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UNITED STATES PATENT OFFICE 
- 2,321,588 

AUTOMATIC TELEPHONE SYSTEM 
George R. Eaton, Oak Park, ii., assignor to Kell 
ogg Switchboard and Supply Company, Chi 
cago, Ill., a corporation of Illinois 
Application June 27, 1941, Serial No. 400,031 

(C. 179-18) 29 Caims, 

This invention relates to an improvement in 
automatic telephone Systems, such as are used 
to establish connections between the lines of call 
ing and called telephone subscribers, although 
the apparatus and system obviously may be used 
to extend connections for other purposes. 
The object of this invention is the provision 

of a system of this type which is compact, dura 
ble, reliable in operation, and economical to man 
ufacture. 

GENERAL DESCRIPTION 
The present invention is an expansion of the 

invention disclosed in applicant's application, 
Serial No. 229,266, filed September 9, 1938, and 
uses the same type of switching device as therein 
disclosed. This switching device comprises a 
control mechanism and shaft common to four 
switching units, each unit comprising ten sets 
of contacts. 
In the disclosed use of the SWitching device 

the shaft may be rotated into any one of ten 
Selecting positions, and any switching unit of 
the device may be allotted or selected and thus 
placed under the control of the common mecha 
nism and shaft. In the selected unit, the contact 
set corresponding to the setting of the shaft is 
actuated. The common mechanism thus selec 
tively actuates any One of ten contact sets in 
any one of the four units. The units may be 
selected Successively, and a contact set may be 
actuated in each, a total of four actuated contact 
sets at any one time. 
In the prior application, the four units of con 

tact sets are linked together in pairs, to provide 
a ten-line telephone system with two conversa 
tional paths. Two of said units act to seize call 
ing lines, the other two being adapted to extend 
connections to the called or Wanted lines. 
In the System of the prior application, the calls 

originate and terminate in contact sets of one 
or another of the units of the same switching 
device. An important feature of the present 
system is that the connection is extended serially 
through units of a plurality of Switching devices. 
By this expedient, the mechanism and general 
mode of operation disclosed in the above-men 
tioned application may be used in establishing 
connections between Subscribers of large ex 
changes. While the present disclosure is that 
of a 100-line system, in which a connection 
passes selectively through the units of but two 
switching devices, the idea, here present may be 
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the connections are extended selectively through 
units of three or more switching devices. 
An important feature of the present invention 

is that any idle unit of a Switching device having 
access to Subscriber lines may function either 
as a line finder to seize a calling line, or as a con 
nector to extend a connection to a wanted or 
called line. While, in the prior invention, the 
tWO units at the left in the drawings are always 
used as calling-line-finding apparatus, and the 
tWO at the right are employed only for extending 
connections to wanted lines, in the present dis 
closure, any one of the four units of a SWitching 
device may be employed to find and seize a call 
ing line, and any one of the four units may be 
used to extend a connection to any called line 
accessible thereto. 

The drawings 
Referring to the accompanying drawings, they 

show Sufficient of the circuits and apparatus in 
volved in a 100-line system constructed accord 
ing to the invention to enable the invention to 
be understood. 

Fig. 1 is a plan view of a switching device 
showing a common control mechanism and the 
left-hand one of the four units (A to D) of con 
tact sets controlled thereby, the parts to the 
right of unit A being omitted; 

Fig. 2 is a view of the structure shown in Fig. 
l, as seen from the bottom of the page; 

Fig. 3 is a view similar to Fig. 1, with part of 
unit A, and parts to the left and right thereof, 
omitted, but showing the commutator mecha 
nism at the right of unit A, between it and unit 
B, the shift plate of unit A being shown with 
the parts in the positions they occupy when one 
of the contact sets of unit A is to be actuated; 

Fig. 4 is a side view of the motor mechanism 
by means of which the common shaft is rotated; 

Fig. 5 is a cross-sectional view taken through 
Fig. 1, showing one set of contact springs and 
the associated actuating mechanism; 

Fig. 6 is another section through the apparatus 
of Fig. 1, showing further details of construction; 

Fig. 7 is a view looking at the right-hand end 
of one of the units of contact sets, showing the 
shift magnet which operates to place the unit 
under the control of the common shaft; 

Fig. 8 is a cross-sectional view through the ap 
paratus of Fig. 1, showing a set of contacts in 
actuated position; 

Fig. 9 is a detached view of one of the cam discs, 
forming part of the selecting mechanism; 

extended to include larger systems, in which 55 Fig. 10 is a fragmentary view of the contact 
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actuating magnet C and its armature structure; 
Fig. ill is a view of the mechanism cf Fig. 10, 

as seen from the bottom of the page; 
Fig. 12 shows the cams of the commutator in 

detached relation; 
FigS. 13 and 14 show the circuit details of the 

first one often primary switching devices, each of 
which may function at one time as a line finder 
and at another as a connector; 

Figs. 15 and 16 indicate certain group relays 
Common to the ten primary switching devices, 
One of Which is shown in Figs. 13 and 14; 

FigS. 17 and 18 show the circuit, details of the 
first one of five secondary switching devices; 

Figs. 19 and 20 show the circuit details of the 
fifth secondary switching device; 

Figs. 21 and 22 show transfer relays 
with the secondary links; 

Figs. 23 and 24 show a connecting link circuit; 
Figs. 25 and 26 show another connecting link 

circuit; 
Fig. 27 Shows a dummy link circuit; 
Fig. 28 shows the arrangement of the system; 
Fig. 29 shows the matching circuits separated 

from the other circuit apparatus and conductors; 
and 

Fig. 30 is a diagram indicating how the sheets 
of circuit drawings should be arranged to form 
the System of the invention. 

DETAILED DESCRIPTION 

The invention having been described generally, 
a detailed description thereof will now be given. 

The SUitching device 
In order that the circuit arrangement disclosed 

herein be understood best, a description will first 
be given of the mechanical arrangement of the 
switching device as shown in Figs. 1 to 12. Fig. 1 
shows a plan view of the common operating 
mechanism, with the common shaft f6, which ex 
tends across four similar units of contact sets, 
together with the first of the four units, unit A. 
Fig. 2 shows a front view of the apparatus shown 
in Fig. i. 

Unit A of the device includes ten sets or stack 
ups of contact springs, such sets being indicated 
s to so. By reference to Fig. 2, showing a front 
view of set or stackup s!, and by reference to 
Fig. 5, showing a side view thereof, it will be 
noted that each of the stackupss to s0, as shown, 
comprises four pairs of normally open contacts. 
When the switching device is used as a primary 
SWitching device (Figs. 13 and 14) only three 
contact pairs to a set aire needed, four contact 
pairs to a set being employed when the device ls 
used as a secondary switching device (Figs. 17 
to 20). 

Extending adjacent to and underlying the free 
ends of the Spring stackups sl, s, etc., is a shift 
plate 9 which is slidably mounted on the screws 
f f, extending through slots 2 in plate O. Piv 
otally supported on shift plate by means of 
screws f3, are ten selecting arms or levers 4, one 
for each stackup S to s0, which are normally 
maintained in the positions shown in Fig. 1 by 
means of the respective Springs 5. 
In addition to the individually selectable stack 

ups S to s, the contact unit A has stackups a 
and b, located at the left and at the right respec 
tively of the selectable stackups. Stackups a 
and b are always operated (by plate 22) along 
With whichever one of the stackups s1 to s10 is 
actuated. 

associated 
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2,321,588 
view in Figs. 5 to 8, backstop bar 8, cf insulating 
material, underlies the stackups sl to s0 to define 
the normal position of each of these stackups. 
As stated, the shaft 6 extends across the front 

of four selecting units, the units B, C, and D being 
each similar to the illustrated unit A. As illus 
trated, ten discs i, one for each arm 3, are fixed 
on the shaft or rcd is opposite unit A, the discs 
being Opposite respectively the stackups sl to s0. 
Each of the discs f is provided with an offset, 
or can, portion 8. These cam portions are spir 
ally arranged around the shaft at intervals of 
approximately 32.7 degrees. In other words, shaft 
f6 has eleven positions--a normal or home posi 

5 tion for which there is no corresponding cam i8, 
and ten selective, or lever-actuating, positions in 
each of which a cam 8 is positioned opposite 
One or another of the laterally extending lugs 
is at the free ends of levers 4. Electromagnetic 
means subsequently to be described, are provided 
for shifting plate to the right. It is now obvi 
CuS that, With one of the cams & opposite the 
projecting lug 9, corresponding to the selected 
Stackup s', S', etc., as the case may be, and with 
plate 40 shifted to the right to select the unit, 
the selected lever 4 in the selected unit will be 
rotated in a clockwise direction about its support 
ing Screw 3, against the tension of its spring 5, 
and the inner end, thereof, will be placed under 
the lowermost spring of the selected stackup, as 
shown in Figs. 3 and 6 of the drawings. The 
inner end of each of the levers is provided with 
a groove 20 Which receives a projecting stud of 
insulating material 2? on the lowermost spring 
of the stackup. 

Pivotally Supported under the sets of springs 
d, S' to S', and b, is an operating plate 22, hav 
ing fixed thereto an armature 23 extending ad 
jacent to a common operating magnet e, Figs. 2, 
5, 6 and 8. Screws f , on which plate 5 is slid 
ably mounted, have their screw-threaded ends re 
ceived by threaded openings in operating plate 
22 So that plate fe is tilted, along with plate 22, 
Whenever maginet e is energized, but plate G is 
mounted for limited longitudinal movement rela 
tive to plate 22. A restoring spring 25, having one 
end attached to plate 9 and the other end at 
tached to plate 22, tends to move plate () to the 
left as seen in Figs. 1 and 2. 
The means for rotating shaft 6 is best seen 

in Fig. 4. Fixed to shaft f6 is a ratchet wheel 26 
arranged to be engaged by pawls 27 and 28, fixed 
to alm 29 in any desired manner. Arm 29 is 
pivotally supported by pivot pin 36) and is ar 
ranged to be engaged by the laterally extending 
end 31 of the armature 32 of actuating magnet 
MM. From an inspection of the drawings, it 
Will be obvious that when magnet MM is ener 
gized, armature 32 will be drawn into contact 
With the core of the magnet, causing the right 
end of arm 29 to move upwardly. Pawl 28, which 
Cones into engagement with one of the teeth 34. 
of ratchet wheel 26, will now operate to rotate 
shaft 3 one-half step or approximately 4 of a 
Complete revolution. Upon the deenerigization 
of the magnet MM, spring 35, one end of which is 
fixed to arm 29 and the other fixed to the mag 
netic circuit member 35, acts to draw arm 29 
downwardly, and pawl 27 engages a tooth on the 
Opposite side of ratchet wheel 26 to complete the 
rotary Step of Shaft 6. Thus the shaft 6 will be 
rotated one step or approximately A1 of a com 
plete revolution each time the actuating magnet 
MM is energized and deenergized. Except when 

As seen in plan view in Figs, land 3, and in end 75 the selecting mechanism is in its normal position, 



2,321,588 
each step will act to place. One or another of the 
cams 8 opposite a projecting portion 9 of an 
arm 4 so that the corresponding contact stack 
ups, s2, etc., or whichever it may be, will be ac 
tuated, as shown in Fig. 8 of the drawings as a 
result of the energization of the operating mag 
net of the Selected one of the four units. A to D. 
(only unit A is shown) which has its plate 0 
shifted to the right. 
AS ShOWn to the right in Fig. 3, located between 

units A and B, an arrangement is provided which 
is termed herein a commutator. This commu 
tator is shown Schematically at COM-P in Fig. 
13 and again at "COM-S' in Fig. 17 and at 
“COM-S5,' Fig. 19. In actual construction, this 
commutator preferably comprises ten pairs of 
contact springs 37, one pair for each of the se 
lective, or off-normal, positions of the shaft f6, 
which pair is closed whenever the shaft occupies 
a position corresponding thereto. Only five pairs 
of springs 37 are shown in Fig. 3, but it is to 
be understood that five other pairs of springs are 
located directly below those shown. Positioned 
on shaft 6, between each two pairs of Springs 
37, is a disc 38, having a can projection 39. 
These cams are shown in their relative positions 
in Fig. 12 and they are so arranged as to close a 
pair of springs 3 in each operative position of 
shaft f6, all of cans 39, as well as cams 8, be 
ing inoperative when the shaft is in its eleventh 
or home position. 
In Fig. 7 is shown the means for shifting plate 

to laterally at the time a connection is to be made 
through the illustrated unit A. Extending down 
wardly from shift plate is a pin 40 arranged to 
be engaged by the arm 4, extending at substan 
tial right angles to armature 42, pivotally Sup 
ported on pin 43. An electromagnet S is associ 
ated. With armature 42, which upon energization, 
moves arm 4 into engagement with pin 40, mov 
ing shift plate to the right, as Seen in FigS. i 
and 2 of the drawings. Shift magnet S appears 
in Fig. 13 as SA-f3, the similar magnets SB, SC, 
and SD of Fig. 14 being those of units B, C, and 
D, respectively. 
Arm 42 is provided with a lug 45 of insulating 

material adapted to engage spring 43 and move it 
into engagement with contact spring 47 when a 
magnet S is energized. Contact Springs Similar 
to 46 are shown, for example, at 46A-3, Fig. 13. 
A very simple expedient is provided for quick 

ly and accurately positioning the various cans 
on the shaft 6. Shaft 6 is provided, along one 
side, with a groove or keyway arranged to receive 
a bar or rod 48 which forms a spline or key. The 
various discs, such as the cam discS 7 and the 
commutator discs 38, are provided With eleven 
equidistant notches 50, shown in FigS. 9 and 12. 
Thus, all of the cams 1 may be made alike and 
all of the can discs 38 may be formed alike. In 
mounting the discs (as for instance the discs 38) 
on the shaft 6, it is only necessary to slip the 
successive discs one notch to secure the necessary 
spiral arrangement of the cams on the shaft. 
The cam discs 7 may also be mounted in the 
same manner, being slipped one notch 50 for each 
cam added to the shaft. Thus, after the first 
can discs of the group have been correctly 
placed on the shaft in relation to the discs 38, 
the other discs may be added in an obvious 
manner. Spacers 5 are provided between the 
various cam discs to maintain them in the proper 
spaced relation along shaft 6. 
The sequence of operations of the contact 

5. 

20 
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follows. Suppose unit A is allotted or selected. 
Then, shift plate othereof is moved to the right 
by magnet S to select the unit. Shaft f6 is ro 
tated, through the medium of the mechanism 
shown in Fig. 4, to a position corresponding to 
the desired spring Stackup of unit A. With shift 
plate O moved to the right, the lever or arm f4 
corresponding to the set position of shaft 4 will 
have been rotated in a clockwise direction by 
means of the operative selecting cam 8, as best 
seen in Fig. 3. Finally, magnet of the selected 
unit A is energized, tilting plate 22, and shift 
plate f G carried thereby, into the position shown 
in Fig. 8. All of the arms 4 of the selected unit 
A, except the one corresponding to the operative 
Can 8, are in a position such that, when magnet 
0 tiltS plates 22 and 0, they pass idly between 
the Successive contact stacks, as shown in Fig. 3. 
The Selected arm 4, however, underlies its con 
tact stack, and the groove 20 at the inner end 
thereof will receive the end of the insulating pin 
2 carried by the lowermost spring, and the con 
tacts of the selected stackup are moved in oper 
ated position, as indicated in Fig. 8. In the nor 
mal operation of the mechanism, the operating 
magnet O will remain energized during a con 
nection, but the shift magnet S, Fig. 7, is restored 
to permit the shift plate fo of Figs. 1 to 3 to re 
turn to its normal position illustrated in Fig. 1 
as Soon as the selected contact set or stackup of 
the allotted or selected unit has been actuated. 
By reason of the indentation at 20 (seen in sec 
tion in Figs. 6 and 8) in the operating end of 
each of the levers 4, the actuated lever arm 
is maintained under its actuated contact set to 
hold it actuated as long as the operating magnet 
0 is maintained energized, whereby no harm re 
Sults When the shift plate 10 restores to terminate 
the allotted or selected condition of the unit. 
As soon as it has performed its function, these 

lecting mechanism, comprising the shaft (6 and 
the common apparatus associated therewith, im 
mediately returns to its normal position so the 
SWitching device may be used in the establishment 
of another connection, through another of the 
four Selecting units. In other words, the common. 
Selecting mechanism of a switching device is tied 
up only So long as it is actually in use in estab 

5 

60 

lishing a connection through one of its four units. 
As previously stated, the shaft 6 has ten work 

ing or off-normal positions and an eleventh or 
normal position. The return of the shaft to its 
normal position after a use thereof is controlled 
by certain ones of the springs in the off-normal 
Stackup ON, shown in Figs. 1 to 3, and controlled 
by COM-9. This off-normal stackup of contact 
Springs is associated with the common shaft 6, 
and is, therefore, common to the four units of 
Selective contact sets A to D. The number and 
arrangement of the contact springs in said stack 
up ON may be varied as desired, one such arrange 

70 

ment being shown at ON-3 in Fig. 13, while a 
Specifically different arrangement is shown at 
ON-7, in Fig. 17, and again at ON-9, Fig. 19. 
Although only one unit, unit A, of the switch 

ing device is shown in the mechanical drawings, 
FigS. 1 to 12, it Will be understood that units B, 
C, and D are arranged to the right of the appara 
tus disclosed in Fig. 3 and are similarly asso 
ciated with the extended shaft 6. Each of the 
units, as previously pointed out, contain the ten 
Selectively operable contact sets or spring stack 
upS, Such as s to s0 of unit A, together with a 
shift plate such as f0, and the control levers such 

stack selecting mechanism, above described, is as 75 as 4, as well as the ten discs 7. Additionally, 

  

  



4. 
it will be understood that each of the four units 
has two common stackups of Springs, similar to 
a, and b of unit A, both of which are actuated 
each time the associated operating magnet such 
as O is energized. 
b are included in certain control circuits to be 
hereinafter described. 

The system arrangement 
Referring now particularly to Fig. 28, the ar 

rangement of the system as disclosed therein Will 
be described. 
A number of switching devices, each similar to 

the switching device illustrated in Figs. 1 to 12 
and hereinbefore described, are used in the SyS 
tem. The ones of these switching devices which 
have access to the subscriber lines may be termed 
primary switching devices, or primaries, while 
those which have access to the primary switching 
devices, and thus indirectly to the subscriber lines, 
are termed secondary Switching devices, or Sec 
ondaries. The system as disclosed herein en 
ploys ten primaries (primary switching devices) 
and five secondaries (secondary Switching de 
vices). 
The switching devices are conveniently mounted 

with the shafts 6 thereof extending horizontally 
as indicated in the plan and front Views, FigS. 1 
and 2. The devices are also conveniently 
mounted one above the other, with the 'A' units 
vertically aligned to form a column of Such units; 
the 'B' units vertically aligned to form a Column 
of such units; and with the 'C' and 'D' units re 
spectively aligned to form the C and D columns. 
With such an arrangement, the units of the 
switching devices are conveniently referred to as 
lying in the concerned one of four columns, A, B, 
C, and D. It will be understood, of course, that 
the column arrangement is merely one of cont 
venience, and that the switching devices may be 
mounted in any other desired relationship. The 
reference hereinafter to columns A, B, C, and D 
will be understood in the light of the above ex 
planation. 
In Fig. 28, only the first, fourth, sixth, and tenth 

of the ten primaries are indicated, the others be 
ing omitted for the sake of compactness of the ill 
lustration. All five of the secondaries, however, 
are indicated. The 'A' units of the primaries 
and secondaries are shown aligned in a column 
labeled "Column A'; the 'B' units are shown 
aligned in a column labeled "Column B'; the 'C' 
units are shown aligned in a column labeled 
“Column C'; and the “D' units are shown aligned 
in a column labeled “Column D.' 

Each primary has access to ten subscriber lines. 
Primary F1, for example, has access to the ten 
line group of lines designated by the initial digit 
'1' of the telephone numbers, lines if to 0. The 
lines to are associated respectively with the 
Spring Stackups in unit A (column A) of the first 
primary which corresponds respectively to the 
stackups sl to S10, Fig. 1. The lines to 9 are 
multipled to and similarly connected with the B, 
C, and D units of primary #1, located at the head 
of columns B, C, and D, respectively. The pri 
mary #1 is thus identified in each of the four col 
lumns. With the lines of the first tens group. Each 
of the other nine primaries similarly has access to 
and is identified in all four columns With the lines 
of the correspondingly numbered tens group, the 
ten primaries collectively giving access to one 
hundred lines, a separate tens group of lines for 
each primary. 

As each primary has four units, one for each 
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of the columns. A to D, four lines of any tens group 
can be connected with simultaneously, one line 
for each of the Columns A to D. 
As will be pointed out more fully hereinafter, 

the unit of a primary in any column can act al 
ternatively as a line finder to connect with a call 
ing line or as a connector to make connection with 
a called line, the use of a unit depending upon the 
traffic conditions existing from time to time in 
the system as calls are made. The order of pref 
erence, however, for line finder action is from left 
to right or from column A to column D, while the 
order of preference for connector action is from 
right to left, or from column D to column. A. 
Generally speaking, therefore, the units in col 
umns A and B are used more often for finder ac 
tion (extending connections from calling lines), 
while columns C and D are used more often for 
connector action (extending connections to called 
lines). 
With reference to the other illustrated pri 

maries (#4, #6, and it 10), it is to be noted that 
the line multiples of these primaries have been 
omitted for the sake of compactness of the illus 
tration, as the line multiple of each of the other 
primaries is as illustrated for primary #1, that 
is, each of the four units of any primary has ac 
cess to all of the ten lines of the correspondingly 
numbered tens group of Subscriber lines. 

For the purpose of enabling desired intercon 
nections to be made between any primary unit in 
any column and any other primary unit in the 
same or any other column, the primaries are 
linked with the five secondaries and the sec 
ondaries are interconnected with each other. The 
link between the column-A unit of primary if 1. 
and the secondaries in the primary link PA, 
primary links P B, PAC, and PID similarly link 
ing the Coluinn-B, column-C, and column-D units 
of primary iti with the secondaries. The links 
to the secondaries for the other illustrated pri 
maries are shown. 

It is to be observed that primary link PA oc 
cupies the first selective position in the column-A 
unit of each of the five secondaries; the column-A 
link a SSociated With the fourth primary occupies 
the fourth selective position in the column-A 
units of all of the five secondaries, the column-A 
units of the sixth and tenth primaries occupying 
the sixth and tenth selective positions, respective 
ly in the column-A units of all of the five sec 
Ondaries. The Saline arrangeneat of inter-link 
age between the primary and secondary units is 
carried out in each of the other columns B, C, 
and D. By this arrangement each of the five 
secondaries has a link path in each column to 
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each of the ten primaries. 
AS noted, each of the primaries 1 to 10 is 

reached froFa the secondary through the corre 
spondingly numbered selective position thereof. 
The Selective position through which a primary 
is reached from a secondary has no particular 
significance from the standpoint of line-finder 
action, but is significant during connector action 
When a secondary is actuated in response to a 
dialed tens digit to make connection with the 
primary having access to the tens group of lines 
designated by such dialed digit. - 

it may be noted at this point that the multi 
pling between the selective positions of the pri 
naries is horizontally or between columns, while 
the multipling between the selective positions of 
the secondaries in each case is vertical, or within 
the column. 
One of the possible paths-over which a connec 
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tional paths are about all that need be provided tion can be extended from line , as a calling line, 

to line 0, as a called line, has been indicated 
by the heavily inked lines. By following these 
heavy lines it may be observed that the line 
when calling may be extended through the first 
selective position of primary 1, column A, to 
the primary link PA; through the first selective 
position of Secondary ill, column A; to the Sec 
ondary link SA; and thence through normally 
closed contacts of transfer relay CA-2 (shown 
in Fig. 21) and the outgoing branch S. A- of 
the secondary link S A to the connecting-link 
circuit CLC-. 
The extension of the connection thus far takes. 

place responsive to the removal of the receiver on 
the calling line, by successive operation of the #1 
primary and #1 secondary, the column-A unit in 
each case. The connecting-link circuit CLC-, 
shown in full in Figs. 23 and 24, contain control 
circuits and test circuits by which the further 
extension and the final clearing Out of the con 
nection are controlled. 
The heavy lines in Fig. 28 further indicate that 

the connection may be further extended from 
the connecting-link circuit CLC- (by connector 
action) through contacts of the column-D relay 
2D-24 (shown in Fig. 24), column D having 
preference for connector action; and thence by 
way cf the incoming branch S5D-I of the sec 
Ondary link S5D, through contacts of transfer 
relay 5CD-22, when the relay is operated, and 
through to the secondary link S5D to the column 
D unit of the it 5 secondary. The connection pro 
ceeds thence through the first selective position 
of the column-I) unit of the #5 secondary, by 
of and transfer it to the incoming branch S5D-1 
unit of the iki primary; and thence, by Way of 
the tenth selective position thereof, to the called 
line 9. In the establishment of this connection, 
it should be noted that transfer relay 5CD-22 
is required to operate to disconnect the secondary 
linkS5D from the outgoing branch S5D-9 there 
of and transfer it to the incoming branch S5D 
thereof. Each of the secondary links is cor 
respondingly provided with a transfer relay which 
is arranged to control the connection of the link 
with the outgoing and incoming branches of the 
link. 

