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1. GENERAL 

1.01 This text outline is one of a group that describes the detailed circuit 
operation for the various types of calls and is associated with wire 

spring relay type circuits of No. S crossbar offices. 

1.02 The basic equipment element used in the No. 5 crossbar office, is the 
crossbar switch (Fig. 1), from which the system receives its name. 

Section 971.505.01 contains the general description of the switch. For a 
more detailed study of the selection elements of the crossbar switch, refer 
to Figs. 2 and 3. 

1.03 A telephone customer by lifting the receiver requests service. During 
normal traffic a number of other customers are also making requests. 

The No. S crossbar common control equipment (marker) must determine the origin 
of these requests. In so doing, it also determines which line will be served 
first. The equipment must then prepare itself to accept the customer's 
instructions, that is, the dialed digits of the called number. To do this, 
apparatus capable of interpreting and storing these digits (originating 
register) must be attached to the calling line. The marker tests this cone 
nection and then the originating register transmits dial tone to the calling 
customer. This entire operation is called Establishing the Dialing Connection 
and is shown on $0 701-1. After this connection is established, the customer 
can dial the desired number. 

1.0h In the following description all FS references are associated with 
SD-26001—01 unless otherwise noted. 

1.05 The major functions for establishing the dialing connection are 
summarized in Table A. Associated with these functions are the key 

relays, trouble recorder card punch indications, and pertinent information 
useful in following the progress of the call. The table is also an aid in 
localizing the area in which circuit troubles may be found. By giving a 
cross reference to the operational sketches, functional schematics and the 
sequence charts the table is useful when analyzing trouble recorder cards. 

2. LINE RELAY OPERATIONAKQS 701-1, F31, 101, 102, SD-26030) 

2.01. Each line has an L- (line) relay which is located on the line link frame - 
' and each relay is associated with a vertical on a line switch. A 

variety of basic and supplementary frame sizes are available so that the number 
of lines (L relays) may be from 190 to 590 in 50 line increments, the remain- 
ing ten line switch verticals being used for no-test purposes. 

’ 2.02 Several of the sizes employ split frames, an arrangement not used on the 
’ replaced “U" type equipments. Split frames accommodate line switches 

associated with two adjacent line link frames. On the split supplementary 
frames the lower five switches are associated with the frame to the left and 
the upper five switches are associated with the frame to the right. 0n the 
190 line basic frame the lower five switches are associated with that frame 
and the upper five switches are associated with a basic frame having only 
combined line and junctor switches. 
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L THE LINE LINK FRAME (rs 101, 102, 313-26039) 

3.01 For purposes of calling line identification, the line link frame is 
divided into horizontal groups, vertical groups, and vertical files. 

I 

3.02 Onknonsplit frames a horizontal group consists of all the lines on all 
the switches of the same number, and are the switches whose horizontals 

are multiplied. Switches number from 0 to 9 from the bottom of the frame up. 
~0n split frames, the horizontals on each switch are also split so that half 
of the verticals are in one horizontal group and the other half in another. 
Here the left half of each group of five switches are numbered O—h and the 
right half 5~9. 

3.03 Also on nonsplit frames a vertical file consists of ten verticals, one 
in each of the ten horizontal groups and in the same position on each 

switch. Five successive vertical files comprise a vertical group except in 
vertical group 2 where the first file is used for no-test purposes. Vertical 
groups are numbered 0-11. On split frames a vertical file consists of five 
verticals on the left half of the upper or lower five switches, that is in 
horizontal groups O-h and five verticals in corresponding positions on the 
right half of the upper or lower five switches, that is in horizontal 5-9. 
Vertical groups on the split frames follow the same pattern, the five 10 
vertical switches having one vertical group and the 20 vertical switches having 
two vertical groups.. ' \ 

h. VERTICAL GROUP START RELAY OPERATION (OS 701, FSl-SD-26029, FSZ-SD—26030) 

h.01 The In relays connected to one line group have contacts multipled 
together and connected to a 536-ohm resistor. The resistors for all 

of the line groups in the vertical group connect to the VGS- (vertical group 
start) relay. Hence, any L- relay in the vertical group operates the V03- 
relay (one VGS- per vertical group). A line group consists of five 
verticals, line hold magnets and associated equipmmfi>common to one vertical 
group and one horizontal group. These line groups are numbered 0-11 according 
to the vertical group in which they appear and the line relays and associated 
hold magnets in each line group are numbered O-h. 

h.02 In each connector the marker start relay circuit for each marker is 
brought out to an MS- terminal so that any marker may be connected as 

first choice. There are two start circuits in each connector which are brought 
through the connector control and thence to MSA and M53 terminals. These 
terminals are cross-connected to the MS- terminals of different markers giving 
each connector two choices. The VGS- relay connects battery through resistances 
"STA" and "STE” to the two marker connector start circuits. One or the other 
of these start circuits is closed through depending on whether relay Z in the 
connector control circuit is operated or normal, the position of the Z being 
changed on alternate calls. Assuming Z normal, VGS- connects battery through 
resistance STA, through control relays TC, Z, TRS, TRL, and TR relays to the 
MSA tenminal. This terminal is cross-connected to an HS- tenminal and deterb 

, mines which marker is preferred. This circuit is known as the “A“ start cir- 
cuit and is sometimes referred to simply as STA. A "B“ start circuit or STB 
is similarly closed when Z is operated from battery through the 8TB resistance,' 
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through control relays TC, 2, TBS, TRL and TR relays to the HSB terminal. 
This terminal is also cross-connectedto an 148- terminal and determines 
which marker is preferred by the "B" start circuit. Only one of these leads 
is required on a connector usage. The connector control determines which 
start lead is to be used on a call, using the leads alternately, or in case 
of delay or trouble, shifting to the alternate choice. By this means a con- 
nector is always sure of being connected to a marker and the use of markers 
can be spread among the connectors to obtain a reasonably equal distribution 
of load. 

5. THE LINE LINK MARKER CONNECTOR 

5.01 The line link marker connector connects the leads necessary for a dial 
tone connection from a line link frame to a marker. Each line, line 

link and marker connector control circuit is provided with a line link marker 
connector circuit and a preference control circuit per marker. The line link 
marker connector circuit is equipped with one set of multicontact relays per 
marker. The number of leads to be connected by this circuit requires the 
use of two 30 contact wire-spring multicontact relays. The multicontact 
connector relay that is common to the line link frame requesting service and 
to the chosen marker is operated on marker seizure and is controlled by the 
preference control circuit. 

5.02 There is an MS relay per marker per connector and when this relay oper- 
ates, in response to a bid by a line link circuit for a marker it 

causes the connector relays to operate which will close all the necessary 
leads between the marker and line link frame. 

5.03 The cabling of the leads connected by these relays is shown in Fig. ’4. 
The leads are cabled from the line link frame to a terminal strip on the 

marker connector frame. Then they are multipled with bare wire horizontal 
strapping (protected by plastic guards) to the amatures of the MA and MB 
connector relays serving the line link frame. The contacts of these relays 
are cable-mu1tipled to the relays - in other connectors - common to each 
marker, and then to the markers. 

6. RELAY CHAIN CIRCUITS IN TIE MARKER CONNECTORS (08 701-1, FSZ-SD-26029, F828) 

6.01 In each marker connector there is a preference control circuit consist- 
ing of a marker start relay HS and marker busy relay GB for each marker. 

It is the purpose of these relays to give each connector access to the first 
idle marker in the group depending on the point of connector access and to make 
that marker busy to all other connectors; to operate connector relays which 
will close all the necessary leads between the marker and the circuit requiring 
service; and by nears of cross-connections in the markers to vary the order 
of preference of connectors for markers. Two relay chain circuits are used to 
choose a marker: / a g 

(a) A CB- v(markeri busy) relay chain circuit per connector with one relay 
per marker in the group of markers serving the connectors. This chain 

determines which marker is used. A fl ,  
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(b) An MS~ (marker start) relay chain circuit per marker in the group 
serving the marker connectors, with one relay per connector. This 

circuit determines which connector seizes the marker. 

6.02 A connector's preference is detennined by its position in the MS- 
relay chain. The connector whose MS— relays are cross-connected directly 

to the MAX-ST and MCK-ST punchings in the markers has the highest preference. 
These connections give the marker connector first access to the operating 
grounds for its connector relays. 

6.03 In dial tone markers, only line link frames are competing through MS- 
relay chains for markers. However, in completing markers, originating 

and incoming registers are competing for*markers through the same MS— relay 
chains. The preference arrangement for marker connectors when used with 
completing markers gives highest preference to the originating register 
marker connectors. 

6.0h An MS- cross-connection punching is provided per CB~ relay. Punchings 
MSA and MSB for each connector are cross-connected to two of these MS- 

punchings. A marker associated with an MS- punching connected to an MSA or 
MSB punching is a first choice marker for the line link frame from which the 
start lead originates. Since there are two start leads, each frame has two 
first choice markers. The start lead that is connected through the marker 
connector control.circuit determines which of these two markers is the first 
choice marker on a particular usage. The arrangement of the cross connection 
is such that each marker is first choice for about the same number of line 
link frames. 

6.05 The particular start lead that is connected through the marker connector 
control circuit applies resistance battery to the punching to which it 

is connected. If the marker associated with this punching is busy serving 
another connector, relay CB- is operated. Resistance battery is then passed 
to the next 08- relay in the chain. Assume that the resistance battery is 
finally connected to a released CB— relay associated with an idle marker. This 
battery then operates and locks relay 33— (in preference control circuit) 
associated with the idle marker. 

