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~ CHANGES S :
VDl Déscrigtioh of Changes
" p.1- oOn sheet hl,'the sheet index 1s
: ‘brought up to date, '
.. D.2 On sheets A2 and A3 the lead index
"~ .. 1s brought up to date.
'D.3 On sheet D-1 option ED for recorded
telephone diectation trunk is added,
D.4 On sheets GU, 5 and 38~io additionsl
cross~reference information 1s added.
D.5 On sheet G7, lead DT required for s

: . racorded telephoné dictation trunk,
and cross~-reference information are added.
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P RS T |CABLING DIAGRAM _

'jCHANGES

.'}D Description of Changes_

}D 1 “A11l- changes are made on a Class D -
. ‘No ‘Record basis per agreement with

* WECo for station ‘make busy. and TOUCH—TONE
'calling.

‘,‘ _ . L : 'D,2__; Oon sheet Al, the sheet index 1s
. . . o R S brought up. to date..

_'D.3 on sheet G4 G5 and - a7 draftinﬁ
Do e L s ‘errors are corrected on CAD'
L oo R o 5, 6, 11 and 12,

: D.4  On sheet G8, "B" option is added_
e o to TO straps on TS (PWR SUP) on
CAD 15, . .
. D.5 ' On sheet G9, CAD 16 1is rated "Mfr
- Disc", CAD 17- 1s revised, .and CAD
'19 is added ) '
' D.6 " On sheet G10, CAD 18 is added.
. |
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CIRCUIT DESCRIPTICN

_ STATION SYSTEMS
SWITCHING SYSTEM NO, 400
CABLING DIAGRAM

CHANGES

D. Description of Changes

D.1 CAD 2 1s revised to redesignate
lead "DT" as "DT(TT1 or LT2)".

D.2 CAD 17 is added for the applica-
tlon of TOUCH~TONE calling.

F, Changes in Segtions

F.1 1In SECTION III - CONNECTING
CIRCUITS,

Add:
(#) TOUCH-TONE Calling Receiver

Applique Circuit - SD-66888-01,

BELL TELEPHONE LABORATORIES, INCORPORATED

(WECo 7T760HW-RAB-JGW)

DEPT 5337RAV

Printed in U.S.A.

CD-69463-01
ISSUE 4B
APPENDIX 3B
DWG ISSUE 7B

Page 1
1 Page




TN



CIRCUIT DESCRIPTION

. STATION SYSTEMS
SWITCHING SYSTEM NO, 400
CABLING DIAGRAM

CHANGES _
© : D, Description of Changes

D.1 On sheet Al, the sheet index
is brought up to date,

D.2 On sheet A2, the MB lead is
added to the lead index,

D.3 On sheet (2, portions of the
leads are rated from A & M
only to Mfr Disc on CAD 2,

D.4 On sheet G3, portions of the leads
are rated from A & M only to Mfr Disc
on CAD 3.

D.5 On sheet G4, "E" and "G" options are
added to CAD 5; leads A0 to Al7

and L are added to CAD 4; CAD 4 and 5

are rated from A & M only to Mfr Disc,

& sheet note is added.

D.6 On sheet G5, TO or MBO to MB17

leads are added to CAD 6; "E" and
"@" options are added; .CAD 6 is rated
from A & M only to Mfr Disc,

D.7 On sheet G6, portions of the leads

are rated from A & M only to Mfr
Disc on CAD 8; CAD 9 is rated from A & M
only to Mfr Disc.

D.8 On sheet G7, AO to Al7 and L leads

) and "E" option are added to CAD 11,
MBO to MB17 and TO leads and "E" and "g"
options are added to CAD 12; a sheet note
i1s added.

D.9 On sheet (8, "E" and "G" options and
. TO and LW leads are added to CAD 15,

D.10 Sheet G10 1s added and CAD 13 is
: relocated from sheet G7.
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CIRCUIT DESCRIPTION

STATION SYSTEMS -
SWITCHING SYSTEM NO, 400
CABLING DIAGRAM

CHANGES

D, Description of Changes

D.1 CAD 1 is changed to rate wires to test post on
slide 3 "Mfr., Disc." and to show new frame ground,

D.2 CAD 3 1s changed to remove unused -48V FT lead
and to show new frame ground,
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CIRCUIT DESCRIPTION

0D-69463-01
ISSUE 4B
DWG ISSUE LB

STATION SYSTEMS
SWITCHING SYSTEM NO., 400
CABLING DIAGRAM '

SECTION I - GENERAL DESCRIPTION
1. GENERAL METHOD OF OPERATION

1.01 .This cabling drawing shows the inter-

connection of each of the three edquip-
ment slides to (a) the other slides, (b) the
Cabinet Crown c¢ross-~connecting terminal
strips, and (¢) the Call Progress Indicating
Circuit.

SECTION IT - DETAILED DESCRIPTION

None.
SECTION III - REFERENCE DATA
1, WORKING LIMITS

None.

2. FUNCTIONAL DESIGNATIONS

None.

3. FUNCTIONS

None.

4, CONNECTING CIRCUITS

4,01 When this circult is listed on a key-
sheet, the connecting informetion
thereon 1s to be followed.

BELL TELEPHONE LABORATORIES, INCORPORATED

DEPT 5338-CRG-RVL

Printed in U.S.A.

(a) Marker Circuit - SD-69468-01.

{(b) Line, Link, and Connector Circult -
SD-69469-01 .

(¢) Dial Pulse‘Register Circuit -
SD-69470-01.

(d) Alarm and Test Circuilt - SD-69471-01,
(e) Junctor Circuit - SD-69464-01.
(f) Busy Tone Trunk Circuit - SD-69465-01.

" (g) Key Telephone and Add-On Line Circult -
8D-69466-01 .

(h) Auxiliary Relay Circuilt for Direct
Station Selection by Stations -
SD-69467-01,

(1) Power Supply Circuit - SD-81577-Ol.

(3) Call Progress Indicating Circult -
8D-69472-01,

(k) TOUCH-TONE Calling Receiving Circult -
. SD-67027-01,

SECTION IV - REASONS FOR REISSUE

D, Description of Changes

D.1- Add CAD 16 for the application of
TOUCH~TONE calling.
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SECTION I - GENERAL DESCRIPTION

1. GENERAL METHOD OF OPERATION

1.1 The Junctor circult is used to supply
talking battery, and provide ringing

and supervision on station-to-station and

Dial Repeating Tie Trunk-to-station calls,

When the Marker 1s signaled by the
reglster to set up a connectlion from a sta-
tion or Incoming Dlal Repeating Tie Trunk
to another station it does so by connecting
a link from the terminating end of the
Junctor to the called station and another
link from the calling station or Tie Trunk
to the orilginating end of the Junctor.

When a register circult signals the
Marker to establish a connection using a
Junctor, it does so by connecting a link
from the called station to the terminating
end of a- Junctor and connecting the origi-
nating end of the Junctor to the 1link al-
ready connecting the calling station to the
register.

Upon seizure the Junctor supplies a
holding ground to hold the originating and
terminating Hold Magnets as well as the
originating and terminating Junctor Hold
Magnets in the Link circuit. The Junctor
also connects ringing current to the called
line via the terminating link.: When the®
called line answers, the Junctor trips the
ringing and cuts through the transmission
path. When the calling line disconnects
the Junctor releases the originating link
and calling Hold Magnet, and when the called
line disconnects, the Junctor releases the
terminating line and terminating Hold Magnet.

If the originating line disconnects
but the terminating line fails to discon-
nect the Junctor will remain busy to the
Marker even though the originating end of
the connection is released. This feature is
provided because the Markeir tests the ter-
minating end of the Junctor for a busy con-
dition,

The Junctor furnishes reverse battery
supervision in both directions.

SECTION II - DETAILED DESCRIPTION

1. SEIZURE

1.1 Operation of A Relay and Holding Con-
nection :

Page 1.
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The Marker having received informa-
tlon from the register as to the called 1line
number, for.a station-to-statlon or tie
trunk-to~-station call, proceeds to set up a
connection to that line on a "Junctor Clasa"
basis. A "Junctor Class" call requires a
Junctor circult to supply transmpission bat-
tery to both parties.

The Marker tests the terminating hold
magnets of the Junctors. Having found an
i1dle Junctor the Marker SMT relay operates
the terminating hold magnet for the Junctor
and the hold magnet of the called 1line to
connect them together over an 1dle link.
which has already been selected, Having
established a connectlon to the called line,
the Marker proceeds to operate the originat-
ing hold magnet of the Junctor which con-
nects the Junctor to the same link used to
connect the originating station or trunk to
the Reglster. The Reglster then drops .off
‘the 1link. When the Junctor origlnating hold
magnet operates to connect the calling line
to the Junctor, the calling station loop is
extended through crosspoints €o the winding
of relay A to battery and ground, and relay
A operates. Relay A operates relay B. -Re-
lay B operated (1§ closes ground through
both sections of resistance A to the termi-
nating l1ink sleeve and to the originating
1link sleeve to hold the calling and called
hold magnets and (2) closes holding ground
to the originating and terminating Junctor
hold magnets over leads OHM and THM respec-
tively, to hold these operated after the
Marker releases. Relay B 1s slow releasing
in order to guard against momentary opens
in the loop that yould falsely drop the con-
nection.

1.2 Start of Ringing

Ringing current, over ILead Rl, through
a make contact of A, through the primary
winding and a break contact of tripping re-
lay TP 1is applied to the ring conductor of
the Junctor toward the called 1line. Ringing
ground 1s connected and extended over lead
Ring G through a break contact of Relay TP
to the tip conductor of the Junctor toward
the called line. Condenser A is providing
to furnish audible ringing tone to the call-
ing line.

2. RINGING TRIP AND CUT THROUGH

When the called party answers, the
terminating loop operates relay TP. Relay
TP operated, locks to ground through a make
contact of B and transfers the terminating
T and R leads from the ringing current
supply to the windings of Relay D which op-
erates. Relay D 1n operatling reverses the
orlginating and end T and R leads., This
battery and ground reversal 1s of conse-
quence on calls to local station lines from

Page 2

Tle Trunks, and on Key Telephone and Add-On

Line Circuits, (See Paragraph 4) which re-
quire reversed battery type supervisicn.
Relay D operated provides supplementary
holding ground for the terminating link
sleeve, the Junctor terminating hold magnet
and relay TP. The Junctor supplies talicing
battery through relay A to the calling line
or Tie Trunk, and through Relay D to the
called line, The voice current path is
complete through capacitors T -and R.

3. RELEASE

3.1 Called Party Does Not Answer

When the calling line or tie trunk
disconnects, Relay A releases. Relay A re-
leased, removes ringing current from the
terminating T and R leads and releases Re-

‘lay B. .The release of Relay B removes

ground from leads SO, ST, OHM and THM which
releases the originating and terminating
hold magnets of the Juncetor and the hold
magnets of the associated 1line.

3.2 Calling Party Disconnscts First

Relays A and B release as described in
Paragraph 3.1 but Relay D is held operated
over the called station loop and only the
originating end of the Junctor will release.
This condition will prevail until the called.
party hangs up at which time,. the release of
Relay D releases Relay TP, opens up the ter-
minating ST lead and also opens up the THM
lead thereby releasing the terminating-hold
magnet, restoring the Junctor to normal.

3.3 Called Party Disconnects First

Relay D releases as described in Para-
graph 3.2 but the Junctor terminating hold
magnet, and Relay TP cannot release until
the supplementary holding grounds supplied
oy operated Relay B are removed. When the
calling party hangs up Relays A and B re-
lease and the Junctor restores to normal-as
dascribed in Paragraph 3.1.

4, USE OF JUNCTOR WITH KEY TELEPHONE ADD-
ON CIRCUIT .

When a Junctor is used on an lncoming

<call from a central office line which was

extended to a local station via a Key Tele-
phone Add-On circuit, the called party hang-
ing up releases the D relay causing a rever-
sal of the battery and ground toward the
Add-0On cirecuit. This causes a relay in the
Add-0On circuit to function, releasing the
clrcuit. When a Junctor is used on an out-
going call from a station the calling party
in hanging up releases the A relay which
reverses .battery and ground toward the Add-
On circuit to release a relay and restore
that eircult to normal.

%
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SECTION III - REFERENCE DATA
1. WORKING LIMITS

1.1 Maximum external circult loop is 1410
ohms.

1l.2 Voltage limits are:s’

75 to. 110 volts
ac,

2. FUNCTIONS

2.1 To respond to selzure and supply hold-

ing ground for the origlnating hold
magnet and the terminating hold magnet under
control of the calling station loop.

2.2 To supply ringing to the called sta-
tlon and .audible ringing tone to the
calling station,

2.3 To recognlze that the called station

has answered and to cut through the
transmission path supplylng transmlssion
battery to both lines.

2.4 To reverse the battery and ground to-

ward the callling end as an answered
signal to Tie Trunks requiring reverse bat-
tery supervision.

2.5 To reverse the battery and ground to-

ward the calling .and called end to
provide for the release of the Add-On cir-
cult upon completlon of a call.

2.6 To recognlze when either party dis-

connects, and to hold itself busy to
the Marker circuit until both partiles hang

up.
3. CONNECTING CIRCUITS

When this cilrcult is listed on a key
sheet, the connecting information thereon
1s to be followed.

3.1 Marker SD-69468-01
BELL TELEPHONE LABORATORIES,'INCORPORATED

DEPT. 5332-PB-HFH-DDT

45 to 52 voltsde.

3.2 Line, Link and Connector Circuit,
SD-69469-01

3.3 Power Supply Circuit, SD-81577-01
4, MANUFACTURING TEST REQUIREMENTS

4.1 The Junctor Circuit shall be capable

of performing all the service func-
tlons specified in this circuilt description
and meeting all the requirements in the
Circuit Requirements tables.

5. TAKING EQUIPMENT OUT OF SERVICE

5.1 To make the Junctor busy, it is nec-

essary to ground the (THM) lead to-
ward the Marker Circult. This can be .
accomplished as follows: .Ascertain that no
select magnet is operated and block the D
relay operated.

6. ALARM INFORMATION
6.1 Fuse Alarm

An operated fuse supplying the Junctor
circutt 1s indicated by an alarm at the -
Plant Service Center, if alarm transmitting
features are provided and, in.any case, by
a visual signal locally. Replace the op-
erated fuse to silence the alarm and ex-
tinguish the visual alarm signal.

SECTION IV - REASONS FOR REISSUE

CHANGES

B."CHANGEslIN APPARATUS

B.1. Removed

_ D-Diode - KS-15724, Ll

D. DESCRIPTION OF CIRCUIT CHANGES

D.1. The D diode 1is removed to correct‘aﬁ
inoperative condition. The wiring

around the T and R capacitors has also
been changed.

Page 3
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SECTION I - GENERAL DESCRIPTION

1. GENERAL METHOD OF OPERATION

1.1 When a station line or trunk origi-
nates a call to another station line
or trunk and the called station line or
trunk 1s tested busy, the marker will route
the call to the Busy Tone Trunk circuit.

When the Busy Tone Trunk is selzed,
it provides a ground to hold the station or
frunk hold magnet and the Busy Tone Trunk
hold magnet operated under control of the
calling station loop or trunk.

SECTION IT - DETAILED DESCRIPTION

1. SEIZURE

When a station line or trunk origi-
nates a call to another station line or
trunk and the marker finds it busy, the
marker will function to establish a con-
nection between the falling station or trunk
and the Busy Tone Trunk. When the marker
completes this connection, the A relay in
the Busy Tone Trunk circuilt will operate
over the loop from the station or trunk.
bridge. Operation of the A relay operates
the RA relay, which connects ground to the
link sleeve to hold the originating hold
magnet operated, and provides direct gzround
to the Busy Tone Trunk hold magnet HM in
the link circuit.

Relay RA is made slow to release to
prevent the release of the connection
should the calling station continue to dial.
This release could occur if the calling
station dlaled a 2-way dial repeating tie
trunk and assumed it was 1dle and, without
listening for the dial tone, continued to
dlal, Since the RA 1is slow to release the
station would only pulse the A relay.

The tone generator in the power supply
clrcult supplies busy tone over lead BT to
condenser A of this trunk. Busy tone is
passed through this condenser to the ring
conductor of the trunk,

2. RELEASE OF BUSY TONE TRUNK

When the calling station line or trunk
disconnects in response to the busy tone
signal, the originating station loop or
trunk bridge 1s opened and relay A releases.
Relay A releasing causes relay RA to re-
lease which rémoves the locking ground from

Page 1
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the 1link sleeve to release the calling line
hold magnet and removes ground from the Busy
Tone Trunk magnet restoring the circuit to
normal.

SECTION III - REFERENCE DATA

1. WORKING LIMITS

1.1 Maximum external circuit loop is
2370 ohms.

1.2 Voltage limits are 45 to 52wlts.

2. FUNCTIONS

2.1 To respond to a seizure and provide a
holding ground for the calling sta-

tion or trunk hold magnet and the Busy Tone
Trunk hold magnet.

‘2.2 - To return Busy Tone to the calling

statlon or trunk.

2.3 To release the calling statlon line
or trunk line hold magnet and Busy

Tone Trunk hold magnet when the calling

line or trunk disconnects, and to return to

normal.
e

BELL, TELEPHONE LABORATORIES, INCORPORATED.

DEPT. 5332-PB-HFH-LF
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3. CONNECTING CIRCUITS

When this drcult 1s listed on a key-
sheet, the following connecting information
1s to be followed.

"3,1 Marker Circuit - SD-69468-01.

3.2 'Line, Link, and Connector Circuit -
SD-€9469-01,

L, MANUFACTURING TEST INFORMATION

4,1 The Busy Tone Trunk shall be capable

of performing all the functions spec-
ified in this clrcuit description and
meeting all the requirements of the Circuit
Requlrements table.

5. TAKING EQUIPMENT OUT OF SERVICE

5.1 In order to take the Busy Tone Trunk
out of service it 1is necessary to
ground the HM lead toward the marker cir-
cuit, The following procedure shall be fol-
lowed., Verify that no select magnet 1is
operated than block relay RA operated.
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o STATION SYSTEMS '
SWITCHING SYSTEM NO, HOO

". . KEY TELEPHONE LINE AND-
’ ADD-ON CIRCUIT

'”“anNaEs

- D Description or Chagg

i‘D 1 On sheet 1, the sheet index is
brought up. to date.,;, :

D.2 -0n sheet. 2, circuit notes 1oe, 1ou
) - equipment note 202 and 1nrormation
d_note 305 abe. corrected.‘, .