It will be understood, of course, that five sec 
ondaries are illustrated by way of example, and 
that the number of Secondaries may be increased 
or decreased according to the traffic require 
ments, depending somewhat upon the locality and 
upon the nature of the subscriber lines, whether 
largely individual lines, or largely party lines, for 
example. Likewise, the number of columns may 
be increased or decreased as desired, depending 
upon the traffic requirements. 
From Fig. 28 and the explanation hereinbefore 

given it will be observed that, for the 100-line Sys 
tem as shown, there are forty primary links (such 
as PFA to PD), one for each of the ten primary 
units in each of the four columns. It will be ob 
served, further, that these forty primary links ex 
tend calls to and receive calls from twenty Sec 
ondary units, one for each of the five secondaries 
in each of the four columns. There are thus pro 
vided twenty secondary links (such as SA to 
SD), cne for each of the twenty secondary units. 
This reduction from forty to twenty is made pos 
sible by the greater trunking efficiency in the sec 
Ondary and secondary links, because any second 
aIy unit in any column has access to all of the 
primary units in the same column. 
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for the average i00-line system, and the twenty 
illustrated secondary units, when interconnected 
in pairs, provide for ten conversational paths, 
such as the one indicated by the previously dis 
cussed heavy lines, each from a separate calling 
line to a separate called line. As previously 
stated, the number of Secondaries may be in 
creased above five, or the number of columns may 
be increased above four in the event that more 
conversational paths are needed in any given in 
stance. 

It is to be observed that the connecting-link 
circuit CLC- is only one of twelve such con 
necting-link circuits. The connecting-link cir 
cuits are provided somewhat in excess of the 
maximum number of conversational paths that 
can be set up, because Sometimes the incoming 
or connector-action branch of a conversational 
path may be through a secondary link provided 
with a connecting-link circuit, whereby a second 
connecting-link circuit is Withdrawn from Com 
mon use on single connection. In the Contem 
plated operation of the system, however, Such 
occurrences are infrequent, occurring generally 
only when all, or nearly all, of the secondary units 
are in use. 

It is to be observed that the outgoing or finder 
action branch of each of the five column-A, Sec 
Ondary links (including secondary links SA and 
S5A) leads to a connecting-link circuit, the con 
necting-link circuit associated with the column-A 
Secondary links being respectively CLC-, 
CLC-5, CLC-4, CLC-7, and CLC-9. Similar 
ly the outgoing or finder-action branches of the 
five column-B secondary links, including SB and 
S5B, are connected respectively to connecting 
link circuits CLC-3, CLC-6, CLC-2, CLC-8, 
and CLC-9. 
Of the column-C and column-D Secondary 

links, only those (SC and SID). associated with 
the #1 secondary are extended to connecting 
links, being the connecting links CLC- and 
CLC-2, respectively. The outgoing branches of 
the remaining ones of the column-A secondary 
links are connected respectively to dummy-link 
circuits DLC- to DLC-4, while the outgoing 
branches of the second to fifth secondary links of 
column D are connected respectively to dummy 
link circuits DLC-5 to DLC-8. These dummy 
link circuits are provided to enable a busy signal 
to be given the calling subscriber and to enable 
the partially established connection to be cleared 
out in those rare instances when a connection is 
made by finder action to the concerned second 
ary links, which are not equipped for connector 
action. If desired, of course, some or all the 
dummy-link circuits DLC - to DLC-8 can be 
replaced by connecting-link circuits equipped to 
control extension of connections by connector 
action, but the use of the simpler dummy-link 
circuit (shown in full in Fig. 27) is believed to 
be preferable in view of the relative infrequency 
with which the line finder action of the pri 
maries and secondaries results in extension of 
calling lines to the column-C and D units of sec 
ondaries it2 to i5. - 

It is to be observed that the incoming or con 
nector-action side of the connector link CLC 
can be connected alternatively by the four relays 
2D-23 to 2A-25 to the incoming branches of the 
four secondary links extending to the four units 

Experience has shown that about ten conversa- 75 
of Secondary five. It will be observed further 
that similar relays are provided through whose 
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contacts the connecting-link circuits CLC-2 and 
CLC- may be connected with the same links, 
leading to the units of the #5 secondary. Simi 
larly, connecting-link circuits CLC-3, CLC-4 
and CLC-12 have access to the links leading 
to the units of the #4 secondary; connecting-link 
circuits CLC-5 and CLC-6 have access to the 
links leading to the #3 secondary; connecting 
link-circuits CLC- and CLC-8 have access to 
the links leading to the it.2 secondary; and con 
necting-link circuits CLC-9 and CLC-O have 
access to the links leading to the units of the #1 
Secondary. 

It is to be observed that the connecting-link 
circuits. CLC- to CLC-2 are reached in finder 
action in each case from secondaries different 
from those to which they have access for con 
nector action, whereby a connection, extended by 
finder action to a secondary unit in any column, 
and thence to one of the connecting-link circuits 
(CLC- to CLC-2), can be extended by con 
nector action to a secondary unit in any column. 
As will be pointed out hereinafter, what are 

termed matching circuits, and what are termed 
dialing circuits, are carried over conductors gen 
erally separate from the illustrated link circuits, 
but this aspect of the arrangement is not Sus 
ceptible of being shown and described in connec 
tion with the system layout drawing, Fig. 28, but 
is shown in the circuit drawings and will be de 
Scribed hereinafter in connection thereWith. 

The circuit drawings 

The circuit drawings shown in Figs. 13 to 29 
will now be described generally, preliminary to a 
detailed description of the operation of the Sys 
ten. 

In order to facilitate the locating on the cir 
scuit drawings of the Various parts referred to 
herein, the reference characters employed for 
the parts generally have in each case a suffix in 
dicating the figure of the dra Wings showing Such 
part; for example, the part PA-3 indicates 
the column-A unit of the primary iF1, shown in " 
Fig. 13. 
As previously mentioned, FigS. 13 and 14 show 

the circuit arrangements of the first of the ten 
primaries, primary iFi, the circuits of the other 
primaries not being shown in the circuit draw 
ings, for the circuits of one of the primaries are 
illustrative of the circuits of any other primary, 
the only difference between the primaries being 
..that each Serves a specifically different ten-line 
group and each is reached from a Specifically 
different selective position of the secondaries. 
The equipment shown in the upper left-hand 

corner of Fig. 13 includes that of the first and 
tenth subscriber lines (Nos. 11 and 10) of the 
first group, the autoninatic telephone Substations 
connected respectively thereto being indicated 
in each case by a circle with the number of the 
line therein. The substation circuits have not 
been shown in detail as they are well known and 
form no part of this invention. Each of the il- i? 
lustrated lines has a line circuit associated there 
with, including line and cutoff relays such as 
LR-3 and CO-3. 
The column-A unit of the first primary is 

shown at PA-3, the a. and b stackups (a-3 
and b-f3) being shown, along With the selec 
tive-position stackups f, 2, and 0, corresponding 
respectively to contact-spring stackupss, s”, so 
of Fig. 1. The third to ninth selective-position 
contact sets have been omitted for the sake of 
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compactness. The position occupied by them is 
indicated by the broken or dotted portions of the 

multipling between contact Sets. 
Similarly, the column-B to coluxin-D UnitS of 
the #1 primary are indicated in Fig. 14 at 
PB-4 to PD-5. In Fig. 14 the contact sets 
shown for a unit are the d. and b contact sets, 
such as a'-i 3 and b'-4, together With the first 
and tenth selective-position contact sets, the 
selective-position contact sets 2 to 9 being 
Gmitted in each case in order to conserve drawing 
Space. 

Fig. 13 ShoWS also certain equipment, Within 
the broken-line rectangle, common to the four 
units of primary F1. This equipment includes 
the commutator COMP, shown at 3; and 38 in 
Fig. 3, but indicated diagrammatically in Fig. 13 
as a rotating brush standing in home position 
and arranged to engage ten Selective-position 
contacts successively. The other common 
equipment includes the motor magnet MM-3, 
shown at MM in Fig. 4, being the magnet which 
Controls the step-by-step rotation of the shaft 
f6, shown in the drawings such as Figs. 1 to 4. 
Also included Within the broken-line rectangle 
of Fig. 3 are the finder-action relays - 3 to 
3-3, and the three connector-action relays 
4-3 to 8-23. 
. Each of the primary units has asso 
ciated thereWith an operating magnet and a shift 
magnet, corresponding respectively to the op 
erating magnet ), Figs. 2, 5, 6, and 8, and the 
shift magnet indicated at S in Fig. 7. The op 
erating magnets are respectively OA-3 to 
OD-4, while the shift magnets are SA-3 to 
SD-4. 

Each of the column-A, to column-D units of 
the F1 primary has a four-conductor link ex 
tending therefrom, the links PA to PD. Each 
link has a link relay associated therewith, such 
relays being indicated respectively at Al-3 to 
D1-4. 
Each unit cf a selecting device has associated 

therewith a relay termed a shift relay, but which 
may also be termed a selecting relay. The shift 
relays for the four units of primary it 1 are re 
Spectively SRA-3 to SRD-A. 

Each of the ten primaries has a 'J' relay, or 
a matching-control relay, associated therewith. 
The matching-control relay for the #1 primary 
is shown in Fig. 4 at J-f. 
The marking-control relays (XA-23 to 

XD-6) shown in Figs. 15 and 16 are each as 
Sociated with a separate one of the columns A to 
D, and each 'X' relay is common to the ten pri 
mary units in the associated column. Relays 
XA-5 to XD-6 are arranged to operate only 
One at a time during line-finder action in any 
primary Column to temporarily associate the 
individual narking conductor of that column 
With the common marking conductors M to MO 
of the Secondaries to the exclusion of the other 
primary columns during that short interval of 
time required for the secondary to make connec 
tion. With the calling one of the primaries in the 
column concerned. 

FigS. 17 and 18 show the circuit arrangements 
of the first of the five secondaries. The com 
mutator COM-S1 and relays - 7 to 6-7 cor 
respond respectively to the parts COM-P and 
relays f-f 3 to 6-3, above discussed, being 
common to the four units SA-7 to SD-8 of 
the first secondary. Additionally, the motor 
magnet MM-7 corresponds to the motor mag 
net MM-3, being the one which rotates the 
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shaft in the first secondary. Each unit of the 
secondary it has an operating magnet and a 
shift magnet, as well as a shift relay. The col 
umn-A, unit SA-7, for example, has operat 
ing magnet OA-7, shift magnet SA-7 and 
shift relay SRA-7. Additionally, each unit of 
the secondary has a start relay. The start relay 
for unit A is relay 4A-7, start relays 4B-8 to 
4D-8 being associated respectively. With the 
B, C, and D units. 

. The four units of secondary if 1 are linked re 
spectively to the connecting-link circuits by six 
conductor links SIA, SB, S C, and SD. 
The second, third, and fourth Secondaries are 

not shown in the circuit drawings, but the cir 
cuits of the fifth secondary are shown in full in 
Figs. 19 and 20. The parts thereof correspond 
respectively to the parts of the secondary Fi, and 
similar reference characters are applied to enable 
a ready comparison to be made. 
The primary links, as shown in Fig. 28, are 

multipled to the selective contacts of all five sec 
ondaries, the multipling being by Columns aS 
shown. Such multipling is shown in Figs. 17 to 
20 by certain of the vertically extending conduc 
tors between secondary #1 and secondary #5. 
The portions of these conductors which are 
broken or dotted indicate the place therein. Where 
the conductors are multipled to secondaries #2 
#3, and #4, but such multiple has been omitted 
for the lack of space. 

Referring again to Figs. 15 and 16, it will be 
observed that ten marking conductors M to MO 
are provided, of which conductors Mi, M2 and 
MO are shown extending horizontally acroSS 
Figs. 15 and 16. One such conductor is provided 
for each of the ten primaries. These ten mark 
ing conductors are normally connected in mul 
tiple to the respective Selective-position contacts 
of the commutators of all the secondaries, such 
as COMI-S1 of secondary it 1 and COM-S of 
Secondary if 5. The connection between the con 
mutator contacts and the common multiple of 
the marking conductors M to MO is taken 
through contacts of five relays termed 'U' relays, 
one for each secondary. The 'U' relays for the 
first, second and fifth secondaries are shown 
along the left-hand edge of Fig. 17, being, respec 
tively, relays US-7, U2-, and U5-7. Each 
of the 'U' relays is adapted to be actuated when 
the associated secondary is taken for use in Con 
nector action, to disconnect the ten conductors 
of the associated commutator from the marking 
conductors M to M0 of Figs. 15 and 16 and to 
transfer them to the matching conductors Ji to 
JO of Figs. 15 and 16, associated respectively 
with the ten primary matching-control relays, 
such as J-6 of primary Fl. 

Referring now to Figs. 21 and 22, the transfer 
relay equipment (indicated in Fig. 28 for the 
twenty secondary links) is shown for the links 
of secondaries #1 and it 5. The relay pairs in 
cluding relays CA and DA (2) to CD and DD 
(22) are associated respectively with the links 
SA to SD of secondary #1, while the transfer 
relay pairs including relays 5CA and 5DA (2) 
to 5CD and 5DD (22) are associated respectively 
with links S5A to S5D of secondary #5. The 
outgoing (finder-action) branch SA-0 of link 
StA extends to the connecting-link circuit 
CLC-I, shown in Figs. 23 and 24, while the out 
going (finder-action) branches of the links SAB, 
SC, and SID of the first secondary extend re 
spectively to connecting-link circuits CLC-3, 
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CLC-, and CLC-2, each of which is indi 
cated connected in Fig. 22 as a broken-line rec 
tangle. 
CLC-, as shown in Figs. 23 and 24, and they are 
interconnected for connector action as indicated 
in Fig. 28, hereinbefore described. 
The outgoing branch S5A-0 of link S5A (col 

umn A, of secondary #5) extends to the connect 
ing-link circuit CLC-9, Figs. 25 and 26; the out 
going branch of the secondary link S5B extends 
to the connecting-link circuit CLC-0, shown in 
Fig. 22 as a dotted rectangle, its circuits being as 
illustrated in Figs. 23 and 24; the outgoing branch 
of the secondary-link circuit S5C extends to the 
dummy-link circuit DLC-4, indicated in Fig. 22 
as a dotted rectangle, its circuits being as shown 
in Fig. 27; and the outgoing branch S5D-0 of 
the link circuit S5D extends as connected to the 
dummy-link circuit DLC-8 shown in Fig. 27. 

Referring now to Figs. 23 and 24, the connect 
ing-link circuit CLC- shown therein includes 
the test and control relays to 6, those shown 
On Fig. 23 having the suffix 23 after the dis 
tinguishing reference character, while those on 
Fig. 24 have the suffix 24 after the distinguishing 
reference character. The function and operation 
of these relays will be described hereinafter. 
The connecting-link circuit CLC- also has 

four connecting relays (2A-23, 2B-24, 2C-24, 
and 2D-24) associated therewith, each of which 
relays is associated with a separate one of the 
columns. A to D, as shown in the circuit drawings 
and as indicated in the previously described Fig. 
28. It is through the action of one or another 
of these relays that the incoming or connector 
action end of the connecting-link circuit CLC 
is interconnected with one or the other of the 
columns A to D to enable a connection which has 
been extended by outgoing action, or finder ac 
tion, to the connecting link circuit CLC- to be 
extended by incoming connector action to the 
called line. 
As shown in the circuit drawings, the connect 

ing-link circuit CLC- has access, through its 
connecting relays 2A-23 to 2D-24, to the in 
coming or connector-action branches S5A-I to 
S5D-I of the link circuits S5A to S5D of sec 
ondary #5. The connecting-link circuit CLC-f 
is only one of the three connecting-link circuits 
identified from the standpoint of connector ac 
tion with the #5 secondary, the other two being 
CTC-2 and CLC-, Fig. 28. As a result the 
dial lead DT-S5 of the F5 secondary extends in 
multiple to the connecting-link circuit CLC 
of Figs. 23, 24, and 28, and connecting-link cir 
cuits CLC-2 and CLC- of Fig. 28. The no 
match conductor, NM-S5, of the #5 secondary, 
is Similarly connected in multiple to the three 
Connecting-link circuits just named. 
As shown in Figs. 21, 22, 25, and 26, connecting 

relays 2A-25 to 2D-26 of the connecting-link 
circuit CLC-9 afford access, respectively, by 
Way of the incoming or connector-action 
branches SA-I to SD-I, to the secondary 
links SA to SAD of the secondary #1, Figs. 17 
and 18. The connecting-link CLC-3 is thus 
identified with the secondary it 1 for connector 
action, along with connecting-link CLC-, as 
shown in Fig. 28 and described in connection 
thereWith. As a result, the dial and no-match 
leads DL-Si and NM-Si (Fig. 17) of the sec 

.5 

ondary it are each connected in multiple to the 
corresponding conductors of the connectors 
CLC-9 and CLC-9. 

These link circuits are each similar to 
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Operation, 

The apparatus, System arrangement, and cir 
cuit drawings having been described hereinbe 
fore, a detailed description of the operation of the 
system in setting up and releasing connections 
between the lines Will now be given. For this 
purpose, it will be assumed that the subscriber 
at substation f, Fig. 13 (on line f) desires to 
converse with the subscriber at Substation 3 
(on line O). 

A call from line 11 to line 10 
Before proceeding With the description of the 

connection between lines ff and 9, it may be 
pointed out that the connection whose establish 
ment is about to be described, when completed 
between the calling line and the called line 0, 
is over the talking conductors which are heavily 
inked through FigS. 13, 15, 17, 19, 21, 23, 24, 
22, 20, 18, 16, 14, and 13. it he heavily inked 
lines correspond to those showin in Fig. 23, rep 
resenting one of the possible circuits as over 
which a connection may be established fronn the 
line , as a calling line, to the line (, as a 
called line. 
One point to be noted about the connection 

about to be described is that the line called is 
one in the same tens group and served by the 
same primary (primary if 1) that serves the call 
ing line. It will be understood from a reading 
of the description. Which is to follow how calis 
can be set up with equal facility from any call 
ing line in any tens group to any called lines in 
the same or any other tens group. 
When the receiver is removed at Substation 
, the double-wound line relay LR-3 is einer 

gized over the associated line and through the 
calling substation in the usual manner, its cir 
cuit, including normally closed contacts of cutoff 
relay CO-3. Upon operating, line relayLR-3 
disconnects ground potential from its individual 
marking conductor, extending to the No. 1 Selec 
tive position of the commutator COM-P. The 
controlling shaft of the #1 primary (correspond 
ing to shaft 6 of Figs. to 3) is thus enabled, 
when started into operation, to stop in the No. 1 
position, the position assigned to the calling 
line f. 

Line relay LR-3 also places ground potential 
on the associated start conductor P-ST, com 
mon to the ten lines served by primary F1. The 
grounding of conductor Pf-ST serves to start 
the shaft-control equipment of the primary into 
operation in search of the calling line. 

Initiating primary finder action. 
With ground potential on conductor PA-ST a 

circuit is closed, through contacts of relay 5-3, 
and thence by Way of normally closed contacts 
controlled by the inner armature of relay -3, 
and the inner armature and back contact of 
relay 2-3, to the winding of start-pulse relay 
3-3, the other terminal of which is connected 
to free pole of the exchange battery, as shown. 
Relay 3-3 thereupon operates, and at its upper 
armature it temporarily disconnects the motor 
magnet MM-3 from its self-interrupting cir 
cuit and transfers it to the in OW-grounded up par 
terminal of the winding of relay 3-3. As a 
result notor magnet MM-3 is energized, 
through contacts of relay 5-3, causing the as 
sociated shaft to be rotated a half step, from 
its normal position toward its first selective posi 
tion, the operation being as explained in connec 
tion with Fig. 4. 
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Upon the movement of the shaft of the F1 

primary from its normal position, off-normal 
Spring Stackup ON-3, corresponding to spring 
Stackup ON of Figs. 1 to 3, is shifted by a cam 
corresponding to can 9 of Figs. 1 to 3. The off 
normal contacts operate as soon as the mecha 
nism leaves its home position, and remain oper 
ated until the home position is again reached. 
When the off-normal springs ON-3 shift, 

the middle contact pair thereof closes a circuit 
through the lower contacts of the actuated start 
pulse relay 3-3 for test relay 2-3. Test relay 
2-3 thereupon operates, and at its lower arma 
ture it connects its winding to the brush of the 
commutator COM-P, so as to hold operated over 
this brush as long as the commutator is advanc 
ing Over contacts connected with grounded, or 
non-calling, marking conductors. Relay 2-3 
also disconnects the grounded start conductor 
Pi-ST from the upper terminal of start-pulse 
relay 3-3, and consequently from the winding 
of motor magnet MM-3, thereby opening the 
circuit of relay 3-?3 and of the motor magnet 
MM-3. Relay 3-3 is somewhat slow-acting 
and remains operated for a slight interval, but 
motor magnet MM-3 restores immediately and 
advances the mechanism the remaining half step 
to the first selective position. 
Test relay 2-3 also transfers the grounded 

Start conductor PA-ST to conductor 22-3, 
thereby closing a circuit through the lower pair 
of Off-normal contacts ON-3 for the winding 
of Slow-restoring hold relay i-3. Hold relay 
-13 thereupon 'operates and connects con 
ductor 23-3 to the grounded start conductor 
P-ST, at its inner upper armature, at the same 
time disconnecting the start conductor from the 
inner upper armature of relay 2-13. Slow 
restoring hold relay -3 thus opens its initial 
circuit and prepares a locking circuit for itself, 
Subject to completion at the lower contacts of 
any one of the shift relays SRA-3 to SRD-4. 
Additionally, relay f-f 3 at its uppermost arma 
ture applies a ground potential to the second 
contact Spring (from the top) in stackup b-13, 
the ground potential being applied by way of the 
upper armature and back contact of relay 5-3, 
through the upper armatures of the actuated re 
lays 2-3 and -3. Assuming that the 
column-A unit of primary if 1 (IPA-3) is idle, 
the contacts a-3 and b-f3 thereof are not 
shifted, wherefore, the ground potential on the 
Second contact Spring from the top in stackup 
b-3 is extended, through the third contact in 
this stackup, to the upper winding of the col 
lumn-A shift relay SRA-3. On the other hand, 
if the column-A unit of the primary had been 
in use, and the contacts of stackup b-3, there 
fore, shifted, the ground in question would have 
been extended through the corresponding con 
tacts in Stackup b'-4 of the unit PB-4, and 
thence to the upper winding of the column-B 
shift relay. SRB-4, provided unit PB-4 were 
idle. Similarly, if the column-B unit were in 
use, the unit-selecting ground potential would 
be transferred further in the chain to the upper 
Winding of the column-C shift relay SRC-4, 
or finally to the column-D shift relay SRD-4, 
in the event that the column-C unit of the pri 
mary Were also in use, while if the column-D 
unit Were in use the shift relay control circuit Would be completely open. 
In the present assumed example, the unit 
PA-3 is idle, wherefore the unit-selecting (or 
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allotting) ground potential extended to the 
Second contact spring in stackup b-3, is fur 
ther extended, by way of the third contact in the 
Same stackup, to the upper winding of shift 
relay SRA-3. Relay SRA-3 thereupon oper 
ates. At its upper armature, relay SRA-3 pre 
pares a locking circuit for itself, but this locking 
circuit is not closed during finder action, only 
during connector action. At its lowermost con 
tacts, relay SRA-3 completes the prepared 
locking circuit for the slow-releasing hold relay 
f-f3, from the grounded start conductor -ST, 
by Way of contacts of relay 5-3, the inner 
armature of the operated hold relay - 3, con 
ductor 23-3, lower contacts of relay SRA-53, 
and thence by way of the lower pair of off 
normal contacts ON-f3, to the winding of hold 
relay -3. Relay f-?3 is thus held operated 
subject to the continued grounded condition of 
the start lead P-ST, and to the continued 
actuated condition of relay SRA-3. 