6.06 The operation of relay MS~ operates relays MA and MB (line link marker 
connector), thereby seizing the marker. The operation of relay MA 

shunts relay 08- in the seizing preference control circuit associated with 
the seized marker. Relay MA operates relays MCB- (marker connector busy) 
in the marker. These relays apply ground to all of the CB— relays associated 
with the marker and operate all but the shunted one in the seizing connector. 
Relay MS- in operating also releases the marker connector check relays, MAK, 
MCK, and MSK in the marker. The release of any one of these relays operates 
relay, TM, which starts marker timing. Marker timing is described in CD-26001—01. 

6.07 The connector is prevented from reverting to a more preferred marker by 
locking operated those CB- relays in the connector corresponding to busy 

markers at the time a seizure is attempted. The locking ground is provided 
immediately by relay TM (timing), and later by relay MA (marker connector. 
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It is connected in such a way that at least one 63- relay must be normal to 
enable the ground to lock-those that are operated. This is necessary to prevent 
a call from blocking itself if a temporary all-markers—busy condition is 
encountered. 

6.08 There is a time interval between the operation of relay'MS- in the 
seizing preference control circuit and the operation of relays 03- in 

all of the other preference control circuits. During this interval other con- 
nectors may also operate MS- relays associated with the same marker. These 
MS— relays, however, would be in less preferred connectors than the first con- 
nector to succeed in operating its MS— relay. Because of the arrangement of 
the chain circuits controlling the operation of the MA and MB relays, the 
highest preference connector, with relay MS- operated, always succeeds in seizing 
the marker. The subsequent operation of CB- relays in the other connectors 
transfers their start leads to other markers, releasing their MS- relays asso- 
ciated with this new. ‘ 

6.09 On an attempt by two connectors to seize the same marker, the one with 
a faster operating MS- relay always succeeds. . I n  order to prevent a 

particular connector from being served repeatedly while others are forced to 
wait, a system of traffic control is provided. Traffic control is  described 
in CD—26029-01. 

7. w AND 2 RELAY COMBINATION FOR TRANSFERRDIG START LEADS ES 701, F514, sn-26029) 
7.01 If only one start lead was provided, then, under light traffic conditions, 

a particular connector might seize the same marker for every usage. To 
prevent this, and also to reduce the possibility of circuit failure, two start 
leads are provided in each marker connector. By alternating the use of these 
start leads, two markers serve alternately as first choice markers, thereby 
providing more even wear on the marker connector relays. This transfer is 
accomplished with a‘W and Z relay combination. The operation and release of 
relay Z provides the necessary transfer. 

7.02 In the following description, assume that relay TRS (transfer start) is 
nonmal. The functions of relay TRS are discussed in CD-26030-Ol. 

7.03 The W and Z relay combination operates as follows: 

(a )  First Connector Usage 

(1) Marker Seizure — Assume that relays MA, MB, W3 and Z are normal. 
Lead STA has continuity through relay Z,  and lead STB is open. A 

marker is  seized by the operation of relay MS- via the MSA MS cross 
connection. Relay HS- causes the operation of relays MA and MB. Relay MA 
operates relay MK which in turn operates relay N, which looks. At this 
time, ground is also applied to both sides of the Z relay to prevent its 
operation. 
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( 2 )  Connector Release - The marker releases the connector by opening the 
battery path of relay MS—. Relay 143- causes the release of relays MA 

and MB. Relay MA, releases relay MK which removes the ground that shunts 
relay Z.  Relay 2 operates from the locking ground of relay W, which re- 
mains operated. The operation of relay Z opens lead STA and closes STB, 
making it available for  the next usage. 

(b)  Second Connector Usage 

(1) Marker Seizure - Relays MA and MB are normal and relays W and Z are 
operated. A marker is seized by the operation of relay 248- via the 

MSB-MS cross connection. Relay 148- causes relays MA and MB to operate. 
The operation of relay MK, this time, shunts relay W, releasing it. Relay 2 
remains operated because relay W in releasing transfers the operating ground 
of relay Z from the locking ground of relay W to the ground furnished by 
relay MK. 

( 2 )  Connector Release - The marker again releases the connector by opening 
the battery path of relay MS-. The release of relay MK removes the Z 

relay holding ground, allowing it to release. Relay Bf remains released. 
The release of relay Z opens lead STB and closes lead STA making it avail- 
able for the next usage. 

( c )  Subsequent Usages - The action described in (a)  and (b)  above continues. 

8 .  MARKER CONTROL, CLASS, CHECK, AND ROUTE RELAY OPERATION (F321-26) 

8.01 Line link marker connector relays MA and MB, in addition to connecting a 
number of leads from the line link frame to the marker, also apply ground 

to various marker leads. Ground on one of these, the CKG (connector check 
ground) lead causes the operation of a number of marker relays. They in turn 
provide the batteries, grounds, and interconnections necessary for  the marker 
to function., - 

8.02 Relay MS- may operate relay D (dial line frame), MF (multifrequency 
line frame), or MIF (mixed line frame) via the IF— to LFD, LF-- to Fm, 

or  LF- to LFM cross connection. Relay D or MF indicates which type of 
originating register is required by all lines on the line link frame. Relay 
MLF indicates that some of the lines on the frame require one type of originat- 
ing register and the rest require another. For the latter, relay D or MF is 
operated. after vertical group identification via the VGR- to VGD or VGR- to 
VCHVIF cross connection. 

8.03 At the present time No. S crossbar offices are equipped only with dial 
pulsing originating registers; hence the LF- to LFD cross connection is 

the only one used. Therefore, relay MS— in the line link marker connector always 
operates relay D. If in the future other types of originating registers are 
added, the other arrangements will be used. 

8.014 Relay D starts the operations necessary fo r  the identification of the 
calling line and for the selection of an available originating register. 
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9. CALLING LINE IDENTIFICATION AND SELECTION 

A. General- 

9.01 Calling line identification and selection is made by the marker. It 
controls the connection of an originating register to a particular 

customer out of a number who may have originated calls at about the same time. 

9.02 Calling line identification takes place in five steps: 

(1) Line link frame identification 

(2) Vertical group identification and selection 

(3) HOrizontal group identification and selection 

(h) Vertical file identification and selection 

(5) Class-of-service identification 

B. Line Link Frame Identification (F310) 

9.03 A line link frame is permanently connected to its line link marker 
connector. Three leads out of nine are grounded in the line link 

marker connector when relay MA operates. This serves to identify the 
line link frame number to the marker. The frame number may vary from 00 to 
39. One-out-of-four leads identifies the first digit and two-out-of—five 

leads identity the second digit. Relays FT‘% (frame tens) and FU'; (frame 

units) in the marker operate, through contacts of relay GTLl, in response 
to these grounds. These relays operate one FTB— (frame tens-line link) and 
one FUT- (frame units test) relay. Relays FTB- and FUT- are used later in 
selecting a connecting path from the register to the calling line. 

C. Two—out-of-five Transfer Circuit (F36-13) 

9.0h The two-out-of-five operation of the FU % relays, previously mentioned, 

is an example of representing ten values with five relays. There are 
exactly ten combinations of two-out-of-five relays, or just enough to represent 
the ten values of a decimal digit. Instead of using arbitrary pairs of relays 
to represent the ten values, the five relays are designated 0, l, 2, h, 7, and 
a digit is represented by operating the two relays whose designations add up 
to its value. Thus digit one is represented by operating relays designated 
0 and 1; digit 2 is represented by operating relays designated 0 and 2; and so 
forth. There is a single exception to this adcitive arrangement: digit 0 is 
represented by operating relays designated h and 7. This two-out-of—five 
additive code is useful for two reasons. First, only five relays are required 
to represent any one-of-ten values; and second, its pattern of two and only two 
elements out of five pennits a check for correctness. This pattern is used in 

the registration check. The units digit (FUié) of the line link frame number 

is part of this check. 
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9.05 By the addition of one relay, a two-out-cf—six additive code may be 
arranged to represent a max imum of 15 values. The sixth relay is 

designated 10. Digits 0 to 9 are represented by the same additive process 
as fo r  two out of five, and digits 10 to It are represented by adding the 
designatiozn 10 to designations 0 ,  1, 2 ,  7 ,  and h ,  in this order. Note that 
here again the process is additive with one exception; digit 13 is represented 
by operating relays designated 10 and 7 .  This two-outnof-six combination, 
limited to represent digits 0 to 11, is used fo r  vertical group number 
registration. 

D. Gating Control Circuit (FS6-7-8, 26) 

9.06 The gating circuit, by its operation and release, controls the time 
during which one circuit can accept infonnation from another. The 

gating circuit permits the marker to determine the particular vertical and 
horizontal groups and vertical files requesting service. Relay D operates 
the VGG— (vertical group gate) relay, the HOG (horizontal group gate} relay 
and the  VFG (vertical file gate) relay in the marker. These relays connect 
test leads from the line link frame to test relays in the marker. As dess 
cribed later  f o r  the various parts of line identification, relays VGG—, EGG, 
and VFG in releasing disconnect the test leads after the marker test relays 
operate. This excludes later service requests and at the same time allows 
the marker to select one vertical group, one horizontal group, erjcne vertical 
f i le  f o r  service. » 

9.0? Before the marker can begin line identification, relay GK (gate check) 
must operate. This verifies that the line link marker connector is 

still attached and that relays VGG-, HGG, and VFG have operated. 