" D.3 On'sheet 5 App. Fig. 7 M dasignation;'}E*';;1;.d[f;f

changed to M or MB

- D. 4 ori sheets 8 and 9, ratings on CQD's -.‘A~;_ ST
Mfl'. Rl

: "1, 2,6 and- 7. are changed rrom
'Disc." to AEM Only. _

"D 5. on sheet 13, CAD 12 leads 1U and IL;.V R

to relay MB are reveraed.:

k D 6 On sheet 14, CAD 1%, ‘leads - S and 81' )

: designations are assigned to leads
;from relays MB, .

‘D.7 :Above chanses (D 2-D, 6) ‘are made on“dﬂ .

8 class D -~ No.Record baais per
.agreement with WECo._-, o }

.8 On’ sheet 2, Information Note 308 18 “;;g:”57'1""

'added

<'D;9?ﬂ0n sheet 11, croaa-reference 1nforma-.-_;{7;,}fff

tion is added to. CAD 9.,d;

| D.10 Gn sheet 12, option T on CAD 10 and
: ~»sheet note 1 are added :

' D,11 On ‘shéet 13, croas-rererence informa- Sl

_tion is added ‘on CAD 12

D.12.".0n new sheet 15, CAD .15 1 added ror ;fj,f{fufi“'"

rinstaller information.

-'BELLfTELEPHONE LABORATORiEs,'incbﬁponATED13f,'f"
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> STATION SYSTEMS
SWITCHING SYSTEM NO, 400
CABLING DIAGRAM

i"li’.‘ Lo S '
i . . .
. o B o CHANGES

T . S o D, Description of Changes

= D.l All changes are made on a Class D -
T . No Record basis per agreement with.
e ... . WECo, ' :

P . o - . D.2 On'sheet 2, Note 306 is. revised
f ‘ N I R TE R and Notes 20l and 307 are added.

i . . T D;3‘ On sheet 5, App. Fig. 6 was part of
o : T S R App. Fig. 5 and App. Fig. 7 is added.

D:d  On sheets 4, 9 and 10 drafting
: errors are corrected

T : D5 On sheet 8, CAD'§" 1 and 2 are rated

: "Mfr Disc".

: " D.6 On sheet 9, CAD's 6 and 7 are rated
: - .~ "Mfr Disc"

: D.7:'On sheet 10, G-G1 cross-connect

; Information 1s removed.

D.8" CAD's-S’fhrough 13 are revised,

L . T 'D.9 " CAD 14 is added for station make
; : : : busy cross-connect information,

D.10 Sheets 13 and 14 are added.
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CIRCUIT DESCRIPTION . CD-69466-01
- ISSUE 2D
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STATION SYSTEMS
SWITCHING SYSTEM NO, 400
KEY TELEPHONE LINE AND
ADD-ON CIRCUIT

TABLE OF CONTENTS PAGE SECTION I - GENERAL DESCRIPTION

1, PURPOSE OF CIRCUIT

N _ . 1,01 Thils add-on circult with two line cir-
1. PURPOSE OF CIRCUIT. . . . . . 1 cults provides a means of connecting
R a central office 1line to a local station at

SECTION I - GENERAL DESCRIPTION. . . 1

2, GENERAL~METHOD OF OPERATION., . . 1 a key telephone set where the central office
N line appears.
SECTION II - DETAILED DESCRIPTION . . 1. 1.02 ILine circuits not required for associa-

tion with add-on circuits can be used

1, INEOMING CENTRA%.OFF%CE OR_STATION as part of a 1Al key telephone System
. T P | - installation,

g. Rigg-Ug Circuit, . & . . . . 2, GOENERAL METHOD OF OPERATION
. nswering an Incoming Call , , ,
' 2.01 An incoming call produces a 60-ipm

2; OUTGOING CALL FROM A KEY TELEPHONE ‘ flashing line lamp and audible signal
T v v e e e e e at the key telephone set, '

3. HOLDING . . . . . . i . .

A. Key Telephone Station Holds Call .
E. ﬁe%ease of Holding Bridge . . .

. DISCONNECTION . . . . . . .
5. OPERATION OF THE ADD-ON CIRCUIT .

N

2,02 With the receiver off hook, operation

of the pick-up key assoclated with the
the visual signal silences the audible signal
and connects the key telephone station of the
calling party, The line lamp is transferred
from 60-ipm to steady.

W w wrn v P

i

2.03 A 1lihe circuit may be placed on hold
" - _ o _ . by the operation of the HOLD key on
A; Bridgigg the Station and Central , the key teélephone set, The line lamp 1s
B

‘ Office.Liges. .. . . . . . .
B, _Key. Telephone Station isconnects,
C. Disconnection of %Efendeg §a§§. .
6., TIMEOUT . . . . & . . . .
7. MISCELLANEOUS . . . . . . .

A, Stat%on ﬁuEi Lamp . . . .
- L] . stﬁ on - ‘e sy » ., L] . L] . -

SECTION 1Ti - REFERENCE DATA. . . .

transferred from steady to 120-ipm wink.

+2,04 A central office line and station line
may be capacitive coupled via the add-

on, circult by the operation of & transfer
(TR) key on the key telephone set whefi‘one
line circuit 1s on hold and ringing induction
18 heard or the called party has answered on
the other line, A ringing local station is
indicated by a 30-ipm flashing line lamp.

2,06 If ar incoming call is not answered at
"8 _key telephone set, a time-out cir<’
cult will release the R relay in about 30 to
U5 secondd.” After time out, the R relay
wlll follow incoming ringing. ~

SECTION II - DETAILED DESCRIPTION

1. INCONING CENTRAL OFFICE OR STATION CALL
‘*"%%‘%5?'TEE%%EBﬁ%'§ET““"““"““"“
A _Ring-Up Circuit

éﬁdund ﬁiggigg -V Ogtiqn

‘1,01 Ringing current applied to the ring
of the lilne flows through & break con-

ii fﬁOﬁkiﬁG EiMITS e e s e e s
5. WUNCPIONAL DRSIGNA®IONS . ; . .
3. FUNCTIONS. . . . . . . . .

4. CONNECTING CIRGUITS . : ; . .

6. MARURACTURTNG -TEST REQUIRGMEITS .
7. ALARM INFORMATION . . . . .
SECTION IV - REASON FOR REISSUE. . .

éd and -Added Functions. .-, .

‘taot of relay AH, capacitor R, thermistor R
and on one-half cycle through .diode R to
_ qgrbund; The other half-¢ycle is blocked by
. -=*dlode R causing current to flow through the

~secondary of relay R to groung; -
 Bimted Ok g 1

SN T N NI - TR TRET SENC BT ST BT TC RS, BT I o N
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1.02 Contacts of relays A and AH shunt re-

lay H and varlstor H to bypass ringing
current preventing the estahlishment of a
false hold conditlon which might otherwise
occur when a number of ringers are bridged
across the station side of the line.

1,03 Thermistor R has a cold resistance of

approximately 50,000 ohms to prevent
false line slgnals from operating relay R.
Ringing current heats thermistor R reducing
its resistance to approximately 3,000 ohms
in about 1/2 second.
current flow to operate relay R on the half-
wave rectified current.

1.04 Relay R operated:
(a) Locks operated on its primary winding

under control of relay AH and the
time-out eircuit. .

() Grounds lead .TO starting time-out
timing, ’

(c) Connects 60-ipm lamp supply to flash
line lamp,

(d) Connects ringing supply to the common
_ringer of the key telephone set, 1f
provided,

1.05 Varistor Rl protects diode R and

thermistor R by providing a shunt path

far trans}ent currents,

Metallic Ringing - X Option

1.06 Operation of the circuit using metal-
1lic ringing return 1s the same as

for grounded ringing except that ring-

ing 'is returned to the tip of the line

instead of to ground., This arrangement 1s

designed to reduce noise due to cooling of

thermistor R and/or potential differences,

B, _Answering an Inéomigg Call.

1.07 An incoming call is answered by

- operating the pickup key associated
with the line being rung and removing the
handset from its on-hook condition. The
operated telephone switchhook and pickup
key extends the Al ground via lead A
operating relay A. =~ =

1.08 Relay A operated:
{a) Operates reley AH,

(b) Transfers the line lamp from 60 ipm
to steady. DDA

{c) Opens the_opérating prath of relay H.

(d) Prepares a patﬁ to operate relay W
via lead SG if the line circuit is

used as an add-on circuit adjunct, -

1,09 Reléy AH operated£

Ty

Page 2 ©

e

This permits a sufficient
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(a) Disconnects the ring-up circuit from
the ring of the 1line.

(b) Releases relay R silencing audible
ringing.

(¢) Grounds lead CO operating relay TO to
stop time-out timing.

(d) Prepares a path to transfer line
lamp from steady to 120-ipm wink
(H option),

1,10 With the handset off-hook and the
pickup key operated, tip and ring

.connectlions between the key telephone sta-

tion and the calling party are completed,

2, OUTGOING CALL FROM A KEY TELEPHONE
] STATION : _
2,01 Operation of a central office or
statlion line pickup key and removing
the handset from 1its on-hook condition ex-
tends the Al ground to the associated line
circuit via lead A operating relay A.

2,02

Relay A operated:

(a) Operates relay AH,
(b) Lights station line lamp steadily.
(c) Opens the operating path of hold
relay H, '
2.03 Relay AH operated:
(a) Operates relay TO preventing time-
3 ‘out timing,. ]
(v) Opens the operating and locking path .
of relay R, o
" (c) Prepares a path to transfer 1line lamp
. from steady to 120-ipm wink,
2,04 with the handset off-hook, central

A office dial tone will be returned to
the key telephone station with a central

" office line pickup key operated or switching
system 400 dial tone with a station line
pickup key operated, -

A, Key Telephone Station Holds Call
3,01 An 1néoming}or‘ot£gping'call may be
held by operating the HOLD key in’

the telephone set. This removes the ground -
from lead A releesing relay A.

3,02 Relay A released:

(a) Inéértq:relay'u in the ring side of
".the loop causing it to operate on
(b)'RémQVea battery from the siow releas-

. ing AH relay. '
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(c)

Transfers line lamp from steady to
120-ipm wink (H option),

(d) Opens lead SG to add-on circult, -if

provided.
3.03 Relay H operated:
(a) Reconnect battery to relay AH prior
to its release,
(b} Places a holding bridge across the
line.
3.04 Release of the HOLD key mechanically

releases the operated pickup key., The
key telephone station is disconneeted from
the held line. :

3.05 Varilstor H stabilizes the sensitivity'
of the H relay circult’ when subdected
to varying voltages.

B. Release of Holding Bridge

3.06 With the recelver off hook, re-
operation of the 1line pickup key
reoperates relay A,

3.07 Relay A operated:
{a) Transfers line lamp from 120-1pm wink
to steady.
(b) Removes relay H from the ring of the
line releasging it,
3.08 Relay H released removes the holding

bridge from the 1ine restoring the
talklng path,

b, DISCONNECTION
4,01

When a key telephone station digcon-
nects on an incoming or outgoing call
relay A releases releasing relay’ AR’ which
restores the circuit to’ normal '

K

5. OPERATION OF THE ADD-ON. CIRCUIT

5.01 A talking connection can be established

betweén the tentral office and'& local
station by a key telephone’” 8 atio when the
central office and étation Tine cgrcuits are
uged ag add-on ciﬁcuit adJuncts )

.5.02 After placing the centra office line
{or station line) 6n hold and opera-
ting the pickup key of the associated statlon
line (or céntral office line);’ thé ‘desireqd -
number 1s dialed. Tranhsfer may "pe compléted
immediately upen hearing ringing induction '
rrafter the ealled station answers
#. Brideing. the Station and Central Office
= Lines R

5.03 Operation of the transfer (TR} key on
the key telephone set grounds léad S6
operating relay W vla lead SG1 {with relay
A of ‘thé line eifcult used for dialing ¥
operated). The operated TR'key provides 8
shunting ground for relay Z upon the -

5.04 Relay W operated: - .

(a) Locks operated on 1ts secondary
winding,

(b) Prepares its release path over the
- primary winding.

(c) ?repares an operating path for’ relay Z.
(d) Prepares a locking path for relay Si.

(e) Prepares a path to cut through "the
¢entral office line tip and’ riné o

the l-2 winding of inductor TR uporj the

release of relay H (incoming) :

(f) Cuts through the central office line -

tip and rihg to the 1-2 winding of
indugtor TR and capacitors T -and R(put-
going)

(g) Shunts central office line. relay H
releasing it {incoming).’

(h) Transfers central office line lamp
from 120~ipm wink to steady" (in—
coming - option H). - :

(1) Provides an alternate lamp supply
** upon the release of central office
line ﬁelay A [outgoing)

5 05 central ogfice ling relay H reieased
» §1ne

{a 391@@89& relay AH.

p) ﬁemoves the central office line hold—
ridge“cutting thre 'gh the tip+
',ndhctor-@ﬁ an '

and Ping*to

hpaé"_ors

5,9? Relay Z operated-

(a) Pregares a release Ea h for relay W
nder can re ‘of 5y teleph _

R I N N

*4ﬁwtowmc%mTa‘:

(b) Cuts through he station line tip -ang.
a R (i Eoming )

: stat 6h 1ine t
tors T and” R up n the release or
ﬁ{mﬁmhm} :

“and’ ring’ to capaci-
iay”

) Shunts station line relay H releasing
Dige {outgoing) :

5,08 BStation line relay H released (out-
SRR vgoing)i v
* {2) Beleases relay-dH.. . oo




CD-69U466-01 - ISSUE 2D

(b) Removes the station line holding
bridge cutting through the tip and
ring to capacitors T and R.

5.09 Upon cut through of the station line,

relay S8 in series with diode T pro-
vides answer supervisilon and diode W in
series with the 3-4 winding of inductor TR
provides a holding bridge for the Junctor.
Qutgoing Call or Incoming: Local Station
Ariswered

5.10 With vrelay Z2 and reiays A and D in

the Junctor circuilt operated, relay
S operstes on line current. Relay S
operated operates relay S1.

%.11 ‘Relsy 81 operated:

(a) Removes the 3-4 winding of inductor
TR from the circuit.

(b) Places the primary winding of relay W

in serles with diode ¥ across the
gtation side of the line for disconnect
supervision.,

(e¢) Locks operated under control of relay ¥W. .

{d&) With relay Z operated, provides an

" alternate lamp supply upon disconnect
of the key telephone station (incoming)
or the release of station line relay AH
(outgoing)

Incomingz Local Station Ringing

5.12 With the 1ocal station ringingg relays

8 and 81 are released. Relay 31 re-
leased flashes the statlon line lasmp &% 30
ipm upon the release of the key telephone
station.

5.13 When the called station answers, Juac- -

“$or .velay D operstes. This reverses
battery and ground, operating relay 8»

8 operated operates relay 819-
5.1% Relay 81 opeérateds: . .

(a) Removes the 3-4 winding of 1ndgctor
. TR from the eircuit, -

(b) Places the primary windiag ef reley W '
in series with diode ¥ scross the e

gtation side. .of the liae for éisconneet

euperviaien.-'

, m'(c) Locke operes

(d) ﬂ;ﬁh rele{ z eyeyetea; %?@ﬁeger the

L #tation lin

:t to steady ef %ne key gtation %
‘nected. _

5915 Hith releys Z snd . ¥ oge?eted and 1ine
"pelay H raleased, the. central office
., and station line circults are bridged. by .
.capacitors T arid B eetabliehing e talking
-path between the cenural ofrice a@ﬁ 1ccae ﬂ

8 _diaecn» _

station ~parties.

B. Key Telephone station Disconnects

5.16 The key station may diseonnect after
: “the release of the TR key. Upon :
disconnect; reley A of the line circuit used

‘for diml tone relesses releasing relay AH. e
. Relay &H released will release relay TO if

no -other line circuit relay AH is. operated.

C. Dieconnection of Extended Call

. Relay

ef relag H,‘

e lemp fiGn 50-ipn flashing ¥

Automatic Disconnect _

5.17. ¥hen the local atation hangs up, Junctor
relay A or D releases. This reverses

battery and ground to the station side of -

the add-on circuit, releasing relsay S.

Diode W permits current to flow through the

primary winding of reley W.. This overcomes

"the secondary winding current effect
_ releasing relay ¥,

5.18 Relay W releasea~ ‘_’»‘ 9.7 .

(a) Removes the 1-2 winding of inductor

" TR and capacitors T and R from the
central office line circult resulting in
the'weleaae of the central office.,,
(b) Extinguishes the central office 11ne

(e) Releases reiay.e
(a)
(e)

Releases relay'z;

@nens the paths through its primary :
_and eecondary windinga.---:

(a} & tip &ﬁd ring towarde e’
seation line. releasing any operated
dunetor circuit reiays. S

lay’ relesased,

P , /;
“1ine éireuit 18 normal., ‘_
.the st

; gentral .
elephone station re-
ireuit and notifies Ve
that they areé going .
omentarily operates \

pund” on- ﬁhe Sﬂl{lead via operated
'1 ley'ﬁ and:- key TR shunts down relay
2asing 1t R _

releasedg;_uf5
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(a) Opens the tip and ring toward the
central office line circuit,

(b) Releases relay Z.
(c) Opens the locking path of relay Sl.

5.24 Relay Z released opens the tip and

ring toward the station line circult
releasing relay S. Relay S released re-
leases relay S1.

5.25 Relay W released will release the

central office or relay Z releassed
will release the Junctor circuit depending
on which line circult the key stations re-
entered to force the disconnect.

6. TIME QUT

6.01 The operation of relay R in any line
circuit grounds lead TO to complete

a path through the heater winding of relay

TO to battery. If the call 1s abaridoned or

relay TO is not operated within 30 Beconds

the thermal contact operis, opening the

locking path of relay R.

6.02 Relay AH of any line circuit operated
operates relay TO. Relay TO gperated

removes battery from the heater winding

preventing time out.

7. MISCELLANEQUS

A. Btation Busy Lamp

T.01 Removing the handset from its onh-hook

condition groiinds lead BL to light
the remote station busy lamp. Dicdée LP
prevents relay A firom being held operdted
when the statlion busy lamp is coitected to
a 20 volt supply. '

B. Station Make Busy v

7.02 The operation of central office iine
relay R operates relay MB mssoclated
with the key telephohé set aving the
Erimary appeatrance of the central office
ine.

7.03 Relay MB operated:
(2) Golnds lead T0 stérting time-out
( )'t{mggg. ' ¢ '

(b) Switches a local station agsociated

with the key telephorne set fyom
assighed to unassigned caiising i{ to
appeat busy to the marker.

