the entire connection made 

to and from the concerned subscriber line (line 
#410, Fig. 31) which is now held is the portion 
between the Connector 4C and the concerned 
line as a called line, which portion is held by 
ground potential maintained on the hold con 
ductor H of link LC? at the front contact of the 
first left armature of busy relay 3409. 
When series relay 340 restores, a moment after 

the described operation of reverting-call relay 
3405, it makes a new application of ground po 
tential to the outgoing sleeve conductor of the 
connector to immediately reoperate cutoff relay 
305 to clear the called line for the application 
of ringing current. This connection is from 
ground, through the front contact of the first 
left armature of reverting-call relay 3405, con 
ductor 3450, normally closed contacts controlled 
by the first left armature of release relay 3603, 
back contact of the second left armature of the 
restored series relay 3404, front contact of the 
outer left armature of reverting-call relay 3406, 
and the front contact of the third left armature 
of busy relay 3409. 
Switching relay 3408 now operates from ground 

on conductor 3450, through the back contact of 
the first left armature of series relay 3404 and 
the front contact of the second left armature of 
reverting-call relay 3405. Upon operating, 
switching relay 3408 locks itself to conductor 
350 at its first left armature; at its second left 
armature, it makes the usual ground connection 
to the already grounded outgoing sleeve conduc 
tor, through contacts of the busy relay 3409; and 
at the front contacts of its third and fourth left 
arnatures, it completes the ringing circuit to the 
called line over the tip and ring conductors of 
the connection established thereto. 

F12. SIGNALING THE CALLED SUBSTATION 

Since the called party-line digit is the digit 5, 
the #5 counting relay 333 in the party register 
is in operated condition, and ringing current is 
intermittently sent out to the called line from 

it receives over the above-traced circuit path. 75 the fifth-frequency lead F5, through the front 
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contact of the second right armature of relay 
88, over ringing conductor 32, and the tip 
conductor of the connection, to the called line. 
The tuned ringer (not shown) at called substa 
tion #4105 is thereby intermittently operated in 
the usual manner. 

it will now be observed that the ringing of 
the called substation on the line from which and 
to which the 'reverting call has been made is oc 
curring with the connector 4C locked in oper 
ated condition with no holding control being ex 
ercised thereover from either a calling line or a 
called line. Such locked condition is terminated 
either when the call is answered or when the 
subscriber at the calling substation again removes 
his receiver after having waited for an interval 
to allow the ringing Operation to proceed. 

F13, UNLoCKING THE CoNNECTOR 4C1 
When the receiver is removed at either of the 

concerned substations (#4102 and 4105) on line 
#410, trip relay 307 operates as hereinbefore 
described, followed by the operation of ring-cutoff 
relay 306, to open the ringing circuit and to con 
nect up back-bridge relay 3402. When ground 
potential is removed from locking conductor 3439. 
at the back contact of the first left armature of 
ring-cutoff relay 3406, to permit the party register 
of Fig. 33 to clear out, the locking circuit of the 
left-hand winding of reverting-call relay 3405 is 
thereby opened, permitting relay 3405 to restore. 
At the front contact of its first left armature, 
relay 3405 opens the connection which it previ 
ously made to conductor 3450, thereby terminating 
the locked-up condition of the connector. The 
connector is henceforth held in operated cond 
tion by ground potential applied to conductor 
45 by back-bridge relay 3402 which operates 
Over the called line before the slow-restoring re 
verting-call relay has had time to fall back. 
The subscribers at the calling and called sub 

stations #4102 and #4105 may converse with each 
other as desired when they have both removed 
their receivers. 

F14. CLEARING OUT THE REVERTING-CALL 
CONNECTION 

When the ensuing conversation is terminated, 
and both the subscribers replace their receivers, 
back-bridge relay 302 restores, removing ground 
potential from conductor 3450, whereupon relays 
30, 308, and 3409 restore. The connection to 
the called line is cleared out as hereinbefore de 
scribed responsive to the removal of ground poten 
tial from the outgoing hold conductor by relay 
409. Idle-indicating potential, which was with 
held from the incoming sleeve conductor of the 
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P. B. 2K (#210) bears a different tens designation. 
This is in accordance with the arrangement here 
in disclosed which enables the P. B. K lines to be 
scattered to distribute the calls substantially und 
formly throughout the ten sections of the asso 
ciated primary group of switches. The listed 
number of a P. B. X is the regular directory num- . 
ber of the first-choice line assigned thereto. The 
connection is always completed to this line if it 
is idle, being completed to one or another of the 
other lines of the group in regular-choice order 
according to their busy or idle condition, when 
the first line is busy. 
As indicated in part 1 of Fig. 10A, the lines of 

P. B. X. #210 succeeding the first-choice one 
thereof have call numbers 220, 239, 243, 254, 265, 
27, 286, 298, and 202. . These numbers are given 
merely by way of example, as any line whatever in 
the hundreds group may be assigned to occupy 
any Selected position in a P. B. X group. a . 

Let it be assumed now that the subscriber at 
substation #211 (Fig. 18) desires to converse with 
someone at P. B. X #210. 

G-1. SEEZING AN IDE SELECTOR 
When the receiver is removed at substation 

#211, line relay 1802 responds as hereinbefore de 
Scribed to cause connection to be extended to an 
idle Selector. It may be assumed that connection 
is extended as hereinbefore described (under the 
finder-action control of line common equipment 
2LCE) to the selector S of Fig. 11, whereupon 
this selector is prepared for operation by the con 
sequent operation of its line and release relays 

Of and O2. This connection includes pri 
mary switch A of Fig. 18, secondary switch. A? of. 
Fig. 19, and selector link SL. 

C2. SETTING THE SELECTOR S1 
When the hundreds digit 2 in the desired num 

ber is dialed, the selector Sf responds as herein 
before described to record the resulting series of 
impulses. Counting relays 07 and 108 operate 
successively as previously described, relay 
restoring and relay to remaining operated. 
Then, when series relay. - OS restores, ground 
potential is extended through the front contacts 

SS 

connector C at the back contact of the fourth 
left armature of busy relay 309 during the re 
verting-call connection, is now replaced to again 
mark the associated secondary switch A (Fig. 
35) as idle to the associated selector-action com 
mon equipment SCE, 
G. CALL From SUBSTATION #211 To P. B. X #210 
The way in which calls to a P. B. x are handled 

will now be described. As above noted, hundreds 
groups 2 and 3 are both arranged to handle calls 
to P. B. X's (private branch exchanges). One 
such P. B. X (#210) is indicated in part 1 of 
Fig. 10A, and at 80 in Fig. 18. 
By way of example, this P. B. X is illustrated as 

being served by ten lines, although a smaller or 
larger number may be provided, as required. 

O 

of the fifth and third left armatures of relay O8, 
over conductors 2 in cables SC and MC?, termi 
nals of blocks SB and MB, Fig. 13, to the con 
ductors S and M in branch B2 of cable 
CA-300, marking the selectors as calling from 
the standpoint of the common equipment 2SCE 
(Figs. 23 to 26). The ground potential on con 
ductor M in branch B2 of cable CA-300 is ex 
tended, through terminals of blocks 282 and 
28 f, to conductor in cable CA-2400, while the 
ground potential on conductor S in branch B2 of 
cable CA-300 is extended, through terminals of 
blocks 234 and 23, to start conductor S in 
cable CA-240). 

G3. SEIZING THE SELECroR Connon 
EQUIPMENT 2SCE 

Assuming that the common equipment 2SCE is 
idle at this time, the placing of ground potential 
on start conductor S of cable CA-2400 results 
in the Operation of section-f relay 240 in series 
with start relay 251, the circuit being similar to 
that described for relays 370 and 3805. 

Primary and secondary selector-action match 
ing now occurs in the relays 260 to 262 and 
250 to 250 similar to that hereinbefore de 
scribed in connection with the corresponding 

It is to be noted that each of the lines of this is relays of Figs, 38 and 39. 
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At the same time, circuits are closed for the 

concerned if f selecting magnets of selector-pri 
mary and selector-secondary groups2SP and 2SS 
of Figs, 10A and 22. V 
The primary selecting circuit is as follows: 

from ground on mark conductor in cable 
CA-2800, through the outer left contacts of the 
operated section relay 240, conductor f in . 
cable CA-2450, selector-preference relay 230, 
conductor f' in branch BPM of cable. CA-2200, 
magnet M of group 2SP, Fig. 22, conductor in 
the said branch BPM, contacts controlled by the 
second right armature of selector-preference re 
lay 230, chain-end conductor 2352, back contact 
of the third left armature of clear-out relay 25, 
conductor 365, chained contacts of relays 230 
to 230, to battery through resistor 235. Relay 
230 locks itself and the associated selecting 
magnet M to resistor 235 and disconnects the 
operating circuit from chain-end conductor 2852, 
while at the back contact of its inner right arma 
ture, it opens the chain circuit to conductor 2852 
to preclude operation of any further ones of the 
associated selector-preference relays and their 
associated selecting magnets. 
The operating circuit for magnet M of see 

ondary group 2SS (Fig. 22) is from ground on 
conductor 2552, through the front contact of Sec 
tion- relay 240 , and over conductor in branch 
BSM of cable CA-2200. 
G4. THE SELECTOR-STAGE MATCHING OPERATION 
It may be assumed that primary matching re 

lay 260 operates, because the associated pri 
mary switch A (Fig. 22) in the calling section 
9 of the primary is idle, and because at least one 
secondary switch is idle in the associated. A sec 
tion of secondary group 2SS (Figs, 10A and 22). 
Under this condition, the associated primary. 
matching relays 2602 to 2606 are prevented from 
operating by the removal of their ground supply 
connection at the back contact of the second 
right armature of relay 260A, as pointed out in 
connection with the corresponding relays shown 
in Fig. 39. m 

It may be assumed further that secondary 
matching relay 260 operates, because the asso 
ciated secondary switch A (Fig. 22) is idle. 

G5. operATING THE MATCHED SELECTOR 
STAGE SWITCHES 

When the selecting magnets M of groups 2SS 
and 2SEP (Fig. 22) have operated over their above 
described circuits and grounded the associated 
conductors SON and PON in cable CA-220, the 
matched primary and secondary switches are 
thereby operated. 
The operating circuit for the matched pri 

mary switch is as follows: from ground on con 
ductor PON in cable CA-2200, through contacts 
of the operated start relay 25, front contact of 
the operated primary matching relay 260, con 
ductor A in cable CA-2500, contacts of relay 
240, conductor A in branch BP in cable 
CA 2200, make-busy, contacts 2204, the asso 
ciated c-stackup contacts, the low-resistance up 
per winding of magnet 2203, to battery. By the 
operation of magnet 2203, the selected # stack 
up of contacts of switch A are closed and the c 
stackup thereof is shifted. 
The operating circuit for the matched second 

ary switch is as follows: from ground on cont 
ductor SON of cable CA-2200, through the front 
contact of the first right armature of relay 260, 
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secondary-matching relay 20, conductor A in 
branch BS of cable CA-2200, make-busy con 
tacts 2202, low-resistance operating winding of . 
magnet 220, sleeve conductor S of link 2LA, 
contacts of relays 203 and 208, make-busy con 
tacts 230, to battery, through resistor. 23f. 
Magnet 203 thereupon closes the selected if 
stackup of contacts of switch. A? and shifts the 
associated c stackup. The upper contacts of the 
C stackup connect up the upper winding of the 
Operating magnet as a holding winding, while 
the lower contacts thereof separate the asso 
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ciated secondary section conductors A and A 
at one point, leaving them connected together 
through any idle one of the secondary switches 
in the A group. 
G6. PREPARING THE CoNNECTOR2C, FoR OPERATION 

Line relay 20 of connector 2C now operates 
over the calling line in parallel with the wind 
ings of line relay C2 of the selector S, through 
the tip and ring contacts of the operated switches 
A and All of Fig. 22. Release relay 203 re 
sponds to the operation of line relay 20 by 
grounding conductor 250, and by transferring 
the associated incoming sleeve conductor from 
its idle-indicating battery connection to ground, . 
to provide a holding circuit for the operated 
switches after the selector common equipment 
has cleared out and after the release relay of th 
selector S has restored. 