E. Junctor Sequence walking Circuit (F315) 

9.08 The marker provides a walking circuit for  equalizing preference for various 
marker selections and to safeguard service by shifting the entrance point 

of preference circuits. Circuit functions using the walking circuit are: 

( a )  Vertical groups (F86) 

(b) Horizontal groups (F5?) 

(0)  Vertical files (F38) 

(d) Trunks (F81; and S) 

( e )  Junctor Group and pattern (FSlé-IB) 

9.09 The sequence circuit is arranged to advance one step each time the marker 
releases from a call. Assume that the marker is idle with one of its 

even numbered JSQ- and J10 relay operated. When the marker is seized the 
operation of relay LL02 Operates relay JSO. This provides a path to operate 
the next odd numbered JSQ- relay when relay LL02 releases at the end of the 
call. The odd numbered JSQ- relay operates relay JLE, releasing the even 
numbered JSQ- relay which in turn releases relays JLO and J30. Relay JSQ- (odd) 
and relay JLE are now operated and the same process occurs in operating an even 
numbered JSQ- relay on the next marker release. . 
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9.10 Relays JSQO-S provide a six step sequence control circuit. A twelve 
step circuit can be obtained with relays $00 and SQl in either an 

operated or released condition. When these relays are released, relay JSQO 
operates relay 300 which locks to the released JSQO relay. Relay JSQZ 
operates relay SQl which locks to the released JSQ2 relay, thus providing 
six steps. Belays SQO and SQl Operated, provide the other six steps. In 
this case relay JSQO releases relay $00 and relay JSQZ releases relay 801. 

9.11 Slow fEIéase relay SQA is a check to see that the circuit advances 
properly. Failure of relayS'JSO, JSE, JLO and JLE to operate will 

operate relay SQA. Relay SQA also operates relay JSQO to start the sequence 
circuit when battery is first applied. , 

F. Vertical Group Identification and Selection (F36—26) 

9.12 Relay MA extends a maximum of twelve VGT- (vertical group test) leads 
from the V58- relays in the line link frame to the marker. Fbr a marker 

seizure by the line link frame at least one VGS— relay must be operated. 
Hence, one or more VGT- leads are grounded. These leads pass through the 
contacts of the VGG— relays to relays VGT- (vertical group test). A VGT- 
relay operates for each operated VGS- relay in the line link frame. The 
operation of one or more VGT- relays operates relay VGR (vertical group 
release). Relay VGR operates relay VTK (vertical group test check). 

9.13 The operation of relay VTK connects relay 0C1 (originating call - 
start lead A or B) in series with relay MS-. This places the marker 

connector under control of the marker. Relay OCl operates relay 00 (originat- 
ing call . 

9.1h Relay VTK operated also releases relays VGG—, thus releasing all but 
one of the operated VGT- relays. Relay JTKl (vertical group test check) 

operates and verifies that relays VGG— and all but one of the VGT- relays have 
released. This one VGT- relay remaining operated is held under control of 
one of the operated JSQ- (Sequence) relays. TEEtlgingicirggit is from 
gagged.pampoata¢tsgor relay D to relay VGTZ and then through an operated JSQ: 
relay;tg the contact chain on the other VGT- relays.g On each narker usage‘”‘ 
the ground.is applied at a different point in the contact chain. The first 
operated VGT- relay in the chain is thereby locked and opens the ground to 

. any others, allowing their release when VGG- releases. The connection of the 
VGT2 relay is made independent of the sequence relays, because it is to this 
vertical group that police, fire, and other emergency lines are connected. 

c. Horizontal Group Identification and Selection (F37) (FSlO6-SDb26030) 

9.15 The VGT- relay that remains operated as a result of vertical group 
identification operates a corresponding VGA- (vertical group auxiliary) 

relay on the line link frame. This relay extends ten test leads (HGTO-9) from 
contacts of the line relays (IO-Lb) in the selected vertical group to the 
marker. An operated line relay or relays in any line group in the vertical 
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group apply direct ground to the corresponding test lead. Because of the 
multiple arrangement fo r  operating relay VGS- (refer to Section h ) ,  those test 
leads f o r  line groups in which all of the line relays are released will have 
ground from the operated line relays in other line groups connected to them 
through two SBé-ohm resistors in series. I n  the marker,  the ten test  leads 

' terminate on HGT- (horizontal group test)  relays which operate only in response 
to the direct grounds. One o r  more operated HGT- relays operate relay 
HGR (horizontal group release). Relay HGR in turn operates relay HTK (horizontal 
test check) which releases relay HGG. Just as for  vertical group identification, 
the release of relay HGG releases all but the one HGT- relay that is locked 
under control of the JSQ- relays. 

9.16 The successful release of all but one HGT- relay and of relay HGG is 
checked by the operation of relay HTKl (horizontal group test check 

auxiliary). 

H. Vertical File Identification and Selection (F88) (FSlo6-SD-26030) 

9.17 As a result of vertical and horizontal group identification, the marker 
has  determined the line group containing the calling line. The marker 

must now identify the vertical f i le to determine which of these five lines 
is  the calling line. 

9. 3.8 The selected VGT- and HGT- relays operate relni s VGB- (vertical group 
auxiliary) and HG(A, B) -  (horizontal group), respectively, on the line 

link frame when it is seized.  The Operation of relay HG(A, B) -  is checked 
by the operation of relay HGK (horizontal group check) in the marker. The 
combination of one VGB— and one HG(A, B) -  relay, operated i n  the line link 
frame,  operates relay LG- (line group connector) corresponding to the line 
group common to the selected vertical and horizontal groups. This extends 
a group of five leads (VFT-) from the contacts of the line relays in the 
group through contacts of relays VFG in the marker to the VFT- (vertical 
file test)  relays. The operation is the same as f o r  vertical and horizontal 
group identification. The operation of one o r  more VFT- relays operates 
relay FR (vertical file release). This releases relay VFG. All but one 
VFT- relay are thereby released, and FTKl (vertical file test check) operates 
to indicate that VFG is released and only one VFT- is operated. 

I. Marker Supervision During Line Identification and Selection (F321) 

9.19 While line identification is in progress, the marker maintains constant 
supervision over its selections, namely, the vertical group, horizontal 

group, and vertical f i l e .  Withdrawal of demands f o r  dial tone during these 
selections will result in marker release. 

9.20 On any stage of line identification, the release of relays VGGl, VGGZ, 
HGG, or VFG releases all but one VGT-, HGT-, or VFT- relay. The test 

check relays VTK and VTKl, HTK and HTKl, and FTKl are thereby operated. Relay 
VGR, HGR, or FR is held by the ground on the line link frame that  originally 
operated the selected test relay. If at  any stage of line identification this 
ground is  removed (abandoned call), the VGR, HGR, o r  FR relay releases. This 
condition, together with the operated test check relays, operates relays D131 
and D182 (marker disconnect), causing the marker to disconnect. 
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J. Class-of-service Identification (OS 705-1, (FSé-lZ) 

9.21 To properly charge the calling subscriber for the call, it is necessary 
to identify the class of service. This information is required so that 

subscribers being served under different charging plans may be correctly 
charged. To accomplish this, as many as sixty claSSes of service can be 
provided. 

9.22 With the exception of the no-test vertical file, all the vertical files 
on the line link frame are available for line assignment and may be 

assigned to any of sixty classes of service. They may be grouped on the line 
link frame in any manner subject to two lnmitations. 

(a) Alllinee located in the same vertical file within the same vertical 
group must have the same class of service. 

(b) The assignment of a class of service number for a particular class of 
service must be the same for both the A and B groups. 

9.23 On the line link frame there is a V-punching for each vertical file, 
and a CS- punching for each class of service. ,The V; punchings are 

cross-connected to the appropriate 63- punchings in accordance with the 
class of service. 

9.2h When an office requires more than thirty class of service indications 
they are divided into two groups of thirty classes on each line link 

frame, group A and group B. On the line link frame there is a VG— punching 
for each vertical group, a CA punching and a CB punching. The CA and CB 
punchings are connected in series to the CGA and CGB relays respectively in 
the marker through the line link connector circuit. When the lines in a 
particular vertical group belong to the first group of 30 classes or group A 
the VG— punching is cross-connected to the GA punching, this causes the V63- 
relay in line link and marker connector control circuit and the GSA relay in 
the marker to operate in series. When the lines in a particular vertical 
group belong to the second group of 30 classes or group B the VG- punching 
is crosséconnected to the CB punching, this causes the VGA relay in the line 
link and marker connector control circuit and the CGB relay in the marker to 
operate in series. The operation of relay FTKl, together with an operated 
VGB- relay for the vertical group, and an operated VFT- relay for the vertical 
file, operates the marker 03- relay that corresponds to the class of service 
of the selected vertical file. 

10. TRUNK LINK FRAME SELECTION, PREFERENCE, AND SEIZURE (FSl-2-3-26, OS 702-1) 

A. General 

10.01 When the marker is directed to establish a dialing connection, it tests 
for an idle trunk link frame that has access to one or more idle origi- 

nating registers. An idle trunk link frame is one to which another marker is 
not connected at this time, although many of the trunks and registers which 

Page 13. 