(c) Lights the station lamp and 1ts
“multiples if required. '

7.04 Operation of the central office pilck-
F - up kEy holds the MB relay operated
- via 1gal A upoh the releasé of relay R of
f;'?P?P%ﬁgé‘fé.'~\§E of an outgoing call. The
;,'d{@iﬁﬁ,bh'ofhré

.”t”m£hgk" o : .

by Mif atops the timeout . & (5] ey Telé
R S et R :: §ﬁa‘;§1”

SECTION' IIT - REFERENCE DATA
1. WORKING LIMITS
1.01 Lines

See 1A and 1Al key telephone systems
range charts. : :

1.02 Voltage Limits (from SS400 power
supply circuit).,

45-52v DC
75-105V AC
7-11v AC
2. _FUNCTIONAL DESIGNATIONS
Desighation Meahing
A Control _
AH Aux. Cohtrol
R Ring Up
H. Hold ,
T0 Time Ouf
Z Sta. Conriect
W Co. Conrect
R Statiofi Answer
81 Auk. Station Answer

MB Make Busy
3. FUNGTIONS
3.01 fTnis eircuit provides rort
(a) Fiabhing vistal signais oh inconing

calls.

{b) Commohi apdible interriipted ringing
. at key teleplone sets:

{c) Bteady visual signaid to indiecate
buay 1lines. ;

(4) Winking visual s1gnals oh heid cails.

(e) Cofiigching oubslde central sriice
" lines with any lokal Btation.

(f) Key station foroing dissonnect of
1-~ﬁ0ﬁﬁ¢¢P§ﬂ.étation to cénttral office
call ir gesivedas = . ,

(&) MBkifg iosal sbabiohs busy when & |
(B) MEntne, tooel ot e 1 SE1sed 3t the

local station ant céntra] orfice ilhe
8ppesr on the samb key telephone set.

(h) Heioving the station busy.condition -
.. when the central office 1iheé 14 to be
connected to & local stétion.

b CONNBCTING CIRCUTTE
.01 typieal conmbeting eircuits:

(a) Line, Link and Connector Clredit -
‘8p-69u69-01. . . .. o oL

photie Systen No: 161 = Key .
Telephivnie Clreuit = 8D-69219-01.
: O PhgEE
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(¢) Power Su 1y Circuit - SD- 81577 01
or SD- 659 3-01.

5. TAKING EQUIPMENT OUT OF SERVICE

5.01 Block (Z) and (W) relays down -
blocking tool if circuit is not~
assigned. ,

6. MANUFACTURING TEST REQUIREMENTS

6.01 This circuilt shall be capable of per-

forming all the service functions
described hereln and meet the requirements
in the Circult Requirement Tables.

7. ALARM INFORMATION

Fuse Alarm

7.01 An operated fuse supply the key tele-

phone line and add-on clrcuit is
indicated by a major alarm at the Plant
Service Center 1f alarm transmitting features
are provided and 1n any case a visual sig-
nal will be given locally.

.T.02 The operated fuse must be replaced or
removed to restore the alarm circuit
to normal.

SECTION IV - REASONS FOR REISSUE

A. Changed and Added Functions

A.1 Making local stations busy when a
central office line is seized if the

local statlion and central office line

appear on the same key telephone set.

A.2 Removing the station busy condition
when the central office line is to be
connected.to a local station.

.

B. Cheégee in Apparatus

BELL TELEPHONE LABORATORIES, INCORPORATED

{WECo 7760HW-AEK-JGW)
. DEPT 5337 RA :

B.1 Added:

‘Relay (MB) 1/2 AKT Fig. 5

Diode MB LUeF E Option Fig. 5
_ Diode (M) LU6F Fig. 6 . : v
D. Description of Chenges AU S

D.1.-6n sheet 2, notes 102 and 104 are
revised and notes 202, 203, 304, 305,
and 306 are added.

D.2 On sheet: 4 wiring B is designated end
rated Mfr. Disc. and options E and G

are added to provide an isolated ground -

when relay R operates or a central office

line pickup key 1s operated when the station

make busy feature is provided. . Diode 'MB /—

isolates the central office line circuit A

leads. 5

A

' D.3 On sheet 4, minorAedffectione are'made

D.4 On sheet 5, App. Figs. 5 and 6 are added

D.5 On sheet 6, Sequence Charts are revised,
minor corrections are made and a sheet
note 1s added. : .

D.6  On sheet 7, relay MB requiremente are
added to the Circuit Requiremente
Table.

D.7 On.sheet 8, CADS 1 ahd 2'are'revised. .
D.8 oOn sheet-g,-qAD 3iisfrgviged.g.u$

D 9 Sheet 10, Fsu 18 added-

sk

D 10 Sheet 11, CAD'e 8, 9 end 10 efe added.:
" D.11 Sheet 12, CAD's 11, 12, anq L3ﬂare

added.‘

: (ii%" ;f;e
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"CIRCULT. DESCRIPTIO

© . $TATION SYSTEMS
‘SWITCHING SYSTEM NO. koo

‘AUXILIARY RELAY. CIRCUIT K
; FOR DIRECT STATION SELECTION
T FROM STATIONS :
: CHANGES | R P
: CD. Description of Changes
D 1 ‘on sheet ‘1, the sheet index is
e s brought up to date.v.m. .
S fn 2 “on sheet 2, CAD 3 is rated A% M ’
e vfn 3 ‘on sheet I, eap L is rated A & M
S e Only. - Minor corrections eare made
ST c..on CAD' 8 and 9. _
Lt 1n_u Sheet 5 and CAD's 10 snd 11 '
R ©wiso - (replacing CAD's. 3 .snd b res-
B pectively) are added. B _
BELL TELEPHONE LABORATORIES, INCORPORATED i" )
(WECo 2laouw-ano-wnx) o L
EPI‘ 5337 LAH . e

.. ‘Printed in U.8.A. 1’%5;-






CIRCUIT DESCRIPTION S = CD-69U67-01
: ' ISSUE 1°

-~ APPENDIX 3D

~DWG ISSUE 4D

STATION SYSTEMS
SWITCHING SYSTEM NO. 400 -
AUXILIARY RELAY CIRCUIT
FOR DIRECT STATION SELECTION
FROM STATIONS

CHANGES

B. Changes in Apparatus .
B.1 Superseded Superseded by -

HD- Resistor HD- Reslstor

KS-13492,11,1210 KS-13492,1L1,1200

D. Description of Changes

D.1 Minor drawing errors are corrected.

D.2 The value of resistor HD- is

changed on a "No Record" basis to-
bring this drawing into agreement with
manufacturing drawings,

BEL!, TELEPHONE LABORATORIES, INCORPORATED

(WECo 7760HW-AELK-JGW)
DEPT 5337-LAH

: . IR Page 1
Printed in U,S,A. ' .- . 1 Page
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CIRCUIT DESCRIPTION CD-69467-01

Issue 1
Appendix 2B
Dwg Issue 3B
STATION SYSTEMS
SWITCHING SYSTEM NO, 400
AUXILIARY RELAY CIRCUIT
FOR DIRECT STATION SELECTION
FROM STATIONS
CHANGES
B. CHANGES IN APPARATUS
B. 1 Added:
HD diode 400J - Appendix Fig. 6 .
HD resistor KS-13492, List 1 - Appendix Fig. 6
D. DESCRIPTION OF CHANGES
D, 1 On sheet 1, the supporting information table has been revised.
D. 2 On sheet 2, Note 104 reference to Fig. 6 has been added.
D.3 On sheet 2, under Equipment Notes 201, a reference to option EA has
been removed.
D. 4 On sheet 3, the addition of diode HD- and resistor HD- has been made
in FS1 to provide a hold value of current to the supervisory relay in
the connected junctor under the following conditions:
(a) The called party has answered.
(b) The calling party has a direct station selection key depressed.
This modification prevents false disconnection if a direct station selection
key is held operated after the called party has answered or if this key is
depressed accidentally when connected to a station.
D.5 On sheet 3, Note 2 has been added under sheet notes relating to the
use of relay contacts for mounting pigtail-type apparatus.
D. 6 Cabling Dié.grams No. 8 and 9 have been revised to conform with
station system practices. .
BELL TELEPHONE LABORATORIES, INCORPORATED
DEPT 5332-PB-HFH
j
Page 1

Printed in U. S. A. : 1 Page







CIRCUIT DESCRIPTION CD-69467-01
Issue 1
Appendix 1-A
Dwg. Issue 2-A

STATION SYSTEMS
SWITCHING SYSTEM NO, 400
AUXILIARY RELAY CIRCUIT
FOR DIRECT STATION SELECTION
FROM STATIONS

D. DESCRIPTION OF CIRCUIT CHANGES

D.1 ‘This circuit is belng reilssued to change

the 5 or 8 transfer contact on the K re-
lay to 3 or 10 to elimlnate an undesilrable
sparking condition.

BELL TELEPHONE LABORATORIES, INCORPORATED

DEPT. 5332-AEG~HFH-MR

Page 1

Printed in U,S.A. 1 Page
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400

AUXTLIARY RELAY CIRCUIT
FOR DIRECT STATION SELECTION
FROM STATIONS
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SECTION I = GENERAL DESCRIPTION

1. GENERAL METHOD OF OPERATION

The purpose of this circult 1is to pro-
vide a means whereby a station arranged for
direct station .selection may originate a
call by lifting the handset, listening for
dial tone, and momentarlly operating a key
corresponding to the number of the station
or trunk being called.

Each line arranged for direct station
selectlion willl have assoclated with it a
K and an SC relay. The telephone set in
additlon to the usual dial; will be equipped
with a DSS key for each station or trunk it
is desired to reach by this method. Each
key will be wired, to reach a particular
two digit directory number by appropriate
connections of the T and U diodes. The
switching equipment is arranged for direct
station selection by stations by assoclating
RC, PR, and DSC relays wlth each dial pulse
register.

To originate a call by direct station
selection the handset should be lifted from
its cradle and the switching equipment
will connect a dial pulse register to the
line in the usual manner. After dial tone
is heard, a DSS key should be operated.

The key in operating will operate the K re-
lay which in operating will signal the reg-
ister over the tip conductor that a DSS call
is being originated. The register will then

‘operate the SC relay over the tip conductor.

The SC relay in operating will connect thru
the tens and units diglt leads to the reg-
ister. The tens and units digit leads cor-
responding to the operated key will be
grounded and operate the appropriate tens
and units digit register prelays in the reg-
ister. The SC relay in operatling will also
signal the register that the digit.informa-
tion is being passed and it should call the
marker to complete the connection in the
usual manner. .

When the K relay operates, the RC re-
lay assoclated with the connected reglster
will release allowing the PR relay to operate
which operates the SC relay over the tilp
conductor and DSC relay 1n local circuilb.
The PR and DSC relays for both registers are
interwired so that only the PR and DSC re-
lays assoclated with on register may be op=-
erated at one time. The purpose of this is
to prevent interference between two simul-
taneous DSS calls.

Page 1
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SECTION II - DETAILED DESCRIPTION

1. ESTABLISHING A DIRECT STATION SELECTION
CALL '

When a station equipped for DSS re-
moves the handset to originate a call, the
station switchhook contacts complete the
operate path of the associated llne relay
in the line cilrculit and the marker sets up
a dlal tone connection to the reglster.

When the Marker functions to operate
the register hold magnets HM-8 and HM-9 and
closes the crosspelnts to the linkage, the
station short through normal contacts of the
K relay, normal contacts of the PR(0-1) relay,
the winding of the RC(0O~1) relay and the
winding of the L relay in the register will
operate both the L relay in the register and
the RC({0-1) relay.

After hearing dial tone the associated
DSS key for the called station will be de-
pressed. This key in operating (1) grounds
the assoclated T(-) and U(-) lead for the
called station and (2) operates the X relay.
The K relay in operating (1) transfers the
winding of the L relay in the regilster to
the tip side of the station telephone set
to a make contact of the K relay tc¢ hold it
operated, (2) removes the battery that oper-
ated the RC(O=1) relay releasing it and
(3) prepares the operate path of the SC re-
lay. With the RC{0-1) relay released and
the ON in the Register cperated, ON battery
is extended through normal contacits of reg-
ister relays and operates the PR{0O-1) relay.

The (PR(O~1)) relay in operating
(1) connects positive 48 volit battery to the
tip side of the line which through a make
contact of the K relay and the SC diode
operates the SC relay, (2) further opens
the operate path of the RC({0-1) relay,
(3) extends register ground through its
make contacts to operate the DSC(0O-1) relay
and (4) through a break contact opens the
operate path of the PR(0-1) relay assoclated
wlth the other register to prevent both
DSC{0-1) relays from operating, so that 1f
two stations originate a call at the same
time only one can pass the tens and units
information to the register, The SC relay
in operating extends the ground on the tens
and units leads to contacts of the DSC{0-1)
relay.

The DSC(0-1) relay in operating
(1) extends the ground on the T(~) and
U(~) leads to the register to operate the
assoclated TD(-) and UD(-) relays in the
register and (2) extends ON ground from’
the register through its make contacts and
shorted contacts of the SC relay to operate
the UD relay of the reglster and (3) through
its make contacts shunts the winding of the
PR(0-1) relay assoclated with the other reg-
ister to further prevent 1ts operatlion.
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The UD relay in the register operating
(1) operates the DC relay in the register
and (2) through a break contact opens the:
operating circult of the PR(0-1) relay which
releases. When the PR§0-1) relay releases,
the assoclated DSC{O-1) and SC relays re-
lease which in turn remove the ground from
the T(-) and U(-) leads to the register,
When the PR(0-1) and DSC(0-1) relays re-=
lease they prepare the operate path of .the
PRSO-lg relay in the other.register. The
PR{0O-1) relay 1n releasing through a break
contact restores the operate circult for
the RC(0-1) relay. '

When the DC relay in the register
operates, the Marker is called to complete
the call in the regular manner.

2. MISCELLANEOUS

The contact configuration and wiring
of the K relay 1s such that when it oper-
ates, the L relay in the register will be
held by a ground from the K relay contact.
The path  for this holding ground.is from
the K relay over the ring conductor toward
the telephone set, thru the telephone .set
and back over the tip conductor to the K re-
lay. At the K relay the holding ground '
crosses over to the ring conductor towards
the register. The purpose of this arrange-
ment 1s to conflne the unbalance on the tip
and ring conductors to the line section be=-
tween the K relay and the switchlng equip-
ment and thereby minimize crosstalk possi-
bilities.

Positive battery is used to control
the SC relays to prevent stations from
interfering with one another, For example,
1f the SC relay were permited to operate
from negative battery, the accldental oper-
atlion of a DSS key at a station connected
to a Junctor would cause the SC relay to
operate from battery on the ring from the
junctor. If another station were placing a
legitimate DSS call at this moment, in-
correct tens and units information would
get recorded in the regilster and a wrong
number would result.

SECTION III - REFERENCE DATA

1. WORKING LIMITS
1.1 Lines

The maximum external loop resistance
for satisfactory operation of {SC) relay -
125 ohms.

1.2 Voltage -Limits

Minimum Maximum
45 -52
+40 +60
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2. FUNCTIONAL DESIGNATIONS

The functibnal meaning for the relays
of the auxlliary relay clrcult are given in
the following table.

Relay Functional
Designation Meaning -
Dsc (0-1) Direct Station

Connector

K Key
PR(O~-1 Priority
RC(0-1 Reglster Control
SC Station Connector

3. FUNCTIONS

The auxiliary relay circuit 1s de-
slgned to perform the foilowling functions:

3.01 —To connect a calling staetion line to

a dlal pulse register and permit a
statlon o complete a call by direct sta-
tion seiection, :

3.02 To extend ground over the units dialed
leads to operate the units dialed
(UD) relay in the register.

3.03 To extend a ground on the tens and

units leads to the register circuit
to operate assoclated tens dlaled and units
digit dialed relays.

3.04. To give priority to a reglster and

allow only one direct station se-~
lection type of call to be processed at one
time.

3.05 To prevent interference between sta-
tions originating direct statlon
selection calls simultaneously.

BELL TELEPHONE LABORATORIES, INCORPORATET

DEPT. 5332-PB-HFH-ML

4. CONNECTING CIRCUITS

When this circuit is listed on key~
sheet, the connecting information thereon
is to be followed.

4.1 Line, Link and Connector Circuit -
Sp-69469-01,

" 4,2 Dial Pulse Register Circuit -

'SD-69470-01.
5. MANUFACTURING TEST REQUIREMENTS

The auxlliary relay circult shall be
capable of performing all the functions
specified in thils circult description, and
meeting all the requirements of the Circuit
Requirement table,

6. ALARM INFORMATION
6.1 Fuse Alarm

An operated fuse supplying the auxil-
lary relay circult is indlcated by an alarm
at the plant service center, 1f alarm trans-
mitting features are provided, and in .any
case, by a visual signal locally. Replace
the operated fuse to silence the alarm and
extinguished the visual alarm signal.

SECTION IV - REASONS FOR REISSUE
CHANGES-

D. DESCRIPTION OF CIRCUIT CHANGES

D.1  The fuse for the +48 Volts as speci-
fied in Circult Note 101 is changed
from 1-1/3 AMP. to .180 AMP,

D.2 This 1is changed on a no record D
basls as no units have been built,

Page 3
3 Pages






CIRCUIT DESCRIPTION

STATION SYSTEMS
SWITCHING SYSTEM NO. 400
MARKER CIRCUIT

CHANGES

D. Description of Changes

'D.1 On sheets A3, B2 and G1,
lead designations RCO and RC1

are corrected to read RCGO and RCG1

respectively, !

D.2 Sequence charts SCl, SC2, and
SC9 are revised.
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SECTION I - GENERAL DESCRIPTION
1. GENERAL METHOD OF OPERATION

This circult provldes means for estab-
lishing dial tone connectlons for statlons
and trunks {associated with universal line
circuits) to dial pulse reglsters, and talk-
ing connections between two stations, two
trunks (assoclated with universal line cir-
cults), or between a station and a trunk
(assoclated with universal line ecircuits)
through the crossbar switches.

The trunks are arranged so that they may
be dial selected for outgolng calls by dial-
ing a single diglt code. Incoming calls on
a tie trunk reach the dlal pulse register
and a connection to any statlion or another
trunk may be established by dlaling from the
distant point.

‘Regular station lines may be arranged
into one=way or 2-way hunting groups or in
combinations of both types but with the re-
striction that all stations in a hunting
group must be within the same tens group.

The universal lines may also be arranged into
similar hunting groups. '

~ The removal of a handset from a station
switchhook or an incoming seizure signal
from & tle trunk will signal the marker to
set up a dlal tone connection to:the atation
or trunk., The completion of dlaling into a
dlal pulse register will signal the marker
to set up & connection between the dlaling
station or trunk and the station or trunk
corresponding to the dialed number.