Cutoff relay 0 in the selector S operates 
over the sleeve conductor in multiple SMI re 
sponsive to the closing of the i? stackup of con 
tacts at switch A (the sleeve conductor S of this 
switch being maintained grounded for the mo 
ment by the selector common equipment). 
Cutoff relay fo, as hereinbefore described, 
makes a multiple ground connection to the aSSO 
ciated incoming hold conductor; extends the in 
coming sleeve lead to the outgoing sleeve lead; 
and disconnects line relay 92. The line and re 
lease relays f2 and i? 3 are restored succes 

y following the operation of cutoff relay 
. 

G7. CLEARING OUT THE SELECTOR COMMON 
EQUIPRINT 2SCE 

The clearing-out operation of the selector com 
mon equipment 2SCE is initiated by the opening 
of the back contact of the second left armature 
of cutoff relay (, in mediately depriving the 
operated selector-preference relay 23 of cur 
rent, resulting in the clearing out of the common 
equipment 2SCE substantially as hereinbefore 
described for the common equipment SCE. 
Clear-out relays 254 and 255 correspond re 
spectively to the previously described clear-out 
relays 3808 and 3809. Additionally, cycle-timer 
relays 2552 and 253 correspond respectively to 
the relays 3806 and 380. 

65 
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front contact of the armature of the operated 76 

G8. SETTING THE CONNECTOR 2C1 
The connector 2C of Figs. 20 and 21 corre 

spond generally to the connector 4C of Figs. 33 
and 34, except that it does not have a party 
register, as no party digits are included in the 
numbers assigned to the lines served thereby; the 
sequence group comprising relays 209 to 2 
contains one less relay than the corresponding 
group of connector 4C; and no reverting-call 
relay is required in the connector 2C. 
when the tens digit 1 in the desired number 

is dialed, line relay 20 restores once momen 
tarily, thereby transmitting an impulse through 



34. 
contacts of the operated release relay 2 and 
through contacts of busy relay 2 to impulse 

- conductor 235. This impulse proceeds further, 
through contacts of relays 209 and 2, to tens 
conductor 236 associated with the tens register 
comprising relays 2 ft2 to 2f 8. These relays 
correspond respectively to relays 344 to 3420 of 
the connector 4C. They are set in accordance 
with the dialed digit 1 to prepare a circuit over 
conductor in branch BTM in cable CA-900. 

Series relay 24 responds during the dialing 
of each of the tens and units digits. At the be 
ginning of the tens digit, it closes a circuit, from 
ground on conductor 240 (grounded by virtue of 
its connection with Conductor 20), through the 
front contact of the right armature of series relay 
24, conductor 24, back contact of the first 
right armature of driver relay 2, back contact 
of the first left armature of relay 2ff, to bat 
tery through the winding of sequence relay 2 D. 
Relay 20 thereupon operates and locks itself 
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through relay 70, contacts controlled by the 
second right armature of relay 70, the associ 
ated chain-end conductor, chained contacts of 
relays fill to TO, chain conductor CH in cable 
CA-5), transfer control relay. SO, contacts 
controlled by the second right armature of relay 
o, chain-end conductor 52, back contact of 

the second right armature of hold relay 0, 
conductor 5, chained contacts of relays 3 
to 2, conductor 632, back contact of the first 
right armature of transfer-control relay Ulf, 
chain-supply conductor 54, contacts of clear 
out relay f, and the chain-supply resistor 
52B, to battery. 
Relays so and Toi operate in series over the 

above traced circuit. Relay of locks itself to 
Nconductor CH at its second right armature, at 

20 

through the left-hand winding of driver relay . 
2, the last-named winding remaining short 
circuited as long as series relay 204 remains 
operated. -- 

At the end of the tens digit, series relay 204 
falls back and removes the short-circuit from 
around the left-hand winding of relay 21, 
whereupon relay 20 operates. At its second 
left armature, it disconnects impulse conductor 
235 from the tens impulse conductor 23 and 
transfers it to the units impulse conductor 237. 
When the units digit 0 is dialed, the ten re 

sulting impulses are delivered over units conduc 
tor 27 to the units register comprising relays 
20 to 2007. The relays of this register respond 
as hereinbefore described to record the value of 
the digit, relays 2007 and 2005 being in operated 
condition at the end of the digit to prepare a 
circuit over the conductor in cable 20OM; 
When series relay 24 responds at the begin 

ning of the units digit, it again grounds conduc 
tor 244, extending ground potential through the 
front contact of the first right armature of the 
operated driver relay 2 foe to the holding wind 
ing of the driver relay, which ground potential 
further extends, through the front contact of the 
right armature of the operated relay 20 to the 
winding of sequence relay 2 ft. Relay 2 
thereupon operates and locks itself to conductor 
240 at its second left armature. At its first left 
armature, relay 2 open-circuits and restores 
relay 20, whereby the circuit through the left 
hand winding of driver relay 209 is opened, but 
the driver relay remains operated for the time 
being by its right-hand winding. 
When series relay 204 falls back at the end 

of the units digit, driver relay 209 restores. 
G9. SEIZING THE Connon Equipment 2LCE 

THROUGH THE CONNECTOR CHAIN 
Start conductor ST in branch BC of the cable 

CA-90 is now grounded through the front 
contact of the third left armature of relay 2 if 
and the back contact of the left armature of 
driver relay 209 to cause the line common equip 
ment 2LCE of Figs. 14 to 17 to be seized through . 
the connector chain comprising relays 70 to 
l, individual respectively to the sixteen con 
nectors of hundreds group 2. 
Assuming that equipment 2LCE is idle at this 

time, the grounding of start conductor ST in 
branch BC of cable CA-900 closes a circuit for 
Connector-chain relay f as follows: from 
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the same time disconnecting its winding from 
the associated chain-end conductor, while at its 
first right armature, it deprives the said chain 
end conductor of current to preclude operation 
of any one of the relays 72 to for the time 
being. , 

At the front contacts of its left armiature, relay 
TO connects up conductors TR, UR, H, BU, SW, 
and S in the associated branch BC to their re 
spective associated common conductors. 
G10. PRCPARING FOR MATCHING IN GROUP 1 or THE 

AssocIATED CONNECTOR - ACTION SECONDARY 
SWITCHES 

Relay TOf also grounds the associated group 
conductor G at the front contact of its third 
right armature, operating group- relays 
and 49 to prepare for matching an idle one 
of the connector-action secondary switches in 
group f of secondary group 2LS of Figs. 10A and 
19. This grouping of the connector-action sec 
ondary switches is made necessary because there 
are more of these switches than are selective 
stackups in the distributor switches of group 2D 
(Figs. 10A and 19). More particularly, these dis 
tributor switches are illustrated as having only 
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ten selective stackups each, while there are six 
teen connector-action secondaries in group 2L8. 
As is shown in part 4 of Fig. 10A, the distributor 

switches 2D to 2D6 in distributor group 2D are 
assigned respectively to connectors 2C to 2C. 
The Connectors and distributors are divided into 
two groups. The first group comprises the first 
eight of the connectors and distributor switches, 
while the second group comprises the ninth to 
the sixteenth connectors and distributor switches, 
As is indicated in part 4 of Fig. 10A, six of the 

sixteen connector-action secondary links in cable 
CA-950 are multipled to the first six stackups 
in the group- distributors; six other of the sec 
ondary links are multipled to the first six stack 
ups in the group-2 distributors; and the final 
four links in cable CA-1950 are multipled to the 
last four stackups in all the distributor switches. 
This arrangement is further shown in Fig. 19 
which shows the distributor switch 2D (of the 
first group of distributor switches) and distributor 
Switch 2D9 (of the second group of distributor 
Switches). The six links in cable CA-95 rep 
resenting the odd-numbered connector-action choices f, 3, 5, 7, 9, and (extending respectively 
to connector-action secondary switches F6, F4, 
ES, E, D4, and C5) are connected respectively 
to stackups f to 6 of the first group of distribu 
tors; the six even-numbered links representing 
choices 2, 4, 6, 8, 0, and f2 (extending respec 
tively to the secondary switches FS, F3, E4, D6, 

ground on conductor ST in the said branch BC, 75 D, and C4) are connected respectively to the 
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first six stackups in the second group of distribu 
tor switches; and the thirteenth to sixteenth 
choice links in cable CA-1950 (extending respec 
tively to secondary switches B5, B4, A6 and A5) 
are connected respectively to the seventh to tenth 
stackups in all distributor switches in groups 
and 2 in distributor group 2D. The above ar 
rangement is similar to the usual graded-trunk 
ing arrangement employed generally in telephone 
systems when a selective switch has a capacity 
less than the number of link paths in the group 
to which it has access. 8: 

For the purpose of evening the demand on the 
two groups of connectors (2C to 2C8 and 2C9 
to 2Cl6) to the end that advantageous use shall 
be made of the four last choice connector-action 
links accessible in common to the distributor. 
switches of both groups, the connectors 2C to, 
2Cl6 are interconnected to the links contained 
in cable 2L (Figs. 22 and 10A, part 4) as indicated 
in part 4 of Fig. 10A. , 
The links in connector cable 2 are numbered 

at the lower end of the cable in accordance with 
the order of preference in which these links are 
taken for use through the switches in group 2SS. 
As is indicated in association with the connect 
ors 2C to 2C 6 in part 4, Fig. 10A, the links in 
cable 2L representing the odd-number connector 
choices , 3, 5, and so forth, to 5 are connected 
respectively to connectors 2C to 2C8 comprising 
the first connector group, while the links in cable 
2L representing the even-numbered connector 
choices 2, 4, 3, and so forth, to 6 are connected 
respectively to the connectors 2C9 to 2C6 come 
prising the second connector group. By this 
arrangement, substantially equal numbers of calls 
are directed to the two groups of connectors. 
Any operated one of the connector-chain relays 

Ted to a 708, associated respectively with the con 
nectors 2C to 2C8 comprising the first connector 
group, grounds group- conductor G; while 
group-2 conductor G2 is grounded upon the oper 
ation of any one of the connector-chain relays 
A 99 to 76 associated respectively with the con 
nectors 2C9 to 2C8. 

In the call now under consideration, connector 
chain relay of is the one operated and it 
grounds conductor G as above noted, operating 
group-relays 9 and 689 in parallel. Group 
relay 9 connects each of the connector-action 
secondary section conductors C, D, E, and F in 
branch BSC of cable CA-900 respectively to 
its individual group- section conductors in 
branch BSC of cable CA-900 preparatory to 
the primary-matching operation. Group- relay 
49 connects up the test leads in branch BS of 
cable CA-9e of the respective connector-action 
secondary switches individual to group of the 
connectors and distributors. These are test leads 
FS, FS, E5, E3, D4, and C6. 
G11. PREPARING Common Equipa ENT 2LCE FOR 

ConxCTORACTION 
When transfer-control relay 5e operates in 

series with relay 70 as above noted, it locks 
itself to the associated chain-supply conductor 
54 at its second right armature, at the same 

time disconnecting its winding from chain-end 
conductor 652. At the back contact of its first 
right armature, relay 50 disconnects conductor 

. 632, thereby depriving chain-end conductor 852 
of current to preclude operation at this time of 
any further relays thereover. At its first left 
armature, relay 50 prepares a circuit over con 
ductor H of cable CA-50; at its second left 
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armature it prepares a circuit for P. B. X reset 
relay 508; and at its third left armature, it 
applies ground potential to locking conductor 
54 and to transfer conductor 53. 
Transfer relays 40 and 40 now operate over 

conductor 53 in preparation for connector 
action primary and secondary matching, and 
cpnnecting relay f 25 operates to initiate the 
P. B. X test to be described subsequently. 
G12, SECTION SELECTION IN THE LINE PRIMARY 

. GROUP r 

The #f section in line primary group 2LP of 
Figs. 10A and 18 is now selected by the energiza 
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tion of section- relay 62 over the following 
circuit: from ground, through the back contact 
of the second left armature of P. B. X reset relay 
508, conductor TR in cable CA-650, front con 

tact of the outer left armature of connector 
chain relay 70?, conductor TR in branch BC 
of cable CA-1900, back contacts of relays 2 is 
to 2 4, front contact of the third right armature 
of relay 2 3, conductor in branch BTM of . 
cable CA-900, and through the right-hand 
winding of relay 62 f, to battery. 