TCI Library https://www.telephonecollectors.info/



have appearances on this frame may be busy serving other calls. than an idle 
trunk link frame is found, the marker operates the set of trunk link connector 
relays common to itself and the frame, thereby seizing it. A typical multiple 
arrangement of the trunk link connector frames is shown in Fig. 5. 

B. Testingjor an Idle Trunk Link Frame (F31, 03 702—1) 

10.02 Relay D or MF operates relays B00 and H310 which are the busy out“ 
in relays. Relay 300 extends the windings of the frame busy FBO to 9 

relays and 8010 extends the windings of the frame busy FBlO to 19 relays to 
their associated trunk link connector over the FB10-l9 leads. If the trunk 
link connector is busy the corresponding test lead is grounded and the asso- 
ciated FB- relay will be operated. Idle trunk link frames are indicated by 
normal FB- relays. 

0. Testing for an Idle Originating Register (1731-2-26, 05 702-l) 

10.03 Relay D operates the FCDO and FCDlO (frame connector) relays and the 
MF operates the FCMO and F0410 (frame connector) relays associated 

with originating register test leads. When the FCDO and FCDlOor FMCO and 
FMClO relays operate they extend test leads (one per trunk, link frame) from 
the marker to the trunk link frames. These leads are cross-connected in the 
frame to test leads from all of the originating registers having appearances 
on the frame. If at least one register is idle the test lead is grounded, 
thereby operating the corresponding FTC- (frame test common) relay in the 
marker. If no registers are idle, the .lead is  not grounded and the corres- 
ponding FTC- relay remains released. Relay (FTCK (frame test check) operates 
to indicate that one or more FTC- relays are operated. 

D. Trunk Link Frame Preference 

10.01: Since it is undesirable for  the same trunk link frame to be first choice 
fo r  the same marker on each usage, a rotating preference system is used. 

011 the previous marker usage, one of the FMO-h (frame memory) and FMG- (Frame 
Memory group) relays that correspond to the trunk link frame used were operated 
and held until this marker usage. If none were operated, such as after initial 
application of power, the m0 and FMGO would operate when power was applied. 
The mo operates through a chain of break contacts on the other FM relays and 
released RYC relay. The FMGO operates through break contact of FMGS and re- 
leased RYC relay. 'v . ‘ 

10.05 0:: this usage, the operated D or HF relay together with the hold FM- 
and FMG- relays operate the FMK (frame memory check) relay, this in 

turn will operate the FMG (frame memory guard) relay. Relays FMK and me 
indicate that an FM- and an FMG- relay is operated. - 

10.06 The operating ground for relay FS- (frame selection) is supplied through 
the operated FTC— relay corresponding to a trunk link frame with an 

idle originating register and the contacts of the operated FM- and IMG- relays 
associated with the previous trunk link frame usage. If relay FTC- is released, 
indicating no idle registers, the ground is passed to the next FTC- relay. 
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f I f  relay FTC- is operated, indicating idle registers, but relay FB- is 
operated, indicating a busy frame, the ground is still passed to the next 
FTC- relay. If the FTC- relay is operated and the FB- relay that corresponds 
to the same trunk link frame is released, the ground is then applied to the 
FS- relay, operating it.  

E. Trunk Link Frame Seizure £FS2-3-h, SD~26039)(F51, SD—26033)(F81-3)(OS 7027ll 

10.07 Each trunk link frame has a trunk link connector and a preference control 
and make busy circuit associated with it. The marker preference relays 

are contained in the preference control circuit and the marker connector relays 
in the trunk link connector circuit. 

10.08 In each preference control circuit there is one MPH (marker preference) 
relay associated with each marker. The operation of the FS- relay 

extends battery over the ST- lead to the MP- relay which Operates if no other 
marker closer to ground in the chain attempts to operate its MPH relay. The 
MP— relay locks to ground on its own contacts. 

10.09 The operation of the MP5 relay causes the operation of the M relay in 
the trunk link connector circuit under control of a chain circuit 

through normal MPH relays in lower preference circuits unless it is the lowest 
preference circuit. Relay M operates the MA1,2, MB1,2, MCl,2; and MEfl,2 relays 
in the trunk link connector. TFKl and TFK2 (trunk frame check) operate to 
indicate the seizure of the trunk link frame. 

F. Recycle of Frame Memory Preference (05 702-1, FSl-2 

10.10 After the trunk link frame has been seized i t  will be necessary f o r  the 
marker to reset the frame memory relays. The operation of relay TFKl 

removes the locking ground from relays FM- and FMG- held from the previous 
usage, thereby allowing them to release. The releaSe of relays FM- and FMG- 
release relay FMK which releases relay FMG. The release of relay FMG, together 
with the operated relay F8- on this usage, operates the FM- relay that corres- 
ponds to the trunk link frame being used. Relay FMK reoperates. Because 
relay TFKl is operated, relay FML_(frame memory lock) operates and relay FMG 
remains nonoperated. The operation of relay FML releases relays ECG and 8010, 
opening the trunk link frame test leads and releasing the operated FB- relays. 

Note: On incoming and pulse conversion calls the frame memory is not 
recycled. This is because the seized trunk link frame on these calls i s  
predetermined by the trunk location instead of being selected by the marker. 

;1_. LINE LINK FRAME SEIZURE (03 703-1) arsrsn-zéon) LFSllXFSZ-h-SD-26039) 
11.01 Each line link frame has a marker connector control circuit, a marker 

connector circuit, .a line link connector circuit and a preference 
control and make busy circuit associated with it .  The preference control 
circuit is used by the marker to gain access to the line link frame and its _ 
pugpgse is  to penmit-only one marker to have access to a particular frame at 
a 6 .  
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11.02 Following trunk link frame and connector seizure, the marker seizes 
the line link frame (which has identified itself through its marker 

connector) in competition with other markers which may be connecting or 
waiting to connect calls to . the line link frame through the preference control 
circuit. 

11.03 The operation of the marker TFKl relay indicating trunk link frame 
seizure, connects battery to the LFS lead through the associated line 

link marker connector circuit, the start lead ST- to the preference control 
circuit. This start lead, together with start leads from all other markers, 
connects to the M95 (marker preference) relays arranged in a lookout chain 
circuit. 

11.0h The first MP- relay to operate opens the ground path for more preferred 
MP- relays, and at the same time operates its own line link connector ‘ 

relay MAI. The break-make chain on the HP relays prevents the operation of 
more than one MAI relay at one time. The MAl relay operates relay LFK (line 
frame check) to indicate the seizure of the frame. 

11.05 During this time, less preferred markers are able to operate their MP- 
relays in the chain. These markers are later served in preference 

order as previously served markers release. 

11.06' This permits vertical file identification to proceed (described in 
Section 9 ,  H). 

12,. ORIGINATING REGISTER SELECTION (0s 7oh-1);Fsh, FsS)(F81h, sn-zéoho) 

A.  Trunk Blocks and Trunk Groups 

12.01 The trunk link frame has 160 outlets to which trunks and originating 
registers may be assigned. The trunks that have their connection to 

the marker predetermined are assigned to to of these outlets. For example, an 
incoming trunk from another office, when used on a call, is identified to 
the marker; and the marker must connect to this particular trunk to assist 
the call. The remaining outlets (120) are assigned to originating registers 
and those trunks which the marker may select. For example, the marker may 
use any idle outgoing trunk of the proper type (AMA, flat rate, coin, etc.)  
that connects to the desired completing office. By the same token, any idle 
originating register is suitable to complete a dialing connection. 

12.02 These 120 outlets or appearances are assigned to trunk blocks (THO-5) 
which consist of twenty trunks and/or registers. All of the originating 

registers (10 maximum) appearing on one trunk link frane are in one trunk block. 
In addition to the originating registers, one or more types of trunks may be 
assigned to this same trunk block. In order to differentiate these from each 
other, and from the registers, a further subdivision of twenty test groups 
(THO-l9) is provided. Originating registers and each trunk of a group, within 
one trunk block, are assigned to different test groups; therefore, the selection 
of one trunk block and one test group differently selects the originating register 
or desired trunk. 
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12.03 The trunks connect to the horizontals or levels on the trunk switches. 
There are two trunk appearances per level for levels 2 to 9 on the 

10 trunk switches. The two appearances per level are obtained by using a 
6-wire switch and operating a T0 or T1 select magnet (Position 0 or 1 
-respectively) in addition to the T select magnet associated with the level on 
which the trunk appears. The T0 or T1 select magnet controls crosspoints which 
connect the link to one or the other of two vertical multiples each consisting 
of tip, ring and sleeve.- The trunk select magnet T- controls crosspoints which 
connect two horizontal tip, ring and sleeve multiples (corresponding to two 
trunk appearances) to the two vertical multiples but, as was just explained, 
only one vertical multiple is connected to a link. In this manner we have 
effectively obtained 16 trunk appearances per switch. Appearances connected 
by a T0 select magnet are called A appearances and those by a T1 select magnet, 
_B appearances. Associated with each A appearance is an EA relay and with each 
B appearance an F8 relay. These relays are effectively trunk connector relays 
and are operated by the F relay in the thunk. Intraoffice trunks require two 
appearances on the same trunk link frame and on the same level but on different 
switches. The calling and is on an A appearance and the called and is on a 
B appearance. The B appearance is on a switch one higher in number than the 
one containing the A appearance. Incoming trunks and other trunks requiring 
ringing are on B appearances. Registers, outgoing trunks and other trunks 
handling outgoing calls may be on either A or B appearances. 