The marker will only process one call at
a time. To cope with simultaneous blds for
1ts services & gating and preference arrange-
ment is provided. When the marker 1z idle
the gate is open. One call or a group of
simultaneous calls for the marker will close
the gate and the marker will proceed to
process each register bid, one bid of a trunk
or station in the universal line group, one
station bid in the 20 to 29 tens group, and
one bid in each of the higher numbered tens
groups in ascending order untll all groups
have been accommodated,

. Only the greup in which a bld was ad-
mitted while the gate was open wlll be
gerved. Once a group has registered a bld,
however, individual blds within the groups
which are originated before the group 1s
served will be recognized. The statlon or
trunk which is actually served is under con-
trol of a units sequence circult in the
marker. When both registers are busy the

-marker will stop serving the statlon and
trunk groups and walt untll a reglster has
been served, thereby making the register
available again before proceeding to serve
the next lower line preference group.

ISSUE 2D,

SECTION I

The units sequence circult in the marker
also controls the order of preference in the
selection of junctors and lines in a hunting
group under call terminating conditions.
Other sequence control circuits control and
change the order of preference for the selec-
tion of link groups and links within a group.
A reglster allotter clrcult is also provided
to equalize to some extent the use of the
two registers.

The marker contains a timing circult
which starts functioning at the beginning
of each marker usage. If a blockage occurs
and a connection is not completed within an
interval of time, the processing of the call
18 restored to its iniltial stages and a
second trial is made. If the connection is
not completed on second trial within another
interval of time, the marker wlll attempt
to provide a connection to the busy tone
trunk to return busy tone to the calllng end.
If this cannot be completed in another time
interval, the marker will trouble release
and restore to normal. If the call blocks
and the timing circult ltself falls, a sec-
ondary timing cireult utilizing the pickup
(PU) and time=-out (TMO) intervals in the
PBX interrupter will initlate a trouble re-
lease in this circult and indicate an alarm
condition to the Alarm and Test Circult.

Connections to a Call Progréess Indicating
Circult are provided so that it may be used
to assist in the analysis of marker opera-
tion for malntenance purposes.

2, GENERAL FUNCTIONS

2,1 Dial Tone Connection

Whnen a PBX statlion 1lifts the receiver
to make a call, the line relay in the line
eircult operates. The llne relay operated,
passes the tens and units ldentlty of the
calling station to the marker. All calls
desiring service compete for the marker.

The tens selection cireult of the marker ac-
cepts the tens informatlon and allows only
cne call =% a time to be processed., Lines
and registers ars assigned a location in the
tens preference chain and simultaneous calls
are gserved according to that location.

(Wnen no more registers are available, the
marker stops processing dial tone connections
untll it can serve a reglster, thus freelng
1t for anotner dlal tone connection.)

When an originating line has been glven
preference, the tens connector for the group
of lines in which that svation ls located,
operates. The tens connector operated al-
lows the units information from the line re-
lay to be extended to the units selection
cireuit. All stations in the preferred group
which are desiring service will pass units
information to the units selection circult,
However, only that line which has the highest

=4
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units preference in the group will be served
at this time, The 1line hunting e¢ircuit ge-
termines which line will be served.

. The opération of the tens preferance
relay also signals the reglster control cir-
cult to connect an idle dial pulse reglster.
The register control ¢ircuit connects a reg~
lster and directs the link test circult %6
find an idle link,

When an idle 1ink has been found, the
select magnet control cireuit operates the
select magnets ¢orresponding to that link
and slgnals the register control e¢ircult and
the line hunting c¢ircuit to operate the hold
magnets assoclated with the selected dial
pulse register and with the calling station.
The statlon 1s thereby ¢onnected to a dial
pulse register.

The line hunting ¢ircult functions to
_check that the reglster is holding the éon-
nection to the station, then signals the
‘route control circuit to release the marker,

2.2 Call Terminating Connegtidns

2.2.1 General

When the dial pulse reglster has re~
cedved all the dlaled. informstion, it sig-
nals the marker for service., The tens
selection éilrcult recognizes the register
request for seprvide and passés the 1nfor-
mation on to the tens preference circult.
The registers have the highest preference
in the marker and will be served before any
lines which may .have driginated calls at
the same time a reglster requésts service,
Ordinarily; -the markér will &ontinue to
serve lines which wewve waiting when the
reglster calléd.  Howdver, if the maPker
should encoéunhter an &li-reglsters-busy con«
dition, 1t will serve & waltlng register
first 4n ordei to frée thit regilster for
-another dial ftoné edll

2.2.2 Station lLine to Statlon Line

When the register has been glven
preféerence, the réglater preference relays
operate and connect leads from the register
to the sequénce control eircult over which
passes information that a Junctor will be
required, The sequence control ¢circult re-
quests the line hun¥ing clreult to flnd an.
idle junétor. When an fdle Junctor hasd been
found, its identity 1s #tdred on the Junctor
register relays and thé séguence control
circuit advances to operate the reglster
connector relays of the téns conngetor cir-
cult to gignal the 1ink test eircult to fine

an idle Iink.

The reglster dopnectodr relay operhted,
allows the tens and unlts ldentity of thé
called station to he transmitted to the

SECTION I
Page 2

marker. The tens connector relay, corre-
sponding to the tens diglt of the station,

13 operated and the units relay of the units

seleetlon cilrcult, correspondlng to the units

“diglt of the called statlon, 1s operated.

The line huhting cirecult then tests the
g8leeve of the called 1line to see if 1t is
1dle.

_ _ When the link test e¢lrcult hss found
an idle 1ink, it signals the select magnet
gontrol cireudt to operate the select mag-
netd corresponding to the selected link,
The sé¢lect magnet ¢ontrol circuit then sig-
nals the llne hunting circult to operate
the hold magnet assoclated with the called
station (assuming 1t is 1dle) and to oper-
ate the terminating hold magnet of the
seleéted Junctor:

The line hunting circuit functions to

. check that the Juretor 48 holding the called

line and then signals the gequence control
cireuit to'advance from the terminating to
the originating part of the call., The se-
quence contrdl elrcult, in advancing, re-
gtores the terls ednnéctor, the unlts selec-
tion, :the line huntiiigy. the link test, and
the selee¢t magnet:&6ntrol ¢irecuits.

The sequende control clrcult then sig-

nals the register control ¢ireult to oper-
ate the séledt magnets dorresponding to the
link to which the calling 1ine and the dlal

pulse reglster are connected, ' The sequence

control circuit &4lso signals the line hunt-
ing circudt to operate the originating hold
magnet of th2 seled¢ted junctor. The line
and trunk huriting circult then checks that
the Junctor 18 holding the originating sta-
tion, and signals the route control circuit
to release thé marker, The route control
circult dilgnals the registér control clreult
to rélease the dlal pulsé register, and the
route control eireudt restores the marker to
normal. '

2,2.3 Station Line to Trunk -
Mhen a veglster calls for the marker

and desire& to connect .the calllng station
to & trunk {connédted.to.a universal line

“eireult), the tens preference relay connects

leads from the register to the sequence cone
trol circult over which passes Iinformation
that a Junctor will not be regulred. The
gequence control circult then operates the
Pégister connector relay in the tens connec-
tor circuilt and signals the register control
cireult to operate the select magnets asso~
ciated with the line to which the calling
statlon and the register:are connected,

The register connector relay allows
thé identity of the.called brunk group to be

~transmitted to ‘thé marker, operating the cor-

responding relay in the tens ¢onnector cir-
cult, Units informatlion'is also transmitted

ST
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from the register to operate the units selec-
tion circuit. By means of the H terminal
strapping in the units selection circult,
units relays corresponding to all the trunks
in the desired group are operated. The units
selection circuit then signals the llne hunt-
ing eircuilt to select an 1dle universal line
assoclated with the trunk.

When an idle trunk has been - .y bhe
line hunting circult operates the . . .. mag-
net assoclated with universal line snd checks
that the trunk is holding ths connsction.
Then the line hunting c¢ircuit slgnals the
route control circult to release the marker.
The route control cilicult signals ti.e reégls-
ter control circuit ts releage the register,
then restores the mar

“ter +to normal,
2,2.4 Trunk to Station Line

When a reglster calls for the marker
and deslires to connect a calling trunk to a
station line, the tens preference relay con-
nects leads from the reglster to the sequence
" econtrol circuilt over which passes information
that a Junctor will not be required. The se-
guence control clrcult then operaves the reg-
ister connector relay of the tens connector
eircuit and signals the register control cir-
cuit to operate the select magnets associated
with the link to which the calllng trunk and
the register are connected.

The reglster connector relay operated,
allows the tens and units identlty of the
called station to be transmitted to the
marker thus operating the corresponding tens
connector and the corresponding units relay
of the units selectlon circuit. The unlts
selection clyeuii. then signals the line hunt-
ing circult to te. the sleeve of the ~»!.zd
station to determi if 1t is idle.

The 1line hunting clrcuit then cperates
the hold magnet agsoclated wlth the called
statlion. (1f it 1s idle) and checks that the
trunk is holding the connection. The line
hunting circult then signals the route con-
trol eircuit to release the marker. The
route c¢control circuilt signals the reglster
control eilrcult to release the register, then
restores the marker to normal.

2,2,5 Tiank to Trunk

Whei a reglster calls for a marker
and desires to connect a calling trunk to
another trunk, the operatlion is generally
__the same as when it connhects a calling sta=-
tion to a trunk.

5.3 Called Station Line Busy:

When the line hunting circult tests a
station line and finds it busy, the hunt con-
nector relays of that cireult operate to test,
in case the line is in a hunting group, 1if

- ines in the hunting group are ldle. If
z :.3le line 1s found, the marker proceeds

i+ :omplete the call to that line. If all
lines in the hunting group are busy or if the
called line is-not in a hunting group, the
route contfol ¢ircuit functions with the line
and trunk hunting circult to verify that the
called line is busy. If the llne busy 1is
verified, the marker connects the calling
statlion to a busy tone trunk.

2.4 Paths Busy
2.4,1 All Iinks Busy

If all links are busy when the marker
tries to connect a station line or a trunk
to a dial pulse reglster, the link test cir-
cult signals the unlts selections clrcult o
abandon the call., This marike 2ction wiias
be repeated on successive calio untll a link
becomes idle.

If all links are busy when the marker
tries to complete a call from a dial pulse
reglster, the link test clrcult will signal
the route control circult to complete the
call to a busy tone trunk. The link used
for this ¢onnection 1s the same one that con-
neécts the calling station or trunk to the
reglster.

2.4,2 All Trunks Busy
If all trunks in a deslred group are
busy, the line hunting circult signals the
route control eircult to complete the call
to the busy tone trunk.

2.4,3 Busy Tone Trunk Busy

If the busy tone trunk ls busy, the
marker, through the line hunting circult and
the register control circult, signals the
register to return busy tone to the calling
customer and releases.

2.5 X~pandoned Calls

.. a station line or a trunk starts to

_ & call, then disconnects before the ..
sxer can connect it to a dlal pulse rege:
1gter, an abandoned call condition is pre
sented to the marker. The marker procee
normally up to units selectlon, but, 8
the calling party has already disconne
no units information will be:avallab
units selection circult recognizes P
an abandoned call and signals-th

If the abandonmént. egcurs after the

units information ha n identifled, the
marker timing circuitifhtist advance to "no
connection" before fiie marker restores to

normal via the abaiidoned call route.

SECTION I
Page 3
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2.6 Marker Time-Out

2.6.1 Second Trial

As soon as the marker 1s selzed, the
advarice, time-out,and release circult starts
timing the marker. If the route control
circult has not released the marker withln
a short time, the advance, time-out, and re-
lease circult functions to advance the mar-
ker to second trial. The marker 1s restored
to 1ts call start condltlion and the sequence
circults of the line and trunk hunting cir-
cult and the select magnet control circult
are advanced.

2.6.2 No Connection

If the marker is unable to complete
a connection on a second trial before the
advance, time-out, and release circult func-
tlons for the second time, the route con-
trol circult is directed to complete the
call to the busy tone trunk, and the marker
1ls restored to normdl.

2.6.3 Normal Trouble Release

If the marker 1s unable to complete
the call to the busy tone trunk before the
advance, time-out, and release circult func-
tions for the thlrd time, the marker is re-
leased and the marker proceeds to serve the
next lower preference tens group.

2.7 Time-Qut Check

The time-out check circult functilons
to exercise the advance, time-out, and re-
lease cilrcult every time the marker com--
pletes a call to the busy tone trunk. When
the marker becomes 1dle after completing a
busy tone call and having finished serving
all-calls within the gate, the time-out
check circuit holds the marker busy and ex-
ercises and checks the advance, time-out,and
release circuit. After it has completed
its check, the time-out check c¢ilrcult re-
leases the marker and locks 1tself out of
action until the busy tone trunk has been
used agaln.

SECTION I
Page 4
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2{8 Permanent Signals

2.8.1 Before Dlaling

A station handset removed from the

~ switchhook by mlstake, or crossed tip and

ring leads will cause that statiaon line to
be connected to a dlal pulse regxgter. If
no dialing, or only partial dialihg is re-
ceived by the reglster, the reglster will
time out.

7™ the station line remains off-hook,
1t will be reconnected to a reglster and
the register will again time out. This
action continues untlil the line hangs up.

2.8.2 After Dlaling

If a called station line or tie
trunk remalns off-hook after the calling
end disconnects, the connectlion will re-
lease and the statlon or tie~trunk willl be
connected to a dlal pulse register. If a
calling station line or tie trunk remains
off-hook after the called station line or
tie trunk disconnects, the line or trunk
and Junctor used in the call will remain’
busy to other calls.

2.9 Alarms

A bpack up trouble release arrangment
has been provided in the Alarm and Test
Circult to release the marker, 1f 1t cannot
release under a normal trouble release con-
dition, due to trouble in the timing circult.
With the MTA and MIB relays operated, a cir-
cult 1s prepared to operate a PU and TMO re-
lay in the Alarm and Test Circuit under con-
trol of the interrupter in the Power Supply
Cireult. If after 7.5 to 15 seconds the
marker has not completed its function or not
released, the TMO relay in the alarm cilrcuit
will operate and cause the RLS and RLSA re-
lays in the marker circult to operate and
trouble release the marker, which restores
it to normal. When the TMO relay operates
it wlll also operate the alarm relay in the
Alarm and Test Clrcult to bring in an alarm
lamp and, if provided, an alarm at the plant
service center.
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SECTION II - DETAIIED DESCRIPTION

1. ESTABLISHING DIAL TONE CONNECTIONS

1.1 Station Dial Tone Connections

1.1.,1 Station Requests Service

When a local statlon customer lifts
& handset to make a call, the switchhook
contact in the telephone set closes the loop
to operate the assoclated line relay in the
line circuit,

Assuming there are neo other rveguests
by lines or registers for marker service,
the line relay, in operating, will operate
a tens (T-) relay corresponding to the tens
group in which the origilnating station 1s
located.

The operation of any T- relay will
operate the tens end (TEO and TEl relays)
The TE relays, in operating, will: (&) pro-
vide a locking path for the operated Te re«
lay, (b) open the operating paths of all
other T- relays, (c§ start the marker timing,
and (d) close paths for operating the prefer=
ence relays.,

With the TE and one T- relay operated,
the assoclated tens preference (TP+) relay
will operate. Any TP~ relay operated will
operate the tens auxiliary connector (TAC)
relay. The particular TP- relay operated
wlll operate the assoclated tens connector
(TC-), (TCA-) relays in the Line, ILink and
Connector Circuit. The TAC relay operated
will: (a) operate the line units connector
(LUC) relay and units lock (UL) relay to
start units selection and {b) operate the
register group (RG) relay to start link test-
ing and selection. The ILUC relay in oper-
ating also starts the abandoned call timing
as described in 4, The TC» relay in the
Line, Link and Connector Cilrcuilt in operating
will operate the select magnet connector
(sMC-) relay in the Line, Link and Connector
Circuit assoclated with the crossbar switch
in which the calling 1line is located. The
RG relay will operate the SMCO and SMCI1 re~
lays in the Line, Link and Connector Circuilt
which are associated with switches O and 1
in which the registers appear.

1.1.2 TUnits Selection

With the associated (TC=) relay in
the Line, Link and Connector Circuilt oper-
ated and the LUC relay operated, the units
(U-) relay corresponding to each operated
line relay in the tens group will operate
and lock to the operated UL relay. With the
TEQ, TE1l relays and TAC relay operated, the
operation of a U=~ relay will operate the
units end (UE) relay. The operation of the
UE relay will release the LUC relay which
stops the abandoned call timing.
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The operated U- and TCA- relays in
the Line, Link and Connector Circuilt connect
the primary winding of the assoclated sleeve
(S=) relay to the "S" lead of the associated
line circuit. The -48 volt battery through
the winding of the hold magnet (HM==) in the
link cilrcuit will operate the associzted S-
relay. In the case of a line in the univer-
sal group, the =48 volt battery through the
winding of the in (IN-) relay in the line
circuit will operate the S- relay.

With the UE relay operated, the oper-
ation of an S- relay will cause the sleeve
end (SE) relay to operate to complete the
units selectlion sequence.

1.1.3 Link Testing Selection

The operation of the RG relay will
cause the link start(LS and LSA) relays to
operate, which: (a) operates the link test
connector (LTC) relay, (b) starts the 1ink
shift timing which controls the shifting
of the 1ink testlng circuits from one group
to the other, (c¢) pulses the link group se-

uence and link sequence control circults,
?d) prepares & locking path for the link test

(LT)2 through LT9 relays.

The state of the transfer link relay
(TRL) will determine which of the two link
groups will be tested first. Assumlng that
the TRL relay 1s operated, the operation of
the LS relay and the LTC relay will connect
battery through Ll2 through L19 resistances,
through the primary winding of ILT2 through
LT9 relavs to ground. This wlll operate the
IT2 through LT9 relays if the associated
1links are idle.

If the 1link is in use, battery through
the 900=-ohm HM (or an IN- relay) to ground on
the sleeve circult of a junctor or universal
line circuit will result in ground on the"s-"
lead and will prevent the LT~ relay, associ-
ated with a busy link, from operating because
the LT~ relay will be shunted down.

Therefore, those LT2 through LT9 re=-
lays which are associated with idie links in
the group being tested wlll operate and those
associated with busy links will not operate.
All IT2 through LT9 relays that operate will
lock over the secondary winding, through an
operated LSA relay, 1lts own contacts and
through the 1link end (LE) relay to ground.
The operation of any LT2 through LT9 relay
will: (a) operate the LE relay, (b) open the
operating path for the link busy (IB) rela
thus halting the link shift timlng, and (c§
with the TRL relay operated will prepare a
path for operating select magnet (SM) on
switches O and 1 and the switch in which the
calling line appears.

The IE relay in operating will: (a)
release the LS relay, (b) operate the select

SECTICON II
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magnet timing (SMT) relay, and (¢) operate
SMO through SM9 on the appropriate switches.