Shift relay SRA-3, at its inner lower arma 
ture, also opens the chain circuit extending 
through similar contacts of the relays SRB-4 
to. SRD-4 and closes a circuit for shift magnet 
SA-3, which magnet energizes and moves the 
shift plate 0-3 to the right, thereby mechan 
ically selecting the column-A unit PA-f3 for 
Operation according to the finally assumed posi 
tion of the shaft and commutator. The shift 
plate t-3 corresponds to shift plate () of Figs. 
1 to 3. Shift magnet SA-3 also prepares an 
Operating circuit for the operating magnet 
OA-3, corresponding to the operating magnet O 
shown in Figs, 2, 5, 6, 8, 10, and 11. 

Finding the calling line 

When start-pulse relay 3-3 restores, a no 
ment after the described opening of its circuit 
and that of motor magnet MM-3 by relay 
2-3 and the consequent restoration of the 
motor magnet to complete the first full step, it 
Connects the winding of motor magnet MM-3 
to the brush of commutator COM-P to enable 
the motor magnet MM-3 to operate in a 
buzzer-like manner to advance the shaft and 
attached commutator brush step by step until 
an ungrounded contact is reached, one associated 
With the calling line. The connection between 
the Winding of motor magnet MM-3 and the 
brush of the commutator includes an armature 
and back contact of relay 5-3, upper arma 
ture and back contact of relay 3-3, and the 
Self-interrupting contacts of the motor magnet 
MM-3. 
As a further result of the restoration of relay 

3-f3, the initial circuit for test relay 2-3 is 
interrupted at the lower armature of relay 3-3, 
whereby the continued energization of relay 
2-13 is rendered dependent upon the ground 
potential encountered on the contacts succes 
Sively engaged by the brush of the commutator 
through the lower armature of relay 2-f 3. 
COM-P reaching the winding of relay 2-3 

In the present assumed example, the calling 
line is the line associated with the first selec 
tive position of the device. In this case no 
ground potential is encountereed by the brush of 
the commutator when it arrives in its first selec 
tive position. The operation of the motor mag 
net MM-3 is thereby terminated and test relay 
2-3 is thereby deprived of current. Test relay 
2-3 is slightly slow-releasing in order to pre 
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went its restoration as the Commutator passes 
from one selective position to the next during ro 
tation of the shaft. Relay 2-3 restores after 
a slight interval. When it does So, at its lower 
arnature it opens a further point in its locking 
test circuit. At its upper armature relay 2-3 
inserts a current limiting resistor in the circuit 
previously traced for the upper Winding of relay 
SRA-3, but relay SRA-3 remains operated 
in Series with this resistor. 

Seieing the calling line 
Also, upon restoring, test relay 2-3 completes 

a, circuit at its middle upper armature for Oper 
atting magnet OA-3. This circuit is from bat 
tery by Way of the resistor aSSociated. With the 
middle armature of the actuated hold relay -3, 
the said armature, the middle upper armature of 
the restored test relay 2-3, and thence by way 
of the contacts of shift magnet SA-3 to the 
ground-connected winding of the Operating mag 
net OA-3. 
As a result of the shaft of the mechanism hav 

ing been brought into its first Selective position, 
and of the shift plate 0-3 having been shifted 
to the right by shift magnet SA-3, the contact 
arm corresponding to the arm 4, Fig. 1, asso 
ciated with the first selective stackup Springset 
(such as s of Figs. 1 to 3), has been rotated in 
a clockwise direction as seen in FigS. 1 and 3 
to bring the contact-actuating end thereof under 
the first selective contact stackup of Fig. 13, cor 
responding to si in FigS. 1 to 3. Consequently, 
when the operating magnet OA-3 is energized 
as above noted and thus tilts its pivoted plate 
(not shown in Fig. 13) corresponding to plate 22, 
seen best in Figs. 5, 6, and 8, underlying the slid 
able shift plate O-3, the #1 selective contact 
set in Fig. 13, associated with line , is actu 
ated. The contact pairs of this Stackup there 
upon assume the closed position illustrated in Fig. 
8 for the lowermost pair of contacts in the stack 
up sl. Additionally, the contact spring stackups 
a-i 3 and b-i 3 (actuated whenever the oper 
ating magnet OA is actuated) are actuated by 
the plate corresponding to 22 in the mechanism 
drawings. . . . . 

As a result of the actuation of the first selective 
set of contacts of the unit PA-3, the calling 
line is seized, and the tip, ring, and sleeve con 
ductors thereof are closed through to the link 
side of the primary. The tip and ring conductors 
extend directly through link PIA to the second 
ary multiple at this time, while the sleeve con 
ductor is extended temporarily, through normally 
closed contacts controlled by the Outermost arma 
ture of link relay A1-f3, to battery by way of 
resistor 22-13, common to the four link relays 
A1-3 to D1-14 of the first primary. Current 
supplied through this resistor, contacts controlled 
by the outermost armature of relay A-3, and 
thence through the lowermost pair of Contacts 
in the first selective set of the unit PA-3, 
flows in series with the ground-connected Wind 
ing of cutoff relay CO-3, whereby the line is 
marked busy, and relay CO-3 is operated. 
Upon operating, relay CO-3 disconnects line 
relay LR-3 from the line, permitting this relay 
to restore. Upon restoring, line relayLR-3 dis 
connects ground potential from start conductor 
P-ST, whereupon this conductor becomes uns 
grounded unless another line aSSOciated With pri 
mary #1 has called in the meantime. Addition 
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ally, relay. LR-3 replaces ground potential on 
the associated marking conductor to thereby 
again mark the associated line. as non-calling 
in the associated primary. 
The second contact pair from the bottom in 

stackup a-3 close a self-locking circuit for op 
erating magnet OA-3, to battery by Way of 
the normally closed contacts controlled by the 
middle armature of link relay A1-3, and the 
associated resistor. By the closure of this circuit, 
the Operating magnet is maintained Operated 
after its initial circuit is opened, as Will be de 
Scribed Subsequently. The lowermost contacts in 
stackup. a-3 clear the ring conductor R of pri 
mary link PA. from the connector-action con 
ductor. T3-3, common to the four units of the 
primary, while the lowermost contacts in stackup 
b-3 clear the sleeve lead of the unit from the 
common dial lead T2-13 of the primary. The 
Second contact pair from the bottom of stackup 
b-3 opens a point in the circuit of the lower 
or matching winding of sleeve relay SRA-3 to 
thereby prevent unit. PA-3 from being taken 
into use subsequently from connector action. 
Finally, the uppermost contact set of the actu 
ated stackup b-3 shifts the Selecting or allot 
ting chain. from the upper winding of shift relay 
SRA-3 to the upper winding of the shift relay 
of the next idle one of the units of the primary, 
thereby, opening the circuit of the upper Winding 
of relay SRA-3 and restoring this relay. This 
action occurs with relays 3-3 and 2-3 in a 
restored condition as previously described, and 
with slow-acting hold relay I-3 still operated. 
The shift relay to which the chain circuit has ::: 
been newly extended is unable to operate at this 
time over the extended allotting circuit, because 
of the resistor included in the circuit at the up 
per contacts of relay 2-3. This resistor so lim 
its the current that, while an operated shift relay 
can remain operated, one not operated cannot be 
come operated in series. With this resistor. 
When shift relay SRA-3 restores, at its mid 

dle armature it opens the circuit of shift magnet 
SA-3, while at its lowermost armature it opens 
the locking circuit of the slow-acting hold relay 
-3. Shift magnet SA-3 now deenergizes 
and thus opens the initial circuit of operating 
magnet OA-3, but magnet OA-3 is now held 
operated as previously pointed out in its locking 
circuit, which includes contacts in stackup a-3, 
and the resistor associated with link relay A1-3. 
The restoration of shift. magnet SA-3 also 
allows shift plate 6-3, corresponding to shift 
plate 0, in Figs. 1. to 3, to restore, thereby ter 
minating the temporary. Selective-aSSociation-be 
tween the unit. PA-3 and the operating mecha 
nism common to the four units of the primary. 
As long as the operating magnet OA-3 remains 
operated, the particular lever 4 associated With 
the now-operated selective contact stackup #1 
remains under the contact stackup to keep the 
contact springs thereof in actuated position, be 
cause of the depression. 20, Figs. 1, 6, and 8, in 
the lever being engaged with the exposed end 2 
(see Fig. 8) of the contact-actuating bushing. 
Slow-acting hold relay - 3 restores a short 

interval after its locking circuit is. Opened by the 
described restoration of shift relay - SRA-3, 
thereby completing the restoration of the three 
relays - 3, 2-3, and 3-3. of the common 
equipment, which were: actuated pursuant to the 
described finder action of the column=A portion 
of primary F1. 
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Clearing out primary #1 

Responsive to the described regrounding of the 
larking conductor associated with line , upon 

the described restoration of line relayLR-3, the 
homing circuit for the mechanism of primary #1 
is reclosed from ground by way of the armature 
and back contact of relayLR-3, the No. 1 com 
mutator, contact, the brush of the commutator 
COM-P, the self-interrupting contacts of motor 
magnet MM-3, contacts of relays 3-3 and 
5-3, and thence to battery by Way of the Wind 
ing of motor magnet MM-3. The motor mag 
net MM-3 now operates in a bu2Zer-like inall 
ner to advance the mechanism of the primary 
step by step until the home position is reached, 
or until a contact corresponding to a further 
calling line is reached, in case a further call has 
been Originated in the short interval of time 
elapsing after the removal of the receiver at Sub 
station . In the latter event, ground potential 
is maintained on the start conductor P-ST and 
the restoration of hold relay - 3 is followed by 
a reoperation of start-pulse relay 3-3 to start 
a new cycle of operation of the relays , 2, and 3 
of Fig. 13, resulting in finder action at the next 
idle unit (in column B, C, or D) of the primary, 
the shift control circuit having been transferred 
at the uppermost contact set in stackup b-3, 
as previously described. 

Initiating secondary finder action. 
In order to initiate the finder action in the sec 

ondaries to cause a column-A, Secondary unit to 
find link PA, to which the calling line has now 
b3en extended by the described primary finder 
action, the uppermost set of contacts in the stack 
up a-3 is shifted to remove ground potential 
from the rinarking conductor AM (individual to 
unit PA-3), and to extend ground potential, 
thi'OUgh the inner arnature and back contact of 
link relay A3, to column-A start conductor AS, 
Connor to all ten column-A primary units. 
Seieing the common marking conductors M1 to 

IM10 

The immediate purpose of the grounding of 
Column-A start conductor AS is to cause the col 
unin-A marking-control relay XA-5 to operate 
and Seize the common marking conductors M to 
M ), Figs. 15 and 16, for the sole use of column A. 
The circuit of relay XA-15, however, is main 
tained open for the time being in the event that 
any one of the corresponding relays XB-6 to 
XD-6 associated With the other columns of 
primary units is operated. Each of the relays 
XA-5 to X)- 6 is arranged, when operated, 
to prevent Operation of any one of the others and 
to Seize the corinmon marking conductors Mi to 
M. and connect them respectively to the indi 
vidual marking conductors (such as AM to 
AM () in the concerned column. The circuit of 
relay XA-5 cannot be completed at this time 
if all of the column-A secondary units are busy, 
the purpose of the latter arrangement, being to 
avoid the needless operation of relay XA-15 to 
bar operation of the other three similar relays 
in the event that no secondary unit is available 
in Column A. 

ASSunning now that all of the marking-control 
relays (XA-5 to XD-6) are unoparated at 
the time start conductor AS is grounded as previ 
ously pointed out, the ground potential thereon 
is further extended, through contacts of relays 
XB-46 to XD-6, to conductor 27-8, and 
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thence by way of the uppermost contacts in the 
a stackup of any idle column-A, Secondary unit, to 
the winding of relay XA-5. The a stackup of 
Secondary #1 is shown at a-7, while the corre 
Sponding stackup of secondary #5 is shown at 
a-9. Marking-control relay XA-5 operates 
When ground potential is extended to the Wind 
ing thereof, as above noted, and upon so doing 
it opens a point in the circuit of each of the other 
'X' relays at its first three lower armatures. 
At its ten upper armatures, only three of each 
are shown, relay XA-5 connects the ten start 
conductors AM to AM 0 (individual respectively 
to the column-A units of primaries #1 to #10) 
respectively to the marking conductors M to 
M0, normally extending in multiple to the com 
mutators of the five secondaries. 
individual start conductors AM to AMI) whose 
primary unit is not in a calling condition is 

20 grounded at such primary unit, and the ground 
potential on the respective individual marking 
conductors is thus extended to the respective ones 
of the common marking conductors M to M0. 
The marking conductor AM of the now-calling 
Column-A unit PA-3 of primary #1 has been 
ungrounded by the contacts of stackup a-3, as 
previously pointed out, resulting in the marking 
conductor M being not supplied with ground 
potential at this time, thereby predetermining 
that the secondary mechanism to be started into 
Operation will stop in the first selective position, 
Corresponding to primary #1. 

Starting secondary it 1 
Relay XA-5 also prepares a self-locking cir 

cuit over conductor L-5, and at its lower arma 
ture it applies ground potential to the column-A 
Secondary-start chain. The first of the second 
aries having an idle column-A unit responds to 
this grounding of the column-A secondary-start 
chain. Assuming that the unit SA-7 of sec 
Ondary it is idle at this time, the contact-spring 
Stackup (I-7 is not actuated, and the starting 
ground potential is extended through the lower 
contacts thereof to the column-A start relay : 
4A-F of secondary #1, completing a circuit for 
relay 4A-7 through the lowermost contacts of 
relay 6-7, to battery. As a result, start relay 
4A-fi now operates. At its lowermost arma 
ture, relay A-7 prepares a circuit for the lower 
Winding of shift relay SRA-f; at its uppermost 
armature it opens the homing chain-circuit of 
motor magnet MM-7 and connects the motor 
magnet to the brush of the commutator 
COM-Sl; and at its inner upper armature it ex 
tends ground potential to conductor 3- there 
by closing a circuit through contacts of relays 
- and 2- for start pulse relay 3-7. 
Relay 3-ft now operates, and temporarily dis 

connects operating magnet MM-7 from its self 
interrupting contacts and transfers it to the now 
grounded upper terminal of relay 3-7, thereby 
closing an operating circuit for motor magnet 
MM-T through the upper contacts of relay 
6-7. Motor magnet MM-7 thereupon oper 
ates to advance the associated shaft of the sec 
ondary and the commutator COM-S one-half 
step from the home position, toward the first se 
lective position. When this occurs, off-normal 
contacts ON-7 are shifted. The uppermost 
pair in stackup ON-7 closes a point in the hom 
ing circuit of magnet MM-1, but this circuit 
has previously been opened at the upper contacts 
of start relay 4A-, and subsequently at the 
upper contacts of relay 3-1; and the middle pair 
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of contacts ON-T disconnects repeating relay 
4-7 from the associated dial lead DL-S, so as 
to prevent relay 4-7 from becoming actuated at 
this time over the dial lead to interfere with the 
finder operation. 

Selecting unit ISA-17 for operation 
The lowermost pair of off-normal contacts close 

a circuit through the lower armature of the oper 
ated start pulse relay 3-7 for test relay 2-7. 
Test relay 2-7 thereupon operates and prepares 
a locking circuit for itself, at its inner lower ar 
mature, to the brush of the commutator 
COM-S; at its lower armature it opens a point 
in the circuit through which the A-unit operating 
magnet OA-7 is to be subsequently energized, 
at the same time applying ground potential to the 
shift-relay control conductor common to the four 
units of secondary #1. A circuit is thus estab 
lished through the lower contacts of test relay 
2-7, and the lower contacts of the operated 
column-A, start relay 4A-7 for the lower wind 
ing of shift relay SRA-f7. Shift relay SRA-T 
noW Operates to close a circuit at its lower arma 
ture for the shift magnet SA-17. Magnet 
SA-7 now moves the associated shift plate to 
the right, thereby mechanically selecting the col 
unin-A unit of the secondary for selective oper 
ation. At the same time, the contacts of shift 
magnet SA-7 are closed to prepare an operating 
circuit for magnet OA-17. 
As a further result of the operation of test relay 

2-7, at its upper armature, it breaks the con 
nection between the grounded conductor 3-7 
and the upper terminal of start-pulse relay 3-7, 
transferring the grounded conductor 3 - 7 into 
connection with hold relay -f 7. Hold relay 
-T is thereupon operated over conductor 3 
from the ground potential applied to the latter 
by relay 4A-7. Upon operating, hold relay 
-7 locks itself directly to conductor 3-7, at 
the same time disconnecting this conductor from 
the upper armature of the now-operated relay 
2-1. Relay - 7, at its inner low armature, 
also opens a further point in the homing circuit 
of motor magnet MM-fi and applies ground po 
tential to the locking conductor L-fs, common 
to all the secondaries. By this operation a lock 
ing circuit for relay XA-5 is closed over con 
ductor L-f5, through the second contact pair 
from the bottom of relay XA-5, through the 
upper contacts in multiple of the a stackups of 
the column-A secondary units. Relay XA-5 
is thus maintained locked temporarily until the 
Secondary has completed its operation, independ 
ent of the continued maintenance of ground po 
tential on the column-A start conductor AS of the 
primaries. - 

Finding the calling primary linic P1A 
Returning now to the point at which test relay 

2-17, at its upper armature, disconnected ground 
poterital from the upper terminal of the tempo 
rarily energized start-pulse relay 3-7 and there 
by open-circuited the winding of relay 3-7 and 
the winding of motor magnet MM-1, motor 
magnet MM-7 promptly restores, and thereby 
advances the shaft and the brush of commutator 
COM-S the remaining half step to the first se 
lective position. The slow-acting start-pulse re 
lay 3-7 restores a moment later, and when it 
does So it Opens the initial energizing circuit of 
test relay 2-1 at its lower armature, rendering 
the continued energization of relay 2-7 de 
pendent upon the continued grounded condition 
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of the brush of commutator COM-S, to which 
the Winding of relay 2- is now connected, 
through the inner lower contacts of relay 2-7, 
the inner armature and back contact of relay 
6-7, conductor 34-7, upper armature and 
front contact of relay AA-, and conductor 
35-7. The restoration of start relay 3-7 also 
connects motor magnet MM-fi through its self 
interrupting contacts to the brush of the con 
mutator COM-S in a circuit path from the lower 
terminal of motor magnet MM-1, through the 
upper contacts of relays 5-7 and 3-, the 
interrupter contacts of magnet MM-F, Con 
ductor 36-, upper armature and front CCn 
tact of relay 4A-7, and thence to the commu 
tator brush, by way of conductor 35-7. As a 
result, test relay 2-1 remains operated in its 
locking circuit, above traced, (through the brush 
of the commutator), and the motor magnet 
MM-7 is operated in a buzzer-like manner to 
advance the shaft and the commutator from one 
selective position to another, as long as the Com 
mutator engages grounded marking conductorS. 
Test relay 2-7 is slightly slow-releasing so as 
to enable it to remain operated while the brush 
of the commutator is passing from One Selective 
position to another. 
In the present assumed example, the call 

reached the secondary from unit PA-3 at 
primary #1, served by primary link PIA, and the : 

(now con associated marking conductor AM 
nected to the secondary marking conductor Mf 
at the upper contacts of relay XA-5) is un 
grounded (in stackup a-3 of the actuated col 
umn-A unit of primary #1), wherefore, mark 
ing conductor M, connected through contacts 
of relay U- to the first selective contact of 
commutator COM-S, is ungrounded. As a re 
sult, no further hunting action takes place after 
commutator and shaft have been advanced one 
full step, for the brush of the commutator en 
gages an ungrounded contact in its first selective 
position, Test relay 2-7 restores after a slight 
interval. At its lower armature it Opens the 
initial circuit of shift relay SRA-7, leaving 
relay SRA-7 operated through the lower arma 
ture of hold relay - 7. 

Seiaing the calling primary link P1A 
As a further result of its restoration, relay 

2-f 7 closes a circuit through its lower arma 
ture and back contact, through the illustrated 
resistor, and contacts of the actuated shift mag 
net SA-7 for the winding of the battery-con 
nected operating magnet OA-. 
magnet OA-7 is thereby operated to tilt its 
armature plate and its now-actuated shift plate, 
corresponding to plates 22 and iO, shown in Figs. 
1 to 3, 5, 6, and 8. The mechanism of the sec 
ondary having been stopped in the first selective 
position, the illustrated No. 1 selective contact 
stackup in Fig. 17 is actuated, to seize the pri 
mary link PA. The tip, ring, sleeve, and hold 
conductors (T, R, S, and H) of the primary link 
PIA are thus extended respectively to the tip, 
ring, sleeve and hold conductors of the second 
airy link SA, connected to the unit SA-7 of 
secondary it 1. Additionally, the d and b stackup 
contacts a- and b-7 are shifted, as they 
are whenever operating magnet OA- oper 
ates. The actuation of the contacts in stackup 
b-ft are without any particular effect at this 
time, as they are associated with the control and 
matching circuits employed in connector action, 
to be described hereinafter. 

Operating : 
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The uppermost contact pair a-i opens one 

point in the operating and locking circuit of 
marking-control relay XA-5, but these contacts 
are shunted by similar contacts (such as a- 9) 
of any idle column-A, secondary unit. At the 
lowermost contacts a-7, the column-A, start 
Conductor grounded at the lower contacts of re 
lay XA-5 is disconnected from column-A start 
relay of Secondary F1 and transferred through 
the Column-A start chain of the secondaries to 
the corresponding relay of the next idle col 
unin-A Secondary unit, such as relay 4A-9 of 
Secondary F5. Relay 4A-7 thereupon restores, 
opening the circuit of shift relay SRA-fi, which 
relay thereupon restores and opens the circuit 
of shift magnet. SA-7. The shift magnet 
SA-1 thereupon restores and permits the asso 
ciated shift plate to return to normal position, 
thereby terminating mechanically the selection 
of the unit SA-7 of secondary iF1 for opera 
tion in connection with the shaft mechanism. 
The actuated selective-position contact springs, 
however, are maintained actuated so long as the 
operating magnet OA-fi remains operated, as 
previously pointed out in connection with the 
column-A primary unit PA-3. 
When shift magnet SA-7 restores, the con 

tacts controlled thereby open the operating cir 
cuit of magnet OA-7, but this magnet is held 
Operated Over conductors H2 and H of the asso 
ciated Secondary link S.A. in a circuit to be here 
inafter traced, 

Clearing out secondary F1 
Start relay 4A- also removes ground poten 

tial from the start conductor 3 - 1, local to 
Secondary #1, thereby opening the locking cir 
cuit of hold relay - T. Relay - 7 thereupon 
restores, and at its inner armature it removes 
ground potential from the locking conductor 
i-5, thereby enabling marking-control relay 
XA-5, locked up over this conductor, to restore 
aS SOOn as the aSSociated column-A start con 
ductor AS becomes ungrounded. Relay t-IT 
also closes a homing circuit for magnet MM-IT 
at its inner armature, through the upper pair of 
contacts ON-7, the lowermost contacts of re 
lays 4D-8, 4C-8, and 4B-18, the uppermost 
contacts of relay 4A-7, interrupter contacts of 
the motor magnet MM-7, and the uppermost 
Contacts of relays 3-1 and 5-ft to motor mag 
net MM-7. The motor magnet MM-7 may 
now Operate in a buzzer-like manner over this 
circuit to advance the shaft and commutator step 
by Step until the home position is reached, 
Whereupon the homing circuit is opened at the 
uppermost pair of off-normal contacts ON-T. 