Relay 62 connects conductors Ato F in pri 
mary-match cable CA-400 respectively to test 
conductors A to F in branch BP of cable CA 
900, being the test conductors of the respective 
primary switches A to F comprising section 
of group. 2LP (Figs. 10A and 18). 

G13. TENs scLECTION 
At the front contact of its outer right armature, 

relay 82 applies ground potential to conductor 
in branch BSM of cable CA-900, thereby 

energizing selecting magnet M of secondary 
group 2LS (Fig. 19). The associated # stackups 
are thereby selected. 

G14. UNITs SELECTION 
Along with the described operation of section 

relay 623, units selection in primary group 2LP 
(Figs. 10A and 18) is accomplished by the ener 
gization of selecting magnet MO thereof over the 
following circuit path: from ground by way of the 
back contact of the first left armature of P. B. X. 
reset relay 608, conductor UR in cable CA-1656, 
contacts of relay 76, conductor UR in branch 
BC of cable CA-900, front contact of the right 
armature of relay 2007, front contact of the 
Second right armature of relay 2005, conductor 
0 in cable 20UM, and through the winding of 
selecting magnet MO of Fig. 8, to battery. The 
#0 stackups of all the primary switches in group 
2LP are thereby selected. 

G-15. The P. B. XTEST 

Concurrently with the above-described pri 
mary and secondary selecting operations, a 
P. B. X test is made to determine whether or not 
the connector-action call being handled is for 
one of the P. B. X's served by the group. This 
P. B. X test is made over the conductors con 
trolled by the tens and units registers of the cur 
rently calling connector 2C. 
When connecting relay 525 operates over 

transfer conductor 53, in parallel with transfer 
70 

76 

relays 40 and 40, it connects the units con 
ductors to in the primary selecting-magnet 
branch BPM of cable CA-900 to the terminals 
to 0 respectively in the units test block 322. 

The conductors to 0 of the tens-mark branch 
BTM of cable CA-900 are normally connected 
to the terminals of the tens block 523. 
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Test relay Sle is the P. B. X test relay for 

F. B. X #210. Relay 50 is a marginal relay, 
unresponsive to current flow through either 
winding alone but operable responsive to current 
flow through both windings at the same time. 

In the call under consideration, conductor in 
tens-mark branch BTM of cable CA-900 is 
grounded over the traced circuit for the right 
hand winding of section- relay 62, closing a 
circuit through terminal in tens block S2, 
over the illustrated jumper to block 20, through 

O 

the contacts controlled by the first right armature 
of relay is 10, to battery through the right-hand 
winding of relay 50. 
At the same time, ground potential is present 

on units conductor of cable branch BPM by 
virtue of its connection in Fig. 18 with the 
grounded units conductor 0- in cable 20UM, clos 
ing a circuit through contacts of the Operated 
connecting relay 525, conductor 0, units test 
block 522, the illustrated jumper, a terminal of 
block 20, and thence to battery through the 
left-hand winding of test relay 50. Relay if 
now operates responsive to the energization of 
both windings thereof. At its first right arma 
ture, relay Sf 0 locks its right-hand winding to 
conductor if (grounded at the Outer left Con 
tacts of transfer-control relay of), at the same 
time disconnecting such winding from terminal 
of block 523. Relay 50, once operated, is able 
to remain operated with only One Winding ener 
gized. 
At the front contacts of its second and third 

armatures, P. B. X test relay 50 extends the 
grounded re-mark conductors 542 and 43, des 

5 
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tion, 
The results now occurring depend upon whether 

the first line of the called P. B. X is busy or is idle. 
If this line is busy, there is a ground potential On 
the sleeve conductor S of line multiple L. M. #210 
thereof. As a result, the left-hand winding of re 
lay Sf is energized over conductor O in cable 
CA-850. Relay 5 f is therefore operated, and 
is locked, at the front contact of its first right 
armature, to conductor fit to prevent restora 
tion thereof during the P. B. X testing operation if 
the associated line then becomes idle. 
With relays 50 and 5 operated, it is there 

by determined that the call cannot be completed 
responsive to the tens and units marking in 
parted by the calling connector 2C (Figs. 20 and 
21). This marking is thereupon terminated and a 
new marking is applied in accordance with the 
busy or idle condition of the remaining lines of 
the P. B. X group in a manner which will be 
pointed out hereinafter, 

G6. H. FIRST P. B. K. Nc is DL: 
In the present example, it will be assumed that 

the first line of the P. B. X group is idle at the 
moment, in which case its associated relay 5 
is not in operated condition, and the tens and 
units re-mark conductors 542 and 543 are open 
at the contacts of relay fl. 

G. PRARY MATCHING 

Primary matching now occurs responsive to the 
described operation of section- relay 62. If 
the first-choice primary switch F in the called 
section of primary group 2P (Fig. 18) is idle, 
there is battery potential on the associated con 
ductor F in branch BP of cable CA-900, which 
is extended, through the front contact of the first 
left armature of relay 62, and over conductor E 

4. 
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fully in its locking circuit. 
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of cable CA-400, to the left terminal of the left 
hand winding of primary-matching relay 0, . 
which is the first-choice relay for connector ac 
tion. If there is at least one idle group- Con 
nector-action secondary switch in section F of 
secondary group 2LS (Figs. 10A and 19), ground 
potential is present on the right terminal of the. 
thand Winding of primary-matching relay 
4. - 
If secondary switch FS of Fig. 19 is idle, the 

associated individual conductor F in branch 
BSC is grounded through the upper contact pair 
of the cstackup of the switch F. Similarly, there 
is ground on conductor F4 in the said branch 
BSC if switch F4 of group 2LS, Figs. 10A and 19, 
is idle. 
With ground on either of the said conductors 

F6 and F4in branch BSC of cable CA-90, such 
ground potential is extended, through contacts of 
the operated group- relay TS, conductor F in 
branch BSC of cable CA-909, front contact of 
the outer armature of transfer relay 40, back 
contact of the outer armature of cutoff relay 
402, and thence by way of conductor F in cable 
CA-450, right terminal of the left-hand wind 
ing of primary-matching relay 408. The left 
hand, matching, winding of relay 408 is ener 
gized by the above noted opposite potentials on 
its terminals. W 

Similarly, the left-hand Winding of each of the 
other primary-matching relays 407 to 408 is 
energized dependent upon the associated primary 
Switch being idle, and upon there being at least 
one idle connector-action secondary switchin the 
associated section, assigned to group , contain 
ing the calling connector 2C of Figs, 10A and 
20, 2. 

In the present example, it may be assumed that 
all of the primary-matching relays 403 to 408 
start to operate. 
With transfer relay 40 in operated condition, 

the ground potential which has been placed on 
lock conductor 532 by start relay 502 is trans 
ferred from the finder-action lock conductor. 42. 
to the connector-action lock conductor 422 con 
nected to relays 408 to 408 in the reverse order 
employed for connector-action primary matching. 
Upon Operating partially, relay 408, at its sec 

Ond left armature, deprives relays 407 to 403 of 
locking potential and closes a locking circuit for 
its own right-hand winding in circuit with cutoff 
relay foz. Cutoff relay 402 thereupon operates 
to open-circuit the left-hand windings of all of 
the partially operated relays f403 to 408, where 
upon such relays restore. Relay foe operates 

G18. SECONDARY MATCHING 
With primary-matching relay 408 operated 

fully and with relays 403 to 407 in restored 
Condition, the first-choice and third-choice sec 
Ondary-matching relays f4 and 43 are con 
nected respectively to test conductors F6 and F4 
in branch BS of cable CA-f OO, through con 
tacts of the operated group- relay 49, front 
contacts of the first and third right armatures of 
relay 408, and front contacts of the first and 
third right armatures of transfer relay 40, to 
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the left-hand windings of relays 4 f and 43. 
If both of the switches F6 and F4 in secondary 

group 2IS of Fig. 19 are idle, there is battery po 
tential on both of the leads F6 and F4 in branch 
BS of cable CA-900. The first-choice and third 
choice secondary-matching relays 4 and 43 
start to operate. 
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Relay 4 opens a point in the locking circuit By the above switch operations, the connection 

of relay 43, and locks its right-handwinding in . 
series with cutoff relay 45. Cutoff relay 45 . 
thereupon operates to disconnect the left-hand 
windings of relays 4 to .44 whereupon the 
partially operated relay 43 restores, but relay 
4 operates fully in its locking circuit in series 
with the cutoff relay. 

G-19. DISTRIBUTOR SELECTION 
Upon operating fully, secondary-match relay 
4 closes the following distributor-selection cir 

cuit: from ground, through the front contact of 
the outer armsture of transfer relay 40, con 
ductor 628, front contact of the Outer right arma 
ture of primary-matching relay 38, the front 
contact of the third right armature of relay 4, 
conductor in branch BOM of cable CA-909, 
and thence to battery through selecting magnet 
A? of the distributor group 2D (Fig. 19). The 
resulting energization of this magnet brings about 
the selection of the # stackup of contacts in all 
the distributor switches of this group. 

O 
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G20. OPERATING THE MATCRED PRIMARY, SECONDa 25 
ARY AND DISTRIBUTOR SWITCHES 

The operation of cutoff relay 86 is followed 
by the hereinbefore described operation of the 
slow-acting hold relay 56, followed in turn by 
the operation of clear-out relay 566, to discon- 80 
nect hold relay 50. Relay 58 holds operated 
for a sufficient interval to permit Operation of the 
matched primary, secondary, A. and distributor 
switches to occur. 
When operate conductor 533 is grounded, at 8 

the first right armature of hold relay 6, 8, cira 
cuit is thereby closed through the front contact 
of the first left armature of primary-matching re 
lay 508, conductor F of cable CA-600, contacts 
of relay a 62, conductor F in branch BP of 40 
cable, CA-90, make-busy contacts 869, the 
associated c-stackup contacts, to battery through 
the low-resistance upper winding of magnet 808. 
Magnet 808 thereupon operates to close the se 
lected it stackup of contacts of the switch AF to 45 
make connection with the called line. 
A further result of the grounding of conductor 
533 is the closing of a circuit through the front 

contact of the second right armature of Second 
ary-matching relay & , front contact of the 50 
first right armature of transfer relay 4, front 
contact of the first right armature of relay 408, 
front contact of the lower armature of group 
relay & 9, conductor FS in branch BS of cable 
CA-900, make-busy contacts 904, the lower 55 
contact pair in the associated C stackup, to bat 
tery through the low-resistance upper winding of 
magnet 993. By the operation of magnet 93, 
the selected it stackup of contacts of Secondary 
switch Fe is closed to make connection with pri 
mary switch AF of Fig. 18, by way of primary link 

Fin cable 2LF. 
A further result of the placing of ground po 

tential on operate conductor 538, is the closing 
of a circuit, through the front contact of the first 65 
left arrnature of transfer-control relay 5, con 
ductor H in cable CA-850, contacts of relay 

, conductor H in branch BC of cable CA 
988, conductor Hin link L2C in cable CA-206, 
c-stackup contacts of switch 2D, to battery 70 
through the low-resistance upper winding of mag 
net 905. By the operation of magnet 905, the 
selected if stackup of distributor switch 2D is 
closed to select secondary switch F6 of Fig. 19 
by way of liak in cable CA-3950. 
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has been linked between the outgoing conductors 
of the connector 2C of Figs.20 and 21 and the 
first line #210, of the called P. B. X #210, 

G21. TesTING THE CALLED LINE 
Upon the completion of the connection with 

the called line, a testing operation as hereinbefore 
described occurs under the control of test relay 
78 (Fig. 17). Since the line is idle, as indicated 

by the P. B. X test previously made, test relay 
8 now energizes over the established connec 

tion in series with cutoff relay 1805 of the called 
line, and the cutoff relay operates to clear the 
called line for ringing and talking purposes. 
The left-hand winding of the P. B. X relay 

is is at the same time partially energized in 
parallel with the winding of cutoff relay 80.5 over 
conductor in cable CA-850. The left-hand 
windings of P. B. K relays 5 to 59 are pref 
erably of comparatively high-resistance, whereby 
such a relay does not operate in parallel with 
its associated cutoff relay when test relay a 788 
is in the common ground-supply path for both 
relays. The current cycle of operations of de 
vice 2CE is therefore completed before relay 
as can operate. 