. If more than one link in the group
tested 1s 1dle, the selectlon of the link
which will be used 1s dependent upon the
state of the 1link sequence control cilrcult
and the position of the LT2. through LT9 re-
lay contacts corresponding to the idle links
in the group in the chaln shown on FS11.
Assuming that the link sequence control cir-
cult is in the state whereby the W1L and ZL
relays are operated and the LT2 relay is op-
erated, the operation of the IE relay willl
cause SM2 on switches 0 and 1 and the switch
in which the calling line appears to oper-
ate, With an LT2 through LT9 relay and the
TRL relay operated, the operation of the LE
relay will operate SM1l on switches O and 1
and the switch in wiich the calling line
appears. Thus idle 1link 12 has been se-
lected for the call and the appropriate
gselect magnets operated,.

1.1.4 Register Selection

The reglster selected for the call is
dependent upon the state of the register al-
lotter (RAO and RA1) relays which are pre-
get at the start of any marker operation.

1.1.5 Hold Magnet Operation

The operation of the SMT relay will
operate the select magnet register (SMR)A
relays which provide a locking path for any
operated S- relays. With the SMT and SMRA
relays operated, ground from contacts of the
SMT relay will operate the HM=- of the call-
ing station (or the IN-~ relay which in turn
operates the hold magnet) through the chaln
of 80 through S9 relay conbacts in the line
hunting circuit. If more than one station
in the tens group is requesting marker serv-
ice, the one that will be served 1s depend-
ent upon the state of the ZU relay in the
units sequence control circuilt and the po-
sition of the corresponding S- relay in the
line hunting preference chain,

At the same time that the hold magnet
is being operated, a ground from the SMT
relay will operate the register HM-8 and
HM~-Q.,

When the hold magnets opewate, the
crosspoints close and the selected link con-
nects the "I'," "R," and "S" leads of the
calling station line circult to the allotted
reglster. The switchhook bridge in the call-
ing station telephone set will operate the
L and SR relays in the reglster circult in
that sequence. The SR relay in operating
will connect a ground to the sleeve of the
1ink to maintain the HM (or the IN- relay)
operated and ground on the RHM- lead to
maintain the register hold magnets operated.
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1,1.6 Hold Magnet Checks

The operation of the SMT relay will
close the operating path of the hold magnet
timing (HMT)A relay which, when operated,
will close, the operating path for the HMT
relay. When the HMT relay operates: (a) the
original operating ground for the hold mag-
nets 1s removed, %b% the hold magnet check
(HMK) relay 1s connected to the HM or IN--
relay (over the path by which it originally
operated), and (c¢) the register hold magnet
check (RHK) relay is connected to the regis-
ter hold magnets. If the holding ground is
present at the line hold magnet, the HMK
relay will operate and if the holding ground
is present at register hold magnets, the RIK
relay wlll operate.

1.1.7 Marker Release

The down check (DCK) relay in the
marker is normally locked operated. The
operation of the HMK and RHK relays will
open the locking paths and the DCK relay
will release. The release of the DCK relay
will cause the release(RL and RLA)relays to
operste. The RL and RLA relays in operating
will: (a) release the marker timing (MT) re-
lays which halts the marker timing,%b) open
the operating paths for the relays in the
TP chain causing the TP- relays to release,
(¢c) operate the tens auxiliary TA- relay
associated with the tens group Just served
which in turn releases the corresponding T-
relay, (d) release the LE relay which in
turn releases any operated LTS~ relays
and the operated select magnets and (e)
release the SMT relay which in turn releases
the HMT and HMTA relays and, in sequence, the
SMR and SMRA, S-, and SE relays.

The release of the TP- relay causes
the TAC,TACA,RG, TC-, and TCA- relays in
the Line, Link and Connector Circuit to re-
lease.

The TAC relay in releasing causes the
UL and UE relays to release. The release of
the UL relay in turn releases any operated
U~ relays.

The TC- relay in the Line, Link and
Connector Circult, in releasing, releases the
associlated SMC~ relay in the Line, Link and
Connector Circuit, The release of the TCA-
relay in the Line, Link and Connector Cir-
cult releases the HMK relay.

The RG relay, in releasing, releases
SMCO and SMCl in the Line, Link and Con-
nector Circuit, the RHK, and LSA relays.
The LSA relay, in releasing, advances the
link group sequence and link sequence con-
trol circuits.

When the HMK, RHK, and HMT relays are
all released, the DCK relay reoperates and
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locks. The operation of the DCK relay re-
leases the RL and RLA relays and the marker
18 ready to process asnother call,

If there are no other T- or R- re-
lays operated at this time, the TEO and TEl
relays will dlso release releasing all opér=
ated TA- relays and restore the marker to
normal, _

1.2 Mle Trunk Dial Tone Connections

A tile trunk 1s terminated on a unlver-
sal line circuit in the 6, 7, or 8 line
group.

A seizure of the trunk by the distant
end will operate the assoclated line (L~) re~
lay in the universal line circuit. The L-
relay will operate the Tl relay and the
marker will process the call in the same
manner as for a station in the 20 through 59
group.

2, CALL TEEM;NATING CONNECTIODNS
2.1 Station to Station Call

2.1.1 General

_ When a station completes dlaling a
station code into a register, the register
wlll originate a raquest for marker gervice.
The marker in serving the regilster will con-
nect the calling station to the called sta-
tion via an idle junctor., The same link as
was used for the dlal tone connection will
be reused for connecting the calling station
to the originating side of the junctor and
an idle link will be selected and used to
connect the terminating side of Junctor to
the called station, If the called station
is busy, the marker will look for an idle
station in the hunting group and connect to
it instead., If the called station and all
other stations in the hunting group (if
any) are busy, the marker wlll connect the
calling station to the busy tone trunk us=-
ing the same link as was used for the dial
tone connection.

2.1.2 Reglster Requests Service

When a reglster has received all of
the dlaled digits, the dial completion (pc)
relay in the regilster wlll operate, which
(assuming there are no other requests for
marker service) operates the asgoclated
register R- relay. The R~ relay, 'In oper=-
ating, will operate the TEO and TE1l relays
which, in operating, will: (a) open the
operating paths for the other R=- relay, Tl
through T5 relays, (b) start the marker
timing, and (c) close paths in the prefer-
ence relay chaln causing the reglster pref=~
erence (RP-) relay to operate., The RP-
relay, in operating, operates the reglster
preference auxiliary (RPA-) relay.

. The RPA~ relay in operating: (a) oper=-
ates the register units connector (RUC) re-
lay, and (b) closes the path for operating
the Junctor terminating (JTA and JTB) relays
over the "JTA«" leads from the register.

The reglster will have connected ground to
these leaq§)5?ter determining from the
dlaled code that a junctor class type of
call completion is required. The JTA and
JT? relays, in operating, operate the JTAA
relay.

2,1.3 Junctor Testing and Selection

The six junctors are assoclated with
U- relays as follows: Junctors 0, 1, 2, 3,
4, and 5 are associated with units relays
U0, Ul, U2, U5, U6, and U7, respectively.
The operation of the JTA and JTB and the RUC
relays operates the U0, Ul, U2, U5, U6, and
U7 relays thus connecting the primary wind-
ings of the corresponding S« relays to -
HMOl, HMO3, HMO5, HMO7, HM12, and HM14 re-
spectively in the link circuit, which are
associated with the terminating side of the
Junetors. The S- relays corresponding to

‘the 1dle Junctors will operate from battery

through the terminating hold magnets. If a
junctor is in use, the ground holdlng the
hold magnet operated will prevent the cor=-
responding S- relay from operating.

Any S~ relay in operating will, with
the UE relays operated, cause the SE relays
to operate. The SE relay in operating re-
leases the RUC relays which in turn release
all operated U~ relays. The U= relays, in
releasing, release the UE relay.

The 1idle junctor selected for use in
this call is dependent upon the state of the
ZU relay. When the SE relay operates, bat-
tery through the contacts of the first op-
erated S= relay in the chain on FS6, the
contacts of the operated JTA and JTB ang
released UE relays will operate the Junctor
register (JR=) relay corresponding to the
junctor selected. The JR- relay operated
will: (a) operate the Jjunctor reglister end
(JRE) relay and (b) operate the SNMC1 or
SMCO relay in the ILine, Iink and Connector
Circuit whichever corresponds to the switch
in which the selected junctor is located.

The operated JRE relay will release
the JTA and JTB relays which, in turn, re-
lease the JTAA relay, and any of the relays
S1, S2, S6, and ST which are operated. The
pelease of the JTAA relay releases the SO
and S5 relays, if operated. The release of
all S- relays releases the SE relays, ending
the junctor selectlon sequence.

The release of the SE relay at this
time reoperates the RUC relay and operates
the register cut-through RCT and RCTA relays.
The operation of the RCT and RCTA relays will
initiate the link testing and selection se-

quence and operate the register connector
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RC and RCA relays in the register circuit.
The operated RCA and RUC relays will initilate
the called station selection and testlng se-
‘quence.

2.1.,4 Terminating Link Selectlon

.. 'The operatlion of the JRE and RCT re-
lays will operate the LS and LSA relays and
cause an 1dle link to be selected in the same
manner as described in 1.1.3.

2.,1.5 Called Station Selection and Testing

The operation of the RC- and RCA-
relays in the regilster cilrcult wilill:
(a) connect the'T-"leads from the appropri-
ate register to the TC- relays and operate
the TG~ relays in the Line, Link and Con=-
nector Circult corresponding to the tens
digit of the called statlon number and
(b) connect the "U-" leads from the appro-
priate register to the units relays and
operate the U- relay corresponding to the
units diglt of the called statilon number.

' The TC- relay in the Line, Link and
Connector Circuit, in operating, wlll oper-
ate the SMC- relay in the Line, Link and
Connector Circult corresponding to the
switeh in which the called station is lo-
cated.

The U~ relay cperated will operate
the UE relay. With a U- relay and the TCA-
relay in the Line, Link and Connector Cir-
cuit both operated, the primary winding of
the corresponding 8- relay will be connected
to the HM~~ of the called station. If the
station is idle, battery through the LHM
(or IN- relay in the universal line clr-
cuit) will operate the 8- relay. If the
statioh 1s busy, the ground maintaining the
HM (or IN- relay) operated will prevent the
S- relay from operating.

Assuming that the station is 1dle and
the 8- relay has operated, the SE relay will
reoperate and release the RUC relay which in
“turn will release the U- relay. The U- re-
lay, in releasing, will release the UE re-
lay.

2.1.6 Connection of Called Station
to Junctor :

By the time that the LE relay has
operated at the completion of the link test-
ing the selectlon seguence, the SMC~ relays
in the Line, Link and Connector Circult
corresponding to the switches in which the
called station and the selected junctor are
located will have operated. The operation
of the LE relay wills (a) operate the select
magnets in the involved switches correspond-
ing to the selected link and (b) operate the
SMT relay.

SECTION IXI
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The SMT relay in operating, will: (a)
operate the SMR and SMRA relays, (b) close
the path for operating the slow operate HMTA
relay, and (c) operate the terminating hold
magnet of the selected Junctor through
contacts of the operated JR- relay. The
HMTA relay operates the HMT relay.

When the SMRA relay operates, ground
from contacts of the SMT relay willl operate
the called station HM-- (or the IN- relay)
through contacts of the SE relay, the oper-
ated 8- relays, and the TCA-~ relay in the
Line, Link and Connector Circuit. The SMR
relay, in operating, furnishes a locking
path to keep the S- relay operated over 1its
secondary winding. :

When the Junctor terminating hold
magnet and the called station hold magnet
(or IN- relay) operate, the crosspoints
assoclated with the selected 1ink close and
the called station 18 connected to the
terminating side of the Junctor.

When the HMT relay operates, the
ground 18 removed from the SMI relay con=-
tacts which operated the called station hold
magnet and the windings of the HMK relay are
connached in its place. T ound from the
SMI relay contacte which w junctor
terminating hold megnet will » in the
called station hold magnet operated vwia the
1ink sleeve and also operate the HMK relsy
after the HMT relay operates.

LwliT

2,1.7 Connection of Calling Station
to Junctor

The operation of the HMK relay, with
the JRE and RCT relays operated, wlll oper-
ate the terminating route check TRK and TRKA
relays. These relays in operating will:

(a) lock to the operated SE relay and {(b) re-
lease the HMK, SMT, and HMTA relays.

When the HMK ahd SMT relays release
with the TRK relay operated, the terminating
route complete TRCA relays operate.

The SMT relay, in releasing, also re-
leases the followlng relays 1n sequences
S8MRA, S-, and SE,.

The TRC relay in operatingt (a) pro-
vides a ground for holding the Junctor
terminating and called hold magnets when
the SMI' relay veleases, (b) releases the
ROTA relays, and (c) operates the select
magnets on the switch in which the selected
junctor is located. (The select magnets in
the called line switch may also operate at
this time if the assoclated SMC- relay in
the Line, Link and Connector Circult has
not yet released, assoclated with the link
used for the dial tone connection through
the closed crosspoints of the register
memory vertical.
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The release of the RCT relays re-
leases the LSA and TRKA relays in this cir-
cuit and the RC~ and RCA-~ relays in the
register circult. The release of the LSA
relays: (a) releases the LE relay and any
operated LT- relays causing the select mag-
nets associated with the terminating link
to release and (b) advances the link sequence
and link group sequence control circuilts.

The RC~-, RCA- relays in the register circuit,
in releasing, release the TC- and TCA- re-
lays in the Line, Link and Connector Clrcult
assoclated with the called stations., The TC-
relay in the Line, Link and Connector Cilr-
cult, in releasing, willl release the associ-
ated SMC- relay in the Line, Link and Con-
nector Circuit.

When the TRKA relay releases, the
SMI relay will reoperate, which wills (a)
operate the origilnating hold magnet of the
selected Junctor and (b) close the operatlng
path for the slow operate HMIA relay.

When the origlnating hold magnet of
the selected junctor operates, the cross-
points assoclated with its vertical, and the
1ink used for the calling stationls dial
tone connection operate connecting the A re-
lay of the junctor in parallel with the
calling station’s telephone set and the tip
and ring of the register circuit. The A
relay in the Junctor operates, which in turn
operateg the B relay in the Junctor. The B
relay in the junctor, in operating, will
provide: (a) a ground on the originating
1ink sleeve to continue to hold the calling
station hold magnet operated after the
register subsequently releases, (b) a ground
to hold the Jjunctor!s originating hold mag-
net operated, (c) a ground on the terminat-
ing 1link sleeve to continue to hold the
called statlon hold magnet operated when the
marker releases, and (d) a ground to hold the
junctorts terminating hold magnet operated
when the marker releases.

When the HMPA relay operates it will
close the operating path for the slow oper-
ating HMT relay.

When the HMT' relay operates, the
original operating ground for the Junctor!s
originating HM is removed and the HMK relay
is connected to the junctor's originating
HM through contacts of the operated TRCA,
JR-, and HMI' relay and the released sleeve
operate SOA and TRK relays. If the B relay
in the Junctor has operated and is furnish-
ing the ground for holding its originating
hold magnet operated, the HMK relay will
operate.

2.1.8 Marker and Register Release

The operation of the HMK relay at
this point in the call Séquence will release
the DCK relay, which in turn will operate
the RL and RLA relays.
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. The RL: and RLA relays 1n operating:
(a) release the MTA and B relays which halts
the marker timing, (b) open the operate paths
for the relays in the tens preference chain
causing the RP- relays to release, (c) re-
lease the SMT relay which in turn releases
the HMT and HMTA relays, and (d) operate the
reglster release (RRL) relay in the register
circuit,

The RP- relay, in releasing, releases
the RPA- and JR- relays and the select mag-
nets associated with the origlnating link on
the switch in which the Junctor used appears.
The RPA~ relay releases the TRCA relays and
the release of the JR~ relay releases the
JRE and HMK relays and the SMC- relay in the
Line, Lilnk and Connector Clrcuit assoclated
with the switch in which the Jjunctor used
appears.

The RRL relay in the reglster in op-
erating: (a) locks to the ON relay in the
register and (b) releases the L and DC re-
lays in the register. The release of the L
relay releases the SR relay in the register
which, when released, will release the ON
relay in the register and the register HM-8

and HM-9 in the 1link circuit. When the ON
relay releases, the RRL relays release re-
storing the register to normal.

The DC relay in the register, in re-
leasing, releases the R~ relay in the marker
which, 1f there are no other calls for the
marker to serve, will cause the TEC, TEl,
and TE2 relays to release.

When the HMT, -TRC, and HMK relays are
all released, the DCK relay wlll reoperate
and release the RL and RLA relays restoring
the marker to normal.

With the ON relay in the register
released, the associated RAO and RAl relays
in the marker will have reoperated if the
register allotter circult was in a certain
state.

2,1.9 Called Station Busy - Station in
Hunting Group Idle

If during the called station line
testing sequence the 8- relay corresponding
to the called station does not operate, the
ground applied to the SO through S9 relay
contact chain will pass through the break
contacts of all of the SO through SO relays
to operate the busy test (BY) relay.

The BY relay, in operating, locks to
the operated RCT relay and operates the hunt
connector (HC) relay. The HC relay, in op-
erating, closes the operating path for the
slow operate circuits busy (BSY)A relay and
extends the sround on the "U-" lead from
the register corresponding to the called
station's units digit to the H terminal
assoclated with the called station. This
ground will be extended through the hunting

SECTION II
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group straps or any. properly poled H diodes
to the H terminals associated with stations
in the same hunting group and operate the
U~ relays corresponding to those stations.
These U- relays, in operating, will connect
the primary windings of the corresponding
8- relays to the hold magnets in the Line,
Iink and Connector Circult (or IN-- relays
in the universal line circuit) of these
stations. Battery through the hold magnets
(or IN-- relays) of the idle stations will
operate the assoclated 8- relays. The oper-
ation of any 8- relay will: (a) open the
operating ground for the BSYA relay and

(v) operate the SE relay.

The operation of the SE relays will
permit, the operated SMT relay to operate
the HMTA,SMR,and SMRA relays and continue
the sequence described 1n 2.1.5.

The calling station wlll be connected
to the 1dle station in the hunting group
corresponding to the filrst operated 8- relay
(relative to the state of the ZU relay) in
the line hunting chain of S- relay contacts.

The BY relay will release when the
RCT and RCTA relays release, If the BSYA re-
lay has operated 1t will also release at this
time . . )
2.1.10 Called Station and Stations in

Hunting Group also Busy -~ Busy

Tone Trunk Idle :

If the called station is found to be
busy, the BY and HC relays will operate as
described in 2.1.9. If there are no sta-
tions in the hunting group idle {(or the
called station is not part of a hunting
group), no S- relays willl operate and the
slow operate BSYA relay will operate from
the SMI' relay ground on the line hunting
8~ relay contact chain. The BSYA relay, in
operating, will close the operating path for
the slow operate BSY relay.