Eacteriding the sleeve and hold leads 
It Will be recalled that the sleeve lead of pri 

mary unit PA-3 (over which cut-off relay 
CO-3 is being held operated) was extended 
temporarily, through contacts of link relay 
A1-3, to battery through resistor 22-3, and 
that the holding circuit of operating magnet 
OA-3 was completed temporarily through con 
tacts of relay A1-3 and the illustrated resistor 
to battery, the two concerned conductors not be 
ing yet extended over the link P. A to the sec 
Ondaries. Upon the above-described seizure of 
the link PA by secondary unit SA-17, link 
relay A1-3 is caused to operate to extend the 
sleeve and hold leads over link PfA, and thence, 
through contacts of secondary unit SA-7, and 
over conductors in the secondary linkSA, to the 
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connecting-link circuit CLC- of Figs. 23 and 
24. Link circuit CLC- thereupon takes over 
the control of the partially extended connection, 
and Subsequently causes the operated SWitching 
units to be released, after the connection has 
been finally completed to the called line and the 
calling Subscriber has replaced his receiver. Ad 
ditionally, the operation of link relay A1-3 re 
Sults in the regrounding of the marking conduc 
tor AM- of unit PA-3, and in the un 
grounding of column-A, start conductor AS to 
permit marking-control relay XA-5 to restore 
and free the common marking conductors M to 
M. The Way in which these results are ac 
complished will now be pointed out: 
The closure of the lowermost contact pair in 

the actuated selective stackup No. 1 of unit 
SA-7 completes a locking circuit for operating 
magnet OA-fi of the unit as follows: From bat 
tery through the winding of magnet OA-f7, 
branch hold conductor H2 of link SLA, branch 
hold conductor H2 in outgoing branch S A-C of 
the link, upper contacts of the auxiliary release 
relay 5-23 of the connecting-link circuit CLC-, 
hold conductor H of branch line SA-0, normally 
closed contacts controlled by the upper armature 
of transfer relay DA-2, hold conductor H of 
link SA, lowermost contact pair in the actuated 
stackup No. 1 of secondary unit SA-1, hold 
conductor H of primary link PA, and thence to : 
ground through the winding of link relay A1-3. 
It will be recalled that the initial operating cir 
cuit of magnet OA-7 includes the contact of the 
lower armature of relay 2-, and the associated 
resistor. 
sistance that relay Al-3 operates readily in 
shunt thereof. Upon operating, link relay A1-3 
extends the hold conductor H of the link PA, 
through contacts of stackup a-13, to the wind 
ing of magnet OA-3, at the same time opening 
the hold circuit previously established for magnet 
OA-3. Magnet OA-3 is now held operated 
in parallel With link relay A1-3, over the cir 
cuit traced therefor, in series with the operating 
magnet OA-7 of the secondary. 

Link relay A1-3 also connects the sleeve lead 
S of the primary link PA to the extended sleeve 
lead of the calling line , at the same time dis 
Connecting battery-supply resistor 22-3. The 
actuated cutoff relay CO-3 is now maintained 
operated over the sleeve lead of the partially es 
tablished connection, in a circuit including the 
sleeve Conductor S of link PA, actuated contacts 
of secondary unit SA-f, sleeve lead S of the 
outgoing branch SA-G of the secondary link, 
middle lower armature and back contact of dis 
connect relay 7-23 of the connecting-link cir 
cuit CLC-, to battery through sleeve relay - 
23. The cutoff relay CO-3 is henceforth held 
operated in series with relay I-23 over the cir 
cuit path above-traced, and sleeve relay -23 
operates thereover. 
Freeing the common marking conductors M1 

to M10 

Link relay A1-3 also disconnects the upper 
contacts in stackup a-3 from the Column-Astart 
conductor AS and replaces ground potential on 
marking conductor AM, individual to primary 
unit PA-3, to mark this unit henceforth: as 
non-calling. 
In the event that no other column-A primary 

unit is in calling condition, the Column-A, start 
conductor AS is now ungrounded. As a result, 
marking-control relay XA-15 is henceforth 

This resistor is of sufficiently high re- : 
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held Operated only over locking conductor L-5, 
held grounded at the contacts of hold relay - 7 
of secondary iFi until this relay restores an in 
Stant later, as previously described. 
When conductor L-5 is ungrounded, by the 

restoration of hold relay - 7 (to start the pre 
Viously described clearing-out operation of sec 
Ondary 1) relay XA-5 is unlocked and re 
stored. At its lower contacts, relay XA-5 un 
grounds the Column-A secondary-start conductor 
to thereby prevent the further starting of sec 
Ondaries over this conductor until another call is 
made through column-A of the primaries. - 

Marking-control relay XA-5 also closes a 
point in the circuit of each of the other relays 
XB-46 to XD-6, to permit any one of them to 
Operate (each over its associated column start 
conductors, BS, CS, and DS). Relay XA-15, at 
its ten upper armatures, only three of which are 
shown, disconnects the individual marking con 
ductors AM? to AM: O from the common mark 
ing conductors M to M0. 
Preparing the connecting-link circuit CLC-1 for 

Operation. 
Upon its described operation over the extended 

sleeve lead, in series with cutoff relay CO-3, 
sleeve relay -23 of connecting-link circuit 
CLC- prepares a circuit for the upper winding 
Of the Special test relay 3-23 over conductor 
NM-S5; prepares a locking circuit for the up 
per Winding of relay 3-23 at its middle lower ar 
mature; at its inner upper armature it connects 
up the dial lead DL-S5 of the secondary With 
Which the connecting-link circuit is associated 
for connector operation; at its inner lower ar 
nature it prepares a circuit for disconnect relay 
1-23; and at its upper and lower armatures it 
connects up the aSSociated tip and ring conduc 
tors T and R, thereby completing a connection 
by Way of the heavily inked talking conductors 
from the calling line, through switching units 
PA-13 and SA-17, and thence by way of 
normally closed contacts of transferrelay CA 
2, to the finder-action end of the connecting 
link circuit CLC-, Figs. 23 and 24. 
Line relay 2-23 now operates over the calling 

line, closing a point at its upper armature in the 
circuit path over which the dial pulses are re 
peated, While at its lower armature it closes an 
Operating circuit for the slow-restoring release 
relay 4-23. Release relay 4-23 thereupon op 
erates. At its middle upper armature, it shunts the upper contacts of release-auxiliary relay 5 
23 to prevent a premature opening of the circuits 
of operating magnets OA-f7 and OA-3; at its 
middle lower armature it opens a point in the cir 
ciut of disconnect relay to prevent premature 
operation thereof; and at its inner upper arma 
ture it closes an operating circuit for the re 
lease-auxiliary relay 5-23. Relay 5-23 there 
upon Operates and at its upper armature pre 
pares to release the operated units PA-3 and 
SA-7 when release relay 4-23 is Subsequently 
restored. - 

Testing the common dial lead 
During the time required for relays 2-23 and 

4-23 to operate successively, following the op 
eration of relay -23, the special test relay 3-23 
tests the dial lead DT-S5, common to the con 
necting link circuit CLC- and two other link 
circuits, to determine whether or not this dial 
lead is temporarily in use by one or the other of 
the other link circuits which share it.   



4. 
As Will be seen in Fig. 28, the connecting link 

circuits CLC-f, CLC-2, and CLC- have com 
InOn acceSS, through the incoming branches of 
the links S5A to S5D, to the column-A,to column 
D units of Secondary F5, to which the tens dial 
lead DI-S5 extends. Accordingly, the dial lead 
DT-S5 is common to the three connecting link 
circuits just named. As will appear hereinafter, 
When the dial lead DL-S5 is in use by any one 
of the three links, ground potential is main 
tained normally thereon. Therefore, if the dial 
lead is in use at this time, ground potential there 
on is effective to actuate the lower Winding of 
Special test relay 3-23 upon the described con 
necting-up of the dial lead DT-S5 by sleeve relay 
1-3: from ground, on lead DL-S5, upper con 
tacts of relays 2D-24 to 2A-23, inner upper 
contacts of relay -23 and contacts of relays 
3-23 and 4-23, and the winding of relay 3-23, 
to battery. Upon operating, special-test relay 
3-23 closes a locking circuit for itself by Way of 
its upper Winding, from ground, by way of the 
loWermost contacts Cf the relays 2D-23 to 
2A-23, the middle lower armature of sleeve relay 
-23, and thence to battery, by Way of the upper 
armature of relay 3-23, and the upper winding 
of the relay. Relay 3-23 also disconnects its 
upper Winding from the conductor NM-S5 at 
the contacts controlled by its upper armature; 
disconnects the busy dial lead Dl-S5 from the 
connecting-link circuit at its inner lower arma 
ture, so as to prevent interference therewith 
and at its lowermost armature it closes a circuit 
from ground over conductor 5-24, middle up 
per armature and back contact of Switching relay 
i5-24, and thence to battery by way of the 
Winding of busy relay 6-24. Busy relay S-24 
thereupon operates to apply a busy-tone signal 
from terminal BT-24, through the inner upper 
armature of relay S-24, and thence to the tip 
talking conductor of the connecting-link circuit 
CIC-l. Busy relay f6-24 also opens a point 
in the circuit of dial-tone relay 6-23 at its lower 
armature to prevent operation of this relay at 
this time. Busy-tone current, from busy-tone 
lead BT-24, now flows over the tip talking 
conductor of the link circuit CLC-, back 
over the established connection to the calling 
line to inform the calling subscriber of the 
busy condition, whereupon he is expected to : 
replace his receiver and cause the partially 
established connection to clear Out in a manner 
which will be made clear from the portion of the 
description which is to follow. 

In the present example, it is assumed that the 
secondary to which the connecting-link circuit 
CLC- has access for connector action is not in 
use by another connecting-link circuit. When the 
connecting-link circuit CLC-1 is seized as above 
pointed out, in which event special test relay 
3-23 is not energized over dial lead DT-S5, and 
busy relay 6-24 is consequently not operated 
at this time to give the calling subscriber a busy 
Signal. 
The lower winding of special test relay 3-23 

is disconnected from the dial lead DT-S5 at the 
lower contacts of release relay 4-23, thus ter 
minating the dial-lead test, which must therefore 
be made during the time required for relayS 
2-23 and 4-23 to operate Successively follow 
ing the operation of sleeve relay -23. 
With relays 3-23 and 6-24 not having been 

operated, the following circuit (closed at one of 
the contact pairs of sleeve relay -23) becomes 
effective to operate dial-tone relay6-23: From 
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ground through the inner upper armature and 
back contact of switching relay i5-24, lower 
contacts of busy relay fé-24, contacts of the 
operated sleeve relay -23, and the winding of 
relay 6-23 to battery. Dial-tone relay 6-23 now 
operates and impresses a dial-tone signal on the 
aSSociated tip talking conductor of the connect 
ing link circuit over the following circuit path: 
From the dial tone lead DT-23, through the in 
ner lower armature of the operated dial-tone re 
lay 6-23, through the inner upper armature of 
the unoperated busy relay f6-24, and thence, 
through the upper contacts of relay 5-24, to 
the heavily inked tip talking conductor. his 
dial-tone signal then passes back over the estab 
lished connection to the calling line to give the 
calling Subscriber a signal indicative of the fact 
that he may now begin to dial the desired num 
ber. 

Preparing secondary F5 for connector operation 
Special test relay 3-23 having failed to oper 

ate, and dial-tone relay 6-23 having operated 
as a result of the consequent failure of busy-tone 
relay 6-2 to operate, the dial lead DL-S5 of 
Secondary #5 is now seized and the secondary is 
prepared for connector operation thereover, as 
Will noW be described. 

Dial-tone relay S-23, at its four upper arma 
tures, applies ground potential to the lower ter 
minal of each of the connecting relays 2A-23 
to 2)-24, thus preparing circuits for these re 
lays, none of which is completed until after the 
tens digit has been dialed. At its middle lower 
armature, dial-tone relay 6-23 prepares a cir 
cuit to be later completed for disconnect relay 
i-23, while at its lowermost armature it seizes 
the dial-pulse lead DT-S5, by applying ground 
potential thereto over the following path: From 
ground through the lower contacts of the oper 
ated dial-tone relay: 6-23, upper contacts of the 
operated release and line relays 4-23 and 2-23, 
inner lower contacts of the unoperated Special 
test relay 3-23, inner upper contacts of sleeve 
relay -23, and thence, through the uppermost 
contacts of each of the connecting relays 2A-23 
to 2D-24, to the secondary #5 dial lead DL-S5 
(common to three connecting-link circuits, as 

The ground potential On this 

link circuitS having access thereto. 
With ground potential on lead DL-S5, a cir 

cuit is completed thereover, through the nor 
mally-closed middle contact pair of off-normal 
stackup ON-F9, and thence to battery through 
the winding of repeating relay 4-9 of second 
alry it 5. 

Repeating relay 3-9 now operates over its 
above-traced circuit. At its lower armature it 
connects the free terminal of the match-control 
relay 8-9 to the brush of the associated com 
Imutator CCM-S, Wihile at its upper armature it 
closes a circuit for the associated slow-acting 
release relay - 9. 

Release relay 5-9 now operates; at its low 
ermost armature it shunts the middle contact 
pair of Stackup Oly-3 so as to maintain the 
circuit of relay 4-9 intact after the off-normal 
Springs have shifted, as they did upon delivery 
of the first dial pulse; at its upper armature it 
disconnects the free terminal of motor magnet 
lviMf-9 from the homing circuit thereof, and 
transferS it to the dial pulse circuit, preparatory 
to the transmission of dial pulses to the motor 
magnet; and at its inner-lower armature it op 
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erates auxiliary relay 6-9. At its lower arma 
ture, relay 6-9 disconnects battery from each 
of the windings of the start relays 4A-9, 
4B-29, 4C-29, and 4D-20 (one for each col 
umn) of the secondary to prevent the dialing op 
eration from being interfered with by attempted 
finder action in the Secondary. 

In Order to complete the change-Over of Sec 
ondary 5 from finder-action condition to con 
nector-action condition, relay 6-9 applies bat 
tery potential at its lower armature, over con 
ductor 64-9, to the lower terminal of the as 
sociated 'U' relay U5-7, thereby completing 
a circuit for this relay to ground through nor 
mally closed contacts of each of the other “U' 
relays. The circuit of each 'U' relay (only three 
of the five are shown, aS Stated) is taken through 
normally closed contacts of each of the other 
four to preclude Simultaneous operation of two 
of them. Assuming all of the “U' relays to be 
in restored condition, relay U.5-7 operates to 
open-circuit each other 'U' relay. U5-i also 
disconnects the ten associated marking conduc 
tors, connected respectively to the ten selective 
positions of the commutator COM-S, from the 
ten marking leads M to M0 (indicated more 
fully in Figs. 15 and 16) and transfers them 
respectively to the ten marking control conduc 
tors J to J. (indicated more fully in Figs. 15 
and 16). The purpose of the operation of relay 
U5-ft is to arrange for the operation of the “J' 
relay (such as marking-control relay J-4 of 
primary #1) of the primary corresponding to 
the first or tens digit about to be dialed, as each 
of the ten primaries is associated with a separate 
teins group of the one hundred subscriber lines. 
By this operation, the 'J' relay of the selected 
prisiiary and tens group can be operated through 
the brush of the commutator COM-S5, in series 
With matching control relay 8-9, at the end of 
the dialing of the first digit. 

Dialing the tens digit 1 
When the calling subscriber at substation , 

having heard the dial-tone signal transmitted 
to his substation as previously pointed out, ma 
nipulates his calling device (not shown) in ac 
cordance with the first, or tens, digit in the de 
Sired number, the calling loop extending through 
Substation f f, and now including line relay 2-23 
of the connecting-link circuit CLC-, is inter 
rupted momentarily a number of times corre 
Sponding to the value of the digit. Each time 
the calling loop is interrupted, line relay 2-23 
is momentarily restored, opening the circuit of 
slow-acting release relay 4-23 each time. Be 
ing slow-acting, relay 4-23 remains operated 
throughout the Series of restorations of line re 
lay 2-23. As a further result of each restora 
tion of line relay 2-23, the previously traced 
repeating circuit is opened at the upper con 
tacts of relay 2-23, whereby repeating relay 
4-9 of secondary #5 is restoired momentarily 
a like number of times. Each time repeating relay 4-9 restores, at 
its lower armature, it disconnects the brush of 
commutator COM-S5 from relay 8-9, while 
at its upper arnature it opens the circuit of the 
aSSociated slow-acting release relay 5-9. Be 
ing slow-acting, relay 5-9 remains operated 
throughout the series of momentary restorations 
of relay 4-9. 

. . . As a further result of each momentary res 
toration of repeating relay 4-9, a circuit is 
- closed at the upper--armature of the relay, 
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through the upper armature of the Operated re 
lease relay 5-9, and over conductor 52-9 for 
the motor magnet MM-49. Motor magnet 
MM-9 responds to the dial pulses thus trans 
mitted thereto by advancing the shaft of the sec 
ondary (corresponding to shaft 6 of Figs. 1 to 
3) One step for each dial pulse received (one 
half step at the receipt of the pulse and the re 
maining half step at the termination thereof). 
Each time the brush of the commutator 

COM-S engages a selective-position contact, 
and with repeating relay 4-9 reoperated be 
tween impulses, a circuit is momentarily closed 
for matching-control relay 8-9 in Series With 
a 'J' relay of the primary associated With the 
contact engaged by the brush of the commutator. 
Relay 8-9, together with any 'J' relays of the 
primaries, is of sufficient impedance that the rise 
in current-flow following the closure of a circuit 
for relay 8-f9 in Series with a "J' relay is sufi 
ciently slow that neither the connected 'J' relay 
nor relay 8-9 can operate during the compara 
tively slight interval that they are intercon 
nected between the successive restorations of re 
lay 4-9 during the delivery of a series of in 
pulses. Since the circuit of relay 8-9 includes 
contacts of relay 4-9, this circuit is opened 
upon each restoration of relay 4-9, thereby in 
suring that any current flow which may have 
started to build up in the relay 8-9 between 
successive restorations of relay 4-9 is inter 
rupted before relay 8-9 is associated with the 
next 'J' relay. By this expedient, none of the 
matching-control "J' relays successively en 
countered momentarily by the brush of the com 
mutator COM-S during the dialing of a tens 
digit can operate until the final one is selected 
at the end of the digit, nor can matching-control 
relay 8-9 operate until the brush of the com 
mutator COM-S5 comes to rest in its final posis 
tion at the end of the tens digit. 

In the present assumed example, the tens digit 
to be dialed is the digit 1. In this case, the line 
relay 2-23 is restored only once momentarily 
and thereby causes only one momentary restora 
tion of repeating relay 4-9. The brush of the 
commutator COM-S5 is, therefore, brought to 
rest in the first selective position, associated with 
primary F1, Figs. 13 and 14. 

Closing the matching circuit 
An instant after the commutator COM-S5 

comes to rest in the first selective position, at 
the end of the dialing of the tens digit 1, relays 
8-9 and J-4 energize in series over the foll 
lowing circuit to close points in four matching 
circuits (one for each column) only one of which 
will be complete: From battery by way of the 
winding of relay 8-f9, lower contacts of relay 
4-9, commutator COM-S, in its first selective 
position, the middle and upper contacts of the 
it stackup of the operated relay U5-, con 
ductor J. (Of conductors. J to J fe), the winding 
of relay J-14, and thence to ground, through 
the upper contacts of connector-action relays 
4-f3 and 5-f3 of primary #1, in series. Relays 
8-9 and J-4 operate over the above-traced 
circuit a short interval after the closure thereof. 
Relay J-4, at its lower armature, applies 
ground potential to conductor 75-3 thereby 
preparing a chain locking circuit for whichever 
one of the shift relays SRA-3 to SRD-4 
now operates over the successful matching cir 
cuit, while at its upper armatures relay J-4 
applies battery potential to the lower windings 
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of all of the shift relays SRA-3 to SRD-4 
Whose aSSociated primary units are idle, and 
makes other preparations for the matching oper 
ation, to be subsequently described. 
In the Secondary t3, when relay 8-9 operates 

in series with relay J-14 over the previously 
traced circuit, it closes an operating circuit for 
relay 9-f 9. Relays 8-9 and 9-9 (two relays 
are used in place of one simply because of the 
number of contacts required) together close 
necessary points in the matching circuits, to be 
hereinafter described, preparatory to cperating 
One of the shift relays (SRA-9 to SRD-20) 
of Secondary F5 in series with the corresponding 
One of the shift relays (SRA-3 to SRD-4) 
of the Selected primary (#1), preparatory to the 
extension of a connection from the connecting 
link circuit CLC- of Figs. 23 and 24, through 
an idle one of the units of the secondary it 5 to 
an idle one of the units in the selected pri 
mary F1. 

Matching delayed 
Before a description is given of how the match 

ing takes place, a description will be given of 
the Operations taking place when all the link 
paths from the secondary #5 to primary #1 are 
in use, in which case the matching operation is 
delayed for the want of an idle circuit path 
through the secondary in use to the selected 
primary. In order to provide for the giving of 
a busy signal to the calling subscriber and the 
freeing of secondary #5 in this event, ground 
potential is applied at the lower contacts of 
matching-control relay 8-9 to the no-match 
conductor NM-S5, common to the three con 
necting-link circuits having access to the units 
of Secondary F5. The grounding of conductor 
NM-S5 closes a circuit through contacts of the 
operated sleeve relay -23 and contacts con 
trolled by the upper armature of special-test 
relay 3-23 for the upper winding of relay 3-23. 
The upper winding of relay 3- 23 preferably has 
sufficient impedance that the operation of relay 
3-23 is retarded sufficiently that the matching 
operation, if able to occur immediately, as in 
tended, is completed ahead of the operation of 
relay 3-23. When special-test relay 3-23 op 
erates, (after a slight interval) it closes a lock 
ing circuit for its upper winding as previously 
described, through the lower contacts of con 
necting relays 2A-23 to 2D-24, while at its 
lower armature it closes the previously traced cir 
cuit for busy relay f6-24, resulting in the op 
eration of busy relay 6-24 to apply busy-tone 
current from lead BT-24 to the associated heav 
ily inked tip talking conductor to inform the 
calling Subscriber of the busy condition of the 
interconnecting links. Relay 3-23 at its lower 
armature also opens the repeating circuit ex 
tending over dial lead DL-S5 to the repeating 
relay 4-9 in the secondary it 5, thereby ini 
tiating the clearing-out of the secondary, to be 
hereinafter described. The preliminary portion 
of the clearing-out operation is the opening at 
the lower contacts of relay 4-9 of the series 
circuit for relays 8-9, and J-4 at the lower 
contacts of relay 4-9, whereby the attempted 
matching operation is terminated. In this event, 
in case the calling Subscriber ignores the busy 
signal and proceeds to dial the remaining digit 
in the desired number, no particular result occurs 
because the dial circuit outgoing to the aSSO 
ciated if 5 secondary from the connecting-link 
circuit CLC- has been opened at the inner 
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lower contacts of Special-test relay 3-23, and 
the inter-digit transfer relay 2-24 (which must 
Operate to prepare a dialing circuit for the units 
digit) has not been operated under the condition 
being described, wherein matching has failed to 
take place. 

The matching operation 
It is evident from an inspection of the draw 

ings that the connection to be established from 
the connecting-link circuit CLC- back to the 
primary #1 must be established to one of the 
units (A, B, C, or D) of primary it 1, through the 
corresponding one of the units (A, B, C, or D) 
of secondary ii.5, associated with the link cir 
cuit CIC- for connection action. The unit 
of Secondary F5 which now operates to extend 
connection to the corresponding unit of #1 is 
the one in which the shift control relay (SRA-9 
to SRD-2) is able to operate over the match 
ing circuit conductors, in series with the shift 
control relay (SRA-3 to SRD-4) of the cor 
responding unit of the selected primary #1. 
AS previously pointed out, particularly in con 

nection with the system layout shown in Fig. 28, 
the Order of preference for connector action is 
reversed from the order of preference for finder 
action; that is, while the finder-action prefer 
ence is from column. A to column ID, matching 
always takes place in column D if both of the 
units concerned are available, but takes place 
instead in columin C if one or the other con 
Cerned units in column D is in use, taking col 
umn B Only in the event that columns D and C 
are both unavailable, and finally, the matching 
takes place in column A only in the event that 
One or the other (or both) of the units con 
cerned in each of the columns D, C, and B is in 
Se, 

Matching in column, D. 
Let it be aSSumed now that the column-D unit 

5SD-2) of the Secondary #5 is ide, and that the 
column-D unit PD-4 of primary #1 is idle, 
When relays J-4, and relays 8-9 and 9-9 
are energized as previously pointed out. Under 
this condition, the lower windings of relays 
SRD-20 and SRD-3 are immediately ener 
gized in Series over the following circuit: From 
ground by Way of the second lowermost contact 
pair of relay 8-9, conductor 39-20, lowermost 
pair of contacts in stackup b3-28 of secondary 
unit 5SO-20, conductor 68-28, contact pair of 
relay 8-9, conductor 67-20, the lower winding 
of shift-control relay SRD-20, the column-D re 
lay bus Dir (common to the column-D units of 
all of the primaries and secondaries), the lower 
Winding of relay SRD-4, a pair of normally 
closed contacts in stackup b3-14 of primary unit 
(PED-4, and contacts of relay J-f4, to battery. 
Relays SRD-2 and SRD-4 immediately op 
erate in Series over the above-traced matching 
circuit. As Will be pointed out more fully herein 
after, no other matching circuit is complete un 
der the present assumed condition, wherefore re 
lays SRA-3 to SRC-4, and relays SRA-9 to 
SRC-20 fail to operate. 