G32. SE2ING THE CALLED LINE 

he connector 2C is now operated to seize the 
called line and to free the common equipment 
2ACE as follows: 

Delay relay operates from the ground po 
tential On Conductor H in cable S5 at the end of 
the short interval allowed for the above described 
testing of the Called line by relay 8. When it 
operates under the present assumed conditions, 
relay grounds conductors BU and SW in 
branch BC of cable CA-909. The said con 
ductor BU is grounded through the front contact 
of the third left arrnature of relay A, and con 
ductor SW is grounded through contacts of test 
relay 8 and the front contact of the second 
left arrnature of relay G. 

In the connector 2C, Figs. 20 and 21, busy and 
switching relays 2 A3 and 2 0 operate respon 
sive to the grounding of the associated conduc 
tors BU and SW, and each locks itself to the as 
sociated conductor 250, grounded at contacts of 
release relay 28. 

Busy relay 2A68, at the front contact of its 
first left armature, grounds hold conductor H in 
link L2C to maintain the connection established 
with the called line; and at the back contact of 
its second left armature, it ungrounds conductor 
260 to clear out any operated ones of the se 
quence relays 269 to 24, and the operated 
relays of the tens and units registers. 
At the front contact of the second left arma 

ture of relay 20 and the front contact of the 
third left armature of busy relay 28, ground 
potential is applied directly to the associated 
sleeve conductor to place a full guarding po 
tential on sleeve conductor S of line multiple 
I. M. 20, whereupon relay 5 operates 
promptly over conductor in cable CA-1860, 
and remains operated so long as the associated 
P. B. X line is in use. 

G23. CLEARING OUT Coton EQUIPMENT 2LCE 

When the sequence relays are cleared out 8S 
described, conductor ST in branch BC of cable 
CA-900 is ungrounded by relay 2 if f to cause 

7s the common equipment 2LCE to clear out sub 
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stantially as hereinbefore described, particularly 
in connection with the connector-8ction opera 
tion of common equipment 4LCE of Figs. 27 to 30. 

C24. TEERINGING OPERATION 
At the front contacts of the third and fourth 

left armatures of switching relay 20, the rin, a 
ing circuit is closed. The ringing current inter 
mittently applied by ringing relay 23 to the 
common ringing lead 22 now passes out over 
the tip conductor of the established connection 
to the terminating equipment of line #210 of the 
called P. B. X #210, a return path being provided 
over the ring conductor of the connection, to bat 

5 tery through trip relay 2. 
Each time conductor 22 receives ringing cur 

rent, a portion thereof passes back to the Calling 
line through small-capacity condenser 22 to 
give the calling subscriber a ringing-tone signal. 

G25. ANSWERING THE P. B. KCAL. 
When the operator at the called P. B. X re 

sponds, a direct-current bridge is thereby closed 
over the called P. B. X line #210 permitting trip 
relay 206 to operate. Ring-cutoff relay 20 is 
thereby operated, and it locks itself at its first 
left armature, at the same time opening the ring 
ing circuit and completing the talking circuit. 
Back-bridge relay 202 now responds to make 
a multiple application of ground potential to con 
ductor 250, 
G26. CLEARING OUT THE ESTABLISHED CONNECTION 
When the ensuing conversation is terminated, 

the established connection is cleared out as here 
in before described in Connection with a call 
through the connector 4C of Figs. 33 and 34, the 
apparatus involved therein being returned to the 
illustrated normal condition. P. B. X relay 5 
is restored along with cutoff relay fols when the 
connection is cleared out. 

G27. P. B. X. RESET OPERATIONS 
The preceding description having been inade 

under the assumption that the first line of the 
called P. B. X is idle, in which case no P. B. X 
reset operations are involved, a description will 
now be given of the alternative operations in 
volved in the same P. B. X call under the assump 
tion that the first line of the P. B. X is busy. Re 
lay 5i is, therefore, in operated condition when 
P. B. X test relay 50 operates as previously de 
scribed. 

It may be further assumed, for example, that 
all of the P. B. X lines are in use except the last 
one thereof, which is line #202. In this case, all 
of the P. B. X relays 5 to 59 (associated re 
spectively with the lines f to 9 of the P. B. X) 
are in operated condition. Each of these relays 
is now locked operated by its right-hand winding 
to conductor 54, grounded upon the described 
operation of transfer-control relay 50. 

G28. CLEARng OUT THE ORIGINAL MARKING 
The original tens and units marking is now 

cleared out responsive to the closing of the fol 
lowing circuit by P. B. X test relay ff0: from 
ground, through the winding of P. B. X reset re 
lay 508, front contact of the second left arma 
ture of relay f 50, units-reset conductor 542, 
the front contact of the second right armature of 
each of the relays 50 to 59, the upper illus 
trated terminal of block 52, the associated 
units-reset jumper, digit-2 terminal of units-re 
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conductor 2 of cable CA-10, units relay 722, 
contacts thereof, chain conductor f752, contacts 
of relay f 507, conductor 1751, chained contacts of 
relays T30 to 72, chain-supply conductor 54, 
and thence to battery through contacts of clear 
out relay 50s, and resistor (52. 

P. B. Xreset relay 508 operates over the above 
traced circuit in series with units relay 722. Re 
set relay 58 recycles the common equipment for 
operating in accordance with reset tens and units 
marking; clears out the original marking; and 
applies the reset tens marking, as will be de 
scribed. 
At its right armature, relay disconnects 

conductor 4' from the grounded start conduc 
tor 34, thereby restoring start relay 52 and 
clearing out the associated cycle-timer compris 
ing relays SO3 to 55 for a new cycle of opera 
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tions. At the front contact of its first left arma 
ture, relay 508 closes a circuit for the operating 
winding of delay relay 0 to cause such relay 
to reoperate after a slight interval to reclose.the 
start circuit. 
At the back contacts of its left armatures, re 

lay 508 removes ground potential from conduc 
tors TR, and UR of cable 50, thereby opening 
the previously traced tens and units marking 
circuits. . . 

Responsive to the above opening of the Original 
tens marking circuit, section- relay 62 restores 
because of the consequent removal of ground po 
tential from conductor in branch BTM of cable 
CA-900. Upon restoring, relay f62 terminates 
the selection of section in the associated group 
2LP (Figs. 10A and 19). At its Outer right arma 
ture, relay 62 removes ground potential from 
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conductor in branch BSM of cable CA-9), 
thereby deemergizing selecting magnet M of 
group 2LS (Fig. 19) and terminating the selec 
tion of the #1 stackup of contacts of the associ 
ated secondary switches. 
As a result of the ungrounding of the units 

register conductor UR in the cable CA-1650 by 
reset relay 508, conductor 0 in units-mark cable 
20UM becomes ungrounded, thereby deemergizing 
selecting magnet MO in primary group 2LP (Fig. 
18) to terminate the selected condition of the 
#0 stackup of the associated primary switches, 

G29. RESET UNITs SELECTION 

When units relay 722 operates over its above 
traced units-reset circuit in series with P. B. X 
reset relay 508, it grounds conductor 2 in branch 
BPM of cable CA-900 to thereby cause the #2 
stackups of all of the switches in primary group 
2LP of Figs. 10A and 18 to be selected by the 
consequent energization of selecting magnet M2 
(Fig. 18) thereof. The units-reset selection is 
thereby made, in accordance with the units digit 
2 in the number of the first idle P. B. X line, 
which in the present example is the last line #202 
of the called P. B. Ki:210. 

G30. RESET TENS SELECTION 

At the front contact of its second left arma 
ture, P. B. X reset relay 508 grounds tens-reset 
conductor 543 thereby closing a circuit through 
the front contacts of the third left armatures of 
relays 50 to 59, the associated tens-reset 
jumper between terminal blocks 52 and 523, 
conductor O in tens-mark branch BTM of cable 
CA-900, to battery through the right-hand 
winding of section-0 relay 630. Relay B3 
thereupon operates to connect the associated sec 

set block 524, conductor 2 of cable CA-5, 6 tion-0 test conductors OA to OF respectively to 
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conductors. A to F in primary-match cable 
CA-400. Relay 1630, at its outer right armature, grounds 
conductor O in branch BSM of cable CA-00, 
thereby operating selecting magnet MO of second 
ary group 2LS (Fig. 19) to select the #0 stackups 
of the associated secondary switches preparatory 
to completing the connection to the final P. B. X 
line #202 in accordance with the reset markings, 
corresponding to the tens and units digits 0 and 2. 

G31. THE RESET CYCLE of OPERATIONs. 
Section-0 relay 63 regrounds start conductor 

834. As a consequence, when delay relay 508 
responds, a short interval following the described 
operation of P. B. X reset relay 508, the ground 
potential on conductor 836 is thereby extended 
over start conductor 886 to start relay 502, 
reoperating such start relay to reground lock con 
ductor 532 and to restart the associated cycle 
timer comprising relays 508 to 65. 
From this point, the newly started cycle of 

operations of the common equipment 2ICE pro 
ceeds substantially as hereinbefore described, in 
cluding a primary-matching Operation involving 
relays 803 to 498, followed by secondary-match 
ing operation involving relays 4 to 86, fols 
lowed in turn by the operation of hold and clear 
out relays S. and 508. 
Operating circuits similar to those hereinbe 

fore traced are closed for the matched primary 
switch in section of group 2LP in Figs. 10A and 
18 (none of the section-3 primary switches is 
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shown in Fig. 18), for the matched secondary 
switch in group 2S (Fig. 19) and for the dis 
tributor switch 2D of Fig. 9 to complete the 
connection from the calling connector 2C? of 
Figs. 20 and 21 to the final line #202 of the called 
P. B. 210. 
Test and delay relays 8 and i? operate 

as previously described to bring about the opera 
tion of busy and switching relays 2d68 and 20 
of the connector 2C. 
G32. CLEARING OUT THE COREGON EGUIPRENT 2LCE 
The clearing out of the common equipment 

2LCE is initiated as previously described respo 
sive to the ungrounding of start conductor ST 
in branch BC of cable CA-390, as a result of 
the operation of relay 2 (08, to release relay 29. 
When this occurs, relays and 56 innedi 
ately restore. 

P. B. K reset relay 608 and units relay 22 
restore responsive to the opening of the front 
contact of the second left arnature of transfer 
control relay 58 ; P. B. S. test relay 689 is un 
locked and restored responsive to the removal of 
ground potential from conductor 56 by trans 
fer-control relay 6; and delay relay 59 re 
stores responsive to the restoration of relay 568. 
The clearing out of the remaining portion of 

the common equipment is as previously de 
scribed 
H. CALLs OUTGOING TO AUTOREATIC EXCHANGE #9 
The way in which calls outgoing from the local 

automatic exchange #9 (shown at 4000 in Fig. 
10A, part 3, and Fig. 40) are handled will now 
be described. For this purpose, it will be assumed 
that the subscriber at substation .i.211 (Figs. 10A 
and 18) desires to converse with a subscriber of 
automatic exchange 400. The subscriber at sub 
station #211 accordingly removes his receiver; 
waits for dial tone; and then dials the listed direc 
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change 4000, preceded by the digit 9 required to 
cause extension of the connection to the called exchange. 

H1. SEZING AN IDL SELECTOR 
. It may be assumed that, when the receiver is 
removed at substation #211, connection is ex 
tended, through primary switch fA of group 2LP 
(Fig. 18), link LA, secondary switch All of group 
2LS (Fig. 19), and selector link SL, to the se 
lector SS of Fig. 11, by operations as hereinbefore. 
described. The selector S is thereupon prepared 
for operation, its line and release relays 2 and 

3 operating. A dial-tone signal is returned 
responsive to the closure of the Outer right conse 
tact pair of release relay 3. 