When the BSY relay operates: (a) the
HC relay releases which, in turn, releases
the U- relays assoclated with the station
in the hunting group (if any) and (b) the
SOA relay operates. With the SOA relay and
the U~ relay associated with the ealled sta-
tion operated, the S- relay corresponding
to the called station will operate over its
secondary winding causing the SE relay to
operate.

The SE relay in operating: (a) oper-
ates the SMR and SMRA relays and (b) releases
the RUC relay which causes the operated U-
and UE relays to release in sequence. The
SMR relay in operating, provides & locking
path for the operated S- relay.

With the SMRA and SOA relays and the
S~ relay corresponding to the called statlon
operated, a path is completed between the
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hold magnet (or IN-- relay) of the called
station and the HMK relay. The ground main-
taining the called station's line hold mag-
net (or IN-- relay) operated will then oper-
ate the HMK relay. HMK will now operate the
TRK and TRKA relays.,

operated, the busy tone (BTT) relay will op-
erate which, in turn, will: (a) release the
SOA relay and the operated JR-~ relay, and
(b) lock to the operated RPA- relay.

With the HMK, SE, SOA2 and SMRA relays

The JR- relay, 1ln releasing, will:
(a) release the JRE relay which will, in
sequence, release the LSA and LE relays and
the operated LT- relay, and (b) release the
assoclated SMC- relay which in turn releases
the select magnets on the junctor switches
corresponding to the selected terminating
link. The release of the LSA relay will
advance the 1link group sequence and the link
sequence control circuit and the release of
the LT- or 1LE relay will release the select
magnets corresponding to the selected ter-
minating link on the switch 1n which the
called station line appears.

The operation of the TRK and TRKA
relays releases the SMI' relay which, in turn,
releases the SMR and SMRA relays. The SMR
and SMRA relays, in releasing, release the
operated S~ relay in turn releasing the SE
relay. The RUC relay reoperates upon re-
lease of the SE relay.

When the SMI' relay and the HMK relay
release, a path is closed through contacts
of the operated TRK relay for operating the
TRC and TRCA relays. The relays in operating
will: (a) lock operated under control of the
BTT and RPA- relays and (b) release the TRK
and TRKA and RCT and RCTA relays.

The RCT and RCTA relays in releasing
will: (a) release the RC- and RCA- relays in
the register circuit which in turn release

- the TC- and TCA- relays in the Line, Link and

Connector Cilrcuit associated with the called
station and (b) release the BY, BSY,and BSYA
relays. The TC- relay in the Line, Link and
Connector Circult, in releasing, releases
the associated SMC- relay in the Line, Link
and Connector Circult.

With the BTT and TRC relays operated
and the TRK and TRKA relays released, the busy
tdéne trunk connector (BTCX relay will operate,
which: (&) in conjunction with the oper-
ated RUC relay operates the U7 relay, which
in turn operates the UE relay, (b) operates
the SMC1 relay in the Line, Link and Con-
nector Circult, (c) releases the time-out
lock (TOL) relay to cock the time-out check-
ing circuit as described in 9, and (d) with
the U7 relay operated, closes a path between
the 87 relay primary winding and the hold
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magnet HML7, associated with the busy tone
trunk, in the link circuit.

If the busy tone trunk is 1dle, the
battery through the busy tone trunk hold
magnet HML7 will operate the S7 relay over
its primary winding. The 87 relay in oper-
ating will operate the SE relays.

The SMC1l relay in the Line, Link
and Connector Circuit 1in operating will:
(a) operate the SMI relay and (b) operate
the select magnets corresponding to the link
used for the dial tone connectlon from
ground at the contacts of the operated TRCA
relay through contacts of the operated RPO
and RP1 relays and the crosspoints of the
register memory hold magnet HM-9.

The SE relays, in operating, will:
(a) with the SMT relay operated, close paths
for operating the slow operate HMTA relay and
the SMR and SMRA relays and (b) release the
RUC relay which releases the U7 and UE relays
in that sequence. The SMR and SMRA relays
provide a locklng path for the operated S-
relay.

At this point in the call, ground
from contacts of the operated SMI' relay
passing through contacts of the released
HMP', TRK,and SOA relays; the operated SE,
87, SMRA,and BTC relays; and the ZU relay
either operated or released will operate the
busy tone trunk hold magnet HMLT. The hold
magnet in operating will close the cross-
points in the vertical assoclated with the
operated select ma%nets thereby connecting
the "T", "R", and "S8" leads of the busy
tone trunk to the calling station line cilr-
cuit in parallel with the regilster via the
1link used in the dial tone connection. The
bridge on the "T" and "R" leads will oper-
ate the A relay in the busy tone trunk which
will operate the RA relay. The RA relay in
the busy tone trunk, in operating, will:
(a) apply a ground on the link sleeve for
holding the calling station hold magnet (or
IN-- relay) operated after the register re-
jeases and (b) connect ground to the busy
tone trunk hold magnet to keep 1t operated
after the marker removes operating ground.

When the HMPA relay operates the
operating path for the slow operate HMT re-
lay is closed, and the operating ground for
the busy tone trunk HM is removed. When
the HMT relay esventually operates the HMK
relay is connected to the busy tone trunk
hold magnet to check for the presence of the
holding ground. Assuming the holding ground
is present it will operate the HMK relay
which, in turn, will release the DCK relay.
The DCK relay in releasing will operate the
RL and RLA relays which release the marker.

The RL and RLA relays in operating,

will: (a) release the MTA and MTB relays which

"halts the marker timing, (b) open the oper-
ate paths for the relays in the tens prefer-
ence chain causing the RP- relays to release,

(¢) release the SMP relay, and (d) operate
the RRL relay in the register circuit.

The release of the RP~ relay releases
the RRA— relay and the operated select mag-
nets on switch 1. The RPA- relay in releas-
ing releases the BTT relay which in turn re-
leases the BTC TRC and TRCA relays. The
BTC relay, in releasing, releases the SMCl re-
lay in the Line, Link and Connector Circult.

] The SMT relay, in releasing, releases
the HMT relay and the SMR and SMRA relays
which, in turn, release the S7 relay. With
the release of the ST relay, the HMK and SE
relays release, :

The operation of the RRL relay in
the reglster causes the same release sequences
to occur as described in 2.1.8.

When the TRC, HMI', and HMK relays re-
lease, the DCK relay will reoperate which, in
turn, releases the RL and RLA relays thus re-
storing the marker to normal.

2.2 Called Line Unassigned

When a line is not assigned the strap
between the. "8" and "S1" leads will be
omitted and the "S1" lead will be grounded.
When the RUC relay operates in conjunction
with the ground from the register units dialed
iead the U~ relay will operate placing the
primary winding of the associated S- relay
to ground on the "S1" lead. Since this ground
prevents the S- relay from operating, the
ground from the SMI contact will pass through
the back contacts of the SO through S9 relay
contact chain and operate the BY relay.

This relay, in operating, locks to the op-
erated RCT relay and operates the HC relay.
The HC relay, in operating, closes the oper-
ating path for the slow operate BSYA relay
and extends the ground on the "U-" lead from
the register(corresponding to the called
stations units digit) to the H terminal as-
sociated with the called station. Since the
station dialed is unassigned there will be
no strapping of the "H" leads. Therefore,
no other U or 8 relay may operate and the
slow operate BSYA relay will operate from
the SMT' relay ground on the line hunting
relay contact chain. The BSYA relay in op~
erating will close the operating path for
the slow operate BSY relay.

The operation of the BSY relay causes
the same action as described in 2.1.10.
The end result is busy tone either from the
busy tone trunk or if it is busy, from the
reglster.

2.3 Call to Unequipped Tens Group
' Option (4 or 5) or Unassigned
Universal Line Circuilt

A call to an unequipped tens group
(option L4 or 5) or an’unassigned universal
trunk circult is recognized by the reglster

SECTION II
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circult and does not involve the marker,
once the dial tone connection has been com=-
pleted. The regilster, upon recognizing that
an unassigned code has been dialed, will re-
turn busy tone to the calling party.

3. LOCKOUT AND TENS PREFERENCE CONTROL
3.1 'Lockout Control

The operation of any station relay Tl
through T5 will operate the tens end TEO
and TEl relays. Also competing with these
statlion groups for servlice are two regls-
ters. Thelr assoclated relays RO and Rl
perform the same functions as the T1 through
T5 relays. The TEO and TEl relays function
as a gate in this circuilt such that once the
gate 1s closed, all calls outside the gate
are denled access to the marker until those
within the gate are served. This function
is ensured by opening the operate path of
the T1 through T5, and RO and Rl relays with
break contacts on the TE relays. Further-
more, the TEO and TEl relays will lock op-
erated to any operated Tl through T5 and
RO and R1 relays.

The marker proceeds to serve each group
within the gate only once. This 1s ensured
by the release of the T1 through T5 or RO
and Rl relay at the end of each marker us-
age. In the case of Tl through T5 relays,
this 1s done by the operation of an associ-
ated TAl through TA5 relay. In the case of
RO and Rl this is done by the release of the
DC relay in the register which opens the
operate path of the RO and Rl relays.

The .release of all of the Tl through
T5, or RO and Rl relays allows the TEO and
TE1l relays to release. This opens up the
gate allowing new calls walting for service
to enter and the cycle to be repeated.

3.2 Tens Preference Control

The RO and Rl and Tl through T5 relays
are associated with the following respectilve
relays in the preference circuit: RPO and
RP1l, and TP1 through TP5. These relays are
arranged in a transfer chain circult such
that one and only one relay can remain op-
erated if more than one RO and Rl, or Tl
through T5 relays are operated. The regls-
ter circuits have the highest preference,
the station lines have the lowest prefer-
ence. The exact preference order 1s as
follows: RO, RP1, TP1, TP2, TP3, TPY4, TP5.

The preference relays have two independ-~

ent operating paths, one through their pri-
mary windings and one through their second-
ary windings.

4, ABANDONED CALLS

When a station or trunk originates a
call, the marker will try to establish a
dial tone connection. When the TAC and LUC
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>re1ays operate during the units selection

sequence, the operating path for the slow
operate abandon call (AC) relay is closed.
If the station or trunk abandons the call
before the LUC relay releases (indicating
that a U- relay and the UE relays have op-

.erated), the' AC relay will eventually oper-

ate.

The AC relay 1n operating will release
the DCK relay which in turn operates the,
RL and RLA relays and release the marker to
serve the next call,

If the abandonment occurs after the
LUC relay has released (the AC relay never
operated), the statlon or trunk will be
connected to a regilster in normal fashion
but the connection will fall down for lack
of a holding bridge on the "T" and "R" leads.

If a station line or a trunk dials a
call into a register and then disconnects -
after the reglster is selzed, the marker
never knows of this abandonment and pro-
ceeds to set the call up in the normal fash-
ion. After the marker releases, the connec-
tion set up by the marker will also drop off
because of the lack of a holding ground
which is provided from the originating end.

5. ALLOTTING AND SEQUENCE CONTROL
5.1 Register Allotter

Relays RAO and RAl assoclated with
register 0 and 1, respectively, operate when
the associated register becomes idle. How-
ever, the operate path of the RAO relay is
through break contacts of the RAl relays.
Consequently, once .released,. the RAO cannot
reoperate until a call is served by register
1. The RAl relays can operate any time that
register 1 becomes idle. If both reglster O
and regilster 1 are 1ldle and their allotter
relays are operated, the marker will prefer
reglister O.

If both reglsters are idle and the
marker experiences trouble in connecting to
register O, the marker wlll progress to

‘second trial and the second trial (S8T) relay

wlll operate and release the RAl relay. When
the marker attempts to complete the call on
the second trial, it will agailn prefer reg-
ister 0. However if the marker initially
prefers reglster 1, the operation of the ST
relay will release the RAl relay and, assum-
ing that register O is idle, the RAO relay
will operate. In this case the marker will
prefer register O on the gsecond trial at-
tempt.

In elther case, if the marker cannot com-

plete the connection on a second trial the

marker will progress to the no connectlon se-
guence and the NA relay operates., This relay
in operating will operate the BTT relay which

in turn causes the TRK and -TRKA relays to op-

erate. The TRKA relay in operating releases

e~
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the SMT relay which in turn operates the
TRC and TRCA relays. These relays in opera-
ting will release the BTT and TRK and TRKA
relays and close the operating path for the
Slow operate AC relay. When this relay fi-
nally operates, the RAl relay will operate
(1f not already operated) and the RAO relay
wlll release., On the next marker usage reg-
ister 1 will be preferred.

. 5.2 Link Group Sequence Control

The link group which is tested first in
a marker operation is dependent upon the
state of the TRL relay. When this relay is
released, the link testlng and selection
circults are associated wlth links 02
through 09 and, when operated, the assocl-
ation is with links 12 through 19.

The state of the TRL relay is dependent
in turn upon the state of the link sequence
(ZLG) relay. The ZLG relay functions in
combination with the link sequence (WLG)
and W auxiliary (WLGA) relays.

Assuming that all of these relays are
released, the operation of the LSA relay
will operate the WLG relay. When the LSA
relay releases, the ZLG relay operates in
geries with the WLG relay. The ZLG relay,
in operating, will operate the TRL relay.

On the next operation of the LSA relay,
the WLGA relay will operate which in turn
will release the WLG relay. The ZLG relay
however will be held operated by battery
through the WLGA resistance. The subsequent
release of the LSA relay will release the
WLGA., ZLG, and TRL relays restoring the con-
trol circult to normal.

The LB relay can also step the WLG, ZLG,
WLGA relay combination By interrupting the
operating grounds from the contacts of the
operated LSA relay. As explained in 7, the
IB relay will operate after an interval if
all links in the first group tested are busy.
The operation of the LB relay will thereby
" ecause the TRL relay to change state and
shift the link testing and selection cir-
cultry to the alternate group of links.

5.3 Link Sequence Control

The selection of a particular idle link
in 'a link group being tested is governed by

the state of the WL, 2ZL, WIL, and ZIL relays.

If during link selection the ZL and WIL re-
lays are operated, the link preference order
will be ~2 through -9. When the ZL relay 1s
released and the ZIL relay operated, the
preference order is -4 through -9, -2, -3.
With the ZL relay operated and WIL relay
released the preference order 1s -6 through
-9, -2 through -5. Finally with both the
7L and ZIL relays released the preference
order is -8, -9, -2 through -T.
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The preference is changed on every
marker operatlion involving link selection.
Also 1f the marker oy tion involving link
selectlon progresses %o second trial the
preference order will change twice during
the marker operation.

Assuming that the WL, ZL, WIL, and ZIL
relays are initially released, the LSA relay
in operating will operate the WL relay. With
the LSA and WL relays operated tha ZL relay
1s shunted down. The WL relay 1la operating
wlll also operate the WIL relay. With the
WL and WIL relays operated, the ZIL relay
is shunted down. Thus on this first marker
operation, the link preference order will be
that associated with the ZL and ZIL relays
both released. The release of the LSA relay
removes the shunt from the ZL relay which
will then operate.

The next operation of the LSA relay
will shunt down the WL relay but maintain
the ZL relay operated. The release of the
WL relay will remove the shunt from the ZIL
relay allowlng it to operate. Thus on this
second marker operation involving link se-
lection, the link preference order will be
that associlated with the ZL and WIL relays
operated. When the LSA relays release, the
ZL relay releases.

The third operation of the LSA relay
will reoperate the WL relay which in turn
will shunt down the WIL relay. The ZIL re-
lay however will remain operated. Thus on
this third marker operation, the link pref-
erence order will be that associated with

the ZI. relay released and the ZIL relay oper-

ated. The release of the LTA relay at thils
time will remove the shunt from the ZL relay
permitting it to operate.

The fourth operation of the LSA relay
will shunt down the WL relay but maintain
the ZL relay operated. The WL relay in re-
leasing will release the ZIL relay. Thus’
on the fourth marker operation, the link
preference order will be that associated
with the ZIL relay operated and the WIL relay
released. When the LSA relay releases the
7L relay will release.

At the end of the fourth marker opera-
tion involving link selection the link se-
guence control clrcuit will be restored to
the state it was in prior to the first
marker operation.

If during any marker operation involv-
ing link selection the marker progresses
to second trial, the ST relay will operate
followed after a short interval by the op-
eration of the SA relay. The operation of
these relays interrupts the ground from the
contacts of the operated LSA relay to the
WL and ZL relays which will advance the link
sequence control circult in the same manner

SECTION I1I
Page 9



CD=-69468-01, ISSUE 2D, SECTION II

as 1if the LSA relay were released and re-
operated.

5.4 Units Sequence Control

The state of the ZU relay will deter~
mines (a) the preferential order with which
gstations within a tens group wlll be selected
for dial tone calls, (b) the preferential
order with which stations within a hunting
group will be selected for the completion
of calls to them, (c) the preferential or-
der with whilch the Jjunctors wlll be selected
for the completion of statlon to statlon
calls. The above preference orders change
whenever the marker is seized for a dial
tone call or whenever the marker progresses
to second trial on any type of call,

The preference order of statlions in a
tens group is related to the units digit of
a station and when the ZU is operated the
order is 5 through 9, O throw: 4. When the
ZU relay is normal, the prci...snce order is
0 through 9. The universzl 1lines take their
preference order in the same manner from the
units diglt of thelr number assignment.

The preference order of junctor selec-
tion when the ZU relay is operated is 3, 4,
5, 0, 1, and 2 and when the ZU relay is
released the order changes to 0, 1, 2, 3,

4 and 5.

Assuming the WU and ZU relays to -be
normal, the operation of the TACA relay in
the ILine, Link and Connector Circuit on a
dial tone call will: (a) operate the WU re-
" lay which locks to its own contacts and (b)
shunt the winding of the ZU relay to prevent
it from operating. When the TACA relay
in the Line, Link and Connector Circuit re-
leases, the shunt 1ig removed from the ZU
relay and 1t operates from ground at the
contacts of the operated WU relay.

On the next operation of the TACA relay
in the Line, Link and Connector Circult on
. a subsequent marker usage, the WU relay will
be shunted down but the ZU relay will remain
operated over a path to ground through a
preak contact of the released WU relay.
When the TACA relay in the Line, Link and
Connector Cilrcuit releases, the ZU relay
releagses restoring the circuit to the state
it wag in prior to the operation of the
fipgt TACA relay in the Line, Link and Con-
nector Circuit.