12.0h Economies were made for the dial tone marker circuit by assigning all 
registers to trunk block 0 with trunk group 0 for dial pulse originating 

registers and trunk group 1 for multifrequency originating registers. Also, 
only the A appearance of the trunk switch are used for originating registers. 
With these restrictions all originating registers are assigned to level 2, A 
appeara.nce on the trunk switches, while the trunk switch number, 0-9, are 
associated with the BTO-9 leads. 

B. Selection of Register 

12.05 Before selecting the trunk link frame the marker has determined that 
one or more originating registers are available for use. Now it is 

necessary to determine which are idle. 

12.06 Following seizure of the—trunk link frame, the marker determines which 
originating registers on that frame are idle, and then selects an 

idle one. 

12.07 Battery from the marker operates relay TBO (trunk block) in the trunk 
link circuit when the connector cut through relays operate. The 

operation of relay T80 is checked by relay TBK (trunk block check) in the 
marker. 

12.08 Relays TSE1,2 are operated by relay TLC. Ground on the BTU-9 leads, 
when the connector cut through and T50 relays in the trunk link circuits 

operate, will operate one or more TTO-h relays if relay TSE2 is operated. 
Since relays TTO-h are double wound, their operation calls for an odd and even 
preference lockout circuit to identify which Br lead is grounded. * 
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12.09 The operation of relays TSEl, TBK, MAX 1, and one JSQO-S and TTO-h 
relay operates one TSO-h (trunk select) relay. Relay TS- locks to 

relay TLC and releases relays TSE1,2 which release all operated TTO-h relays. 
The JSQO—S relays are used for even distribution and their operation is des- 
cribed in Section 9E. 

12.10 The released TSEl relay and operated TSO-h relay extends the ET lead to 
the OTS and ETS (odd and even trunk selection) relays. If either an 

even or odd BT lead is grounded, it operates its corresponding trunk selection 
relay. If both an even and odd BT lead is grounded, relay 301 (sequence) 
determines the selection of the proper trunk selection relay. 

12.11 Relays ETS and OTS have lO-ohm windings to operate them and ZOO-ohm 
{ windings to  release them. When both windings are energized the 

200-chm winding holds the relay released. A released SQl relay thus operates 
relay ETS and disables relay 0T5. Relay OTS operates and ETS releases when 
relay SQl is operated. 

12.12 Relay F in the originating register would not operate in series with 
the high resistance TTO-h relays. Relays ETS or OTS are lower in 

resistance than relays TTO-h and since they are now in series with relay F 
they allow i t  to operate. Relay F operates relays FlA and FlB in the register. 
The group of leads over which the marker passes calling line identification 
to the register are thereby connected to the trunk link frame. 

'13., CHANNEL SELECTION 

A .  General 

13.01 After  calling line identification and originating register seizure the 
marker selects an idle channel (path connecting a line to a register). 

A channel consists of a line link, a junctor,_and a trunk link. Line identifi- 
cation fixes the line link frame tennination of the channel, and the originating 
register location fixes the trunk link frame tenmination. 

13.02 There are at least half as many trunk link frames as line link frames. 
Each line link frame terminates 100 junctors and each trunk link frame 

terminates 200 junctors. Depending on office size, there are ten to fifty 
junctors common to a line link and a trunk link frame. They are divided into 
subgroups; the first containing ten and the others ten or few junctors. For 
offices w i t h  more than twenty line link frames, extension trunk link frames 
are provided. They allow a pair of trunk link frames to share a group of 
junctors, thereby maintaining at least ten junctors available for connections 
to each line link frame. 

13.03 In selecting a channel, the marker tests:: 

(a) the ten line links on the line switch Connecting to the calling line 

( b )  a subgroup of junctors to the trunk link frame connecting to the register 

( 0 )  the ten trunk links from these fiunctors to the trunk switch connecting 
to the register 

By testing the ten channels formed by these elements, the marker selects an 
idle channel for  the connection. 
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13.0h If no channel is found, the marker steps the junctor subgroup selection 
and again makes channel test. If this fails or if there is only one 

subgroup, another register is seized and channel selection is again attempted 
(marker recycle). 

13.05 Selecting or marking the entire connecting path is unique to crossbar 
systems. It distinguishes them from hunting systems in-which idle 

elements of the connecting path are tested and seized in succession as the 
connection progresses from a calling line to a trunk. 

B. Junctcr sub roup Selection (05 706-1, OS 70?-l)£FSlh, F315, F516, FSIQ, 
F319; i521) 

13.06 The junctor subgroup to be tested depends on the frames to be con- 
nected, the junctor distribution, and the junctor sequence circuit 

setting. “ 

13.0? As stated in 13.02, the number of junctors in a junctor group (par— 
ticular trunk link to particular line link frame) may vary from a 

maximum of fifty junctors to a minimum of ten junctors. When the number of 
junctors in a junctor group is in excess of ten, the junctor group is divided 
into subgroups. Since a subgroup.may contain from one to ten junctors, the 
number of junctor subgroups may vary from a maxflmmmof five to a minimum of 
one. 4 

13.08 The STPl (stepping) relay and the JSQO-S (Junctor sequence) relays 
control junctor subgroup selection for the first step. When more 

than one subgroup is provided, the second step in subgroup selection is 
controlled by the STP2 relay and the JSQO-S relays. The first selected sub- 
group always contains a full complement of ten junctors, The second selected 
subgroup may contain from one to ten junctors. 

13.09 When the marker selects a subgroup which contains the full complement 
of ten junctors, the PNR (pattern normal) relay is operated. However, 

when the selected junctor subgroup consists of less than a full group of ten 
junctors one of the junctor pattern tens digit number PA, PB or PC relays and 
one of junctor pattern units digit relays will be operated to identify 
the junctor subgroup pattern and to identify the junctors within the junctor 
subgroup which are available. 

13.10 The number of junctors within a junctor subgroup will vary from a 
maximum of ten junctors to a minimum of one junctor depending upon the 

office size and the selected junctor subgroups. The marker is equipped to 
simultaneously test ten separate channels therefore the marker must determine 
these channels which are incomplete because of nonexistent associated junctors 
within the selected junctor subgroup. The marker'must then consider these 
incomplete channels unavailable so that the marker will not select one of these 
incomplete channels for service. 
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13.11 is outlined in 13 .03, the marker tests the line links, trunk links, and 
junctors to select an idle channel. The test leads for 20 junctors, 

which are associated with a particular horizontal level on the trunk link 
frame junctor switches, are under control of a junctor connector relay JCO-l9. 
Of the twenty junctors, ten are connected to the left half and ten to the right 
half of the switches. The left half is controlled by relay L (left) and the 
right half by relay R (right). In single frame or paired frame offices the 
JCO-9 relays control horizontal levels 0 through 9 on the regular junctor 
switches. In paired frame offices, the JClO-19 relays control horizontal levels 
0 through 9 on the extension junctor switches. When there are extension frames, 

» relays EL (extension left) and ER (extension right) are also provided. 

13.12 Each junctor in the subgroup has a J-test lead. By Operating one JO- 
relay and either the L or R relay, the marker connects these leads to 

the OHIO-9 (channel test) relays. ’ 

13.13 Relay R operates when relay JGO or JG3 and an odd-numbered FUT- relay 
are operated, or when relay JGl, 2, or 1;, and an even-numbered FUT- 

relay are operated. Relay L operates from JCO or JG3 and an even FUT- or 
.161, 2, or 1; and an odd FUT- relay. 

0. Selection of the Group of Line Links (F319) 

13.111 The operation of relay HG(A,B)- in the line, line link, and marker 
- connector control circuit, as a result of horizontal group identification, 

connects the sleeves of the ten line links on the calling line switch to the 
windings of the OHIO-9 relays in the marker. This operates the CHM-9 relays 
that correspond to busy line links. 

D. Selection Of the Group of Trunk Links (F31, SD-26032-Ol)(FSl9) 

13.15 The operated F relay in the originating register operates one of the 
FAOZ-FA92 (A appearance trunk connector) relays in the trunk link circuit. 

This operated FAO2-FA92 relay operates the LV2 (level 2) relay. Battery from 
the marker on the ALC lead operates the IB— (link connector) relay in the 
trunk link circuit. The operated LC- relay, together with the L or R relay, 
extends the‘ten trunk links to be tested to the‘CHTO-9 relays in the marker; 
an operated CHTO-9 relay in this case indicates a' busy trunk link. 

E. Test Check @3'708-1, F821) 

13.16 Before the marker proceeds with channel selection it first determines 
whether the necessary preliminary functions were performed. These 

functions are checked by the operation of relay TK (test check). 

13.17 The following relays must be operated. for this check to be successful: 

Relay Functional Meaning Indication 

FAX (gram; A appearance Relay LV2 and an FA02-92 relay are operated 
c eck . . 
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_Relay Functional Meaning Indication 

RK or (right- or left-half Relay R or L is operated 
LK frame check) 

HGK (Hbrizontal group Line link sleeves are closed through to the 
check) marker 

LCK (trunk link connec— Trunk link sleeves are closed through to 
tor check) the marker 

JCK (junctor connector Junctor sleeves are closed through to the 
check) marker 

TCHK (test channel One or more TCHA relays are operated 
check) 

F. Channel Test and Selection (03 706-14 707—1A 708-11 F819) 

13.18 The channel test CHTO-9 relays are provided to test the sleeve leads 
associated with the selected group of junctors for a busy indication. 