H2. DIALING EXCHANGE DIGIT 9 
When the calling subscriber dials the exchange 

digit 9, the selector SE responds as hereinbefore 
described to record the nine impulses in the re 
sulting series. Series relay 5 operates as pre 
viously described. At the end of this series of 
impulses, register relays 2 and 98 are in 
operated condition. 
H3. MARSKING SELECTOR S1. As CALLING SELECTOR 

(CROUP 9 

When series relay OS restores at the end of 
the dialing of the digit 9, it extends ground po 
tential to conductor 9 in each of the cables SC 
and MC, through the front contacts of the sec 
ond and first left armatures of relay 2, back 
contacts of the fourth and second left armatures 
of relay 0 and the front contacts of the fifth 
and third left armatures of relay 8. 
The ground potential on conductors 9 in cables 

SC and MC is further extended, through termi 
inals 9 in blocks SB and MB (Fig. 13), con 
ductors S and MA in branch 89 of cable CA 
398, jumper terminals on blocks $24, 623 and 
622, 82d , to start conductor S and mark con 
ductor in cable CA-3300. 

Responsive to the grounding of start conductor 
S and mark conductor in cable CA-4306, the 
common equipment 9SCE of Figs. 42 to 45 is 
Operated substantially as described hereinbefore 
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tory number of the subscriber in automatic ex- 76 

for the similar common equipments 2SCE and 
&SCE. Briefly, this operation is as follows: 
H4. SEIZING SELECTOR CORRON EQUIPRENT 9SCE 

If the common equipment 9SCE is idle (or, as 
Soon as it is cleared out, if it is busy), section 
relay $30 operates over the grounded conductor 
S? in cable CA-6300 in series with start relay 
44. Start relay 445 starts the associated cycle 
timer comprising relays 486 and 63 7, and con 
nects up secondary-matching relays 45 to 33 g 
and 446 to 484 corresponding respectively to 
the twenty-seven outgoing secondary switches in 
group 9SS (Figs. 10A and 41). 

Section- relay 430 operates selecting magnet 
M of secondary group 9SS (Fig. 41); initiates 
the primary-matching operation by connecting 
coil ductors A and F in primary matching cable 
CA-4400 respectively to conductors A to F in 
branch BP in cable CA-300, corresponding re 
Spectively to the section- primary devices. A 
to F of group 9SP (Figs. 10A and 41); and it 
connects mark conductors to 0 in cable CA 
4300, through the conductors in cable CA-4350, 

ctively to selector-preference relays 420 to 
The marking ground potential on conductor 

of cable CA-300 is thereby extended, over con 
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ductor of cable CA-4850, to selector-preference 
relay 42, operating this relay in series with 
selecting magnet M of primary group SP (Fig. 
41). 

Relay 420 also grounds conductor 20, there 
by operating clear-out relay 48, following which 
clear-out relay 449 (being unshorted by relay 
448) operates over conductor 4452 in circuit with 
the operated secondary selecting magnet. 

H5. THE MATCHING OPERATION 
It may be assumed that primary switch A of 

group 9SP (Fig. 41) and secondary switch All of 
group 9SS are idle, in which event idle-indicating 
battery potential is applied to conductors A and 
A? in branches BP and BS of cable CA-4D 
resulting in the operation of primary-matching 
relay 450 and secondary-matching relay 450, 
preparing for the completion of the connection 
over the first-choice outgoing link path. 

HI8. OPERATING THE MATCHED SWITCHES 

When the energized selecting magnets Mt of 
groups 9SP and 9SS (Fig. 41 complete their oper 
ation and close the associated off-normal con 
tacts, conductors PON and SON in cable CA 
400 are thereby grounded, closing operating cir 
cuits for the matched primary and secondary 
Switches. 
The operating circuit for the matched primary 

switch is as follows: from ground on conductor 
PON in cable CA-400, through the lower con 
tact pair of the operated start relay 455, front 
contact of the left armature of primary-matching 
relay 45, conductor A of primary-match cable 
CA-440, contacts of the operated section- relay 
40, conductor A in branch BP of cable CA 
40, make-busy contacts 404, the associated 
c-stackup contacts, to battery through the oper 
ating winding of magnet 403. , Magnet 403 
thereupon operates to close the selected # 1 stack 
up of switch A of group 9SP. The associated c 
stackup of contacts is also shifted, thereby dis 
connecting the operating winding of magnet 
403, leaving the lower winding of this magnet 
connected as a holding winding. 
The operating circuit for the matched second 

ary switch is as follows: from ground on con 
ductor SON in cable CA-400, from contact of 
the first right armature of primary-matching re 
lay 450, front contact of the armature of second 
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41), the tip and ring conductors of link in cable 
SA, the closed # stackup of secondary switch 

All of group SS tip and ring conductors of link 
IA, and through the lower windings of repeat 

ing coll 40, to the winding of line relay 4 of 
the repeater R. Line relay Of thereupon 
operates, operating the associated release relay 
402 through the front contact of its right arma 
ture to disconnect the incoming sleeve conductor 
S in link L.A. from its source of idle-indicating 
potential and to transfer it to ground, to provide 
a holding circuit for the established connection. 
At the same time, line relay 40 places a bridge 

across the tip and ring conductors of the asso 
ciated trunk line 4, outgoing to the called 
automatic exchange. This bridge includes the 
upper windings of repeating coil and the left 
contact pair of line relay 4. Responsive to the 
closure of this bridge, incoming switching equip 
ment (not shown) in the called automatic ex 
change 400 is prepared for operation in response 
to the next digit to be dialed in the called number, 

H8. CLEARNG OUT COON GUIPENT 9SC 
Responsive to the described closure of the # 

stackup of contacts of primary switch A. (Fig. 
41), the ground potential applied over conductor 
A of cable CA-400 to the associated sleeve con 
ductor is thereby applied to the sleeve conductor 3 
of selector multiple SM, thereby operating cut 
of relay to of the selector S with results as 
hereinbefore described. One result is that the 
grounded conductor (conductor 9 in this case) in 
the associated mark cable MC is immediately un 
grounded at the back contact of the second left 
armature of cutoff relay ff ) to initiate the 
clearing-Out Operation of the selector common 
equipment SCE. 

40 
Briefly, the clearing-out operation of equipment 

9SCE of Figs. 42 to 45 is as follows: 
Selector-preference relay 420 restores respon 

sive to the described operation of the cutoff relay 
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ary-matching relay 507, conductor A in branch 
BS of cable CA-400, make-busy contacts 402, 
the operating winding of magnet 40 f, conductor 
S in link 9A, back contact of the armature of 
release relay 4002 of repeater 9R, make-busy 
contacts 4003, and through resistor 4004, to bat 
tery. Magnet 40 thereupon operates to close 
the selected it stackup of contacts of switch Af 
of group 9SS, and to shift the associated c stackup 
of contacts. The lower contact pair of the c 
stackup separates conductors A and A' in branch 
BSC of cable CA-400 at one point, while the 
upper contact pair connects up the upper winding 
of the magnet as a holding winding. 

H. SEZURE OF REPEATER 9R1 

The repeater 9R is seized by the above de 
scribed operations of switches A and A of Fig. 
41. The calling line, which has been extended as 
previously described to the incoming tip and ring 
conductors of the selector S (Fig. 11) is thereby 
further extended over the tip and ring conductors 
of selector multiple SM, through the closed if 
stackup of primary Switch A of group 9SP (Fig. 
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of the calling selector, thereby ungrounding con 
ductor 4250. Clear-out relay 448 thereupon re 
stores, open-circuiting and restoring section- re 
lay 40 and start relay 445. Any operated one 
of the Secondary-matching relays is restored re 
sponsive to the restoration of the start relay, and 
any operated One of the primary-matching relays 
is restored responsive to the restoration of the 
Section relay. 

Clear-out relay 49 restores responsive to the 
restoration of section relay 43, completing the 
clearing out of the common equipment. 

E9. REPEATING THE REMAINING DIGITs 
As the remaining digits in the desired number 

are dialed, they are repeated to the called auto 
matic exchange 4000, over the outgoing trunk line 
400, at the left contacts of line relay 400. Re 
lease relay 4002 being slow-restoring, remains 
operated, while the impulses are being repeated. 
The automatic switching equipment 

shown) of exchange 4000 responds to the repeated 
digit impulses to set up connection to the desired 
line in any well-known or desired manner. 
Hi0. CLEARING OUT THE ESTABLISHED CoNNECTION 
When the calling subscriber at substation #211 

(Fig. 18) replaces his receiver, line relay BO 
restores to open the bridge across the outgoing 
trunk line 400, permitting the portion of the 
connection in the called exchange 4000 to be 
cleared out. Release relay 4002 restores after a 
slight interval to remove the holding ground 

(not 
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potential from the associated sleeve conductor 
S in link 9LA, whereupon the operated switches 
in the local exchange are cleared out, as herein 
before described, along with the selector S of 
Fig. 11. 

I. CALLs OUTGOING TO TOLL SWITCHBOARD 0 

The way in which calls outgoing to toll switch 
board #0 (shown at 4600 in Figs. 10A and 46) are 
handled will now be explained. For this purpose, 
it may be assumed that the Subscriber at sub 
station #21 (Fig. 18) desires to set up a connec 
tion to the toll switchboard. 

It may be assumed that, when the receiver is 
removed at the calling substation, connection is 
extended therefron as hereinbefore described to 
the selector S (Fig. 11), the selector S being 
thereupon prepared for operation. 
When the calling subscriber dials the digit 0 

assigned to the toll Switchboard, this digit is re 
Corded in the selector S by operations hereinbe 
fore described. Counting relays f2 and O 

41. 
ondary groups shown in Fig. 47 have operated re 
sponsive to the closure of their circuits as noted 
above, and grounded the associated conductors 
PON and SON in cable CA-47 00, primary and 
secondary switches A and All of Fig. 47 operate 
to extend connection over the first-choice link 
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are in Operated condition at the end of the count 
ing Operation. 
series relay 05 restores at the end of the dialed 
digit, it applies ground potential to conductors o 
in the associated cables SC and MC?, through 
contacts of the operated relays f2 and if 0, ex 
tending ground potential through terminals O of 
blocks SB and MBf (Fig. 13), and over con 
ductors S and Mf in branch Bo of cable CA 
f300, through jumper blocks 484, 483 and 482, 
48 to start conductor S and mark conductor 
in cable CA-4900 of selector common equipment 
OSCE, Figs. 48 to 50. 
The equipment OSCE now operates substantially 

as hereinbefore described to control extension of 
the connection through the O group of the se 
lector-switching stage to an idle trunk line out 
going to the called toll Switchboard. Briefly, 
these operations are as follows: 

Section-i relay 896 operates responsive to the 
ground potential on conductor SE of cable CA 
89.00, in series with start relay 5 . Start relay 
5 starts the associated cycle timer comprising 
relays 50 2 and 50 f3, and it connects up second 
ary-matching relays 5005 to 50A, corresponding 
respectively to the link paths outgoing to the 
called toll SWitchboard. 
Section- relay 39 opirates selecting magnet 

M of secondary group (BSS, Fig. 47; connects 
conductors A to D in primary match cable CA 
500 to conductors A to D in branch BP of 
cable CA-4 e, corresponding respectively to 
the section-G switches of group OSP (Figs. 10A 
and 47); and it connects mark conductors to 
0 in cable CA-3900, through the conductors of 

cable CA-3950, respectively to selector-prefer 
ence relays 880 to 8 . . 

Selector-preference relay 480 now operates 
over the said mark conductor , in series with Se 
lecting magnet Mf of primary group OSP (Fig. 
47). Relay 480 grounds conductor $850, where 
upon clear-out relays 50 4 and 50 5 operate suc 
cessively. 