If the marker progresses to second :
trial while it 1is processing a dial tone call,
the ground from the contacts of the operated
TACA relay of the Line, Link and Connec-
tor Circuit will de interrupted by the oper-
ation of the ST relays and reapplied an in-
terval later when the SA relay operates,
thus chenging the state of the ZU relay and
changing the units sequences. If the marker
progresses to second trial while it is
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processing other than a dial tone call, the
TACA relay in the Line, Link and Connector
Circuit will be normal and the operation of
the ST relay and subsequent operation of the
SA relay will apply and release ground from
break contdcts of the TACA relay in the
Line, Link and Connector Circuit and thus
change the state of the ZU relay.

6. PATHS BUSY
6.1 All Registers Busy

If all registers are busy when a line
tries to make a call, the marker will hold
that call and serve the first register want-
% to complete a call before the station

‘ne or trunk wlll be served.

When the RL and RLA relays operate-to
release the marker after the marker has set
un a call to a register, and both registers
are then busy, relay TP- will release and re-
lease relays TAC and TACA in the Line, Link
and Connector Circuit. The TAC and TACA re-
lays in the Line, Link and Connector Circuit
release relays RAO and RAl which were involved
in the call Just served, -

With relay RL operated and relays RAO
and RAl released, the all reglsters busy
(ARB) relay (FSlS will operate. The ARB
relay locks through its own contacts inde-
pendently of the RL relay, closes an oper-
ating path for relays RO and Rl independent
of the TEO and TEl relays,and opens the op-
erating circult of the TP~ relays.

When a reglster becomes idle again, its
assoclated RAO and RA1l relays operate which
in turn releases the ARB relay. The marker
will again continue to serve statlon calls
within the gate.

6.2 A1l Links Busy

6.2.1 Station to Station Call -~ SC13

If during the link testing sequences
of the marker while setting up a statlon to
staticn call as described in 2.1.4, all
1inks in the first group of links tested are
found to be busy the marker will shift the
1ink testing cilrcuitry to the second group
of links (see 7) and look for an idle link
in that group. If there are no idle links
in the second group tested the all links
busy (ALB) relay will operate.

The ALB relay in operating will oper-
the BIT relay which will: (a) operate
TRK and TRKA relays, (b) lock operated to
the operated RPA- relays, and (c) release the
JR- relay corresponding to the junctor se-
lected. The release of the JR- relay will re-
lease the JRE relays The JRE relay in releas-
ing will release the LS and LSA relays which
in turn cause the release of the LB, LTC,and

ate
the
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ALB relays. The LSH relay will also release
after the 1B releases.,

After the TRK and TRKA relays operate
the marker will function to complete the call
to a busy tone trunk as described in 2.1.10
using the 1ink used for the dial tone con-
néctilon. :

6.2.2 Dial Tone Call

If while the marker 1s processing a
dial tone call, it finds all links busy, the
ALB relay will operate. Since on this type
of call the TAC and TACA relays in the Line,
Link and Connector Circuilt are operated, the
operation of the ALB relay will close paths
for operating the slow operate AC relay.

When the AC relay operates the DCK re-
lay releases which causes the RL and RLA re-
lays to operate releasing the marker.

When the marker is released, it will
contlinue to try to complete calls required
of 1t even though all links are still busy.

6.3 All Junctors Busy

When the marker is trylng to complete
a call requiring a junctor and all junctors
are busy, the call will be routed to a busy
tone trunk.

When the U- relays operate during the
Junctor selection sequence no 8~ relays will
operate since all junctors are busy and the
ground from the contacts of the JTAA relsy
will operate the BY relay. This will oper-
ate the HC relay which will then provide =
path for operating the BSYA and BSY relay
which in operating will operate the SOA re-
lay and release the HC relay. The SOA re~
lay, in operating, will operate the 80 through
82 and 85 through 87 relays which in turn
operate the SE relay. These relays in oper-
ating at this time operate the SMR and SMRA
-relays and release-the RUC relay,

With the SMRA, SE, SOA, 80,and JTA re-
lays operated, the HMK relay 1s connected
to the hold magnet of Jjunctor O and the
ground at that point wilil operate the HMK
relay. Meanwhile the RUC relay in releasing
will -cause a 8equence releasing the UO
through U2, Ui through U7, UE, BY, BSYA,and
BSY relays.

With th¢ SOA, SMRA, and HMK relays op-
erated the'BIT relay will operate and lock
to the operated RPA- relays., The BTT relay
operated will: (a) operate the TRKA relays,
(b) release the JTA and JTB relays which in
turn release the JTAA, SMRA, 80 through S2,
S5 through 87, and SE relays in that se-
quence, and {(c¢) release the SOA relay which
" in turn releases the HMK relay.
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With the TRK relay operated and the HMK
relay released, the TRCA relays will oper-
ate.

The release of the SE relays will:
(a) release the TRK and TRKA relays and (b)
reoperate the RUC relay,

With the BTT and TRC relays operated
and the TRKA relay released, the BTC relay
operates which in turn operates the SMC1
relay in the Line, Link and Connector Cir-
cult and releases the TOL relay. The SMC1
relay in the Line, Link and Connector Cir-
cult in operating will: (a) provide a path
for operating the select magnets on switeh 1
used for the dial tone connection from
grounds at the contacts of the operated TRCA
relay passing through the RP~ relay and the
register memory hold magnet HM-9, and (b)
operate the SMT relay. :

With the BTC and RUC relays operated,
the U7 relay wlll operate which, in turn,
willl operate the UE relay. If the busy tone
trunk is idlie, battery through its trunk
hold magnet HM17 will operate the 87 relay
which in turn will operate the SE relay.

Beyond this point in the sequence, the
marker will function to connect the calling
station to the idle busy tone trunk and re-
lease 1tself and the register in the same
manner as described previously.

6.4 Busy Tone Trunk Busy

When the marker reaches the point in a
sequence where 1t starts to set up the call
to the busy tone trunk as described in previ-
ous paragraphs,; i1t will first make a busy
test on the busy tone trunk by connecting
the 87 relay primary winding to the HM of
the trunk. If the trunk is busy the ground
at the HM will prevent the 87 relay from
operating and when the SMI' relay is operated
by the SMC1 relay in the Line, Link and Con-
nector Cilrcuit, ground from the contacts of
the SMT relay will pass through the break
contact chain ¢f the unoperated S0 through
SO relays and operate the BY relay.

The BY relay in operating wills (a) re-
leage the DCK relay which in turn will oper-
ate the RL and RLA relays and start the se-
quence to release the marker, (b) operate the
HC relay which has no function at this time,
(e¢) Lock operated to the operated UE relay,
and (d) ground the "BY-" leads to the regis-
ter through contacts of the operated BTC and
RPA- relays which will operate the BY relay
in the register,

The BY relay in the register, in oper-
ating, will: (a) lock operated to the ON
relay in the register, §b; release the DC

relay in the register, (c) open the "RRO"
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and "RR1" leads from the register to the
marker to prevent the release of the regls-~
ter when the marker releases, and (d) apply
busy tone over the tip and ring conductors
to the calling station or trunk.

The release of the DC relay in the reg-
ister will release the R- relay in the
marker. The operation of the RLA or R- re-
lays will: (a) release the RP- relay which
in turn will release the RPA- relay and the
operated select magnets on switeh 1, and
(b) release the MIA and MIB relay which.
stops the marker timing.

The release of the RPA- relay releases
the BTT and RUC relays. The BTT relays in
releasing will release the TRCITRCA and
BTC relays and the release of the RUC relays
wlll cause the release of U0, UE, BY, and HC
relays in sequence. The release of the BTC
'relay will release the SMCl and SMT relays
in sequence,

With the TRC relay released and the
RLA relays operated, the DCK relay will re-
operate causing the RL and RLA relays to re-
lease restoring the marker to normal,

The regilster will continue to furnish
busy tone to the calling statlon or trunk
until it times out and releases.

7. LINK SHIFT TIMING
7.1 Q@eneral

Whenever the marker 18 processdlng a
call requiring link selection the LS relay
will operate at the start of the link hunt-
ing sequence which will c¢lose the operating
path of the slow operate LB relay to the
chain of break contacts of LT2 through LTS
relays., If an LI~ relay does not operate
before the LB relay operates the link group
sequence control elrcuit will advance as
explained in 5.2, and change the state of
the TRL relay. The TRL relay in operating
or releasing will shift the link tvesting
¢ircuitry from one group of iirks to the
other.

7.2 Link Shift Timing

The operation of the L8 relay will con-
nect ground to one side of the winding of
the slow operate LB relay. The other side
of the winding is connected through break
contacts of the released LSH relay to the
break contact chain of LT2 through LT9 con=~
tacts to battery. If no LT« relays operate
within approximately 50 msec indicating that

all links are busy in the first group tested,

the IB relay will operate.

, The LB relay in operating will: (a)
lock operated to its own contact under con-
trol of the LS relay, (b) advance the link
group sequence control circult as described
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in 5.2, (c¢) open the operating path for the
LE relay to prevent it from operating pre-
maturely should an LT- relay have operated
eust prlor to the operation of the LB relay,
d) release the LTC relay to open the cir-
cult to the ILT2 through I¥9 relays to pre-
vent them from operating or release any that
may have operated durlng the link shifting
operation, and (e) operate the LSH relay.

The LSH relay ls also slow in operating
and will operate in appreximately 29 msec.
This relay in operating wiil: (a} reoperate
the LTC relay, (b) restore the operating
paths for the LE relay, and (c) connect the
ALB relay to the chain of IT2 through LTC
relay break contacts to start the all links
busy timing sequence.

The LB relay will release when the LT
relay releases and the LB relay, in releas-
ing, will release the LSH relay.

8. MARKER TIMING
8.1 General

Whenever the marker 1s seized to proc-
eas a call, a relay timing clrcult vegins to
function. The circult 1ls arranged to recycle
three times, timing three distinct intervals.
The timing will be stopped and the circuit
restored to its starting condition whenever
the marker has completed its functions and
released in the normal manner.

If the marker has not released before
the timing circuilt has run through its ini-
tlal cycle, the marker wlll restore the call
gsequence to an earliexr state and initiate a
second trial, If the marker has not been
able to complete the call and release in
the normal manner on the second trial before
the timing circult has completed 1ts second
ceycle it is assumed a "no connection" condi-
tion exists and the marker will attempt to
complete the call to the bhuzy tone trunk.

If the marker has not dispised of the call
by the time the timing circult has recycled
for the third time, the maizker will "trouble
release."”

8.2 Second Trial

When the marker 1s selzed for any type
of call the MTA and MIB relays will operate
as deseribed in previous paragraphs to
start the marker timing. The MIA and MIB
relays in operating will operate the TM re-
lay which in turn will operate the TO relay.
The TO relay in operdating operates the slow .-
operating TA relays.

a

When the TA relay operates, the slow
releasing TM relay releases and when the
TM relay releases, the slow.releasing TO
relay releases.
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With the TO relay released and the TA
relay operated, the ST and second trial reg-
ister (STR) relay will operate and lock to
the operated MTA and MIB relays. The re-
lease of the TO relay will also release the
TA relay which will: (a) reoperate the TM
relay to start the timing circuit on its
second cycle and (b) operate the SA relay
which locks to the operated MI'A and MIB re-
lays and releases the STR relays.

The approximate time interval between
the operation of the MTA and MIB and the ST
and STR relay is 600 msec. The approximate
time interval between the operation of the
ST and SA relays is 70 msec.

The operation of the STR relay will
release the SMT relay and also release the
RPA- relay, i1f operated. The ST relay in
operating wills ia) release any operated
JR- relay and (b) release the RAl relay if
operated. The subsequent operation of the
SA relay will: -(a) release the STR relay
which will restore the operating path for
the SMI' relay and {b) restore the locking
path for the JRO through JR5 relays. The
sequential operation of the ST and SA re-
lays will also advance the link and units
sequence control circults.

On a dial tone call the release of the
SMT relay will cause the release of the SMR
and SMRA, HMT, and HMTA relays. The advance
in the link sequence control circuilt will
cause a new link to be selected (if another
link is 1dle in the same group). If on the
first trial the marker preferred register 1,
the release of the RAl relay will cause the
marker to attempt to connect to register O
(if idle) on the second trial. If the
marker preferred register 0 on the first
trial, the release of the RALl relay will
cause the marker to prefer reglster O again
on the second trial. The advance of the
units sequence control circuit will change
the state of the ZU relay and when the SMI
relay reoperates the grounds from their
contacts will pass through the S~ rsiay
contact chain by the alternate rcube.

If the marker ls processing a terminat-
ing call, the release of the RPA~, JR-, and
SMT relays will cause the release of most of
the relays involved in processing the call
on the first trial and,on the second trial,
the marker will make new link and junctor
gselections.

8.3 No Connection

While the marker is processing a call
on a second trial, the timing circuit will
recycle. If the call has not been completely
processed and the marker released before the
TO relay releases on the second cycle the
NC relay will operate and release the JTA
and JTB, and TRCA relays, if operated. When
the TA relay releases the TM relay will op-~
erate to start the timing circuit on its
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next cycle and operate the NA relay. The

NA relay in operating will: {a) release the
RCTA relays if operated, (b) restore the
operating path for the TRCA relays, and (c)
operate the BIT relay through contacts of the
released TRCA relay.

The BTT relay in operating with the TRC
relay released will operate the TRKA relays
which in turn release the SMI' and SMBA re-
lays in sequence. With the HMK relay re-
leased, the TRCA relays will reoperate when
the SMI' relay releases. When the TRC relay
operates the TRKA relay will release and,
since the BTT relay is operated, the BTC
relay will operate.

When the BTC relay operates, the marker
will attempt to complete the connection to
the busy tone trunk in a manner similar to
that described in 2.1.10, 2.2, or 6.3,

8.4 Trouble Release

If the marker 1s unable to complete proc-
ﬁssing the cal% to the busy tone trunk on a
no connection’ basis before the TO releases
on the third cycle of the timing circuit,
the TR relay wlll operate over a path through
contacts of the released TO relay and the
operated TA and MTA and MIB relays.

The TR relay in operating will: (a) lock
to the operated MTA and MTB relays, (b) re-
lease the normally operated release check
(RCK) relays and (c) release the TA relay
which in turn reoperates the TM relay.

The release of the RCK relay will oper-
ate the trouble release RLS and RLSA relays
from ground at make contacts of the operated
TR relay,

The trouble release . relays in operating
wills (a) release the TEO and TEl relays,
(v) release any operated RP-, TP-, TACA in
the Line, Link and Connector Circuit, SE,
LE, and SMT relays, (c) operate the RRL re-
lay in a reglster if a register 1s connected,
and (d) release the MIA and MTB relays.

The release of the MI'A and MIB relays
-eleases the ST, SA, NC, NA, TM, and the
slow release TR relays. When the TR relay
releases the RLS and RLSA relays release and
the slow operate RCK relay reoperates,

Wher: the RLS and RLSA relays operate,
the TA-relay corresponding to the operated
TP~ prelay will operate and iock to the re-
leased RCK relay. The released RCK relay
will also maintain the locking path for any
other operated TA- relay when the TEQO relay
releases, The release of the TP-, TAC and
TACA in the Line, Link and Connector Clrcuit,
SE, LE, and SMT relay will otherwise restore
the marker to normal.

The release of the TEL relay will re-
open the gate circuits and admit new requests

SECTION II
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for the services of the marker in those tens
groups whose corresponding TA~ relay is not
locked operated. When the RLSA relays re-
lease, any operated T- or R~ relay will re-
operate the TEO and TEl relays which will
maintaln the locking path for any operated
" TA- relays when the RCK relay releases.

The marker will then process the calls
in the preferential order omitting those
tens groups which had been served before the
trouble release.

9. TIME-QUT CHECK

The time-out check circult is provided
to exercise the marker timing circult. When
the marker 1s functloning normally, the tim-
ing eircuit will never run through its full
sequence. The time-out check circult is de-
slgned to run the timing cilrcuit through its
‘full sequence whenever the normally operated
TOL relay releases due to a power fallure or
the BTC relay operating when the marker con-
nects a call to the busy tone trunk.

When the TOL relay operates; a path is
repared for operating the time-out check
TOK) relay when the marker has finished

processing all of the calls in the tens
preference chain and the TELl relays release.

The TOK relay in operating will: (a) op-
erate the MIA and MIB relays which will start
the timing circuit functioning as described
in 8, (p) lock operated under control of the
RLS relay, (c) open the operating path for
the TEO and TEl relays and the tens prefer-
ence chain and (d) reoperate the TOL relay.

When the marker timing circuilt has com-
pleted its third cycle the RLS and RLSA relays
will operate releasing the TOK relay return-
ing the marker to normal.

10. STATION AND TRUNK HUNTING GROUPS

10.1 General

Any number of stations within the same
tens group may be formed into a hunting
group. Each station has a corresponding
H-- terminal and a hunting group is formed
by connecting between pairs of terminals un-
til the pattern desired 1s established. A
variety of patterns can be created but in
general they can be classified as 2-way hunt-
ing groups, one-way hunting groups, combined
2-way and one-way hunting groups or one-way
sequentlal hunting groups. :

A grouping of the universal lines can
be established by strapping or connecting
diodes between the associated H terminals
as desired.

As described in previous paragraphs,
the marker in completing a call to a station
will first attempt to connect to the station
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corresponding to the dlaled number. Only if
this station is busy will the marker attempt
to complete the call to an idle station in
the same hunting groups.

10.2 The 2-Way Station Hunting Group
\

The 2~way statlion hunting groups are
created by connecting straps between the H--
terminals corresponding to the stations to
be included in the group. If the station
dialed 1s busy, the marker will progress to
the station hunting sequence and operate all
of the U- relayz corresponding.to stations
in the hunting group and the S~ relays cor-
responding to the idle stations in the group
will operate. The marker will then connect
to the station associated with the first
operated S- relay in the line hunting chain
circuit. It should be noted that if the ZU
relay is operated the preference order of
selection is S5 through S9, SO through Si4.
If the ZU relay 1s released the preference
order 1s SO through S9.

10.3 One-Way Station Hunting Group

A one-way statlon hunting group is
created by connecting an H diode between
pairs of H-- terminals corresponding to
stations to be included in the hunting group,
being careful to pole the diodes such that )
the arrow direction corresponds to the hunt-
ing direction desired. In thls case when
the marker progresses to the hunting sequence,
only the U~ relays corresponding to the sta-
tions beyond the dialed station in the H-~
terminal strapping order will operate. The
marker will connect the call to an 1dle sta-
tion corresponding to the operated U- relays
in a preference determined by the state of
the ZU relay and the position of the S- re-
lays corresponding to the operated U- relays
in the line hunting chain.

10.4 Combined 2-Way and One-Way Station
Hunting Group

A combined station hunting group is
created by using straps between pairs of H--
terminals and diodes between other pairs to
accomplish a desired result. For example,
if it is desired that calls to station 30
or 36 be reuted to the other station when
the dlaled station 1s busy, a strap will be
connected between terminals H30 and H36. If
it is further desired that calls to station
37 be routed to either station 30 or 36 when
station 37 is busy, a diode will be provided
between terminals H37 and H36 (or H30) with
the diode arrow pointing in the direction of
punching H36 (or H30).