In column D of the selected primary #1, shift 
relay SRD-4, upon operating in the above-de 
Scribed matching circuit in series with shift relay 
SRD-20, locks its upper winding to conductor 
75-3, grounded at the lower contacts of the 
slow-restoring match-control relay J-4. In 
the event that the common mechanism of pri 
mary F1 is idle and none of the other shift re 
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lays (SRA-3 to SRC-4) are therefore in 
operated condition, the inner lower armature of 
relay SRD-4 completes a circuit for shift mag 
net SD-4 of unit PD-4, the circuit includ 
ing the inner lower armature and back contact of 
each of the relays SRA-3 to SRC-f 4. Shift 
magnet SD-4 thereupon Slides the associated 
shift plate to the right to mechanically select 
the unit PD-4 for operation, at the same time 
preparing a circuit for operating magnet OD-f4, 
which circuit, however, is open at this time at 
the contacts of relay 6-f3, and is not completed 
until after the final digit of the number has been 
dialed to position the associated control shaft. 

In the secondary unit 5SD-2), when relay 
SRD-20 operates in the matching circuit in se 
ries with relay SRD-4, as described, at its low 
ermost armature it opens a further point in the 
incomplete column-C matching circuit, at the 
same time preparing a temporary locking circuit 
for itself over Which it is held after the b stack 
up (b-26) of contacts in the secondary unit 
5SD-20 have operated, along with the a stackup 
and the selected #1 selective contacts, as they 
now do. At its upper armature, relay SRD-20 
closes a circuit for the associated shift magnet 
SD-20, which thereupon operates to slide the 
illustrated shift plate (corresponding to plate 10, 
Figs, 1 to 3) to the right to cause mechanical Se 
lection of the first set of selective contacts of the 
associated secondary unit 5SD-2), the shaft of 
the #5 secondary having previously been set by 
the dialing operations into the first selective po 
sition, as described. 

Shift magnet SD-20, at the contacts con 
trolled thereby closes a circuit for the associated 
operating magnet OD-20, over conductor 7 
9, and thence to ground through resistor 72-9, 
and the lower contacts of relay 2-9. Magnet 
OD-20. thereupon operates, resulting in the 
shifting of contacts in the associated a stackup 
(the one to the left) of unit 5SD-20, shifting of 
the stackup b-20, and the closing of the con 
tacts in the first selective stackup. In this way 
the tip, ring, sleeve, and hold conductors (T, R, 
S, and HI) of Secondary link S5D are connected 
through to the corresponding conductors of the 
primary link PD. 
Upon the shifting of the contacts of stackup 

b8-20, the second lowermost contact is moved 
out of engagement With the lowermost contact 
and into engagement With the One immediately 
above it in preparation for the shifting of the 
matching circuits to prevent matching from 
again taking place in column D of Secondary 
it 5 until the connection now being established 
has been cleared Out. At this time, the extension 
of what is termed “matching ground' to the 
concerned column-C ground bus CG, and the 
premature opening of the matching circuit 
through relays SRD-20 and SRD-4, is pre 
vented by the operated lower armature of relay 
SRD-20. The relays last-mentioned are, there 
fore, maintained operated for the time being in 
a new circuit as follows: From ground on con 
ductor 69-29, Second and third contacts from 
the bottom of stackup b3-20, the middle lower 
contact pair of relay 8-9, lower armature and 
front contact of relay SRD-2), conductor 68 
20, and thence to battery over the circuit previ 
ously traced, through the windings of relays 
SRD-20 and SRD-4, 

Link-relay action incident to matching 
Upon the closure of the lowermost or hold-con 

ductor contacts in the now-operated first selec 
tive-position stackup in unit 5SD-20, a locking 
circuit is established for operating magnet OD 
14, whereupon link relay D1-4 on the primary 
link PD operates (in parallel with resistor T2 
19) in series with operating magnet OD-20, Over 
the following circuit path: From battery by Way 

10 of the winding of magnet OD-20, branch hold 
conductor H2 of link S5D, conductor H2 of Out 
going branch S5D-O, upper contacts of auxil 
iary release relay 5-27, conductor H of outgoing 
branch S5D-O, contacts of relay 5DD-22, hold 

l6 conductor H of link S5D, contacts of unit 5SD 
20, hold conductor H of link PD, and thence to 
ground through the winding of link relay D1-4. 
Relay D1-4 thereupon operates. At its middle 
and outermost armatures it extends the hold 

20 and sleeve conductors H and S of the link P D 
through to the unit PD-4, at the same time 
clearing these leads of their normal battery con 
nections on the primary side of the link relay. 
The inner armature of the relay makes a trans 

25 fer operation hereinabove described in connec 
tion with relay A1-13 in order that the subse 
quent operation of the associated unit PD-4 
shall not result in the starting of a secondary into 
finder operation. 

30 In order to bring about the operation of sec 
ondary-link relay 5DD-22 and of connecting 
relay 2D-24, the uppermost contacts of stack 
up b-20 of unit 5SD-10 apply battery poten 
tial to the branch hold conductor Hill of the link 

85 S5D, thereby closing a circuit thereover, through 
contacts of link relay 5DD-22, lead H in the 
outgoing branch S5D-0, lower contacts of relay 
5-27, conductor H3 of outgoing branch S5D-0, 
the Winding of link relay 5DD-22, hold con 

A ductor H of the incoming branch S5D-I of the 
link, the Winding of link-connecting relay 2D 
24, conductor 70-24, and thence to ground, 
through contacts of the operated dial-tone relay 
6-23. Relays DD-22 and 2D-24 operate in 
Series OVer the above-traced circuit. " 

Link-connecting relay 2D-24, at its inner low 
er armature, locks itself to ground through the 
upper contacts of disconnect relay 7-23, inde 

50 pendent of the continued energized condition of 
dial-tone relay 6-23; and it extends the asso 
ciated tip, ring, and sleeve leads of the connec 
tor-action end of connecting-link circuit CLC 
to the corresponding leads of the incoming 
branch S5D-I of the link S5D. 
When link relay 5DD-22 operates, it closes a 

circuit at its lower armature for the associated 
transfer relay 5CD-22, which latter relay oper 
ates and transfers the tip, ring, and sleeve con 
ductorST," R, and S of the link 5SD from the 
corresponding conductors of the outgoing branch 

- S5D-O to the corresponding conductors of the 
incoming branch S5D-I, thereby extending the 
connector-action end of the connecting-link cir 
guit. CLC - through the operated secondary unit 
5SD -20 to the selected primary unit PD- 14. 

Relay 5DD-22 also alters the series circuit 
for relays 5DD-22 and 2D-24 by substituting 
branch conductor H2 of link 5SD in their cir 

70 cuit in place of branch conductor Hil. This shift 
is accomplished at the inner, upper armature and 
associated contacts of relay 5DD-22. Battery 
potential is now applied to the upper terminal 
of relay 5DD-22 from operating magnet OD-20, 
lead H2 of link S5D, inner upper armature of 
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relay 5DD-22, and the associated conductors Hf 
and H3 of branch S5D-0 in series. At the same 
time, at the upper armature and associated con 
tacts of relay 5DD-22, the operating circuit for 
link relay D1-14 is shifted from the operating 
magnet conductor H2 of link 5SD to include, in 
place thereof, conductor H of the link S5D, to which battery potential is applied at the upper 
most contacts in stackup b-29. 

Terminating the matching condition 
The matching operation has been completed in 

column D, as described, and the matching con 
dition may now be terminated, and secondary F5 
may be cleared out. 

It will be recalled that the lower armature of 
relay 8-9 grounded the no-match conductor 
NM-S5 upon the initiation of the matching 
operation to close a circuit for the upper winding 
of special-test relay 3-23 in the connecting-link 
circuit CLC-1. It will be further recalled that 
the upper winding of special-test relay 3–23 
(unlike the lower winding thereof) has a high 
impedance, whereby the build-up current 
through the upper winding to an operating value 
is considerably delayed, giving time for the 
matching operation to occur before relay 3-23 
operates over the no-match lead NM-S5. In 
the present assumed example, matching has 
taken place in column D, as described, rendering 
the operation of relay 3-23 over its upper wind 
ing unnecessary. 

Returning now to the point at which relay 
2D-24 of the connecting-link circuit CLC 
operated incident to the described successful 
matching in column D, relay 2D-24, at its lower 
armature, opens the locking circuit of special 
test relay 3-23 to prevent that relay from lock 
ing itself operated, in the event that it succeeds 
in operating before the matching condition has 
been terminated. - 

At its upper armature, relay 2D-24 opens dial 
lead DL-S5. When this occurs, repeating relay 
4-9 of the secondary if 5 immediately restores, 
disconnecting matching-control relay 8-f9 from 4: 
the brush of commutator COM-S5, thereby 
opening the circuit of relay 8-19 and of relay 
J-4, the two relays having been energized in 
series as previously described. Relay 8-9 now 
restores immiediately, but relay J-14, being a 
slow-releasing relay, remains operated for a 
slight interval to maintain locking conductor 
75-3 grounded (to thereby maintain the oper 
ated shift relay SRD-1 4 locked) until the con 
trol relays shown in Fig. 13 have been operated 
to take over the grounding of conductor 75-3, 
as will be desciribed hereinafter. 
When relay 8-9 restores as above pointed 

out, it opens circuits and restores relay 9-9, 
and the restoration of these two relays terminates 
the matching condition in secondary #5. 
The previously traced series-matching circuit 

for the lower windings of shift relays SRD-20 
and SRD-14 is now open, at contacts of relay 
8-9. Shift relay SRD-fa remains operated, 
however, over the previously described locking 
circuit for its upper winding (over conductor 
75-13 and the lower contacts of slow-restoring 
relay J-4 to ground), but relay SRD -20 Chav 
ing fulfilled the purpose for which it was oper 
ated) now restores. At its lower armature, re 
lay SRD-20 prepares to transfer ground poten 
tial to the column-C ground bus CG upon the 
next matching operation involving secondary #5, 
While at its upper armature it opens the circuit 
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auxiliary relay 6-9. 
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of shift magnet SD-20, whereupon this magnet 
restores and permits the associated shift plate 
to return to its normal position. At the contacts 
of controlled by magnet SD-20, the initial cir 
cuit of operating magnet OD -20 is opened, leav 
ing this magnet operated in the previously de 
scribed locking circuit therefor, which how in 
cludes relays 5DD-22 and 2D-24 in series. 
The lower contacts of relay 8-f 9 remove 

ground potential from the no-match conductor 
NM-S5, thereby opening the circuit previously 
established thereover for the high-impedance 
upper Winding of Special test relay 3-23. As 
previously stated, With the preferred adjustment 
of relay 3-23, the relay has not operated by the 
time matching has been completed. Neverthe 
leSS, as described, the locking circuit for the up 
per winding of relay 3-23 includes the serially 
Connected lower contacts of connecting relays 
2A-23 to 2D-24 to effect a restoration of re 
lay 3-23 upon the operation of any one of the 
said connecting relays, in case relay 3-23 should 
have operated sufficiently far to close its locking 
circuit. 

Clearing out secondary #5 
Returning again to secondary #5, the restora 

tion of repeating relay 4-9 again closes the im 
pulse circuit for motor magnet MM-9 through 
contacts of the operated slow-acting release re 
lay 5-9, whereupon the motor magnet oper 
ates to advance the shaft mechanism and com 
mutator brush one-half step toward normal po 
Sition. A nonent later, the slow-acting release 
relay 3-f9 restores and opens the circuit of 

Relay 6-9 thereupon 
restores and removes battery potential from con 
ductor 64-9, thereby permitting relay US-7 
to restore to thus disassociate the ten selective 
position conductors of the commutator COM-S5 
from conductors J to J O (Figs. 15 and 16) and 
transfer them back to the marking conductors 
Mi to M0. 
As a further result of the restoration of slow 

acting release relay 5-9, the directive stepping 
circuit of motor magnet MM-9 is opened and 
the homing circuit of the motor magnet is 
closed (at the upper armature of the relay), as 
follows: From ground by way of the lower arma 
ture and back contact of relay -f 9, the now 
closed upper contacts of off-normal group 
ON-9, lower contacts of relays 4D-20, C- 20, 
and 4B-20, upper contacts of relay 4A-9, in 
terrupter contacts of motor magnet MM-9, 
upper contacts of relays 3--49 and 5-f9, con 
ductor -52-9, and thence to battery, through 
the Winding of motor magnet MM-9. Magnet 
MM-9 operates in a buzzer-like manner in this 
circuit until the normal position is reached, 
whereupon the homing circuit is opened at the 
uppermost contacts ON-9. 

Secondary F5 is now available for use in 
finder action, battery potential having been re 
stored, at the lower contacts of auxiliary relay 
6-9, to the local start relays 4A-9 to AID-20. 

Inter-digit transfer in the connecting-link: 
circuit CLC-1 

Upon the described closing through of the 
connector-action end of connecting-link circuit 
CLC-1 to the selected column-D unit PD-4 
of primary #1, by way of the operated column-D 
unit 5SD of secondary #5, ground potential is 
On the ring conductor of the extended connec 
tion, in primary #1, thereby operating inter 
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digit transfer relay 2-24 in the connecting 
link circuit CLC- over the following circuit: 
from ground by way of the middle upper con 
tact pair of relay 6-3, conductor 13-3, lower 
most contacts in stackup as-4, the ring con 
ductor R of primary link PD, contacts of unit 
5SD-20, ring conductor R of link S5D, contacts 
of transfer relay 5CD-22, ring conductor R of 
incoming branch S5D-I, contacts of the oper 
ated relay 2D-24, the lower armature and back 
contact of switching relay 5-24, conductor 
52-24, lower contacts of busy test relay 8-23, 
contacts of transfer-auxiliary relay -23, and 
the winding of relay 2-24, to battery. Relay 
2-24 now operates; at its inner upper armature 
shunts the contacts of auxiliary relay I-23 
so as to maintain its circuit closed after relay 
I-23 has operated, as it now does responsive 

to the closure of a circuit therefor at the upper 
contacts of relay f2-24. At its lower armature, 
relay f2-24 disconnects the sleeve conductor of 
the right-hand or connector-action end of the 
connecting-link circuit from busy-test relay 
8-23 and transfers it to ground through the 
upper contacts of line relay 2-23, thereby com 
pleting a units-digit dial circuit for repeating 
relay 4-3 of primary #1 over the sleeve lead, 
as follows: From ground through the lower con 
tacts of dial-tone relay 6-23, upper contacts of 
the relays 4-23 and 2-23, conductor 20-23, 
lower armature of the now-operated inter-digit 
transfer relay 2-24, sleeve conductor 2-24, 
inner upper contacts of relay 2D-24, sleeve Con 
ductor S of branch S5D-I, upper contacts of 
relay 5CD-22, sleeve conductor S of link S5D, 
contacts of unit 5SD-20, sleeve conductor S 
of link PD, outermost contacts of the operated 
link relay D1-4, lowermost contacts of Stackup 
b3-4, the common sleeve conductor 72-3 of 
primary #1, and thence to battery, through the 
winding of repeating relay 4-3. Repeating 
relay 4-3 is thus operated before the slow 
releasing matching control relay J-14 has re 
stored responsive to the described opening of 
its circuit in secondary F5. 
Preparing primary #1 for connector Operation. 
When repeating relay 4-13 operates over the 

above-traced circuit, it disconnects ground po 
tential from the upper terminal of matching 
control relay J-4 to prevent further matching 
in the primary until the present connection has 
been completed and it makes a multiple ground 
connection to conductor 75-f3 SO as to main 
tain shift control relay SRD-4 locked after 
slow-releasing relay J-4 restores. 
When slow-restoring relay J-4 restores, 

shortly after the described opening of its circuit 
ini secondary its, at its lower armature it re 
moves ground potential at one point from lock 
ing conductor 75-13, but conductor 75-3 has 
previously been grounded at the upper armature 
of repeating relay 4-3, as described, whereby 
the locking circuit for the upper Winding of relay 
SRD-4 is maintained. Relay J-4 also opens 
the matching-circuit points previously closed 
thereby, to thus free the common matching con 
ductors for use in further matching operations. 

If the operation of relay 4-3 occurs when 
the shaft and commutator COM-P are off-nor 
mal (during finder action), the off-normal Springs 
ON-13 are shifted. In this event, ground po 
tential, applied through the middle contacts of 
off-normal contacts ON-3, is extended through 
the lower contacts of repeating relay 4-3 to 
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19 
the brush of the commutator COM-P, closing 
a homing circuit to continue the hunting action 
of the primary over all of its remaining selec 
tive positions. At its inner lower armature, re 
lay 4-3 attempts to close a circuit for the as 
sociated slow-acting release relay 5-3 but is 
prevented from so doing, under the conditions 
aSSumed, because ground potential is held re 
moved from the said armature of relay 4-3 
until the normal position of the mechanism is 
reached. Relay 4-3 also closes a circuit, at 
its inner upper armature for relay 6-3 as fol 
lows: From ground by way of the uppermost 
Contacts ON-3, relay 6-3, inner upper arma 
ture of relay 4-3, and thence to battery, through 
resistor 25-3. With release relay 5-3 hav 
ing been unable to operate at this time, as ex 
plained, relay 6-3 is unable to operate over 
the above-traced circuit because its winding is 
short-circuited to ground at the inner armature 
and back contact of release relay 5-3. As a 
result of the described provisions, only repeating 
relay 4-3 is able to operate at this time, re 
lays 5-13 and 6-3 remaining restored until 
the normal position of the mechanism is again 
reached. 
As soon as the mechanism reaches its normal 

position, off-normal contact springs ON-3 re 
Store to the normal position indicated in the 
drawings. When this occurs, the middle con 
tact pair of Springs ON-3 removes ground po 
tential from the front contact associated with the 
lower armature of repeating relay 4-3 thereby 
opening the above-described homing circuit 
(closed by repeating relay 4-3) to permit the 
mechanism to stop in its normal position. At 
the Same time, the lowermost contact pair of 
ON-3 opens the circuit of hold relay - 3 so 
as to restore this relay and thus open the circuit 
of the upper Winding of any shift relay SRA-3 
to SRD-4 that may have been energized as a 
result of the attempted finder action, thereby 
preventing operation of the unit of the primary 
currently allotted for finder operation. 
The uppermost contacts of ON-3 discon 

nect ground potential from the winding of relay 
6-3 and transfer it to the inner lower arma 
ture of the operated repeating relay 4-3, there 
by closing a circuit for release relay 5-3. Up 
On Operating, release relay 5-3 disconnects 
ground potential from the upper terminal of the 
winding of relay 6-f3 and extends it to the in 
ner lower armature of relay 4-3 independent 
of the off-normal contacts, whereby the inner 
lower armature of relay 4-3 is thereafter main 
tained grounded independent of contacts ON-3. 
Release relay 5-3 also, at its third armature from 
the top, disconnects motor magnet MM-3 from 
the portion of the circuit thereof used for finder 
and homing action, and transfers it to the contacts 
to be subsequently used for the transmission of 
directive impulses to the motor magnet; at its 
Second airmature it opens the start lead Pf-ST 
to render the mechanism non-responsive to con 
trol thereover; and, at its uppermost armature, 
it applies ground potential directly (independent 
of the upper armature and front contact of re 
peating relay 4-3) to locking conductor 75-3, 
thereby maintaining a locking circuit for the ac 
tuated one of the shift-control relay SRD-4 
during the dialing of the final digit. 
By the described operation of repeating the 

release relays 4-3 and 5-13, primary it 1 is 
prepared for connector action, and the locking 
circuit of the selected shift relay SRD-4, over 



conductor 75-3, is held intact at the upper 
armature and front contact of release relay 5-3. 

Dialing the units digit 0 
Having dialed the tens digit 1, with the re 

sults hereinbefore described, the calling Subscriber 
may now dial the units digit 0 to cause connection 
to be made with the desired line (line D) in 
the selected No. i tens group. When he does SC, 
line relay 2-23 restores ten times monentarily. 
Each time it does so, at its upper contacts it 
opens the circuit previously traced (over the sleeve 
lead of the connection established through Sec 
ondary unit 5SD-2) and primary link PD for 
repeating relay 4-3 of primary F1. Repeat 
ing relay 4-3 is thus restored ten times mo 
mentarily. Release relay 5-3, being slow-re 
leasing, remains operated throughout the Series 
of restorations of relay 4-3. Each time relay 
i-f3 restores, it closes a circuit at its inner low 
er armature and back contact for motor mag 
netMM-3 as follows: From ground by Way of the 
inner armature and front contact of release re 
lay 5-3, inner lower armature and back Con 
tact of relay 4-3, lower contacts of change 
over relay -3, a front contact and an arma 
ture of relay 5-i 3, and thence to battery through 
the winding of motor magnet MM-3. Motor 
magnet MM-3 thus momentarily operates ten 
times, to advance the aSSociated shaft mecha 
nism from home position to the tenth selective 
position. As previously described, shift magnet 
SD-i 4 is being held operated through contacts 
of the operated relay SRD-4, to maintain the 
column-D unit Pid-f 4 mechanically selected 
for Opelation. Therefore, the rotation of the 
shaft mechanism of the primary into the tenth 
selective position causes the tenth set of Selec 
tive contacts of unit PD-4 (associated with 
the desired line () to be selected for operation, 
The off-normal stackup ON-f3 operates as 

Soon as the mechanism leaves its normal posi 
tion. As a result, each time repeating relay 4-3 
reoperates, following the transmission of an in 
pulse to motor magnet MM-3, it closes a cir 
cuit from battery, through resistor 25-3, and 
the inner upper contacts of relay 4-i 3, for 
change-over relay 6-3, to ground through off 
normal contacts CN-3. This circuit is effec 
tive at this time because the ground connection 
has been removed from the upper terminal of 
relay 6-3 by the inner arnature of relay 5-3. 
The winding of relay 6-3, however, is prefer 
ably of Substantially high impedance, whereby 
relay 6-3 does not operate during the dialing 
Operation. 
At the end of the dialing operation, relay 4-3 

comes to rest in an operated condition and 
change-over relay 6-3 operates. Upon oper 
atting, change-over relay 6-3 locks itself ener 
gized at its inner upper contacts independent of 
the corresponding contacts of repeating relay 
4-3; at its lower contacts it opens the pulse 
circuit to magnet MM-3 to prevent advance of 
the shaft from its present position; at its middle 
upper armature it ungrounds conductor 73-3 
to open the previously traced circuit of inter-digit 
transfer delay i2-24 of circuit. CLC-f; and at 
its upper contacts it closes an Operating circuit, 
frcm battery by Way of the associated resistor, 
over conductor 7-3, and through contacts of 
the operated shift magnet SD-4, for the oper 
atting magnet OD-4 of the unit PD-4. The 
selected No. 10 contacts, associated With the de 
sired line 0, are thereby operated, along with 
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the contacts of stackups a- 4 and b8-4. At 
the second set of contacts, counting from the bot 
tom, in stackup a-4, a prepared locking circuit 
is completed for Operating magnet OD-fi, in 
parallel with the winding of link relay D1-4, 
as follows: From ground through the Winding of 
the said magnet, the said contacts of stackup 
a3-4, front contact and middle armature of the 
operated link relay D-4, the hold conductor H 
of the primary link PfID, contacts of secondary 
unit 5SD-20, hold conductor H of secondary link 
S5D, front contact and upper armature of link 
relay 5DD-22, branch hold conductor H of 
link S5D, upper contacts of stackup b-2, and 
thence to battery through the associated resistOr. 
As a result of the opening of the lowermost con 

tacts of stackup a-4, the aSSociated ring Con 
ductor of the link PfID is disconnected from the 
normally grounded conductor 3-3 to clear this 
conductor in the primary for ringing and talking 
purposes. 

Clearing Ott the primary F1 
At the lowermost contacts b-4, the dial cir 

cuit previously established Over the aSSociated 
sleeve conductor for repeating relay 4-f3 is 
opened, whereby the repeating relay 4-3 is re 
stored to permit the primary to clear out and 
condition itself again for finder action. When 
relay 4-3 restores, it opens the initial circuit 
of change-over relay 6-3, but relay 6-3 re 
mains operated temporarily because the said con 
tacts of relay 4-3 are shunted at the inner 
armature and front contact of relay 6-3. Slow 
acting release relay 5-5 restores shortly after 
repeating relay A-13 restores. When it does So, 
it removes ground potential, at its inner arnature, 
from the inner lower armature of repeating relay 
4-i 3, whereby relay 5-3 cannot be again oper 
ated until the mechanism is restored to home 
position. Relay 5-3 also removes ground po 
tential at its upper armature from conductor 
75-3, thereby unlocking relay SRD-4 and 
permitting this relay to restore and open the cir 
cuit of shift magnet SD-4. Magnet SD-4 re 
stores to terminate the mechanical selection of 
unit PD-4, and to open the initial operating 
circuit of magnet OD-4, leaving this magnet 
operated in its holding circuit previously traced 
over the hold conductor H of primary link P.D. 
Relay 5-3 also again connects up the start 

lead Pi-ST, and it again closes the homing cir 
cuit previously traced through the brush of Com 
mutator COM-P to permit the mechanism to 
advance toward its home position. Relay 5-f3 
also again applies ground potential to the upper 
terminal of relay 6-f3, thereby short-circuiting 
relay 6-3 and restoring it. When relay 6-3 
restores, the relays of primary F1 used for con 
nector action have been Completely cleared Out, 
and the further operation of the primary is under 
the control of start lead P-ST and the marking 
conductors associated With the commutator 
COM-P. 
With relays 4-3 and 5-3 restored, ground 

potential is again applied to conductor 62-f3 to 
prepare a circuit for matching-control relay 
J-4, to enable further matching to occur in pri 
mary F1 to any idle unit thereof When the next 
call is made to any line of the ten-line group 
served by primary #1. 