Ground on any of the three leads associated with a particular CHT- relay ‘ 
indicates a busy channel and will operate the relay. The CHTO-9 relays will 
simultaneously test these three leads (line link, trunk link and junctors) to 
determine if the associated channel is busy. Therefore the operation of a 
CRT‘ relay indicates that at least one of the three linkages that make up the 
channel are busy. The operation of the CHT- relay prevents the marker from 
selecting that channel for this call. 

13.19 The windings of the CHTO-9 relays are connected to the sleeve circuit 
through the associated L0-9, JO-9, and TO-9 diodes, LO-9,JO-9, and TO-9 

.resistances through the back contacts of the CFO-9 relays and to the respective 
LID-9, JO-9 and LEO-9 leads. 

13.?0 The diodes are used to prevent the high negative surges produced by the 
release of bold magnets, which had been associated with busy linkages, 

from reaching the winding of the CHTO—9 relays. A voltage divider effect is 
provided by the L0-9, JO-9, and TO—9 resistances. The LO-9, JO-9, and TO-9 
capacitors reduce the transient voltages. 

13.21 When the marker is nonmal a standing cross test is made on these leads 
by the XCH relay. .During this period the negative side of the windings 

of the CHTO-9 relays is connected to the XOR relay. When the marker is off- 
nnnnal the STX relay shifts the windings to battery potential. 

13.22 It is necessary to delay the action of the channel selection CH— relay 
until all the CHT— relays have had sufficient time in which to operate. 

This delay function is performed by the operate times of the TX and DTK which 
operates from the TK when the marker has possession of both the line link 
marker connector and the line, line link and marker connector control circuits. 

Page 21 

TCI Library https://www.telephonecollectors.info/



After this delay one preferred channel selection relay, associated with a 

released CHT- relay, will be operated. This selects the connecting path 

associated with an idle line link, trunk link and junctor. The operated CHE 

relay operates relay CHA to indicate that a channel has been selected. 

G. Junctor Distribution (03 707-1, F311; #F311;, F816) 

13.23 Office size determines junctor distribution. When junctor distribution 
is uniform for all frames, the operation of relay-TLC (trunk link 

control) operates one of the 2TLF-10TLF relays via the SZD to 52- cross connec- 
tion. Relay TLC also operates relay STF (single—trunk link frame) or relay PR 
(paired-trunk link frame) via the SPF to SF or SPF to PR cross connection. The 
2TLF-1OTLE relay indicates how many trunk link frames or pairs of frames are in 
the office, therefore, the junctor distribution is indicated. The STF or PR 
relay indicates single frames or pairsof frames. In addition to these relays, 
auxiliary indication of office size is given by relays 20F (maximum of 20 line 
link frames); hOF (21 to ho line link frames); 7Q (7 quad) for 7 trunk frames 
or pairs of frames; or RQ (regular quad) for 6, 8 or 9 trunk link frames or 
pairs. ' 

13.2h During changes in Office size, the trunk link frames are arranged for 
different junctor distribution. As the work progresses some trunk link 

frames will have junctor distributions corresponding to the new office size, 
some to an intermediate size, and some to the original size. For example: 
suppose that the 10 line link - S trunk link frame office is to be expanded 
to the 12 - 6 office. In the S—trunk link frame size the junctor groups con- 
tain twenty junctors, ten in each subgroup. The change in distribution re- 
sulting from the addition requires the removal of some of the junctors from 
the second subgroup to form new junctor groups to the added line link frames. 
'During this work the subgroup is unusable. To prevent the selectibn of this 
subgroup, the trunk link frame is temporarily arranged to indicate to the 
marker that it has the same junctor distribution as a trunk link frame in an 
office with ten trunk link frames; namely, only one subgroup of ten junctors. 
After completion of work on this frame, it is then arranged to indicate its 
new distribution - for an office with six trunk link frames. . 

13.25 For an office being expanded from S to 6-10 trunk link frames, relay 
lOTLF is used as an intenmediate office-size relay; for expansion from 

3 to h or 5 frames, relay STLF is used; and for expansion from 2 to 3 frames, 
relay 2TLF33TLF is used. It should be noted that the 2TLF-3TLF relay is used 
only as an intermediate office-size relay. ’32" 

13.26 During transition, the 2TLF310TLE relays are operated via cross connec- 
tions SZA, SZB, and SZC to 82— in the marker and G to SZA, SZB, and 320 

in the individual trunk link frames; punching SZD is not used during this period. 
When the transition involves adding extension trunk link frames to pair the 
frames, the G to SF or G to PR cross connection in the trunk link frame penmits 
-the operation of relays STF or PR in the marker until the changeover is com- 
p ete. 
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1h. FORWARDING CALLING LINE IDENTIFICATION AND CHANNEL NUMBER TO THE ORIGINATING 
REGISTER (FSBglgsSQ-B-9‘1h, SIHZEOEO) ' 

1h.01 When the originating register is seized, relay F operates, in turn 
operating the F1A and FlB (frame auxiliary) relays. After vertical 

file identification, relay FTKl operates. Relays FlA, F18, and FTKl operate 
the GTL3, (ground transmitting leads auxiliary) relay. This pennits the marker 
to operate relays in the register to record the calling line information and 
channel number. This information is used by the marker which is  seized after 
dialing is completed. 

1h.02 The following table shows the register relays operated and the infor- 
mation passed. 

Register Relays 
92erated 

FT~ 

m é 
VG‘§ or‘é 

HG i. 
VF- 

CT- 

cu; 
MAN (manual) 
2? (-2 party) 
CN (coin) 

u é 

Information Passed 

line link frame tens 

line link frane units 

vertical group number; 

horiZontal group\nnmber. 

vertical file number‘ 

class tens .  

class units .  

auxiliary class information_ 

line link number (corresponds to 
channel number) 

1b.03 The RKl and RK2 (registration check) relays in the marker operate to 
indicate that all of the marker registration relays have operated. 

To verify that the register is attached and that it can lock in the information 
passed, the RK3 (registration check) operates. This releases the GTLl, GTLZ, 
and GTL3 relays (ground test relays). The grounds which operated the register 
and marker registration relays are thereby.removed. These relays must be held 
operated by the originating register ON (off-nonnal) relay in order to main— 
tain the registion. The release of any operated registration relay in the 
marker indicates that the corresponding register relay failed to operate or to 
lock operated. 
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15. SELECT AND HOLD MAGNET OPERATION (FSZOLFSZZ) 

15.01 Relay FAK operates trunk switch select magnets T2 and A through contacts 
of relays FA02-FA92 and LC-. Relay CH— corresponding to the selected 

channel Operates select magnets J- on the trunk link frame, and L- and LJ- on 
the line link frame. 

15.02 The operation of relay CHA at the end-of-channel selection starts the 
timed operation of the EMT (hold magnet timing) relay. This delayed 

operation is necessary to insure that the select magnets are operated and that 
any hold magnets for this channel are released from previous connections. 

15.03 Relay HMT operates relay I-MTl (hold magnet timing auxiliary) which 
operates relay I-MSl (hold magnet start). 

15.0h Since the operation of the hold magnets for light and heavy traffic 
is different, it is described separately. 

Hold Magpet Operation - Light Traffic (08 709, 710, F319, F820, FSZh, SC 701-1) 

16.05 During light traffic conditions, relay I-HSl extends battery from the 
line link frame junctor hold magnet J-, through the trunk link frame, 

and into the marker over the J0-9 leads. These leads are extended to the primary 
winding of the JXP (junctor crosspoint) relay. Hold magnets J- and T- on the 
trunk link frame are also operated by relay HMSl over the LED-9 leads. 

15.06 Relays IlTA, SLA, and JXPI operate to show that these hold magnets have 
operated. The operation of these relays, with relay, HTR released and 

relay RK3 operated, operates relay LTR. Relay LTR is.slow in operating to allow 
for completion of the false cross and ground test. If relay FCG (false cross 
and ground) remains released, relay LTR will operate relay LTRA which operates 
relay GLH. The operation of relays GLH and LTRA removes relay FCGfrom the 
tip and ring conductors. Relay, LTRA also operates the line link frame line 
switch hold magnet. 

Hold Magnet Operation - Heavy Traffic (08 709-1, F820, SC 701-1) 

15.07 Relay HTR operates during heavy traffic and operates relay DVO, this 
indicates that the hold magnets should be operated by dual voltage. 

15.08 During the hold magnet timing interval the +130 volt battery will . 
charge either one b.32 MF or two h.32 MF capacitors to +130 volts. 

When a hold magnet is to be operated, the +130 volts on the capacitor is‘””“” 
extended from the marker to the winding of the hold magnet. The +130 volt 
charge on the capacitor will then be discharged through the hold magnet. 
The capacitor discharge current will operate the hold magnet more quickly. 
When the Voltage across the capacitor drops to about -.5 volts the diode 
will become conducting and will supply the steady current flow to hold the 
hold magnet operated. 
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15.09 To decrease the time of operation of the crossbar switch hold magnets 
and of the marker holding time the hold magnets may be operated by the 

use of a momentarily applied dual voltage of 178 volts (130 + h8) instead of 
the usual h8 volts, In this case, when a hold magnet is to be operated, the 
marker will apply momentarily a voltage of +130 volts to the hold magnet 
winding. Since the other end of the hold magnet winding connects to ~h8 volts, 
this will give a total operating voltage of 178 volts which will operate the 
hold magnet in about one-third of the time required for hB-volt operation. 