I. THE MATCHING OPERATION 

The matching operation, involving primary 
matching relays 500 to 5006 and secondary 
matching relays 5005 to 530, occurs responsive 
to the described simultaneous operation of relays 
490 and 50 ft. It may be assumed that primary 
matching relay 500 and secondary-matching re 
lay 5005 operate. Under this condition, when the 
selecting magnets MA of the primary and Sec 

As a result, when slow-acting 
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outgoing through repeater OR1 (Fig. 46). 
The circuit for the matched primary switch is 

as follows: from ground on conductor PON in 
cable CA-4700, through the lower contact pair 
of start relay 50, front contact of the left arma 
ture of primary-matching relay 500, conductor 
A in cable CA-5000, conductor A in branch BP 
of cable CA-4700, make-busy contacts 4704, the 
associated c-stackup contacts, to battery through 
the operating winding of magnet 4703. Magnet 
4703 thereupon operates to close its selected # 
stackup of contacts and to shift the c stackup of 
contacts. 
The operating circuit for the matched second 

ary Switch is as follows: from ground on Con 
ductor SON in cable CA-400, through the front 
contact of the first right armature of relay 500, 
front contact of the armature of relay 5005, con 
ductor A in cable CA-47 00, make-busy contacts 
47.02, the operating winding of magnet 470, sleeve 
conductor S of link OLA, back contact of the 
armature of release relay 4602, make-busy con 
tacts 4603, and through resistor 4604, to battery. 
Magnet 47 of thereupon operates, thereby closing 
its selected # set of contacts and shifting the 
associated C stackup. 

I2. SEI2URE OF THE REPEATER OR 

The repeater OR is seized over selector multiple 
SM by the described operation of switches A and 
All of Fig. 47, through link in cable OSA, and 
through link OLA. Line relay 460 now oper 
ates over the calling line, followed by the opera 
tion of the associated release relay 6602. The 
operator at toll switchboard & 60G is signalled in 
the usual manner responsive to the bridging of the 
outgoing trunkline 46 at the left contact pair of 
line relay 460. 
The switching-through operation at the selector 

S is performed responsive to the operation of 
primary switch A of Fig. 47, followed by the 
clearing out of the selector Common equipment 
OSCE of Figs. 48 to 50 in the manner hereinbe 
fore described in connection with the other Se 
lector common equipments. 
The calling subscriber at substation #211 (Fig. 

18) may converse with the operator at the called 
switchboard, when the operator responds. 
The established connection is cleared out in the 

manner hereinbefore described responsive to the 
restoration of line and release relays 660 and 
A 602 of the repeater OR when the calling sub 
scriber replaces his receiver. The opening of the 
left contacts of line relay 460 may be utilized at 
the toll switchboard to give the Operator a dis 
connect Signal. 

J. CALLS INCOMING FRON AUTOMATIC 
ExCHANGE 4000 

As previously noted, and as indicated in part 3 
of Fig. 10A, there are twenty-five trunk lines in 
coming to the local automatic exchange from 
automatic exchange 4000, which incoming trunk 
lines extend respectively to the selectors S69 to 
S93 by Way of the correspondingly numbered se 
lector links. One of these selectors, the selector 
S69, is indicated generally in Fig. 12 together 
with its incoming selector link SL69 and its out 
going selector multiple SMI69. 
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When the incoming trunk line 4020 is bridged 

at the distant automatic exchange 4000 respon 
sive to being seized therein, the line and release 
relays in selector S69, corresponding to relays 

O2 and f O3, are operated to prepare the se 
lector S69 for operation. It is to be observed that 
the sleeve and hold leads incoming to selector 
S69 are left open at the terminals thereof, for 
sleeve and hold leads are not required for the se 
lector link of an incoming selector. 
The selector S69 responds to the subsequently 

dialed hundreds digit to cause the desired con 
nection to be extended through the selector 
switching stage as hereinbefore described, follow 
ing which the connection may be completed 
through the connector stage of the called hun 
dreds group in the manner hereinbefore de 
scribed. 
3. CALLs NCOING RO THE TOLL SWITCHBOARD 
As is indicated in part 3 of Fig. 10A, there are 

six trunk lines incoming from the toll switch 
board 4600, which extend respectively, through 
selector links SL94 to SL99, to selectors S to 
S. In Fig. 46, incoming trunk line 462 is 
shown extended by way of selector link SL94 in 
cable CA-12 to selector S indicated gener 
ally in Fig. 12. The selectors, such as S94, as 
signed to the trunk lines incoming from toll 
switchboard operate as hereinbefore described to 
cause extension of the incoming calls through 
their respective selector multiples, such as SM4. 

L. CALLING UNAssIGNED UNDREDs. DIGITs 
Arrangements illustrated in Fig. 13 are pro 

vided for causing a busy-tone signal to be re 
turned to the calling line when an unassigned 
hundreds digit is dialed. As previously noted, the 
unassigned hundreds digits are 1. and 8. The 
conductors in all the selector mark cables, such 
as MC, MC3, MCS), and MC94, are all multipled 
together on the mark terminal blocks of Fig. 
13, through conductor 32, and are connected 
to battery through resistor 3. When the digit 
1 is dialed at any of the selectors, a battery po 
tential through resistor f and conductor 32 
is returned over the mark conductor in the MC 
cable associated with the calling selector to cause 
the busy relay thereof to be Operated. 

Suppose, for example, that the digit 1 is dialed 
into the selector S. Under this condition, count 
ing relay operates, and is in operated con 
dition when series relay OS restores. The mark 
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The partially established connection is cleared 

out as hereinbefore described when the receiver 
is replaced on the calling line. . 

Similarly, if the unassigned hundreds digit 8 
is dialed, the busy relay of the calling connector 
is operated over the common conductor 34 and 
resistor 303. 

M. CALLING DIGITs UNAssIGNED AT CERTAIN 
SELECTORs 

As previously noted and described in connec- - 
tion with Fig. 10A, selector multiples SMB to 
SM3 over which calls incoming from automatic 
exchange 4000 are handled at the selector stage 
do not appear in primary groups SP and SP 
Over which calls outgoing through the and 
link groups at the selector stage are handled. 
The calling subscriber (in distant automatic ex 
change 400) using one of the incoming selectors 
S to S9 has no occasion to dial either the 
digit 9 or the digit 0 into such selector. Accord 
ingly, arrangements, as disclosed in Figs. 42 and 
48, are provided for causing a busy signal to be 
returned by the calling selector if either the digit 
9 or the digit 0 is dialed into any one of the said 
incoming selectors S to S3. 

In Fig. 42, the mark conductors M to M3 
in sub-branch BOM of cable CA-3 (being the 
digit-9 mark conductors of selectors S8 to 88, 
respectively) are not jumpered across blocks 422 
and 42 to mark conductors in the associated 
cables CA-3 for the selector multiples of 
these selectors do not appear in the associated 
primary switch group SP of Figs, 10A and 41. 
Instead, these mark conductors Mi to M3 are 
connected together in common and extended to 
battery through the low-resistance resistor 42 U, 
whereby a sufficiently heavy current is drawn 
over any one of these conductors to operate the 

to busy relay of the calling one of any of the selec 
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ing ground potential thus applied through the 
left-hand winding of busy relay 4 is extended 
through back contacts of relays f2 to 0, 
through the front contact of the third left arma 
ture of relay fo, and over conductor in cable 
MC to the common conductor 302. The heavy 
current thereupon drawn through the compara 
tively low-resistance resistor f30 causes the mar 
ginally adjusted busy relay 04 to operate. Upon 
operating, relay 04 closes a self-locking circuit 
for its right-hand winding at the front contact 
of its first right armature, at the same time un 
grounding conductor 8 to clear out the count 
ing relays and thereby open the circuit through 
its left-hand winding. The operating circuit for 
the counting relays is opened at the back contact 
of the left armature of relay 04, whereby these 
relays do not respond to any further digits which 
may be dialed. A busy-tone signal is returned to 
the calling line from the common lead BT, 
through the front contact of the second right 
armature of relay 04, and condenser , 
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tors S9 to S93 when set in accordance with the 
digit 9. 

For a similar reason, the corresponding con 
ductors M9 to MS in branch B of cable 
CA-3 are connected to battery through re 
sistor S. 

Additionally, the digit-mark conductor of 
the selectors S4 to S (associated with trunk 
lines incoming from the toll switchboard) are 
connected to battery through said resistor 48, 
to cause the busy relay of any one of these se 
lectors to operate if the hundreds digit 0 is 
transmitted to such selector. 

N. WITH DRAWING SWITCECs RO SERVICE 
Any of the switches herein disclosed may be 

individually withdrawn from service by separat 
ing the concerned ones of the make-busy con 
tacts hereinbefore referred to. For example, if 
the line primary switch A of group 2LP (Fig. 
18) is to be withdrawn temporarily from service, 
as for inspection or repair, this may be accorn 
plished by separating the make-busy contacts 
897, thereby disconnecting the associated con 
ductor A in branch BP of cable CA-9). With 
this conductor disconnected, no idle-indicating 
battery potential can be impressed thereon; con 
sequently, the associated line common equipment 
2ICE of Figs. 14 to 17 cannot include the said 
switch A of Fig. 18 in a matched link path, and 
the primary-matching operation takes some other 
idle primary switchin the section. 

It is to be noted that separation of the make 
busy contacts such as B9T does not disturb any 
connection that may be currently established 

s 
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through the switch, but merely prevents the 
switch from being taken for use after such con 
rection is cleared out. Similarly, separation of 
make-busy contacts 902 or 904 withdraws the 
concerned secondary switch A or F6 of group 
2LS from Service. 

Additionally, the opening of make-busy con 
tacts 902, withdraws also the selector S of Fig. 
11 from service, along with Switch. A? of Fig. 19, 
for the selector S can be taken for use only 
through the last-named SWitch. Similarly, open 
ing the make-busy contacts 5 of the selector 
S withdraws bothi the selector S and the finder 
action secondary switch. A? of Fig. 19 from serv 
ice, because the circuit path through which idle 
indicating battery potential is placed on test Con 
ductor A in branch BS of cable CA-900 in 
cludes make-busy contacts is and the associ 
ated resistor 5. 

Selector primary switch A (Fig. 22), for ex 
ample, is withdrawn from service by the opening 
of make-busy contacts 2204 thereof, thereby dis 
connecting, from the associated conductor. A in 
cable CA-2200, the idle-indicating battery po 
tential normally applied thereto through Con 
tacts 2206. 

Selector-secondary switch A of Fig. 22, for ex 
ample, is withdrawn from service, along with the 
associated connector 2C of Figs. 20 and 21 by 
the opening of make-busy contacts 2202. Sini 
arly, the last-named switch and connector are 
withdrawn from service by the opening of make 
busy contacts 230 of the connector. 

Additionally, the opening of make-busy con 
tacts 2202 or 23 withdraws the distributor 
switch 2D of Fig. 19 from service, for such dis 
tributor switch can be used only when the asso 
ciated connector 2C of Figs. 20 and 21 is taken 
for use, which can be done only through the 
secondary switch A of Fig. 22. 
The advantage of providing two sets of make 

busy contacts (such as 22.02 and 236, or 5 
and 962) for withdrawing the same link from 
service is that such link and associated equip 
ment may be withdrawn from service at either 
of two points by the switchroom attendant, de 
pending upon with which part of the apparatus 
he is currently concerned. 

cairn: 
1. In combination, a group of Switches mounted 

in a row extending in a first direction, each 

O 

20 

30 

35 

A. 

50 

switch having a plurality of stackups of contacts 
arranged thereon in a row extending in a second 
direction, the contact sets on the several Switches 
being in rows extending in the first direction, 
each of Said switches having selecting fingers 
movably mounted thereon respectively adjacent 
the stackups of such switch, selecting shafts, 
each stub shaft. extending along a row of said 
fingers in the first direction, means for selec 
tively actuating said shafts, means responsive to 
the actuation of any shaft for moving all of the 
fingers in the row along which such shaft ex 
tends, each of said switches having a magnet. 
and means responsive to the energization of the 
magnet of any switch for operating any stackup 
thereof, depending upon the adjacent One of Sad 
fingers having been moved. 

2. In combination, a group of Switches mounted 
in a row extending in a first direction, each 
switch having a plurality of stackups of con 
tacts arranged thereon in a row extending in a 
second direction, the contact sets on the sev 
eral switches being in rows extending in the first 
direction, each switch having an actuating men 
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ber underlying the stackups thereof, each of said 
members having selecting fingers movably mount 
ed thereon respectively adjacent the stackups of 
the associated SWitch, each such finger having 
an actuating portion lying to one side of the ad 
jacent stackup, selecting shafts, each such shaft 
extending along a row of said fingers in the first 
direction, means for selectively actuating said 
shafts, means responsive to the actuation of any 
shaft for moving all the fingers in a row along 
which such shaft extends to bring the actuating 
portion of each such finger between the adjacent 
stackup and the associated actuating member, 
and means for moving the actuating member of 
any switch toward the stackups thereof, any one 
of the stackups of Such switch being operated 
responsive to such movement, depending upon 
the adjacent one of said fingers having been 
moved to bring its actuating portion between the 
member and Such stackup. 