Testing the called line 
When the connection is made from connecting 

link circuit CLC-1 (Figs. 23 and 24) through the 
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secondary unit 5SD-20 and primary unit 
PD-4, as previously described, the talking Con 
ductors are maintained open at the contacts of 
switching relay 5-24 of the link circuit until 
the called line is tested to determine its busy 
or idle condition. The testing of the called line is 
initiated upon restoration of inter-digit transfer 
relay 2-24 of the connecting link circuit CLC-, 
responsive to the previously described Opening of 
its circuit in primary 1 at the end of dialing. 
When its circuit is opened as above pointed out, 

relay f2-24 falls back, and at its inner upper 
armature removes the shunt from around the Con 
tacts of auxiliary relay -23, thereby discon 
necting itself from the link talking conductor to 
avoid interference in case the called line is busy. 
Slow-releasing relay fl-23 has been maintained 
operated through the contacts of relay f2-24, 
and remains operated for an interval after relay 
f2-24 restores, during which interval relay 8-23 
operates to disconnect relay 2-24 at another 
point. 
At its lower armature, relay 2-24 disconnects 

the associated sleeve conductor 2-24 (now ex 
tending over the established connection to the 
sleeve lead of the called line) from the repeating 
contacts of line relay 2-23 and transfers it to the 
test circuit, to which the Windings of busy-test 
relay 8-23 and idle-test relay A-24 are con 
nected in parallel to battery. Current now flows 
from ground through the winding of cutoff relay 
CO'-3 of the called line O, through the Wind 
ings of relays 8-23 and 4-24 in a circuit to be 
traced hereinafter. When the called line is idle 
both relays 8-23 and 4-24 operate, but when 
the called line is busy the current flow is reduced 
sufficiently that relay 4-24 cannot operate, the 
reduction being effected because the cutoff relay 
is at that time energized through a resistor Such 
as 22-3, or through a sleeve relay such as -23 
or -25. w 
The complete test circuit for relays 8-23 and 
4-24 is as follows: From ground by Way of the 
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winding of cutoff relay CO'-3 of the called line, ... 
the associated sleeve conductor of the called line, 
the two lowermost contacts in Selective stackup 
f0 of unit PD-14, outermost armature of the 
operated link relay D-4, sleeve lead S of link 
PI), fifth and sixth contacts in selective stackup 

of unit 5SD-2, sleeve conductor S of link 
S5-D, upper armature and front contact of 
transfer relay 5CD-22, inner upper armature 
and front contact of connecting relay 2D-24, 
sleeve conductor 2-24, lower armature and back 
contact of relay 2-24, and thence to battery, by 
way of two branches. One branch is to battery 
through the Winding of busy-test relay 8-23, 
and the other branch is to battery through the in 
ner lower contacts of disconnect relay T-23, con 
ductor 53-24, normally closed contacts con 
trolled by the inner lower armature of switching 
relay 5-24, and the winding of idle-test relay 
4-24. 

The called line is busy 
Let it be aSSumed that the line of substation ) 

is busy When called. Under this condition, a con 
nection Will have been extended from or to the 
line of SubStation f by another one of the units 
of priamry #1, and cutoff relay CO'-3 will have 
been operated, as stated, by the placing of a bat 
tery potential thereon to guard the line, as well 
as to operate the cutoff relay. Under this con 
dition, the current flow over the above-traced 
test circuit is so reduced that relay 14-24 is un 
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2. 
able to operate, in which event the more sensitive 
busy-test relay 8-23 operates alone. Upon Oper 
atting, relay 8-23 further disconnects relay 
2-24 at its lower armature to prevent reconnec 

tion thereof to the ring talking conductor when 
slow-releasing relay f -23 restores, as it shortly 
does. At its upper armature, busy-test relay 
8-23 closes a circuit over conductor 5-24 and 
contacts of switching relay 5-24 for busy-sig 
nalling relay 6-24. Relay f6-24 now operates 
to apply a busy-tone signal from lead BT-24, at 
its inner upper armature and front contact, back 
Over the established connection to the calling 
line, to inform the calling subscriber of the busy 
condition. The application of dial-tone current, 
which has been continuously made to the calling 
line, through the back contact at the last-named 
armature, ever since the connection was extend 
ed to the connecting-link circuit, is thus termi 
nated and a flow of busy-signalling current is 
Substituted. 

Busy-signalling relay A6-24 also opens the cir 
cuit of slow-releasing dial-tone relay 6-23. Re 
lay 6-23 restores shortly thereafter and Opens 
the dial-tone circuit at another point, at the same 
time removing ground potential from each of the 
connecting relays 2A-23 to 2D-24. Relay 2D 
24, however, remains operated because it is 
locked, at its inner lower armature, to ground 
through the back contact of the upper arnature 
of disconnect relay -23. - 

Having received the busy signal as above de 
Scribed, the calling Subscriber is expected to re 
place his receiver and cause the connection to be 
cleared out in a manner to be pointed out here 
inafter. 

The Cdiled line is ide 

ASSunning now that the line of substation l is 
idle When called as described, then cutoff relay 
CO'-3 has no circuit established therefor to 
lower the current-flow in the test circuit previ 
ously traced for relays 8-23 and 4-24 in par 
allel. As a result of the closure of the test cir 
cuit under this condition, cutoff relay CO'-3 
operates to clear the called line for ringing and 
talking purposes, and relays 8-23 and 4-24 
both operate in series with relay CO'-f3. Busy 
test relay 8-23 disconnects relay 2-24 as de 
scribed above, and (also as above described) 
closes a circuit for busy-signaling relay 6-24. 
At this time, however, the operation of busy relay 
6-24 is only momentary (if at all) for relay 
6-24 shortly becomes disconnected, as will be 

described. . . 

When idle-test relay 4-24 operates (in series 
with the cutoff relay on the called line over the 
previously traced circuit) it opens both of the 
heavily-inked talking conductors, at its upper 
and lower arnatures, to prevent ringing current 
from being applied to the calling line when it is 
applied to the called line; it closes a locking 
circuit for the upper portion of its winding, at its 
inner upper armature, to ground through the 
normally closed contacts controlled by the arma 
ture of answering-test relay f -24, conductor 
54-23, lower contacts of the unoperated relays 
7-23 and 9-23, conductor 55-23, and thence 
to ground through the middle lower contacts of 
the operated dial-tone relay 6-23. At its middle 
lower armature, relay fa-24 placed the winding 
of switching relay 5-24 in the test circuit in 
parallel with its own winding, operating relay 
5-24 in a circuit from ground through the cut 

off relay CO'-3 and as previously traced to 



22 
conductor 53-24, and thence through the middle 
lower contacts of relay 4-24, through the 
winding of switching relay 5-24, to battery. 
When relay S-24 operates it opens the circuit 
of dial-tone relay 6-23 at its inner upper arma 
ture, at the same time making a multiple appli 
cation of ground potential to conductor 55-23 
to maintain the relay 4-24 operated over its 
described locking circuit after relay 6-23 has 
restored; it disconnects busy-Signalling relay 
f6-24 at its middle upper armature so as to 
prevent or terminate operation of this relay; 
at its lower armature, it disconnects the asso 
ciated lower talking conductor from the trans 
fer-control lead 52-2 and closes a point in the 
talking circuit; and at its upper armature it dis 
Connects the associated talking conductor from 
the dial-tone and busy-tone lead and closes a 
point in the talking circuit. 

Ringing the called substation 
With relays 4-24 and 5-24 operated, the 

circuits are prepared for the intermittent appli 
cation of ringing current to the called line. Such 
applications are made by ringing relay f3-24, 
now connected to the common ringing interrupter 
I at the inner lower contacts of the operated 
combined idle-test and ring-cutoff relay 4-24. 
Each time ringing relay f3-24 operates, it dis 
connects the windings of back bridge relay 9-23 
from the called end of the connecting link cir 
cuit, at the same time applying battery poten 
tial to the lower, or ring, talking conductor and 
applying ringing current (from the ringing gen 
erator RG, through answering-test relay fe-24) 
to the upper, or tip, talking conductor of the 
called end of the circuit. As a further result of 
each Operation of ringing relay 3-24 the ill 
U.Strated ringing-tOne lead (in Series with a 
Small Condenser and a retard coil) is connected 
to the Upper taking conductor leading to the 
calling line to apply a mild tone-signal to the 
Calling line to indicate that the ringing operation 
is proceeding. 

Additionally, the inner lower contacts of relay 
S-24 remove the associated resistor from in 
shunt of the uppermost portion of the winding 
of the combined idle-test and ring-cutoff relay 
4-24 to render the relay faster in restoring 
responsive to an opening of the circuit thereof 
at the contacts of relay 9-24 than it would be 
if it remained shunted by the said resistor. By 
the described intermittent operation of ringing 
relay 3-24, ringing current is intermittently 
applied over the established connection to oper 
ate the usual ringer (not shown) at the called 
Substation . The usual condenser in Series 
With this ringer prevents premature operation 
of relay f -24. 

The called Subscriber anSUers 
ASSunning noW that the called Subscriber 

answers, by removing the receiver (not shown) 
at the called Substation (), a direct-current 
bridge is thereby closed across the conductors of 
the called line. This may occur either during 
one of the Successive applications of ringing cur 
rent (When ringing interrupter relay 3 24 is 
in Operated condition), or it may occur between 
applications of ringing current (with relay 3-24 
in a restored condition). If answering Occurs 
during a ringing Operation, the slow-operating 
answering-test relay f -24 (non-responsive to 
a flow of alternating ringing current) operates 
in a direct-current circuit from ground through 
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the ringing generator RG, the winding of relay 
0-24, front contacts of ringing interrupter re 

lay 3-24; and thence over the tip talking con 
ductor to and through the direct-current bridge 
in the called Substation, back over the ring con 
ductor of the established connection, and thence 
to battery through the lower armature and front 
Contact of relay 3-2. When relay -24 
Operates, it interrupts the locking circuit for the 
upper Winding of relay -24, whereupon relay 
A-24 immediately restores and unlocks itself, 
Whereby it cannot reoperate. The circuit of 
ringing interrupter relay, 3-24 is thereupon 
interrupted at the inner lower contacts of relay 
4-24, and relay 3-24 restores. The ringing 
Operation is thus terminated, and the taking 
circuit is finally, completed at the upper and 
lower contacts of relay 4-24, taking current 
being Supplied to the called line through the 
Windings of back-bridge relay 3-23, and relay 
9-23 operates. 
On the other hand, if the called subscriber 

anSWers during a silent period following an ap 
plication of ringing current, the back-bridge re 
lay 9-23 is operated immediately, through con 
tacts of the restored ringing interrupter relay 
3-24. At its lower al'mature, relay 9-23 opens 

the locking circuit over conductor 54-23 for the 
upper Winding of ring-cutoff relay 4-2, where 
upon relay 4-24 restores and completes the 
talking circuit, at the same time opening a fur 
ther point in the circuit of ringing interrupter 
relay 3-24 to prevent, a reoperation Gf the lat 
ter relay. 

Back-bridge relay 9-23 also shunts the inner 
lower contacts of disconnect relay 7-23 so as to 
prevent an interruption of the circuit of switch 
ing relay 5-24 until relay 9-23 restores. 
The calling and called subscribers may now 

COn Wel'Se With each other as desired over the 
talking path indicated by the heavily inked taik 
ing Conductors. 

Clearing ott the established connection. 

When the conversation has been completed, the 
calling and called subscribers are expected to re 
place their receivers to permit the established 
connection to be cleared out. Back-bridge relay 
9-23 restores responsive to the opening of the 
direct-current bridge therefor when the receiver 
is replaced at the called substation. Upon re 
storing, relay 9-23 opens certain circuit points 
Which it had closed preparatory to holding of the 
called or incoming end of the connection, whereby 
the complete clearing-out of the connection is 
placed under the control of line relay 2-23, held 
energized over the calling line. 

Line relay 2-23 is restored upon the receiver 
being replaced at the calling substation. Slow 
acting release relay 4-23 restores shortly after 
its circuit is opened by line relay 2-23. Upon 
restoring, release relay 4-23, at its inner upper 
arnature, opens the circuit of the slow-releasing 
auxiliary release relay 5-23, and at its middle 
lower arnature, it closes a circuit for disconnect, 
relay 7-23 as follows: From ground by way of 
the inner upper armature and front contact of 
SWitching relay 5-24, conductor 55-23, inner 
lower contacts of sleeve relay -23, middle lower 
contacts of release relay 4-24, and the winding of 
disconnect relay 7-23, to battery. Relay I-23 
thereupon Operates and locks itself at its inner 
upper contacts to conductor 5 -24, now held 
grounded at the upper contacts of busy-test relay 
8-23. At its upper armature relay T-23 closes 
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a holding circuit for relay 5-23 to maintain the 
latter relay operated for the time being. The 
operation of disconnect relay T-23 initiates the 
clearing-out of the called or incoming end of the 
established connection in a manner to be de 
Scribed hereinafter. 
With release relay 4-23 restored, and slow-re 

storing auxiliary relay 5-23 held operated by dis 
connect relay 7-23, the associated hold conduc 
tor H of the associated branch link SA-O, and 
consequently of secondary link S.A, is discOn 
nected from the associated lead H2 of branch 
link SA-O, and consequently from conductor 
H2 of secondary link S.A. The separation of 
these leads breaks the previously traced holding 
circuit for operating magnet OA-7 of secondary 
unit SA-7 (connected directly to lead H2 of 
link S A) and of link relay A1-3 and Operating 
magnet OA-3, previously energized over the 
hoid lead H of the connection established by 
finder action, in series with the said operating 
magnet OA-7. When this holding circuit is 
thus opened the resultant restoration of magnet 
OA-7 clears out the secondary unit SA-7, 
and the restoration of operating magnet OA-3 
returns the primary unit PA-3 to normal Con 
dition. The restoration of link relay A1-3, re 
sponsive to the stated opening of its holding cir 
cuit, is delayed slightly (relay A1-3 being slow 
releasing as indicated) in order to avoid reestab 
lishment of a holding circuit for magnet OA-3 
through the contacts controlled by the middle 
armature of relay A1-3 before magnet OA-3 
has had time to restore and clear out the SWitch 
ing unit. Restoration of relay Al-3 returns the 
primary link PA to its illustrated normal condi 
tion. 
By the previously described operations, the out 

going or finder-action end of the previously estab 
lished connection has been cleared out and the 
primary and secondary units PA-3 and 
iSA-7 are each available for either subsequent 
finder action or connector action. 
With the finder-action end of the connection 

cleared out, the sleeve lead of the called line has 
now been disconnected from its battery Supply 
through the winding of sleeve relay -23, where 
by the line of substation f is marked idle in the 
line multiple, and cutoff relay CO-3 restores to 
again connect up line relay LR-3. 
In the connecting-link circuit CLC-, when 

the sleeve lead of the finder-action end of the 
established connection is opened by the described 
clearing-out operation at the involved primary 
and secondary units, sleeve relay -23 restores 
and opens the finder-action end of the connect 
ing-link circuit CLC-. The initial circuit of 
disconnect relay 7-23 is opened at the inner 
ower contacts of sleeve relay -23, leaving relay 
-23 operated in its locking circuit, closed at its 
inner upper contacts. 
As a further result of the previously described 

operation of the now-locked disconnect relay 
-23, the associated sleeve lead S of branch 
SA-O of the associated link SA is opened tem 
porarily at the middle lower contacts of relay 
-23 to insure a prompt restoration of sleeve re 
lay -23; switching relay 5-24 is unlocked and 
restored at the inner lower contacts of relay T-23 
to open the talking connection between connect 
ing-link circuit CLC- and the called line; and 
at the upper contacts of relay -23 the locking 
circuit of the operated connecting relay 2D-24 is 
opened. 

Dial-tone relay 6-23 having been restored, as 
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previously pointed out, to disconnect ground po 
tential from the lower terminal of each of the 
connecting relays 2A-23 and 2D-24, and relay 
2D-24 having been maintained operated there 
after in a locking circuit including its inner lower 
contacts and the upper contacts of disconnect re 
lay 7-23, the opening of this locking circuit by 
disconnect relay 7-23 open-circuits relay 2D-24, 
as well as the operated link relay, 5DD-22, con 
nected in series with relay 2D-24. Additionally, 
the series circuit for relays 2D-24 and 5DD-22, 
with relay 5DD-22 operated, has been extended 
as previously described over the associated con 
ductors H3 and H of branch S5D-O in Series, 
inner upper contacts of the operated relay 5D-22, 
and over conductor H2 of link S5D, to battery 
through the operating magnet OD-2 of Sec 
ondary unit 5SD-20. The current flow through 
the said devices OID-20, 5DD-22 and 2D-24 is 
thus terminated by the described opening of the 
upper contacts of relay T-23. When this occurs, 
connecting relay 2D-24 immediately restores to 
open points in the previously established connec 
tion to the called line, and operating magnet 
OD-2 immediately restores to clear out the sec 
ondary unit 5SD-20. Link relay 5DD-22, how 
ever, is slow-restoring, as indicated, whereby it 
maintains its operated position until after operat 
ing magnet OD-22 has restored and disconnected 
the hold conductor H. Of the link 5SO from the 
hold conductor H of the link PfID, whereby the 
clearing-out operation is not held up, which Would 
occur if relay 5DD-22 restored ahead of operat 
ing magnet OD-20. 
With slow-releasing relay 5DD-22 still main 

tained in its operated position, the Opening of 
the upper contacts of stackup b8-20 opens the 
previously traced holding circuit, established 
(over conductors H and H of link S5D, and con 
ductor H of link PID) for link relay D1-4 and 
operating magnet OD-4 of the primary unit 
f PD-4. The operating magnet OD-4 is thus 
able to restore and clear out the primary unit 
PD-fA, and link relay D1-4 restores shortly 

thereafter to return the link PID to its illustrated 
normal condition. 
When slow-restoring link relay 5DD-22 re 

stores, the contacts controlled by the upper arma 
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tures thereof assume the illustrated normal con 
dition but the initial locking circuits for the con 
cerned primary and secondary units are not now 
reestablished through the contacts thereof be 
cause of the previously described clearing out in 
the meantime of Secondary unit 5SD-20. 
: Responsive to the described clearing-out oper 
ation, the sleeve conductor of the called line to 
is now free of battery potential and the called 
line is thus marked idle in the line multiple, and 
cutoff relay CO'-3 is restored to again connect 
up the associated line relay LR'-3. 
In the connecting-link circuit CLC-, the de 

scribed clearing out of the called end of the con 
nection open-circuits and restores busy-test relay 
8-23. The locking circuit of disconnect relay 
7-23 is thereupon opened. The slow-restoring 
disconnect relay 7-23 falls back shortly there 
after, and, at its upper armature, opens the hold 
ing circuit of slow-acting auxiliary relay 5-23. 
Relay 5-23 restores a moment later, and when 
it does it rejoins the associated conductors H and 
H2 of the branch link S A-O to again prepare 
a holding circuit thereover to be closed by sec 
ondary unit SA-7 as previously described upon 
the next operation thereof. Relay 5-23, at its 
lower armature, rejoins the branch-holding con 
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ductors Fif and H3 of the branch link SA-O to 
thereby again enable the incoming or connector 
action branch SA-I of the secondary link SD 
to be seized for connector action, following a 
imatching Operation, Such as described herein 
before, but involving secondary unit SA-. 
The apparatus involved in the previously de 

scribed connection has now all been restored to 
normal condition and is in readiness for use in 
Setting up Subsequent connections. 

Special conditions of Operation 
Certain special conditions of Operation will now 

be explained. 
It was explained herein before that the lower 

winding of Special-test relay 3-23 of connecting 
link circuit CLC- is connected temporarily to 
the associated dial lead DT-S5 (connon to the 
connecting-link circuits CLC-, CLC-2, and 
CLC-, Fig. 28) upon seizure of the link circuit 
CLC- for connector action, to enable special 
test relay 3-23 to be operated over such dial lead 
to deny use of the dial lead to the circuit CLC-f 
and to give a busy signal to the calling subscriber, 
in the event that the #5 Secondary (with which 
the three connecting-link circuits just named are 
associated in common for connector action) is 
busy in connector action. 
On the other hand, if the said secondary is 

busy in finder action, and the dial lead D-S5 is 
idle, this dial lead is seized, from the connecting 
link circuit CTC-, for example, and the de 
Scribed dial-tone signal is given to the calling 
Subscriber. Under this condition, however, the 
mechanism of the secondary being off-normal in 
finder action, the repeating relay 4-9 is unable 
to operate for the time being because its circuit 
is maintained open at the middle off-normal con 
tact pair ON-9, and it is not closed until finder 
action is completed in the secondary and the 
mechanism thereof is restored to normal position. 
This operation, however, ordinarily requires less 
than a second, With the result that the circuit of 
repeating relay 4-9 is established at the mid 
dle off-normal contacts ON-9 to enable the de 
scribed operation of relays 4-9 and 5-9 to 
occur and prepare the secondary for connector 
action before the calling subscriber responds to 
the previously mentioned dial-tone signal to start 
the dialing of the first digit. 

It will be understood, of course, that the occur 
rence of the condition just mentioned is com 
paratively rare, for, when a connecting-link cir 
cuit is taken for use, the secondary associated 
therewith for connector action is ordinarily ide, 
and the mechanism thereof in normal position. 
In this connection, it should be remembered that 
the total time required to establish a connection. 
is measured in seconds, while the time that a con 
nection Ordinarily remains established is meas 
ured in minutes. Consequently, any one of the 
Operating mechanisms is idle and in normal posi 
tion most of the time, even during a period of 
maximum use of the system. 
In the description hereinbefore given of the 

Setting up of the connection from line to line 
, the possibility of the operating mechanism of 

the primary in the called tens group being off 
in Ormal in finder action was considered, and it 
Was eXplained how the mechanism was caused 
to proceed immediately to home position. Without 
regard to the ensuing finder action (which can 
obviously take place just as well a second or so 
later) So as to be in position to respond to the 
impulses of the units digit when they arrive. 
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There is ordinarily sufficient time between the 
dialing of successive digits to enable Such a hom 
ing operation to be accomplished. On the other 
hand, if the mechanism of the Selected primary 
is in use in connector action, Such action cannot 
be delayed or interferred with by the Second 
attempted use of the mechanism for connector 
action. In this event, matching into the pri 
nnairy unit is not permitted to occur, even though 
an idle path through a secondary and the pri 
mary is available, because the circuit of the as 
Sociated matching-control "J' relay is main 
tained Cpen by the connector-action relays of 
the primary. For example, with either, or both, 
of the connector-action relays 4-3 and 5-3 
Of primary F1. Operated, ground potential is 
inaintained disconnected from conductor 62-3, 
Whereby no circuit can be closed for the time 
being through matching-control relay J-4. 
in this event, and aSSunning that the connecting 
link circuit CLC-f of Figs. 23 and 24 is the one 
in Wolved, the matching-control relay 8-f$ of 
the Secondary t3 (associated with the said cir 
Cuit for connector action) is also unable to oper 
ate in the event that the call is directed to the 
first primary, for relay 8-9 can operate only 
in Series with the 'J' relay of the called primary. 
In this event, the resulting delay in the matching 
Operation gives sufficient time for the Special 
test relay 3-23 to be operated over its upper 
Winding aS previously described to cause the dial 
lead DT-S5 to be freed and busy-signalling 
relay 6-2 to be operated to return a busy sig 
nal to the calling substation. 
A further precaution, touched upon but per 

haps not fully explained in the course of the fore 
going description, concerns the provision of 
Series leads H and H3 of the outgoing branch of 
any link (Such as the outgoing branch SA-0 
of link SA, or the outgoing branch S5D-O of 
the Secondary S5D), and the lower contacts of 
the auxiliary release relay 5 of any link (such as 
relays 5-23, 5-25, and 5-27). 
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From the foregoing description, it will be re 
called that the leads Hf and H3 of link SA 
are held Open at the lower contacts of auxiliary 
release relay 5-23 throughout the time the link 
Circuit CLC- is in use, and are not reclosed 
until a short interval after the connection set up 
thereto is cleared out. The separation of the 
Said leads H and H3 during this time is an addi 
tional precaution to delay for an instant any 
attempted Seizure of the associated incoming, or 
Connector-action, branch of a secondary link 
during the instant of the clearing-out of the 
finder-action end of the preceding connection. 