15.10 One side of the LH, JH, and TH capacitors are connected to ground 
through either the LIP or JXP relay or TXP lamp. Eben the CHA relay 

operates with the DVD relay operated, the +130 volt battery will charge the 
other side of the capacitors to +130 volts. The operation of the HMTl relay 

.will remove this charging circuit. While the capacitors are charging the 
LH, JH and TH diodes will have no effect. The false cross.and ground test is 
eliminated during heavy traffic to reduce marker holding time. 

16. CONTINUITY TEST (F320-2h,gSC 701-1) 

16.01 The continuity test is made from the marker, through the switching 
elements, to the calling line. It has two functions: first, to 

determine whether the connection is complete; and second, to determine when 
the last crosspoint (line switch) has closed. This latter function brings 
about a reduction in marker holding time. If it were not for this test, 
marker release would always have to be delayed for an interval equal to the 
slowest possible operating time of the crosspoints. 

16.02 Basically, the test consists of connecting a grounded source of 
alternating voltage in series with a capacitor to one side of the 

line, and ground to the other side. The start gap of a cold-cathode tube 
is bridged across the capacitor. If the connecting path is continuous, the 
major portion of the applied voltage appears across the capacitor. This causes 
the tube to conduct, thereby indicating a successful test. If the path is 
open, a small amount of line capacitance completes the circuit, but the voltage 
across the tube gap is insufficient for conduction. 

16.03 The operation of relay GLH, with relay ESTA (reverse continuity test) 
operated, connects ground to the tip lead and the applied voltage to the 

ring lead. The closure of the line switch hold magnet completes the path through 
the customer's telephone set (off-hook condition) or ringer (abandoned call). 
The voltage across capacitor CON? builds up to the firing potential of tube CON, 
causing it to conduct. Current flow in the anode path operates relay CON 
(continuity test). This relay operates relay CONl, which looks and indicates 
that the continuity test has been successfully completed. A contact on relay 
CONl grounds the start anode on tube CON allowing it to function as a cathode, 
thereby Splitting the required anode current between it and the original 
cathode. This is a factor in prolonging the life of the tube. Relay GT1 
(ground test) operates from relay CONl. Relay GT1 opens the anode path, making 
the tube nonconducting and releasing relay CON. 
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16.01; The closure of the line switch crosspoint releases relay DEF by placing 
the sleeve holding ground on its primary winding, thereby shunting it 

down. Relay LXI’l operates relay RSTB (reverse continuity test auxiliary). 
Relay RCTB opens the operating path of the slow-release relay ESTA. If the 
continuity test is successful before RCTA releases, relay OONl releases RCTB, 
.reclosing the operating path of BETA. The alternate operation and release of 
relay RCTA switches the alternating voltage to either the tip or ring lead. 

16.05 As previously described, the continuity test can be successful through 
the closed switchhook path or, if the call is abandoned, through the 

telephone ringer. When a call is abandoned by the tip party on the 2-party line 
that has no ring party installed, the release of relay RCTB causes the con- 
timity test to be successful through the tip ringer to ground. The continuity 
test must be successful on an abandoned call; otherwise, abandoned would cause 
continuity test failure and a consequent trouble record. 

17. DOUBLE CONNEETION TEST (OS 710-19, FQO-ZB) 

17.10 Double connection test is made to insure that the only ground holding 
the magnets connected to the channel sleeve is being provided by the 

marker making this connection. The operation of relay LXPl and JXPl transfers 
the holding ground for the sleeve circuit to the DST (double connection test) 
relay. The holding ground is now provided through the DOT relay primary 
winding. The operation of relay DCT operates relay DCTl, which looks, and 
thereby records a successful double connection test. If there is another ground 
present on the sleeve, the DOT primary windingis tort-circuited and. the relay 
fails to operate. 

18. TRANSFER OF SUPERVISION TO THE ORIGINATING REGISTER F8102 SD-26O 2 
. 81-9, 0 - ~9- - -l9- 0 

.18.01 The operation of relay BCT1 removes the operating ground from the F relay . 
in the selected register. Relay F releases, and releases the one operated 

FAOZ-FA92 relay in the trunk link circuit. The release of the one operated 
FAOZ-FA92 relay transfers the channel sleeve lead to a lO-ohm ground in the 
originating register. The release of the one operated FA02¢FA92 relay also 
releases relay SL, and the 10-ohm register ground short-circuits the DOT pri- 
mary winding releasing the relay. Relay DST verifies that the selected channel 
is connected to the calling line. 

18.02 The release of the one operated FAO2-FA92 relay operates the 1. (line) 
relay in the originating register. Its path of operation extends 

through the TN coil, over the loop and back through the TN coil to ground. 
Relay L operates the SR (slow-release) relay which operates relay 0N1. 
Relay 0N1 closes the tone path to the tertiary winding of the TN ccil,‘causilg 
dial tone to be transmitted to the customer. However, when manual service 
is provided for the calling line, dial tone is unnecessary. Therefore, the 
operated MAN relay in the register opens the dial tone supply lead. 
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18.03 When the calling line is 2-party message-rate class or 2-party flat-rate 
class in offices arranged for  AMA, the transmission of dial tone to the 

customer is delayed until the originating register determines which party on 
the line is originating the call. Vmen the calling line identification is 
transferred to the register, relay 2P in the originating register operates and 
locks. 

18 .01; For lines having low-impedance ground (approximately lOOO-ohm ground on 
tip party station), relay 2P operates relay TPA which connects relay TP 

(tip party) to the tip and ring of the calling line. If the line is grounded, 
indicating a tip party, relay TP operates and in turn operates relay TPl which 
1001(3 e 

18.05 When the F relay releases after the dial tone connection is set up, 
ground is removed from the TPTB resistor. Capacitor TP'I‘ starts charging. 

After about 0.3 second the voltage across the capacitor is high enough to cause 
the TPT tube to conduct. Relay TPI‘ (2-party test timer) operates and unlocks 
relay TPA. Relay TPA removes relay '1'? from the‘tip and ring and places relay L 
across the line. Relay L operates from the closed loop and causes dial tone to 
be transmitted to the customer as described in 18.02. 

18.06 For lines having high-impedance ground (approximately 36140 clams for a tip 
party station), relay 2? operates relays TPA and TPD. Relay TPD operates 

relay TPT. Relay TPA connects the tip and ring leads of the calling line to 
relay T? which operates if the line is grounded. However, relay TP is fast 
operating and may operate on line surges. To prevent false party identification, 
ground is removed from the T? armature pending the slow release of relay TPD, 
when relay F releases. If relay TP remains operated when TPD releases, relay TPI 
operates to indicate a tip party. 

18.07 The release of relay TPD starts the timed release of relay TPI‘, which 
unlocks relay ’I'PA. The release of relay TPA removes TPrfrom the tip and 

ring leads and places relay- 1. across the line. Dial tone is transmitted as 
described in 18.02. 

19. MARKER RELEASE (17323-26) 

19.01 The release of relay DOT operates the DISl and DISZ (marker disconnect) 
relays. Relay DISl releases relays LL01 and LLCZ. Relays D131 and DISZ 

operating cause the release of the marker check and control relays. They 
also release the 1418- relay which controls the release of the marker connector. 
The marker is  then available for a new seizure. 
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STOPS FOR 
SELECTING FINGER 

SELECTING FINGER 

DAMPING SPRING 

SELECTING 
BAR 

ADJUSTABLE 
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SELECTING 
FINGER 

CONTACT MULTIPLE 

OPERATING SPRING 

OPERATING CARD 

HOLDING ARMATURE 

0 

FIG. 2—PARTIAL PERSPECTIVE VIEW OF THE SELECTION ELEMENTS OF A CROSSBAR SWITCH 
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CONTACTS DAMP! NC SPRING :EMLRECTING ARMATURE 

SELECTING 
B'AR 
HOLD AND SELECT MAGNETS NORMAL 

HOLD AND SELECT MAGNETS OPERATED 
(LOWER CROSS POINT OF A PAIR OPERATED) 

HOLD MAGNET OPERATED SELECT MAGNET NORMAL 
(LOWER CROSS POINT NORMAL, ARMATURE OPERATED) 

CROSSBAR SWITCH 
SELECTING MECHANISM 

FIG.3——CROSSBAR SWITCH SELECTING MECHANISM 
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I I VGTO LAST 

LCABLE LcABLE LCABLE MARKER 

VGTO LAST 
L—CABLE L—CABLE LCABLE MARKER 

, VGTO LAST 
LCABLE LCABLE L—CABLE MARKER 

FlG.4-—WIRING OF A TYPICAL LEAD (VGTO) THROUGH THE, LINE LINK MARKER CONNECTORS 
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TABLE A 

ESTABLISHING THE DIALING CONNECTION - MAJOR FUNCTIONS 

so 701—1 
my PUNCH TROUBLE LINE 

RELAYS INDICATION RECORDER cooan. 
CARD 

FUNCTION OPER. REL. LOC. 05 F8 & SD FROG. IDENT. COORD. v A REMARKS 

Receiver L- IL 701-1 F81, 26030 
0:: Hook vcs- LL 701-1 F52, 26030 

.. F325, 26001 HTR $71112 1101 - Hvy Traff 

Marksr Ms- 201m: ‘ 701-1 F32, 26029 
Selection F326,26001 D 37 1 1N3 21111 
and F328, 26001 TM 58 30 13h 2N12 
Seizure MA- LLMC 701-1 F51, 26022 

MB- LLMC 701-1 F31, 26022 

Vert Grp vcr- v00- M F36, 26001 VGT— 83 30-111 IFS 
Ident and 2612 Pref. 
selection 1E9 Nonpref o 

F326,26001 TRK sh 1h lAGh 2102 
FSll,26001 DTK 38 55 1U3 

Trunk BCO FB- M F81, 26001 
Link 3010 M Fs1, 26001 
Fram 702-1 F32, 26001 FCK $8 39 t 110.0 
Selection FS- M 702-1 F32-3,26001 FS- 31 30-19 11.6 23:13 

Marker 
Route 701,-1 FSh, 26001 T30 31 50-55 - - 
Selection 1626,26001 TGO R8 30-149 lNB 2H1]. 