3. In combination, a group of switches mounted 
in a row extending in a first direction, each switch 
having a plurality of stackups of contacts ar 
ranged thereon in a row extending in a second 
direction, the contact sets on the several switches 
being in rows extending in the first direction, 
each switch having an actuating member under 
lying the stackups thereof, each of said members 
having selecting fingers movably mounted there 
on respectively adjacent the stackups of the as 
sociated switch, each Such finger having an ac 
tuating portion lying to one side of the adjacent 
stackuo. selecting shafts, each such shaft extend 
ing along a roW of said fingers in the first direc 
ton, means for selectively actuating said shafts, 
means responsive to the actuation of any shaft 
for moving all the fingers in a row along which 
such shaft extends to bring the actuating portion 
of each such finger between the adjacent stackup 
and the associated actuating member, means for 
moving the actuating member of any switch to 
ward the stackups thereof, any one of the stack 
ups of such switch being operated responsive to 
such movement, depending upon the adjacent One 
of said fingers having been moved to bring its 
actuating portion between the member and such 
stackup, and yielding means interposed between 
each of said fingers and the associated shaft for 
permitting completion of the selecting movement 
of such shaft when such finger is unable to com 
plete its movement, on account of encountering 
the side of the adjacent stackup when the asso 
ciated actuating member is actuated but the last 
named stackup is not actuated. 

4. In combination, a group of Switches, each 
switch having a plurality of stackups of contacts 
thereon, each switch having an actuating member 
underlying the stackups thereof, each of said 
members having selecting fingers movably 
monted thereon respectively adjacent the stack 
ups of the associated switch, each such finger 
having an actuating portion lying to one side of 
the adjacent stackup, means selectively operable 
for moving any desired finger in each of said 
switches to bring the actuating portion thereof 
between the adjacent stackup and the associated 
actuating member, means for moving the actu 
at ng member of any switch toward the stackups 
thereof. any one of the stackups of said switch 
being operated responsive to such movement, de 
pending upon the adjacent one of said fingers 
havins been moved to bring its actuating portion 
between the member and such stackup, and yield 
ing means interposed between each of said fingers 
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and said finger-moving means for permitting 
completion of the movement of such means when 
such finger is unable to complete its movement, 
on account of encountering the side of the adja 
cent stackup when the associated actuating mem 
ber is actuated but the last-named stackup is not 
actuated. 

5. In combination, a mounting frame includ 
ing a pair of parallel mounting rails having op 
posed mounting openings therein enabling selec 
tively operable automatic switches to be mounted 
in superposed relationship on said frame, said 
Switches being provided in groups, the number 
of switches in a group depending upon traffic re 
quirements, selecting shafts extending across all 
the switches of a group and having a length de 
pending upon the number of switches therein, 
shaft-mounting brackets at the two ends of a 
group of switches, said shafts being journaled for 
rotation in said brackets, said brackets being de 
tachably mounted on said rails, enabling any 
such bracket to be mounted at any desired point 
along the frame according to the shaft length re 
quired for the concerned group of switches, 
whereby the said frame can accommodate either 
One large group of switches served by selecting 
shafts extending substantially the entire length 
of the frame where the traffic requirements de 
mand it, or two or more smaller groups of 
switches and associated selecting shafts, each 
such smaller group and associated selecting 
shafts extending over only a part of the frame. 

6. A switchboard comprising a row of frames 
of uniform length, selectively operable automatic 
switches mounted On each of said frames in su 
perposed relationship, said switches being pro 
vided in groups, the number of switches in a 
group varying from group to group depending 
on traffic requirements, the number of such 
groups of switches on a frame varying from 
frame to frame depending on the number of 
switches in the concerned groups in relation to 
the frame capacity, groups of selecting shafts 
associated respectively with said groups of 
switches, each such group of shafts extending 
across all the switches of the associated group 
and having a length depending On the number 
of switches therein, and means associated with 
each group of switches for operatively mounting 
the selecting shafts thereof on the concerned 
frame. 

7. In a telephone system, a telephone exchange 
terminating subscriberlines, switching equipment 
in said telephone exchange for interconnecting 
any calling one of said lines with any desired 
called One thereof, said switching equipment con 
prising serially related switching stages intercon 
nected by links, said switching stages including 
a first stage effective to extend connections from 
calling lines, an intermediate stage, and a final 
stage; each of said stages, except the final One, 
including a plurality of groups of links extending 
therefrom to the next stage, each said group of 
links having a separate group of switches as 
signed thereto in the stage from which it ex 
tends, including primary and secondary switches 
effective to extend connections through the cone 
cerned stage to the associated group of links out 
going therefrom, common control equipments as 
sociated respectively with said groups of Switches, 
and means included in each of said equipments 
for controlling the operation of the associated 
switches to complete connections therethrough 
to the associated outgoing links. 
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8. A selector switching stage for a switching 

System, including links incoming thereto, sepa 
rately designated groups of links outgoing there 
from, a separate group of primary and secondary 
Switches assigned to each group of outgoing links 
and effective to connect any one of said incoming 
links with any associated outgoing link, selectors 
associated respectively with said incoming links, 
means controlled over any incoming link for set 
ting the associated selector to designate any de 
sired group of outgoing links, and means respon 
sive thereto for operating an idle primary switch 
and an idle secondary switch of the switch group 
assigned to the designated link group to connect 
the concerned incoming link with an idie link 
of the designated outgoing group. 
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9. In a switching stage as set forth in claim 8, 
common equipments associated respectively with 
the separately designated outgoing groups, each 
such common equipment being responsive to the 
designation of the associated link group by any 
Selector to control the operation of the associated 
primary and secondary switches to interconnect 
the concerned incoming link with an idle link of 
the designated outgoing group. 

10. In a selector switching stage as set forth 
in claim 8, common equipments associated re 
Spectively with the separately designated out 
going groups, means responsive to the designa 
tion of any outgoing group by a selector for 
rendering the concerned common equipment 
temporarily individual to such selector, such com 
non equipment being thereupon effective to op 
erate an associated primary switch and an asso 
ciated secondary switch to interconnect the 
incoming link with which the last-named selector 
is associated with an idle outgoing link in the 
designated group, each of said selectors having 
a cutoff relay operable responsive to the exten 
son of the connection through the switching 
stage, and means responsive to the operation of 
the cutof relay of any selector to which a com 
non equipment has been rendered temporarily 
individual for terminating the said designation 
and for returning the last-named common equip 
ment to common use. 

1. A selector switching stage for a switching 
system including links incoming thereto, sepa. 
rately designated groups of links outgoing there 
from, a separate group of primary and secondary 
switches assigned to each group of outgoing ling 
and effective to connect any one of said incoming 
links with any associated outgoing link, selectors 
associated respectively with said incoming links, 
groups of mark conductors individual respec 
tively to said selectors, the mark conductors in 
any of said groups being individual respectively 
to said groups of outgoing links, meanscon. 
trolled over any incoming link for setting the 
associated selector to mark any desired one of 
the associated group of mark conductors to there 
by designate the group of outgoing links to which 
sch conductor is individual, and means asso. 
cated with the designated outgoing group of 
links, and including means controlled Over the 
last-named mark conductor, for Operating an 
idle primary switch and an idle secondary switch 
of the switch group assigned to the designated 
link group to connect the last-named incoming 
link with an idle link of the designated outgoing 
grOp. 

12. In a selector switching stage as set forth 
in claim 11, each selector having a busy relay, 
ld means controlled over the marked One of 

said conductors responsive to all of the outgoing 
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links in the designated group being unavailable 
for actuating the busy relay of the concerned 
selector. 

13. A selector switching stage for a Switching 
system, including links incoming thereto, and 
separately designated groups of links outgoing 
therefrom, groups of primary Switches corre 
sponding respectively to said groups of outgoing 
links, groups of secondary Switches correspond 
ing respectively to said groups of outgoing links, 
each of Said groups of primary Switches. being 
divided into Sections, the primary switches in 
each section of any group having access in multi 
ple to a separate plurality of said incoming links, 
the number of primary sections in a group being 
determined by the number of said incoming links, 
divided by the capacity of a primary switch, the 
number of primary switches in a section varying 
from group to group according to the traffic 
offered therethrough to the respective associated 
groups of outgoing links, the secondary switches 
in any group being divided into Sections, corre 
sponding respectively to the primary switches in 
any section of the associated primary group, the 
Secondary switches in any section having access 
in common to the corresponding primary switches 
of the several sections in the associated primary 
group, the secondary switches in any group being 
individual respectively to the links of the corre 
Sponding outgoing group. 

14. A selector switching stage for a switching 
System including links incoming thereto and sep 
arately designated groups of links outgoing there 
from, groups of primary switches corresponding 
respectively to said groups of outgoing links, 
groups of secondary switches corresponding re 
Spectively to said groups of outgoing links, each 
of Said groups of primary switches being divided 
into Sections, the primary switches in each section 
of any group having access in multiple to a sepa 
rate plurality of said incoming links, the number 
of primary sections in a group being determined 
by the number of said incoming links divided by 
the capacity of a primary switch, the secondary 
Switches in any group being divided into sec 
tions corresponding respectively to the primary 
Switches in any section of the associated primary 
group, the Secondary switches in any section 
having access in common to the corresponding 
primary Switches of the several sections in the 
associated primary group, the secondary switches 
in any group being individual respectively to the 
links of the corresponding outgoing group. 

15. In a Selector Switching stage as set forth in 
claim 14, Selectors individual respectively to said 
incoming links, means controlled over any in 
coming link for setting its individual selector to 
designate any one of Said groups of outgoing links, 
&nd means responsive thereto for causing an idle 
primary Switch in the concerned section of the 
primary group associated with the designated 
group of outgoing links to make connection with 
the concerned incoming link, and for causing an 
idle secondary switch in the secondary section 
having access to the last-named primary switch to 
connect the associated individual outgoing link, 
through the last-named primary switch, to the 
concerned incoming link. 

16. In a switching system, a group of selectors 
divided into Sections, a group of primary switches 
divided into corresponding sections, the primary 
Switches of each section having access in multiple 
to the selectors of the corresponding section, pri 
mary selecting magnets common to all said pri 
anary switches and corresponding respectively to 
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the selectors in any section, secondary switches 
divided into as many sections as there are primary 
switches in a primary section, each secondary 
section corresponding to a separate primary 
switch in any primary section, the secondary 
switches in each secondary section having access 
in multiple to the corresponding primary Switches, 
secondary selecting magnets common to all said 
secondary switches and corresponding respectively 
to said primary sections. 

17. In a switching system as set forth in claim 
16, a selector common equipment for controlling 
the operation of all said primary and secondary 
switches, said selector common equipment in 
cluding section relays corresponding respectively 
to said primary sections, a start relay, selector 
preference relays corresponding respectively to 
the selectors of any section, primary-matching 
relays corresponding respectively to the primary 
switches of any section, means for taking any 
selector for use and for imparting any one of a 
number of calling conditions thereto, one of Said 
conditions being specific to said primary and 
secondary switches, any selector to which said 
specific calling condition has been imparted be 
ing effective to operate said start relay and the 
section relay corresponding to the concerned 
selector section, any operated section relay being 
effective to disable the other Section relays; to 
operate the corresponding secondary Selecting 
magnet; to connect the selectors of the corre 
sponding section respectively to the selector 
preference relays; and to connect the primary 
switches in the corresponding section respectively 
to said primary-matching relays, the one of Said 
selector-preference relays which corresponds to 
the last-named selector thereupon operating to 
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disable the other selector-preference relays, said 
primary selecting magnets being connected iri cir 
cuit respectively with said selector-preference re 
lays, the corresponding primary magnet Operating 
along with the operated selector-preference relay, 
means controlled by said start relay for perform 
ing a secondary-matching operation, means con 
trolled by said primary-matching relays and by 
the said secondary-matching operation for 
matching an idle primary switch in the primary 
section corresponding to the operated Section 
relay with an idle secondary switch having access 
to the matched primary Switch, and means re 
sponsive to the completion of the operation of 
the primary and secondary selecting magnets for 
operating the matched primary and secondary 
switches to extend Connection therethrough from 
the last-named selector. 