Here again, it will be understood, the situation 
being discussed occurs rarely, because of the close 
timing of successive calls that must occur for 
the situation to arise. 

Calls through other connecting-linic circuits 
From the description given herein of the opera 

tion of the connecting-link circuit CLC-, Figs. 
23 and 24, it is believed that the operation of 
the other similar connecting-link circuits will be 
Clearly understood. The connecting-link cir 
cuit CLC-9, however, is shown in full in Figs. 
25 and 26 and the conductors to which this con 
necting-link circuit are connected are fully indi 
cated. 
The connecting-link circuit CLC-9 is taken 

for use over the outgoing branch S5A-0 of the 
Secondary link S.5A, extending to the finder 
action end of the connecting-link circuit CLC 
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9 from link S.5A and relays 5CA-2 and 
5DA-2, as shown in Fig. 2. 
The connecting-link circuit . CLC-9 (along 

With the connecting-link circuit CLC-0, as 
shown in Fig. 28) is associated for connector 
action with Secondary it 1. Accordingly, the dial 
lead DL-S of secondary #1 extends to the con 
necting-link circuit CLC-9, as shown. Simi 
larly, the no-match lead NM-S of secondary 
#1 extends to the connecting-link circuit 
CLC-9 as shown. 
The connecting relays 2A-25 to 2D-26 of 

Connecting-link circuit CLC-9 have access, 
along with the similar relays (indicated in Fig. 
28) of connecting-link circuit CLC-6 to the 
incoming or connector-action branches (shown 
in Figs. 21 and 22) SA-I, SB-I, SIC-I, and 
SD-I of the secondary links SA, SAB, SC, 
and SD, respectively. It is to be observed that 
the secondary links last named are the ones 
whose outgoing branches extend respectively to 
the link circuit CLC-9 of Figs. 25 and 26 and 
CLC-3, CLC-, and CLC-2 indicated in Fig. 
22. The connecting-link circuits (CLC-9 and 
CLC-C) having access to these links of sec 
ondary #1 for connector action are seized by 
finder action of secondary it 5, the last Secondary 
in the line to respond to finder action. The rela 
tive number of calls handled by the said con 
necting-link circuits CLC-9 and CLC-0, there 
fore, is Small, which is the principal reason that 
these link circuits have been assigned, for con 
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nector action, to secondary #1, the first-choice 
secondary for finder action. On the other hand, 
the connecting-link circuit CLC-, first choice 
in column. A for finder action, has access for 
connector action to the four units Of Secondary 
i5, which is the last-choice Secondary for finder 
action. 

Finder action in other columns 
In the foregoing description, finder action in 

column A (through primary #1 and secondary 
#5) was described. From this description, it will 
be clear how finder action occurs from the col 
umn-A, unit of any primary through the col 
umn-A unit of any Secondary, as the primaries 
are all similar and as each Secondary unit, on 
operation, extends the starting control down 
Wardly to the next Succeeding Secondary to en 
able that Secondary to respond in the same col 
umn to a further calling condition in column. A 
of the primaries, Consideration will now be 
given briefly to finder action in the other col 
U.S. 

It will be recalled that the order of preference 
for finder action is from column A to column D. 
It was further explained that When the col 
umn-A unit PA-3 of primary #1 is operated, 
it shifts the finder-action control (at the upper 
most contacts of stackup b-3) to the column-B 
unit PB-14, if idle, and so on to the column-C 
unit PC-4, finally to the column-D unit 
PD-4, when the preceding units are all in use. 

Suppose now that any one of the units PB-A 
to PD-4 is operated in finder action. In this 
case, the concerned one of the secondary-start 
conductors BS, CS, and DS is grounded to there 
by cause operation of the concerned one of the 
marking-control relayS XB-6 to XD-6, as 
describe? herein before in connection. With relay 
XA-f5. Whichever one of these relays operates 
places ground potential, at its lower contact, on 
the associated start conductor of the correspond 
ing column of secondary units, causing the first 
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idle one thereof to be allotted or selected for 
finder action by the Operation of the concerned 
One of the individual start relays, such as 4B-8 
to 4D-8 of secondary F1. 

It Will be recalled that there is a secondary 
Start chain for each column and that when 
the unit in a secondary column operates it ex 
tends the starting control to the next idle unit, 
to thereby cause finder action in such unit, under 
the control of the common secondary mechanism 
aSSociated thereWith. 

In the previous description in connection with 
Fig. 28, it was pointed out that most of the 
finder action takes place in columns A and B of 
the primaries and secondaries and that the finder 
action in columns C and D is comparatively rare. 
Only two secondary links in columns C and D are 
fully equipped for controlling connector action, 
the links SC and SD of secondary S, these 
links having their outgoing or finder-action 
branches extended to connecting-link circuits 
CLC- and CLC-12, respectively. The other 
Secondary links in columns C and D are equipped 
only with the dummy-link circuits DLC- to 
DIC-8, provided primarily to enable connections 
Which may be extended at rare intervals to any 
One of them to be held until cleared out, and to 
enable a busy Signal to be sent back therefrom 
to inform the calling subscriber of the busy 
condition. With respect to finder action. 

Dummy-link-circuit operation 
The operation of the dummy-link circuits is 

exemplified by the following description of 
the Operation of the dummy-link circuit 
DLC-8, Fig. 27, when it is seized during one of 
those rare times when finder action occurs in 
columns C and D after the concerned one of the 
connecting-link circuits CLC- and CLC-12 
associated respectively with these columns has 
been taken for use in finder action, or is un 
available for finder action because of connector 
action through the concerned secondary unit. 
When the dummy-link circuit DLC-8, Figs. 

28 and 27, is taken for use, it is through finder 
action of secondary #5 in column ID, upon the 
operation of unit 5SD-20. When this occurs, 
a locking circuit is established for operating 
magnet OD-20 over conductor H2 of secondary 
link S5D, conductor H2 of branch S5D-O, upper 
contacts of auxiliary-release relay 5-27, the as 
Sociated conductor H of branch S5D-O, contacts 
of link relay 5DD-22, conductor H of link S5D, 
Operated Selective-position contacts of . unit 
5SD-20, and thence to ground through the col 
unn-D primary link relay and operating magnet 
of the primary unit through which the call 
Canne. 
The sleeve relay f-27 of the dummy-link cir 

cuit DLC-8 is now energized in series with the 
cutoff relay of the calling line to connect up the 
windings of line relay 2-27. Relays 2-21, 4-27, 
and 5- -27 now operate successively. The upper 
contacts of relay 4-27 maintain the associated 
conductors H2 and H joined together while the 
corresponding contacts of relay 5-27 are Open, 
to prevent premature opening of the holding cir 
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cuit above traced for operating magnet OD-20. 
At the lower contacts of relay 5-27, the associ 
ated conductors Hi and H3 are disconnected from each other for the hereinbefore-explained 
reason of preventing a possible premature tak 
ing for use of the same secondary link subse 
quently When the finder-action connection now 
under consideration is being cleared out, 
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At the upper contacts of line relay 2-2 the 

associated busy-tone lead BT-27 is connected, 
through the illustrated condenser, to the associ 
ated tip talking conductor T to thereby transmit 
a busy-tone signal back over the established con 
nection to the calling line to inform the calling 
subscriber of the busy condition. 
When the calling subscriber replaces his re 

ceiver, the resulting restoration of relay 2-2 
permits relay 4-27 to restore shortly thereafter, 
followed after a slight interval by the restora 
tion of slow-acting relay 5-27. 
When relay 4-27 restores, and pending the 

restoration of relay 5-27, the associated con 
ductors H2 and H are separated, opening the 
previously traced holding circuit to thereby clear 
out the connection. Sleeve relay -27, along 
with the cutoff relay of the calling line, is re 
stored at this time. 
When relay 5-2 restores, a moment later, it 

rejoins the associated conductors H and H2 at 
its upper contacts in preparation for any subse 
quent seizure of the circuit, while at its lower 
contacts it again joins the associated conductors 
H and H3 to permit the incoming or connector 
action branch S5D-I of link S5D to be taken 
into use by any one of the three link circuits 
having access thereto for connector action, aS 
hereinbefore described. 

Connector action in Other columns 
Connector action in column D has been de 

Scribed hereinbefore. It Will be recalled that the 
column in which connector action takes place is 
determined by the busy or idle condition of the 
units of the Secondary and primary involved (the 
secondary associated with the connecting-link 
circuit for connector action, and the primary unit 
serving the called ten-line group), the order of 
preference for connector action being from co 
umn D to column A. 

It was further brought out in the preceding 
description that the column used for connector 
action depends upon the outcome of What is 
termed a matching operation, taking place upon 
the energization of the matching-control relay of 
the secondary (such as relay 8-7 or 8-9) in 
series with the matching-control relay of the 
called primary (such as relay J-4 of primary 
#1) at the end of the dialing of the tens digit, 
the digit which selects the ten-line groups served 
by a specified primary. 
AS was described to Some extent hereinbefore, 

upon the energization of the matching-control 
relay of a calling secondary, the common match 
ing buses (AR, BR, CR, and DR; and AG, BG, 
and CG) are connected up to the individual cir 
cuit conductors of the calling secondary, While 
the “J” relay in the called primary makes con 
nections to the common matching buses. There 
upon, in the first column (from right to left) 
containing an idle unit in the calling secondary 
and an idle unit in the called primary, the shift 
control relay of the said primary unit energizes in 
series with the shift-control relay of the said sec 
ondary unit, to bring about the immediate opera 
tion of the secondary unit to seize the primary 
unit, following-which the common mechanism of 
the called primary responds to the final digit to 
cause the matched unit of the primary to make 
connection with the called line. 

Referring again to the connecting-link circuit 
CLC- of Figs. 23 and 24, it will be recalled that 
ground potentialisplaced on the lower terminal 
of each of the connecting relays 2A-23 to . 
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2D-24 by dial-tone relay 6-23 upon the seizure 
of the circuit to prepare for the operation of 
whichever one of the connecting relays has its 
circuit completed responsive to matching in the 
associated column. It was described hereinbefore 
how relay 2D-24 operated to connect the link 
circuit CLC-i with its column-D connector-ac 
tion path as a result of successful matching in 
column D. Alternatively, if matching had taken 
place instead in another one of the columns, the 
concerned one of the relays 2A-23 to 2C-24 
would have operated to connect the link circuit 
CLC- With its connector action path in that 
column, responsive to the actuation of the 
matched unit of the associated secondary #5. 
The matching-circuit conductors shown in 

Figs. 13 to 20 are shown in Fig. 29 separated from 
the other conductors of Figs. 13 to 20 to enable 
the matching-circuit operations now to be de 
scribed to be followed more readily. In Fig. 29 
the portion of the primary #10 concerned with 
the matching operation is indicated, in addition 
to the corresponding portion of primary #1, sec 
ondary #1, and secondary #5. 
With reference to Fig. 29, and in partial review 

of the column-D matching operation hereinbe 
fore described, it will be assumed now that sec 
ondary #5 is in use in a call to primary. #1 and 
that relay J-f4 has been operated in series with 
relay 8-19, over a circuit path traced hereinbe 
fore in connection with the description of the 
Operation of Figs. 13 and 24. For convenience, 
in Fig. 29, relay 8-9 is indicated as having 
thereon all of the contacts of the associated 
auxiliary relay 9-f9. Similarly, relay 8-f7 is 
indicated as having thereon all of the contacts 
of relay 9-7. 
With relay J-4 operated, battery potential is 

extended thereby to the matching winding of 
each of the shift-control relays of primary #1 
(SRA-3 to SRD-4), each such connection in 
cluding the indicated ones of the associated “b' 
stackup contacts (b-13, b’-f4, b2-14, and 
b'-4). Each of these contacts is closed except 
When the associated primary unit is in use. 
Therefore, battery potential is extended through 
the Said 'b' contacts and relay windings of each 
idle unit of the primary to the associated one 
of the relay buses AR to DR. Conductors AR 
to DR, and AG to CG are multipled into each 
of the ten primaries, but (as explained hereinbe 
fore) only one 'J' relay is operated at a time. 

In the calling Secondary (assumed for exam 
ple to be secondary #5) contacts of relay 8-3 
have made connections to the windings of shift 
control relays SRA-19 to SRD-20 to prepare 
for the operation of any one of these relays over 
the concerned relay bus (AR to DR) in series 
with the winding of the corresponding relay of 
the called primary. As will now be described, 
One, and Only-One, of these circuits can be closed 
under any busy or idle condition of the primary 
and Secondary units involved. 

Review of matching in column D 
Assuming first that the column-D unit of sec 

ondary #5 and column-D unit of primary #1 are 
both idle, a circuit (described hereinbefore in 
connection with the description of the establish 
ment of a connection through the system) is es 
tablished for the lower or matching windings of 
relay SRD-20 and relay SRD-14 in series over 
the D-relay bus DR: from ground through the 
Outer contacts of relay 8-f9, normally closed 
contacts of stackup b-28, additional contacts of 
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relay 8-9, lower winding of relay SRid-20, the 
column-D relay bus DR, lower Winding of relay 
SRD-4, normally closed contacts of stackup 
b3-4, and thence to battery through individual 
contacts of relay J-4. As hereinbefore de 
scribed, successful matching in column D foll 
lows the operation of relays SRD-4 and 
SRD-20 in series over the above-traced circuit. 
Assuming for the moment that all units are 

idle in the calling secondary and in the calling 
primary, only the column-D matching circuit 
(through the lower windings of SRD-4 and 
SRD-20) is complete, because ground potential 
is not applied under this condition to the lower 
terminals of relay SRC-2t, SRB-29, and 
SRA-9. 

Matching in column C 
If the column-D unit of primary ill is in use, 

the illustrated contacts b-4 are open, pre 
venting matching in column D, and the illus 
trated ones of contacts a 3-14 are closed to ex 
tend ground potential from contacts of relay 
J-4 to the C-column ground bus CG, to enable 
matching to occur in column C. On the other 
hand, assuming the column-D primary unit to be 
idle and the column-D secondary unit to be in 
use, the illustrated contacts b-29 are shifted 
to open the column-D matching circuit and to 
extend ground potential through contacts of the 
now-operated relay 8-9, and through contacts 
of the restored relay SRD-20, to the said col 
lumn-C ground bus CG. If the column-D units 
of the called primary and the calling secondary 
are both in use, the column-ID matching circuit 
is obviously opened at two points and ground po 
tential is extended at tWO pointS to the column-C 
ground bus CG. 
With ground potential thus applied to the col 

unnn-C ground bus CG, under either of the three 
conditions named above, matching can take place 
in column C, and column C only, provided the 
column-C units of the concerned primary and 
secondary are both idle. Under this condition, 
the matching circuit for the lower Windings of 
relays SRC-4 and SRC-20 is as follows: from 
battery through contacts of relay J-4, closed 
contacts b2-4, lower winding of relay SRC-4, 
column-C relay bus CR, lower Winding of relay 
SRC-20, contacts of the operated relay 8-9, 
normally closed contacts of b-20, and thence 
to the said ground on the column-C ground bus 
CG. 

Matching in collinn B 
If matching cannot occur in column D, and the 

column-C unit of the called primary F1 is in 
use, contacts b2-4 are open, opening the 
above-traced matching circuit, and the illus 
trated contacts a-4 are closed. A con 
nection is then complete from the then 
grounded bus CG, through contacts of match 
ing-control relay J-? 4, and the closed con 
tacts a 2-4, to the column-B ground bus BG, to 
permit matching to occur in column B. On the 
other hand, if the column-C unit of the primary 
is idle and the column-C unit of Secondary #5 
is busy, the shifted condition of the illustrated 
contacts of stackup b%-29 opens the above 
traced matching circuit for relays SRC-4 and 
SRC-20, and transfers ground potential from 
the grounded bus CG, through the alternate con 
tact b2-20, other contacts of relay 8-9, and 
contacts of the restored relay SRC-20, to the 
column-B ground bus BG. If the column-C units 
are busy in both the primary and the secondary, 
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27 
the matching-control circuit for column C is 
opened in two points and a double connection is 
made from grounded bus CG to buS BG. 
Under any one of the three conditions named, 

if the column-B units of primary F1 and sec 
ondary #5 are idle, a matching circuit is com 
plete as follows for relays SRB-f4 and SRB-29: 
from battery through contacts of relay J-4, 
closed contacts b'-4, the lower winding of relay 
SRB-4, column-B relay bus BR, the lower 
winding of relay SRB-20, contacts of relay 
8-9, normally closed contacts b-26, and 
thence to ground on the column-B ground bus 
BG. 

Matching in Column. A 
In the event that matching cannot occur, as 

assumed, in either column D. Or Column C, and 
the column-B unit of primary #1 is in use, the 
above-traced matching circuit is Open at con 
tacts b'-4, while at contacts at'-i, ground 
potential is extended from the then-grounded 
bus BG, through contacts of relay J-fi, and 
contacts a '-4 to the A-column ground bus AG. 
On the other hand, if the column-B unit of pri 
mary if 1 is idle, and the column-B unit of Sec 
ondary it 5 is busy, the above-traced matching 
circuit is open at the lower one of the shifted 
contacts b'-20, and the ground potential on bus 
BG is thus extended, through the alternate con 
tact b'-2), additional contacts of relay 8-9, 
and through the lower contacts of relay SRB 
20, to the A-Column ground bus AG. If the 
Column-B unit of the primary and the col 
lumn-B unit of the secondary are both in use, 
the above-traced column-B matching circuit is 
Open at tWO points, and ground potential is ex 
tended by two paths from bus BC to the column 
A bus AG. 
With ground potential thus extended to the 

A-column ground buS AG, if the both column-A 
units conceined are idle, a matching circuit is 
noW Complete in column A, as follows: From 
battery, through contacts of relay J-4, normal 
ly closed contacts b-3, the lower winding of re 
lay SRA-3, column-A, relay bus AR, lower 
Winding of relay SRA-9, contacts of relay 8 
9, normally closed contacts b-9, and thence 
to ground on bus AG. 

If the column-A unit of primary #1 is in use, 
the above-traced matching circuit is open at con 
tacts b-?3. On the other hand, if the column-A 
unit is idle and the column-A unit of secondary 
iF5 is in use, the said matching circuit is open 
at contacts b-9. If both units are in use, the 
matching circuit is open at both points. 
Matching through other primaries and other 

Secondaries 
When secondary #1, for example, is the calling 

Secondary, instead of secondary #5, relays 8 
and 9-7 are the ones operated at the second 
ary-end of the matching circuits. Under this 
Condition, and aSSunning that the primary #1 
is the called primary, the matching operations 
are controlled as hereinbefore described over re 
lay buses AR to DR and ground buses AG and 
CG. On the other hand, if the call is from any 
one of the secondaries to primary #10, for exam 
ple, the matching portion of whose circuits are 
shown in Fig. 29, one or the other of the relays 
SRA to SRD of primary #10 is operated in series 
With the corresponding relay of the calling sec 
ondary over the vertically extending matching 
conductors (AR to DR, and AG to CG), for relay 
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J of primary #10 is operated in this case in 
place of relay J-4 of primary F1. 

I claim: 
1. In a telephone System, a group of lines, a 

plurality of circuit controllers, sets of contacts 
in each circuit controller, each line terminating 
in contacts of a set of contacts in each of Said 
circuit controllers, mechanism and circuits for 
controlling said circuit controllers whereby any 
idle one of Said circuit controllers may be actu 
ated automatically upon initiation of a call on 
one of said lines to seize the calling line, and 
means for transmitting directive impulses to said 
controlling mechanism, said circuits and mecha 
nism being operative under control of said im 
pulses to cause any idle one of Said circuit con 
trollers to establish connection to the line cor 
responding to the number of impulses trans 
mitted. 

2. In a telephone System, a group of lines, a 
plurality of circuit controllers, sets of contacts 
in each circuit controller, each line terminating 
in contacts of a Set in each of Said Circuit Con 
trollers, controlling mechanism common to Said 
circuit controllers and circuits whereby any idle 
one of said circuit controllers may be actuated 
automatically upon initiation of a call on one 
of Said lines to seize the calling line, and means 
for transmitting directive impulses to Said con 
trolling mechanism, said circuits and mechanism 
being operative under control of Said impulses 
to cause any idle one of Said circuit controllers 
to establish connection to the line corresponding 
to the number of impulses transmitted. 

3. In a telephone System, a group of lines, a 
group of circuit controllers arranged for both 
line finder operation and connector operation, 
groups of contacts in each circuit Controller, ter 
minal contacts of each line in one group of con 
tacts of each circuit controller, means providing 
an order of preference for the operation of the 
circuit controllers of said group for line finder 
operation, controlling mechanism and circuits 
for said circuit controllers whereby the first ide 
one of said circuit controllers in line finder order 
of preference will be actuated automatically in 
cident to the initiation of a call on one of Said 
lines to seize the calling line, means for estab 
lishing a different order of preference for said 
circuit controller's When used for Connector op- ': 
eration and means for transmitting directive 
impulses to said controlling mechanism, said cir 
cuits and mechanism being Operative under Con 
trol of said impulses to cause the first available 
one of Said circuit controllers in Connector order 
of preference to establish connection to the line 
corresponding to the number of impulses trans 
mitted. 

4. In a telephone System, groups of lines, 
groups of circuit controllers, one for each group 
of lines, operable to seize either calling or Want 
ed lines, a plurality of contact sets in each cir 
cuit controller, each line terminating in a con 
tact set of each circuit controller of its group, 
means providing an order of preference for the 
operation of the circuit controllers of a group 
for line finder operation, controlling mechanism 
and circuits for the circuit controllers of each 
group operable incident to the initiation of a call 
on one of the lines of a group to cause the first 
idle one of the circuit controllers Serving the Call 
ing line to be actuated automatically to seize 
the calling line, means for establishing a different 
order of preference for said circuit controllers 
When used for connector operation, and means 
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for transmitting directive impulses to any said 
controlling mechanism, said any mechanism and 
associated circuits being operative under control 
of said impulses to cause the first circuit control 
ler in connector operation order of preference 
which is available in the associated group to es 
tablish connection to the line thereof correspond 
ing to the number of impulses transmitted. 

5. In a telephone System, groupS of lines, 
groups of primary circuit controllers, each group 
of primary circuit controllers being individual to 
a group of lines, sets of contacts in each of said 
circuit controllers, each circuit controller having 
a terminal contact set for each line of the group 
to Which it is individual, groups of Secondary 
circuit controllers, sets of contacts in each of 
said secondary circuit controllers, each secondary 
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circuit controller having a set of contacts for each 
group of primary circuit controllers, correspond 
ing circuit controllers of each of the groups of 
primary circuit controllers and Secondary circuit 
controllers having a sequence relation, control 
ling circuits and mechanism individual to each 
group of circuit controllers but common to the 
circuit controllers of the group, and means effec 
tive responsive to the initiation of a call on any 
of said lines for causing an idle primary circuit 
controller of the group individual to the calling 
line to effect connection to the terminals of Said 
line and means for causing an idle secondary cir 
cuit Controller in the same sequence as the actu 
ated primary circuit controller, to effect connec 
tion to terminals of the said actuated primary 
Circuit controller. 

6. In a telephone system, groups of lines, 
groups of primary circuit controllers, each group 
of primary circuit controllers being individual to 
a group of lines, sets of contacts in each of said 
circuit controllers, each circuit controller hav 
ing a Separate contact Set for each line of the 
group of lines to which it is individual, terminals 
of Said lines in Said sets, respectively, groups of 
secondary circuit controllers, the corresponding 
primary circuit controllers and secondary circuit 
controllers being electrically related to form a 
plurality of series, the said secondary circuit con 
trollers of a series being common to the primary 
circuit controllers of the same series, contact sets 
in Said Secondary circuit controllers, each sec 
Ondary circuit - controller having a contact set 
for each primary circuit controller in the same 
series therewith, extensions from said primary 
circuit controllers terminating in the said con 
tact sets of each of said. Secondary circuit con 
trollers of the same series, controlling means for 
Said primary circuit controllers actuated incident 
to the initiation of a call on one of said lines for 
Causing an idle primary circuit controller to close 
a contact Set in which the calling line terminates 
and controlling means for said secondary circuit 
Controllers actuated as a result of the operation 
of a primary circuit controller in seizing a call 
ing line for causing an idle secondary circuit 
controller in the same series as the actuated pri 
mary circuit controller to close the contacts of 
the Set in which the extension from said actuated 
primary circuit controller terminates. 