F323,26001 CKG $8 31 1J5 , 2P11 
F827,26001 SNK 38 59 INS 21311 

Test for FTC- 11 702—1 Fsl,2,26001 FTCK s8 ho 1J5 2113 
Idle Orig 
Reg 

706—1 FSl6,26001 SF/PR 51 56,57 1Z5 2x11 
Junctor PNP/PA M 706-1 F818,26001 PNR/PA 36 h6,h7 1107 211012 
Pattern P- M 706-1 FSlh,26001 P- R6 50-59 19.310 211010 
Selection JG- N 706-1 FSl6,26001 JG- R6 ho-hh 1W8 2AQll 

"(Oh-1 FSS, 26001 TSE 38 115 106 1112; 
F313,26001 GTL 58 33 11115 1162 
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TABLE A (Contd) 

30 701-1 
m PUNCH TROUBLE LINE 

RELus INDICATION RECORDER COORD. 
CARD 

FUNCTION 021:3. REL. 1.00. as FS 1 SD FROG. IDENT- COORD. V ‘ REMARKS 

Trunk Link NP- 2011.0 m2—h.26039 
Frame mag 11 702-1 F33, 26001 01 $8 211 1P8 2x12 
Seizure 

F316,26001 TCHK 38 he 1109 211112 
710-1 FSZO,26001 M 38 36 2113 211311 Hvy Traff 

318 3x10 Lgt Traff 
3MB 2A511 Reoperates 

701-1 F32, 26022-01 m— 56 0-9 11.11; 2J12 
701-1 132, 26022-01 CN- 36 10-13 lAJh 2.112 

Line Link 1310,26001 FT- R1 0-3 1116 21112 
Frame 1310,26001 m- R1 h-B 1136 21112 
Ident 1111- n F810,26001 wr- sh 311413 11137 2129 

rm- ]: F310,26001 7 

136, 26001 ma 3? 31 11110 21313 f 
7011-1 131;, 26001 TBK _ 38 Id. 1010 21111 .; 
702—1 133. 26001 ma 38 L3 1310 2112 1 

Junctor JG— ll $16,26002600} 
Cut-1n 707-1-2 F317. L J0- R6 30-39 119 211110 

Hor Grp 1101- use 11 F57. 26001 HGT- 33 [IS-Sh 1012 
Ident and 21512 Pref , 
Selection _ 1316 Nonpref. 

Line Link MP- ‘ 201m FSZ—h.26Q§9 
Frame LFK 11 703-1 17311.2600' LFK s7 35 1011 211.13 
Seizure 

Orig. Reg TS- n “(Oh-1 1311.5.26001 '13—- 30 30-39 1812 2211 Even 
Selection F OR 1311,260110 1316 21.17 Odd 
and Seizure T-Sel TL F82, 26032 

13111 n F35. 26001 

Recycle of FM- Fll- ll F82, 26001 
Frame (Present (Previous ll 702-1 F82. 26001 m 38 1:2 1191 M3 
Memory Usage) Usage) 

m n 132, 26001 

707—2 F816 26001 112/ 31 8 59 119 21212 707-1-2 1317126001 1. RR 38 9:50 11:11 21211 
7084 F321,26001 m 58 h? 1102 211111 

. F87, 26001 um 37 32 1018 21113 
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TABLE A (Contd) 

SC 701-1 
1111 PUNCH TROUBLE LINE 

RELAYS INDICATION RECORDER COORD. 
CARD 

FUNCTION OPER. REL. LOC. 06 F3 an SD PROG. 1mm. 000m). 7 A REMARKS 

Selection LV- TL 710-1 131, 26032 'LV- R8 52-59 1017 21.8 
of Group of LC- TL 710-1 F81, 26032 LC- so 50-59 1T1? 208 
Trunk CHT- M F819, 26001 
Links 710-1 1322, 26001 FAX R8 150 1018 2H8 

710.1 FSl9,26001 1.0x 38 1:6 11:18 2139 

Selection HG- F62, 26030 
of Group of F87. 26001 BOX 87 36 El? 2AK12 
Line Links CHT- M 1319,26001 

Marker Test TK M 708-1 F821,26001 TX 58 51 1z20 21312 
Check ‘ 

F811, 26001 DTK $8 55 1221 2AR7 

Vert v03- LL F82, 26030 ‘ 
File LG- LL F52, 26030 
Ident and m- M 705-1 1138, 26001 VFT- 33 55-59 1021 
Selection VFG M F88, 26001 2D12 Pref. 

1E2h Nonpref. 

Channel CHT- M F619, 26001 
Test CH- M 708-1 FS21,26001 CH- R7 50—59 1222 21011 
and CHA M F821,26001 
Selection 

F38, 26001 FTICL s7 33 1025 2013 

Select J— TL F82, 26032 
Magnet Ir- LL 131. 26030 
Operation LJ- LL F31, 26030 

Class-of- cs- M 705-1 1512,26001 cs- 32 30-59 11:26 211111 
Service 705-1 FSl2,26001 CT- R1 25-27 11327 2117 
Ident 705-1 1312,26001 CU- R0 25—29 1H2? 2012 

Forwarding F39, 26001 v01- R0 9-11: Hz? 2012 
Calling VG— OR 12312136010 
Line Ident HG- F59, 26001 acn- R0 15-19 1327 2012 
and Channel HG- 0R 12311360110 R0 15-19 
Number to OR F39, 26001 v1"- Ro 20—21; 1127 2012 
Orig Reg VF 0R FSlh,260h0 
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TABLE A (Contd) 

30 701-1 
KEY PUNCH TROUBLE LINE 

RELAYS INDICATION RECORDER COORD. 
CARD 

FUNCTION OPER. REL. LOC. 06 FS & SD PROC. IDENT- COORD. v A REM“ 

MAN/2P OR 232—9,260uo 
FSl2,26001 MAN/2P 33 6,7 11328 2107 

ON OR F38, 260110 
F812,26001 CN Rh 31 11328 2AF7 

LL- 0R F3111, 260m 
RS9, 26001 LL- sh 25-29 1927 2012 

FT- OR F8111, 260110 
FSlO,26001 FT'- Ro 0-3 1x28 2012 

FU- 0R F3111, 260110 
F510, 26001 FU'- R0 h—8 1.1128 2012 
5313,26001 RK1.2 38 56.57 11131 2.119 
F813,26001 RIG 58 58 1131 21:11 

(1111,23 M 2313,26001 

Hold Magnet HM? M FSZO,26001 
Operation 111131 M 710-1 F320,26001 111531 37 39 em 21311 Hvy Traff 

J—,L— LL F81, 26030 3AM; 2AE11 Lgt Traff 
J—,T— TL F82, 26032 

710—1 Fs2o,26001 GLH s7 h3 311.9 21012 Lgt Traff 
710.1 F820, 26001 SL 3? ho 11.117 11025 

S? h0 ZANh 2AU13 Hvy'Traff (Reoperates) 
710-1 1820,26001 LTR s7 hl 3M8 2ACJ.1 Lgt ‘I‘raff (Reoperates) 
710-1 F820, 26001 cm: 38 35 2.1% 2.1112 Hvy Traff 

3zB 2.1112 Lgt Traff 

Continuity CON M F32h,26001 
Test (tube) 

CON M F8214, 26001 CON 37 M 3m3 3x17 
CON1 M 1321026001 31m 3x2h 
GT1 M 710—1 F820, 26001 GT2 3? 115 am 2AN12 

1323,26001 DCT 37 16 um: m 
Double DCT M FSZO, 26001 
Connection DCTl M 3323,26001 DCT1 37 h? 2ACS 211111 
Test 

Supervision 
Transferred DCT M F820,26001 
to Orig Reg F OR FSll,260h0 
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TABLE A (Contd) 

SC 701-1 
KEY PUNCH TROUBLE LINE 

RELAYS INDICATION RECORDER 000m). 
CARD 

FUNCTION OPER. REL. Loc. FS & SD PROGo IDENT. comm. V ‘ REMARKS 

Marker 
Release LL01, 2 M F311, 26001 

0131 M E323,2éool D131 37 5h 21(9 2312 
F826,26001 MEL 3? SS 2AD10 2J13 

MP— PCTLC FSZ-lu26039 
MP- PCLLC FSZ-h,26039 
MS- PCLLMC F82, 26029 

Dial Tone SR OR E51, 260m 
Connected 
to Line 
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