18. In a switching System, a group of Selectors 
divided into sections, a group of primary Switches 
divided into corresponding Sections, the primary 
switches of each section having access in multiple 
to the Selectors of the corresponding Section, 
secondary switches having access in multiple to 
the primary Switches, means for taking any selec 
tor for use and for imparting any one of a group 
of settings thereto, only one of which corresponds 
to said group of primary Switches, a selector COm 
mon equipment interconnected with all said pri 
mary and secondary Switches, means in said con 
mon equipment responsive to said one setting be 
ing imparted to any one of said Selectors for 
Selecting and operating an idle primary Switch 
of the Section corresponding to the set Selector 
to make connection with such selector, and for 
selecting and operating an idle secondary switch 
to make connection with the last-named primary 
switch. 
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19. In a common equipment for controlling the 

operation of primary and secondary Switches, said 
primary switches being divided into sections, the 
switches in each primary section having access in 
multiple to a separate section of lines, said second 
ary switches being divided into sections Corre 
sponding respectively to the primary switches in 
any primary section, the switches in any Second 
ary section having access in multiple to the cor 
responding primary switches in the several pri 
mary sections, primary-matching relays corre 
sponding respectively to the primary Switches in 
any section, means in said common equipment 
responsive to a calling Condition on a line in any 
section for associating said matching relays re 
spectively with the primary switches in the corre 
sponding section, operating circuits for Said 
matching relays respectively, each such circuit 
being effective depending on the associated prl 
mary switch being idle, and depending upon at 
least one section in the corresponding secondary 
switch being idle, said matching relays being ar 
ranged in an order of preference, and contacts on 
each of said matching relays, except the last, ef 
fective on operation thereof, to prevent operation 
of each succeeding relay in the Order of pref 
erence. 

20. In a selector common equipment arranged 
to be taken for use to extend connections from 
calling selectors through primary and secondary 
switches having access thereto, Section relays, Se 
lector-preference relays, means effective when 
said common equipment is taken for use for Op 
erating anyone of said section relays to connect 
up said selector-preference relays One of said 
selector-preference relays thereupon operating, a 
clearOut relay operable responsive to the Opera 
tion of any of said selector-preference relays, 
means responsive to the extension of the con 
nection with respect to which the common equip 
ment was taken for use for restoring the Operated 
selector-preference relay, Said clearOut relay 
thereupon restoring, and means for clearing Out 
said common equipment responsive to the restora 
tion of said clearOutrelay. 

21. In a common equipment for controlling the 
operation of primary and secondary switches, said 
primary switches being divided into Sections, the 
switches in each primary section having access in 
multiple to a separate section of lines, Said Sec 
ondary switches being divided into sections cor 
responding respectively to the primary switches 
in any primary section, the switches in any. Sec 
ondary section having access in multiple to the 
corresponding primary Switches in the several pri 
mary sections, primary-matching relays corre 
sponding respectively to the primary Switches in 
any section, means in said common equipment re 
sponsive to a calling condition on a line in any 
section for associating said matching relays re 
spectively with the primary Switches in the cor 
responding section, secondary-matching relays 
corresponding respectively to the switches in any 
secondary section, and means controlled by said 
primary-matching relays for associating said sec 
ondary-matching relays with one or another of 
said secondary sections, said secondary-matching 
relays being thereupon operable to select an idle 
secondary switch in the associated secondary sec 
tion. 

22. In a switching system, a group of primary 
switches and a group of secondary Switches, said 
primary and secondary switches being serially 
related and effective when operated to extend 
calling lines, and common equipment for Con 
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trolling the operation of all said primary and 
secondary switches, means controlled over any 
calling line accessible to said primary switches 
for taking said common equipment for use, said 
common equipment being thereupon effective to 
Select and operate an idle one of said primary 
Switches and to select and operate an idle one 
of said secondary switches to extend said calling 
line, means in the said common equipment nor 
mally effective for clearing it out and returning 
it to normal condition following the said opera 
tion thereof, and means including a cycle timer 
in said common equipment for independently 
clearing out said common equipment and return 
ing it to normal condition in case the first-named 
clearing-out means fails. 

23. In a switching system as set forth in claim 
22, means responsive to the clearing out of the 
Common equipment by said cycle tinner when the 
first-named clearing-out means fails to operate 
for imposing a busy condition on the calling line. 

24. In a switching system, a group of lines di 
vided into sections, a group of primary switches 
divided into sections assigned respectively to said 
line Sections, a group of secondary switches di 
vided into sections, the switches in each secondary 
Section having access to a primary switch in each 
of the primary sections, a group of connectors, 
links incoming respectively to said connectors, a 
group of distributor switches, said distributor 
switches corresponding respectively to said con 
nectors and having Common access to said sec 
ondary switches, selecting magnets common to all 
said distributor switches and corresponding re 
spectively to said secondary switches, means for 
extending a connection from a calling line to any 
One of said connectors over its said incoming link, 
means in the last-named connector controlled 
Over the calling line for indicating the line sec 
tion containing the desired called line and for in 
dicating which line therein is the desired called 
line, means responsive thereto for setting an idle 
primary Switch in the called section on the called 
line and for setting an idle secondary switch on 
the last-named primary switch, means for operat 
ing the one of said selecting magnets which cor 
responds to the last-named secondary switch to 
select such secondary switch in all said distributor 
switches, and means for operating the distributor 
Switch associated with the last-named connector 
in accordance with which selecting magnet is op 
erated, to extend connection from such connector 
through the associated distributor switch to the 
called line by Way of the operated secondary and 
primary switches. 
25. In a switching system, a group of lines di 

vided into sections, a group of primary switches 
divided into sections assigned respectively to said 
line sections, a group of secondary switches di 
vided into sections corresponding respectively to 
the switch in any primary section, the switches 
in each Secondary Section having common access 
to the corresponding switches in the several pri 
mary sections, a group of connectors, links in 
coming respectively to said connectors, said group 
of Secondary switches being divided into two sub 
groups, said group of connectors being divided 
into corresponding subgroups, a group of dis 
tributor switches divided into corresponding sub 
groups, means for extending a connection from 
a calling line to any one of said connectors over 
its said incoming link, means in the last-named 
Connector controlled over the calling line for in 
dicating the line section containing the desired 
called line and for indicating which line therein 
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is the desired called line, subgroup relays selec 
tively operable according to the subgroup in 
which the last-named connector is located, means 
controlled by said subgroup relays for setting an 
idle primary switch in the called section on the 
called line and for setting an idle secondary 
switch in the last-named subgroup on such pri 
mary switch, and means for Operating a dis 
tributor switch in the last-named subgroup to 
extend connection from the last-named con 
nector to the called line by way of the operated 
Secondary and primary Switches. 

26. In a telephone system, a local automatic 
exchange terminating lines divided into groups, a 
selector switching stage in said local automatic 
exchange, groups of selector links incoming re 
spectively from said groups of lines to said selec 
tor stage, local groups of links outgoing from 
said selector stage respectively to said groups of 
lines, a second automatic exchange, a group of 
links incoming from Said Second automatic ex 
change to said selector stage, a group of links 
outgoing from said selector stage to said second 
automatic exchange, designations assigned to said 
outgoing groups respectively, said selector stage 
including groups of primary and Secondary 
switches corresponding respectively to said Out 
going groups of links, selectors assigned respec 
tively to said incoming links, each of said selec 
tors being operable over its associated incoming 
link to designate any one of said groups of out 
going links, means responsive to the designa 
tion of any of said groups of Outgoing links by a 
selector associated with any of said links incom 
ing from a local group of lines for causing an 
idle primary switch and an idle secondary Switch 
in the corresponding group to extend the con 
cerned incoming link to an idle outgoing link in 
the designated group, means responsive to the 
designation of any one of said local groups of 
outgoing links by a selector associated with a link 
incoming from said second automatic exchange 
for causing an idle primary switch and an idle 
secondary switch in the corresponding group to 
extend the concerned incoming link to an idle 
link in the designated group, the primary and 
secondary switch in the said group correspond 
ing to the outgoing interexchange links being in 
effective to make connection with the group of 
links incoming from said second automatic ex 
change, and means responsive to the designation 
of the outgoing interexchange group of links by 
any selector associated with any one of the in 
coming interexchange links for placing such Se 
lector in a busy-signaling condition. 

27. In a telephone system, a group of tele 
phone-line terminals, a group of P. B. X. lines 
connected respectively to certain of Said ter 
minals, a group of connectors serving said ter 
minals when called, switching means for extend 
ing a calling line to any one of said connectors 
and for extending such connector to any called 
terminal of the group, each connector having 
mechanism for recording telephone numbers as 
signed to said terminals, switch-control equip 
ment common to all said connectors, means effec 
tive when a telephone number has been set up in 
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P. B. X relay included in said common equip 
ment, means for operating said P. B. X, relay 
Subject to a specific telephone number being set 
up in said common equipment, and means con 
trolled by said relay for resetting said common 
equipment to respond to a different telephone 
number, said different telephone number varying 
according to the busy or idle condition of the 
P. B. X. lines, 

28. In a telephone system, a group of tele 
phone-line terminals having a block of telephone 
numbers assigned thereto, each line terminal 
bearing a separate telephone number, a group of 
P. B. X. lines connected respectively to certain 
of Said line terminals, a group of connectors serv 
ing said line terminals when called, switching 
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means for extending a calling line to any one 
of said Connectors and for extending such con 
nector to any called terminal of the group, each 
connector having mechanism for recording tele 
phone numbers in said block, switch-control 
equipment common to all said connectors, means 
effective when a telephone number has been set 
up in the recording mechanism of a connector for 
rendering said Common equipment temporarily 
individual to such connector, said common equip 
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ment being normally effective to operate said 
switching means to extend the currently associ 
ated connector to the line terminal whose tele 
phone number is recorded, a P. B. X. relay in 
cluded in said common equipment and having 
assigned thereto the telephone number of one 
of said P. B. X, line terminals, means controlled 
by the recording mechanism of the currently as 
sociated connector for operating said P. B. X. 
relay when its said assigned telephone number is 
recorded, and means. Controlled by said relay, 
when operated, and depending upon the associ 
ated P. B. X. line being busy, for causing said 
common equipment to operate the switching 
means to extend the connector to one or another 
of the other P. B. X. line terminals instead of to 
the line terminal to which the recorded tele 
phone number is assigned. 

29. In a selector switching stage having a group 
of trunk lines incoming thereto, selector links 
thereat, and groups of trunk lines outgoing there 
from; primary Switching devices for intercon 
necting said incoming trunk lines with selector 
links, Secondary Switching devices for intercon 
necting said selector links with said outgoing 
trunk lines; said incoming trunk lines, said pri 
mary switching devices, and the primary end of 
said selector links, being divided into primary sub 
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the recording mechanism of a Connector for 
rendering said common equipment temporarily 
individual to such connector and for setting up 
the called number in the Common equipment, said 
common equipment being normally effective to 
operate said switching means to extend the cur 
rently associated connector to the line terminals 
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groups; the secondary end of said selector links, 
Said secondary Switching devices, and each of 
said groups of outgoing trunk lines, being divided 
into secondary subgroups; means controlled over 
any calling one of Said incoming trunk lines for 
selecting any desired one of said groups of out 
going trunklines, means responsive to such selec 
tion for rendering the primary subgroup contain 
ing the calling trunk line, and the selected group 
of Outgoing trunk lines, temporarily individual to 
each other, while leaving the remaining groups 
of outgoing trunk lines and the remaining sub 
groups of incoming trunk lines free to become 
similarly individualized, whereby a number of 
Switching operations may be proceeding through 
the Seelctor stage at the same time, means for 
Selecting an idle trunk line in the selected out 
going group, which is in a secondary subgroup 
containing an idle selector link extending there 
to from the primary subgroup individualized 

whose telephone number is set up therein, a 5 therewith, and means for operating a primary 