7. In a telephone system, groups of lines, 
groups of primary circuit controllers, each group 
of primary circuit controllers being individual to 
a group of lines, Sets of contacts in each of said 
circuit controllers, each circuit controller having 
a separate contact set for each line of the group 
of lines to which it is individual, terminals of said 
lines in Said sets, respectively, groups of second 
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ary circuit controllers, the said primary circuit 
controllers and secondary circuit controllers be 
ing electrically related to form a plurality of se 
ries, each series comprising a circuit controller 
of each group, the said secondary circuit control 
lers of a series being common to the primary Cir 
cuit controllers of the same series, contact Sets in 
said secondary circuit controllers, each Secondary 
circuit controller having a contact set for each 
primary circuit controller in the same Series 
therewith, extensions from said primary circuit 
controllers terminating in the said contact Sets 
of said secondary circuit controllers, respectively, 
controlling means for said primary circuit Con 
trollers actuated incident to the initiation of a 
call on one of said lines for causing an idle pri 
mary circuit controller to close the single contact 
set of the said idle primary circuit controller in 
which the calling line terminates and controlling 
means for said secondary circuit controllers for 
causing an idle secondary circuit controller in the 
same series as the actuated primary circuit Con 
troller to close the contacts of the single set in 
which the extension from said primary circuit 
controller terminates. 

8. In a telephone system, groups of lines, groups 
of primary circuit controllers individual to Said 
groups of lines, respectively, a group of contacts 
in each of said circuit controllers for each line of 
its group in which said line terminates, a group Of 
secondary circuit controllers, sets of contacts in 
each of said secondary circuit controllers, one for 
each group of said primary circuit controllers, 
link circuits, one for each of said secondary cir 
cuit controllers, respectively, and circuits and 
mechanism controlling the operation of Said pri 
mary and secondary circuit controllers whereby, 
upon the initiation of a call on one of Said lines, 
an idle one of said primary circuit controllers and 
an idle one of said secondary circuit controllers 
will be automatically actuated in succession to 
extend the calling line to one of said links. 

9. In a telephone system, groups of lines, groups 
of primary circuit controllers, respectively, indi 
vidual to said groups of lines, a set of contacts in 
each of said circuit controllers for each line of its 
group, groups of secondary circuit controllers, 
corresponding circuit controllers of said groups of 
primary circuit controllers and said groups of 
secondary circuit controllers being in a plurality 
of series, sets of contacts in each of said secondary 
circuit controllers, one for each of said primary 
circuit controllers in the same series therewith, 
link circuits, one for each of said secondary cir 
cuit controllers, respectively, and circuits and 
mechanism controlling the operation of said pri 
mary and secondary circuit controllers whereby, 
upon the initiation of a call on one of said lines, 
one of said primary circuit controllers and one of 
said secondary circuit controllers in the same 
series with the said one of said primary circuit 
controllers will be automatically actuated in Suc 
cession to extend the calling line to the link circuit 
of the actuated Secondary circuit controller. 

10. In a telephone system, groups of lines, 
groups of primary circuit controllers, each group 
of primary circuit controllers being individual to 
a group of lines, sets of contacts in each of Said 
circuit controllers, each primary circuit controller 
having a contact set for each line of the group to 
which it is individual, groups of secondary circuit 
controllers, the primary and secondary circuit 
controllers being electrically connected to provide 
a plurality of series, each series containing a cir 
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cuit controller of each group, sets of contacts in 
each of said secondary circuit controllers, each 
secondary circuit controller having a set of Con 
tacts for each primary circuit controller in its 
series, controlling circuits and mechanism indi 
vidual to each group of circuit controllers but 
common to the circuit controllers of the group, 
and means effective responsive to the initiation of 
a call on any of said lines for causing an idle 
primary circuit controller of the group individual 
to the calling line to close the contacts of the 
Single Set in which the calling line terminates and 
means for causing an idle Secondary circuit cOn 
troller in the same series as the actuated primary 
circuit controller to close the contacts of its single 
set corresponding to the said actuated primary 
circuit controller. 11. In a telephone System, groups of lines, 
groups of circuit controllers, one for each group of 
lines, means permitting each of said circuit Con 
trollers to be operated either as a line finder or 
connector, a plurality of contact sets in each cir 
cuit controller, each line terminating in a contact 
set of each circuit controller of its group, means 
providing an order of preference for the operation 
of the circuit controllers of a group for line finder 
operation, controlling mechanism and circuits for 
the circuit controllers of each group operable inci 
dent to the initiation of a call on one of the lines 
of a group to cause the first idle one of the circuit 
controllers serving the calling line to be actuated 
automatically to close the single contact set in 
Which the calling line terminates, means for 
establishing a different order of preference for 
Said circuit controllers when used for connector 
Operation and means for transmitting directive 
impulses to any said controlling mechanism, said 
any mechanism and associated circuits being 
Operative under control of said impulses to cause 
the first available one of said circuit controllers in 
connector operation order of preference in the 
associated group to close only the contacts of the 
single set corresponding to the number of in 
pulses transmitted. 

12. In a telephone system, a group of lines, a 
plurality of circuit controllers, sets of contacts in 
each circuit controller, each line terminating in 
Contacts of a set of contacts in each of said circuit 
controllers, controlling mechanism and circuits 
for said circuit controllers whereby any idle one of 
Said Circuit controllers may be actuated automati 
Cally upon initiation of a call on One of said lines 
to close the single set of contacts in which the 
calling line terminates, and means for transmit 
ting directive impulses to said controlling mecha 
nism, said circuits and mechanism being operative 
under control of said impulses to cause any idle 
one of said circuit controllers to establish con 
nection to the line corresponding to the number of 
impulses transmitted. - 

13. In a telephone system, a group of lines, a 
plurality of circuit controllers, sets of contacts in 
each circuit controiler, each line terminating in 
contacts of a set of contacts in each of said 
circuit controllers, controlling mechanism and 
circuits for said circuit controllers whereby any 
idle one of said circuit controllers may be actuated 
automatically upon initiation of a call on One of 
Said lines to close the single set of contacts in 
Which the calling line terminates, and means for 
transmitting directive impulses to said controlling 
mechanism, said circuits and mechanism being 
Operative under control of said impulses to cause 
an idle One of said circuit controllers to close the 



contacts of the single set corresponding to the 
number of impulses transmitted. 

14. In a telephone system, groups of lines, 
groups of primary circuit controllers, each group 
of primary circuit controllers being individual to 
a group of lines, Sets of contacts in each of said 
circuit Controllers, each circuit controller having 
a contact set for each line of the group to which 
it is individual, groups of secondary circuit con 
trollers, the primary and secondary circuit con 
trollers being electrically related in a plurality 
of series, each series containing a circuit con 
troller of each group, sets of contacts in each of 
Said secondary circuit controllers, each second 
alry circuit controller having a set of contacts for 
each primary circuit controller in the same series 
therewith, controlling circuits and mechansm 
individual to each group of circuit controllers but 
common to the circuit controllers of the group, 
and means effective responsive to the initiation 
of a call on any of said lines for causing an idle 
primary circuit controller of the group, individ 
ual to the calling line to actuate the set of con 
tacts. Containing the terminals of the calling line 
and means thereby rendered effective for causing 
an idle Secondary, in the same series as the ac 
tuated primary circuit. controller, to close the 
contacts of the set containing terminals of the 
Said actuated primary circuit controller. 

15. In a telephone system, groups of lines, 
groups. Of circuit controllers, one for each group 
of lines, a plurality of contact sets in each circuit 
controller, means permitting each of said circuit 
Controllers to be operated either as a line finder 
Or as a COInnector, each line terminating in a con 
tact Set of each circuit controller of its group, 
neans providing an order of preference for the 
Operation of the circuit controllers of a group 
for line finder operation, controlling mechanism 
and circuits for the circuit controllers of each 
group Operable incident to the initiation of a call 
On One of the lines of a group to cause the first 
idle one of the circuit controllers serving the 
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calling line to be actuated automatically to close 
the contacts of the set in which the calling line 
terminates, means for establishing a different 
order of preference for said circuit controllers 
When used for connector operation, and means 
for transmitting directive impulses correspond 
ing to the last digit of the number of a wanted 
line of any group of lines to the associated con 
trolling mechanism, such mechanism and asso 
ciated circuits being operative under control of 
said impulses to cause that circuit controller of 
the group of the called line which is first avail 
able in connector operation order of preference 
to close only the contacts of the set correspond 
ing to the number of impulses transmitted. 
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troller's terminating in the said contact sets of 
Said Secondary circuit controllers, respectively, 
means actuated incident to the initiation of a 
call on One of said lines for causing the con 
trolling means of the primary circuit controllers 
of the calling line group to actuate an idle pri 
mary circuit controller to close the single con 
tact Set in which the calling line terminates and 
Controlling means for said secondary circuit con 
trollers actuated as a result of the operation of 
a primary circuit controller in seizing a calling 
line for causing an idle secondary circuit con 
troller in the same series as the actuated pri 
nary circuit Controller to close the contacts of 
the set in which the extension from said actu 
ated circuit controller terminates. 

17. In a telephone system, a group of lines, 
including a calling line and a called line, a group 
of primary circuit controllers, individual to said 
lines, Sets of contacts in each of said primary 
circuit controllers, each line terminating in con 
tacts of a set in each circuit controller, a group 
of Secondary circuit controllers, the said primary 
circuit. controllers and said secondary circuit con 
trollers being electrically connected to form a 
plurality of series of circuit controllers, a link, 
mean S. Operative incident to the initiation of a 
call on One of Said lines for connecting the call 
ing line to Said link, an impulse device, a con 
trolling mechanism, means responsive to the op 
eration of Said impulse device in accordance with 
part of the number of the called line for setting 
Said controlling mechanism to designate the said 
group of primary circuit controllers, means ef 
fective incident thereto for automatically select 
ing a said. Series which contains an idle primary 
circuit Controller and also an idle secondary cir 
cuit controller, means for thereupon establishing 
Connection from said link to the said primary 
circuit controller in the selected series and means 
responsive to a further operation of said impulse 
device for causing the said primary circuit con 
troller in the selected series to complete connec 
tion to the called line. 

18. In a telephone system, groups of lines, in 
cluding a calling line and a called line, groups 
of primary circuit controllers, respectively indi 
vidual to said groups of lines, sets of contacts in 
each of Said primary circuit controllers, each line 

: terminating in contacts of a set in each circuit 
controller of its group, a group of Secondary cir 
cuit controllers, the said primary circuit con 
trollers and said secondary circuit controllers be 
ing electrically connected to form a plurality of 
Series of circuit controllers, controlling mecha 
nism, a link, means operative incident to the ini 
tiation of a call on one of said lines for connect 
ing the calling line to said link, an impulse de 

16. In a telephone System, groups of lines, 
groups of primary circuit controllers respectively 60 
individual thereto, each circuit controller having 
a Separate contact set for each line of the group 
to which it is individual, terminals of said lines 
in Said Sets, respectively, groups of secondary cir 
cuit controllers, the said primary circuit con 
trollers and secondary circuit controllers being 
electrically related to form a plurality of series, 
each Series including a circuit controller of each 
group, the said secondary circuit controller of a 
series being common to the primary circuit con 
trollers of the same Series, contact sets in said 
secondary circuit controllers, each secondary cir 
cuit controller having a contact set for each pri 
mary circuit controller in the same Series there 
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vice, means responsive to the operation of said 
impulse device in accordance with part of the 
number of the called line for setting said con 
trolling mechanism to designate the group of 
primary circuit controllers in contacts of which 
the wanted line terminates, means effective inci 
dent thereto for automatically Selecting a said 
Series which contains an idle primary circuit 
Controller in contacts of which the called line 
terminates and also an idle Secondary circuit con 
troller of said group of Secondary circuit con 
trollers, means for thereupon establishing con 
nection from said link to the primary circuit con 
troller in the selected series through contacts Of 
the secondary circuit controller in Said Series and 
means responsive to a further operation of said 

with, extensions fom Said primary circuit con- 75 impulse device for causing the said primary cir 
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cuit controller in the selected series to close a 
single set of contacts to complete connection, to 
the called line. 

19. In a telephone system, a group of lines, in 
cluding a calling line and a called line, a group 
of primary cricuit controllers, individual to Said 

5 

lines, sets of contacts in each of said primary cir 
cuit controllers, each line terminating in contacts 
of a set in each primary circuit controller, a 
group of secondary circuit controllers, a link, 
means in said link for extending a connection 
from said link to any one of said Secondary cir 
cuit controllers, the said primary circuit con 
trollers and said secondary circuit controllers 
being electrically connected to form a plurality 
of series of circuit controllers, controlling mech 
anism for each group of circuit controllers, means 
operative incident to the initiation of a call on 
one of said lines for connecting the calling line 
to said link, an impulse device, means responsive 
to the operation of said impulse device in a C 
cordance with part of the number of the called 
line for setting the controlling mechanism of Said 
secondary circuit controllers to designate the Said 
group of primary circuit controllers, means ef 
fective incident thereto for automatically Select 
ing a said series which contains an idle primary 
circuit controller and also an idle Secondary cir 
cuit controller, means for thereupon establish 
ing connection from said link to the primary cir 
cuit controller in the selected series through con 
tacts of the secondary circuit controller in Said 
selected series and means responsive to a fur 
ther operation of said impulse device for caus 
ing the said primary circuit controller in the 
selected series to complete connection to the called 
line. 

20. In a telephone. System, groups of lines, in 
cluding a calling line and a called line, groups 
of primary circuit controllers, respectively indi 
vidual to said groups of lines, sets of contacts in 
each of said primary circuit controllers, each line 
terminating in contacts of a set in each circuit 
controller of its group, a group of Secondary cir 
cuit controllers, a link, means in said link for 
extending a connection from said link to any one 
of said secondary circuit controllers, the said pri 
mary circuit controllers and said secondary cir 
cuit controllers being electrically connected to 
form a plurality of series of circuit controllers, 
controlling mechanism for each group of circuit 
controllers, means operative incident to the ini 
tiation of a call on one of said lines for connect 
ing the calling line to said link, an impulse de 
vice, means responsive to the operation of said 
impulse device in accordance with part of the 
number of the called line for setting the Con 
trolling mechanism of said secondary circuit con 
trollers, to designate the group of primary cir 
cuit controllers in contacts of which the Wanted 
line terminates, means effective incident thereto 
for automatically selecting a said series contain 
ing an idle primary circuit controller in contacts 
of which the called line terminates and also an 
idle secondary circuit controller, means for there 
upon establishing connection from said link to 
the primary circuit controller in the selected se 
ries through contacts of the secondary circuit 
controller in said Selected series and means re 
sponsive to a further operation of said impulse 
device for causing the Said Selected primary cir 
cuit controller to complete connection to the 
called line. 

21. In a telephone System, groups of lines, in 
cluding a calling line and a called line, groups of 
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primary circuit controllers, respectively individ 
ual to said groups of lines, sets of contacts in each 
of Said primary circuit controllers, each line ter 
minating in contacts of a set in each circuit con 
troller of its group, a first group of secondary 
circuit controllers, a link, means for extending 
a connection from said link to any one of said 
Secondary circuit controllers in said first group, 
a Second group of secondary circuit controllers, 
the Said primary circuit controllers and said sec 
Ondary circuit controllers being electrically con 
nected to form a plurality of series of circuit con 
trollers, controlling mechanism for each group of 
circuit controllers, means operative incident to 
the initiation of a call on one of said lines for 
Conecting the calling line to said link through con 
tacts of a primary circuit controller in contacts 
of Which the calling line terminates and a sec 
Ondary circuit controller of the said second group, 
an impulse device, means responsive to the oper 
ation of Said impulse device in accordance with 
part of the number of the called line for setting 
the controlling mechanism of said first group of 
Secondary circuit controllers to designate the 
group of primary circuit controllers in contacts 
of which the wanted line terminates, means ef 
fective incident thereto for automatically select 
ing a said Series which contains an idle primary 
circuit controller in contacts of which the called 
line terminates and also an idle secondary circuit 
controller of the said first group, means for there 
upon establishing connection from said link to 
the primary circuit controller in the selected se 
ries through contacts of the secondary circuit 
controller in said series and means responsive to 
a further operation of said impulse device for 
causing the said primary circuit controller in the 
Selected Series to complete connection to the 
called line. 
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22. In a telephone system, groups of lines, in 
cluding a calling line and a called line, groups 
of primary circuit controllers, respectively indi 
Vidual to said groups of lines, sets of contacts in 
each of Said primary circuit controllers, each line 
terminating in contacts of a set in each circuit 
controller of its group, a group of Secondary cir 
cuit controllers, the said primary circuit coin 
trollers and said secondary circuit controllers be 
ing electrically connected to form a plurality of 
Series of circuit controllers, Controlling mecha 
nism, a link, means operative incident to the ini 
tiation of a call on One of said lines for connec 
ing the calling line to said. link, an impulse de 
vice, means responsive to the operation of said 
impulse device in accordance with part of the 
number of the called line for setting said con 
trolling mechanism to designate the grOUp of pri 
nary circuit controllers in contacts of which the 
Wanted line terminates, means effective incident 
thereto for automatically seelcting a said series 
which contains an idle primary circuit controller 
in contacts of which the called line terminates 
and also an idle secondary circuit controller, 
means thereby rendered effective to operate a 
Single set of contacts of the secondary circuit 
controller in said series to establish a connection 
from said link to the primary circuit controller 
in the Selected Series and means responsive to a 
further Operation of Said impulse device for clos 
ing the Single set of contacts of the said primary 
circuit controller in the selected series in which 
the called line terminates. - 

23. In a telephone system, a group of telephone 
lines, a group of circuit controllers, contacts in 
each of Said circuit controllers in which said lines 
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terminate and means to effect the operation of 
said circuit controllers to establish connection to 
either a, calling line or a called line Substantially 
as described. 

24. In a switching system, lines divided into, 
groups, groups of primary switching devices as 
signed respectively to said groups of lines, each 
primary switching device having access to all the 
lines of the group to, which it is assigned, groups 
of secondary Switching devices, the switching de 
vices in each primary group corresponding re 
Spectively to said secondary groups, the devices in 
each secondary group having access to a corre 
sponding primary device in each of the primary 
groups, means for recording the designation of 
the line group containing a desired called line 
and the designation of such line in the called 
group; means controllied in accordance With thC 
recorded designation of the line group for clos 
ing a circuit path through a device in any sec 
ondary group to the corresponding primary de 
vice in the called group, dependent upon the 
concerned secondairy device and the Correspond 
ing primary device in the called group both be 
ing idle; and means controlled in accordance with 
the recorded designation of the called line in the 
called group for operating the last-named pri 
mary device to make connection. With the called 
line. 

25. In a switching system, lines divided into 
groups, groups of primary SWitching devices as 
Signed respectively to said groups of lines, each 
primary switching device having access to all the 
lines of the group to which it is assigned, groups 
of secondary switching devices, the switching de 
Vices in each primary group corresponding re 
Spectively to said secondary groups, the devices 
in each secondary group having access to a cor 
responding primary device in each of the primary 
groups, means controlled over a calling line for 
recording the designation of the line group con 
taining a desired called line and the designation 
of such line in the called group; means con 
trolled in accordance with the recorded designa 
tion of the line group for closing a circuit path. 
through a device in any secondary group to the 
corresponding primary device in the called group, 
dependent upon the concerned secondary device 
and the corresponding primary device in the 
called group both being idle; means controlled 
in accordance with the recorded designation of 
the called line in the called group for operating 
the last-named primary device to make connec 
tion with the called line, and distributing means 
for connecting said calling line with the sec 
ondary device through which said circuit path. 
is closed to the last-named primary device. 

26. In a Switching system, lines divided into 
groups, groups of line SWitching devices assigned 
respectively to said groups of lines, each line 
SWitching device having access to all the lines of 
the group to which it is assigned, intermediate 
SWitching devices, links; means responsive to the 
origination of a call on any of said lines for ex 
tending a Connection automatically from the call 
ing line, through any idle one of the line switch 
ing devices in the concerned group, and thence 
through an idle intermediate switching device, 
to an idle one of said links; means thereafter 
directively controlled over the calling line in 
accordance With the designation of the one of 
said groups which contains the desired called 
line for setting up a connection from the link 
in use to any idle One of the line Switching de 
vices in the group having access to the desired 
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called line, said connection including a further 
One of said intermediate switching devices, and 
means directively controlled over the calling line 
in accordance with the designation of the desired 
called line in the called group for operating the 
last-named line switching device to complete con 
nection to the desired called line. 

27. In a SWitching System, a group of lines hav 
ing identifying numbers assigned respectively 
thereto, any such identifying number including 
one of a number of Subgroup digits and one of 
a number of line digits immediately following the 
Subgroup digit; said lines being divided into sub 
groups indexed respectively by said subgroup dig 
its, the lines in any subgroup being indexed re 
Spectively by said line digits; a group of line links 
serving Said lines; a group of primary switching 
devices for interconnecting said lines with said 
line links, both as calling lines and as called lines, 
said primary Switching devices and line links 
being divided into subgroups corresponding re 
Spectively to said subgroups of lines; a group of 
Secondary Switching devices divided into sub 
groups, primary links in any subgroup thereof 
extending respectively to secondary subgroups; 
a group. Of Originating links and a group of ter 
minating links assigned to said group of lines, 
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Said Originating links and said terminating links 
being each divided into subgroups extending re 
spectively to said secondary subgroups, the sec 
Ondary Switches of any subgroup being effective 
to interconnect the line links thereat with said 
Originating links and said terminating links 
thereat as required; means responsive to the orig 

5 ination of a call on any one of said lines for op 
erating a primary switching device in the con 
Cerned Subgroup of lines to interconnect the call 
ing line With an idle associated line link and for 
operating a Switching device in the concerned sec 
Ondary Subgroup to interconnect the said idle 
line link with an idle originating link thereat; 
nean S responsive to the Calling of any one of 
Said identifying numbers over said calling line 
for testing the line links in the subgroup indexed 
by the called subgroup digit; means dependent 
upon the result of said testing operation for 
thereupon associating the calling line with an 
idle terminating link extending to a secondary 
Subgroup having access to an idle line link ex 
tending to the indexed primary subgroup, and 
for Operating a SWitching device of the last 
named Secondary subgroup to interconnect the 
last-named terminating link with the last-named 
line link; and means for operating a primary 
SWitching device in the indexed subgroup to in 
terconect the last-named line link with one of 
the lines in the corresponding subgroup of lines, 
the line interconnected being the one indexed 
by the line digit of the called number, whereby 
a connection is completed between the calling 
line and the identified called line. 

28. In a SWitching System, a group of lines 
having identifying numbers assigned respectively 
thereto, any such identifying number including 
One of a number of Subgroup digits and one of a 
number of line digits immediately following the 
Subgroup digit; said lines being divided into sub 
groups indexed respectively by said subgroup dig 
its, the lines in any subgroup being indexed re 
Spectively by said line digits; a group of line links 
Serving Said lines; a group of primary switching 
devices for interconnecting said lines with said 
line links, Said primary switching devices and 
line links being divided into subgroups corre 
Sponding respectively to said subgroups of lines; 
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a group of secondary switching devices divided 
into subgroups, primary links in any subgroup 
thereof extending respectively to secondary sub 
groups; a group of terminating links assigned to 
said group of lines, Said terminating links being 
divided into subgroups extending respectively to 
said secondary Subgroups, the secondary switches 
of any subgroup being effective to interconnect 
the line links thereat with said terminating links 
thereat as required; means responsive to the call 
ing of any One of Said identifying numbers over 
a calling line for testing the line links in the 
Subgroup indexed by the called subgroup digit; 
means dependent upon the result of said testing 
operation Ior thereupon associating the calling 
line With an idle terminating link extending to 
a secondary Subgroup having access to an idle 
line link extending to the indexed primary sub 
group, and for Operating a SWitching device of 
the last-named secondary subgroup to intercon- 20 
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nect the last-named terminating link With the 
last-named line link; and means for operating 
a primary SWitching device in the indexed sub 
group to interconnect the last-named line link 
With One of the lines in the corresponding sub 
group of lines, the line interconnected being the 
one indexed by the line digit of the called num 
ber, Whereby a connection is completed between 
the calling line and the identified called line. 

29. In a telephone System as set forth in the 
immediately preceding claim; the specified op 
erations of testing the line links in the indexed 
Subgroup, aSSociating the calling line with an 
idle terminating link, and interconnecting such 
terminating link with an idle line link in the 
indexed Subgroup, all occurring between the call 
ing of the subgroup digit and the calling of the 
line digit of the number of the desired called 
line. 

GEORGE REATON. 