In thils case if the marker is process-
ing a call to station 37 but finds 1t busy,
it will progress to the hunting sedquence
and operate the UO and U6 relays and if both
stations 30 and 36 are idle, the S0 and S6
relays will operate. The marker will then
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complete the call to either station 30 or 36
depending upon the station of the ZU relay,
However, 1f the marker is processing a call
to station 36 and finds it busy, the marker,
after progressing to its hunting sequence,
will operate only the UO relay and if sta-
tion 30 is idle the SO relay will also oper-
ate. - The marker will then complete the call
to station 30.

10.5 One-~Way Sequential Station Hunting
Group

A one-way sequential hunting group may
only involve stations within the same sub-
group of five stations in a tens group. Such
a group may be formed by connecting a dlode
between pairs of H-~ terminals corresponding
to the stations involved with the diode ar-
rows always pointed in the direction of the
higher numbered H--~ terminal., For example,
assume that stations 20, 22, and 24 are to
be arranged in a hunting pattern such that
calls to a busy station 20 will be routed to
station 22 unless that statlion 1s also busy
in which case it will be routed to station
24, PFurthermore, calls to a busy station 22
will be routed to station 24, but calls to &
busy station 24 will not be routed to any
other station. To create this pattern a di-
ode should be provided between terminal H20
and H22 and between H22 and H24 with the di-
ode arrow pointed towards the higher num-
bered terminals 1n each case.

In this c¢ase, if the marker is proc~
essing a call to station 20 but finds 1t
busy, it will progress to the hunting se-
quence and operate the U2 and Ul relays which
in turn will cause the 82 and S4 relays to
operate if stations 22 and 24 are ldle. Re-
gardless of the state of the ZU relay the S2
relay will be ahead of the S4 relay in the
1line hunting chain and the marker will al-
ways connect the call to station 22, 1f idle.
If station 22 is also busy the S2 relay will
not-be operated and the call will be con- .
nected to station 24,

If the marker is processing a call to
station 22, but finds it busy, 1t will pro-
gress to the hunting sequence and operate
the Ul prelay through the H diode between
terminals H22 and H24., The UO relay will
not operate since the H dlode between termi -
nal H20 and H22 is poled in the wrong direc-
tion to pass the ground on terminal H22, If
station 24 is idle, the S4 relay will

operate and the call will be completed to
that statilon.

If the marker 1s processing a call to
station 24, but finds 1t busy, 1t will pro-
gress to the hunting sequence but no U-
relays will operate (other than the U4 relay
which is already operated) since the H di-
odes between terminals H20, H22, and H24
are poled in the wrong direction to operate
the UO and U2 relays from ground on termi-
nal H24, The marker will therefore attempt
to connect the call to the busy tone trunk.

11. TROUBLE TIME-OUT

When the marker is selzed to process a
call the MTA and MIB relays operate to start
timing of the call. TUnder normal conditions
if a trouble 1is encountered in establishing
a call the marker will finally release 1t~
self and attempt to process another call.
However, 1f a trouble is encountered in the
timing circult this function is unavailable.
An alarm circult is provided which under
these conditions wlll release the marker,

/

When the MI'A and MI'B relays operate
they prepare a path to operate the PU re-
lay in the alarm circult under control of
a ground from the power supply interrupter
cirecuit. In O through 7.5 seconds a
ground on the "MI'PU" lead will operate PU
relay in the alarm circuilt. The PU in op-
erating locks up through its own make
contact a break contact of the TMO relay
in the alarm circult, and make contacts of
the MDA and MI'B relays, which extended
ground on the*MI® lead from the marker clr-
cuit to the alarm circuit. In approximately
7.5 seconds a ground f{rom the interrupter
circuit will be placed on the "TMO" lead. to
the alarm circuilt operating the TMO relay.
When TMO relay operates (a) relay PU re-
leases, (b) completes 1ts own locking path
to ground from the marker on the "Mr" lead,
(c¢) operates the AL relay in the alarm cir-
cuit,and (d) operates the trouble release
relays RLS, RLSA in the marker, restoring
the marker to normal and allowing 1t to
attempt to process another call. The
marker in releasing restores the alarm
ecircult timing relays to normal. The alarm
indication will remain until released by
the alarm release (AR) key.
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SECTION TIIT - REFERENCE DATA

1. WORKING LIMITS
1.1 Voltage Limits

Minimum Ma ximum
-45 ‘ -52

2, FUNCTIONAL DESIGNATIONS

The functional meanings for the relays
of the marker circuit are given in the
following table: :

Relay

ISSUE 2D,

Designation

Functional Meaning

AC Abandoned call

AIB All links busy

ARB A1l registers busy
BSY, BSYA Circults busy

BTC Busy tone trunk connector
BTT Busy tone

BY Busy test

DCK Down check

HC Hunt connector

HMK Hold magnet check
HMT, HMTA Hold magnet timing
JR(0-5) Junctor regilster

JRE Junctor register end

JTA, JTAA, JTB

Junctor terminating

IB Link busy

IE Link end

ILSH - Link shift

LT(2-9) Iink test

LS, LSA Link start _

Tc Link test connector

LuC Lines units connector

MTA, MTB Marker timing

NA No connection auxiliary

NC No connection

RO, R1 Regilster

RAO, RAl Register allotter

RCK Releasge check

RCT, RCTA Register cut through

RG Reglster group

RHK Register hold magnet check

RL, RIA Release

RLS, RLSA Trouble rélease

RPO, RP1 Register preference

RPAO, RPAL Register preference
auxiliary

RUC Regilster units connector

3{0-9) Sleeve

SA Second trial auxilliary

SE Sleeve end

SMR, SMRA Select magnet register

SMT Select magnet timing

SO . Sleeve operate

SOA

ST Second trial

STR Second trial reglster

T(1-5) Line tens

TA(1-5) Line tens auxiliary

TA Timeout auxiliary

TAC, Tens auxiliary connector

TE (0-1) Tens €nd

T™ Timing

SECTION III

Relay
Designation Functional Meaning
T0 Time=-out
TOK Time=-out check
TOL Time~-out lock
TP(1-5) Tens ﬁgeference
TR Trouble
TRC, TRCA Terminating route complete
TRK, TRKA Terminating route check
TRL Transfer links
U(0-9) Units
UE Unlts end
UL Units lock
WIL, WL Link sequence W-Z
ZIL, 2L Link sequence
WLG, ZLG Link sequence
WU, 22U Units sequence W~Z
WLGA W auxiliary

3. FUNCTIONS

The marker circuit is designed to per-
form the following functions: :

(é) To connect a calling station line or
trunk (assoclated with a universal
line) to a dial pulse register.

{b) To connect a station line to a station
line through a Jjunctor.

.(c) To connect a trunk (associated with a
universal line) to a station 1line,

(d) To connect a trunk to a trunk {both
assoclated with universal lines).

(e) To connect a station line or trunk

(assoclated with a universal line) to
the busy tone trunk if the called line or
trunk group is busy.

"(f) To set the dial pulse reglster to re-
turn busy tone 1f the busy tone trunk
is busy.

(g) To release and abandon a call under
the following conditlons:

(1) The calling party dlsconnects before
receiving dilal tone, -

(2) The calling party disconnects after
the dial pulse register seizes the
marker and before the call 1s completed.

(3) The calling station line or trunk
(assoclated with a universal line)
does not test 1dle.

(h) To serve calls ffom reglster lines in
a predetermined order and to prevent

calls from interfering with each other.

(1) To select an 1dle link for a call.

(3) To allot an idle dial pulse register
for a call.

SECTION IIIT
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(k) To select an idle trunk (associated
with a universal. 1ine) from the group
deslred.

(£) To hunt over lines strapped in a hunt-
ing group.

(m) To recognize an all registers busy
condition and block uritil a busy reg-
ister has been served and becomes idle.

(n) To release the dial pulse register
when a call has been completed.

(o) To go to second trial if a call 1is
not completed in a predetermined
length of time.

(p) To connect the calling party to the
busy tone trunk if the call is not
completed on a second trial in a predeter-

mined length of time.

{q) To release 1f the call cannot be com-
pleted to the busy tone trunk in a
predetermined length of time.

{r) To>check the time-out circuits every
time the busy tone trunk 1s used.

{g) To release and gilve an alarm if a call
cannot be disposed of by the marker
and the marker timing clrcult fails,
4, CONNECTING CIRCUITS
When this circuit 1s listed on a key-
sheet, the information thereon is to be
followed.

(a) Dial Pulse Register Circult -
SD-69470-01.

(b) Alarm and Test Circuit - SD-69471-01.
(¢) Junctor Cirecuit - SD-69L464-01.

~(d) Line, Link and Connector Circuit -
SD-69469-01.,

SECTION III
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 (e) Power Supply Circuit - SD-81577-0O1.

(f) Busy Tone Trunk Circuit -
SD-69465-01,

(g) Call Progress Indlcating Cilrcult -
" 8D-69472-01.

5. MANUFACTURING TESTING REQUIREMENTS

The marker circuilt shall be capable of
performing all the functions specified in
this circuit descriptilon, and meeting all
the requirements of the Circult Requirements

Table.

6. TAKING EQUIPMENT OUT OF SERVICE
6.1 Marker

There 1s no way in which the marker
can be taken out of service without dilsrupt-
ing all traffic through the system.

7. ALARM INFORMATION
7.1 Fuse. Alarm

An operated fuse supplying the marker
circult is indicated by a major alarm at
the plant service center if alarm transmit-
ting features are provided and in any case
a visual signal will be given locally.

The operated fuse must be replaced or
removed to restore the alarm circult to
normal,

7.2 Trouble Release Alarm

—

A major alarm will be indicated at-
the plant service center and/or locally if
the marker trouble releases on a time=-out
basis. This alarm indication is locked 1n
and can be removed by operating the alarm
release key in the Alarm and Test Circuilt.
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SECTION IV - REASONS FOR REISSUE : ,
~D; DESCRIPTION OF CHANGES

'D.l Miscellaneous changes are made in the circult description and
sequence charts.

BELL TELEPHONE LABORATORIES, INCORPORATED .

DEPT 5332-0A-HFH
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N APPENDIX 4D
« DWG ISSUE 5D

" STATION SYSTEMS
SWITCHING SYSTEM NO, 400 : S :
'LINE, LINK AND CONNECTOR CIRCUIT . . '

) CHANGES
py Deseription of Chaqg__

D;l All changes are made on a Class D -
No Record basis per agreement with
WECo. -

'D.2 On sheet Al, t;he\ sheet index is

brought up to _date.

D.3 On sheet B3, drafting error on
"lead R 1is corrected,

D.4 On sheet D1, Note 202 1is added.

D.5 On sheets G2, 3, 4 and 5, CAD's
2, 3, 4 and 5 are revised and
equipment optlon EB 1is added to leads
S and S1 to provide for the station
make~busy feature, - _ !

‘ BE?#_=W@ABORATOHIES, INCORPORATED '
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CIRCUIT DESCRIPTION , IR SR CD-69469-01
S o T P - ISSUE 1
APPENDIX 3D

DWG ISSUE

STATION SYSTEMS
- - SWITCHING SYSTEM NO. 400
LINE, LINK,AAND CONNECTOR CIRCUIT
o cmcx:s
'D. Description of Chaqg__

2

D.1 On sheets B3, 4 and 5, leads S20-59,

8120-59, S6-5 end 8168 to the telew
phone line and add-on circult are added
to provide for the station make busy
fsature. ,

D.2 On sheet Bh connecting information
.. for the interfsce trunk circult is
&dded .

N

_— f o :_ : D 3 On sheet Dl note 102 1s reviged.
e D.4 ' On sheet D2 note 307 1s added.

D.5. On sheets 62, 3, 4 and 5, CADS 2, 3, 4
and 5 sre revised. :

: F Chsnges 1n CD Sections

P, 1 In SECTION III, CONNECTING CIRCUITS,
. sdd: S

s# 9 Interfsce Trunk 01rcu1t - SD-66926 0l1.
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ISSUE 1
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STATION SYSTEMS
SWITCHING SYSTEM NO. 400
LINE, LINK, AND CONNECTOR CIRCUIT

CHANGES

D. Description of Changes

D.1 On .sheet B2, location B&C-3, relay
contacts LTS9, LEA and LTS2 (in marker

circuit) have been corrected to read LT9,

LE and LT2 respectively. Also on sheet

B2 at location C~7, relay contact LTs2-9

(marker circuit) has been corrected to read

LT2-9. '

D.2 On sheet 33, location C-0, E-0, and
G-0, relay contact descriptions U-0 and

BELL TELEPHONE LABORATORIES, INCORPORATED

DEPT 5332-GR-HFH

5-0 have been corrected to read U-5, 8-5,.
U-6, 8-6, U-9, and S-9 respectively.

D.3 On sheet B6, location G and H-6, leads
Tl, T2, T3, T4, and T5 from the marker

circuit have been added.

D.4 On sheet E1, location E7, U-3 lead
designation has been changed to read

U-9.

D.5 On sheet G6, CAD 6 and 7 is added.

D.6 On sheets G3, 4, and 5, options R and
S are added.

Page 1
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CIRCUIT DESCRIPTION L

STATION SYSTEMS
SWITCHING SYSTEM NO. 400
LINE, LINK, AND CONNECTOR CIRCUIT
CHANGES
D. DESCRIPTION OF CHANGES
D.1 References to the term PBX have been removed and replaced by SW SYS.
D.2 On sheet B3, the fixed side of relay %gz’ ::: was shown reversed and has
i :

been changed to agree with manufacturing information.,
D.3 On sheets B4 and G2, several typographical errors were corrected.
D'.'f_L On sheet G2, CAD 6 is rated A&M Only and reference to CAD 13 is added.

D.5 On sheets G3, G4, and G5, CAD 5 is rated A&M Only and reference to
'‘CAD 12 is added.

D. 6 On sheet G5, references to options "T" and "Y' were added.

All other headings, no change

BELL TELEPHONE LLABORATORIES, INCORPORATED

DEPT 5332-PB-HFH

Printed in U, S, A.
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CIRCUIT DESCRIPPION

CD-69469-01

Issue 1
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STATION SYSTEMS

SWITCHING SYSTEM NO, 400
LINE, LINK AND CONNECTOR CIRCUIT
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3 Unlversal Line
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SECTION II - DETAILED DESCRIPTION

1. OPERATION OF HOLD MAGNETS

1.1 Originating Call
1.2 Terminating Call

2. OPERATION OF SELECT MAGNETS

3. OPERATION OF SELECT MAGNETS
THROUGH THE REC.ISTER MEMORY
VERTICAL

. STATION LINE CIRCUIT

. UNIVERSAL LINE CIRCUIT

1 Station Line

2 Two-Way Tie Trunk :

3 Recorded Telephone Dictation

Trunk

4 Loud Speaker Paging Trunk

5 3A Code Call Circuit

. STATION HUNTING GROUPS

General

.1
.2 Two Way Statlion Hunting Groups

PAGE
6.3 One-Way Station Hunting
Groups
1 6.4  Combined Two-Way and One-Way
Station Hunting Groups
1 6.5 One-Way Sequential Station
1 Hunting:  Groups
1
2
SECTION III - REFERENCE DATA
1 1. WORKING LIMITS
1 1.1 Lines
1 1,2 Voltage Limits
1

2, FUNCTIONAL DESIGNATIONS

3. FUNCTIONS

4, CONNECTING CIRCUITS

5. MANUFACTURING TEST REQUIREMENTS

6. TAKING EQUIPMENT OUT OF
SERVICE

el Links
6.2 Statilon Lines

T. ALARM INFORMATION

FEOE O LWWW OO D D=
(o))

T.1l Fuse Alarm

PAGE

Table of Contents -

Printed 1n U, S, A,

Page 1
1 Page -






\
CD-69469-01 - ISSUE 1 - SECTION I

SECTION I - GENERAL DESQRIPTION
1. GENERAL METHOD OF OPERATION
1.1 General

The link circuit provides terminations
for the 20-29 and 30-29 groups of station
lines and, if apparatus options "4" & "s5"
are provided for the 40-49 and 50-59 groups
of statlon lines. Terminations are also
provided for three universal line clrcults,
which may be used with a loud speaker paging
trunk, recorded telephone dictation trunk,
2-way tle trunk, 3A Code Call Circuilt or a
station llne. Terminations are also pro-
vided for one busy tone trunk, two dial
pulse registers and both ends of six Junc-
tors,

The crossbar switchling network consists
of six 10 x 10 - 6 point crossbar switches,
The horlzontals are arranged so that a total
of slxteen 3-wire links are avallable, The
16 links are realized by using elght 6-wire
horizontals (levels 2 through 9) and choos-
ing either the left or right half of the
crosspoints by operating the crosspoints
of either the zero or one levels in com-
bination with those of one of the two
through nine levels, The llne circuits,
busy tone trunk, Junctor clrcuits, and the
dial pulse reglsters are terminated on the
swltch verticals. Each dlal pulse register
1s assigned two verticals. One of these
verticals 1s used as a temporary memory
device to record the link number used in
the dial tone connection. The crosspoints
of the register memory veérticals are not
multlpled to the crosspolnts of other
verticals and therefore do not form part
of the links. The Jjunctors have two vertical
appearances each, one for the originating
side and the other for the terminating side.

Only one link 1s used for establishing
dlal tone connections, station to trunk
connections, and trunk to trunk connectlons.
Station to station connections are estab-
lished through a Junctor and thus use two
links per connection. Station to trunk con-
nections are established using only one
1link but tie trunk to statlion connectlons
are established through a Junctor and so
employ two links.

The link system also includes the
select magnets, which determine the selec-
tion of the link to be used on a call and
are under control of the link testing and
selection circuit in the marker. After the
marker has determined the link to be used
and operated the assoclated select magnets,
the operation of a hold magnet causes the
assocliated crosspoints to close down on the
link and extend the T, R and S leads of the
associated circuit to be bridged to the
link wiring to the originating or termlnating
circult to which a connéction is belng

completed. All hold magnets are wired in
the sleeve circult so that the operating
path 1s from the marker and the holding
path is completed by a ground from the
various circults over the sleeve of the
link circuit. '

1.2 Station Line

When the telephone set 1is removed
from the switchhook the line 1s shorted
and the assoclated L- relay operates, The
L~ relay in operating grounds the tens
and units leads corresponding to the line
number to the marker as a selzure signal.
The marker in processing the call operates
the crossbar switch hold magnet in the link
corresponding to the vertical appearance
of the line which in turn operates the hold
magnet off-normal springs. The hold magnet
off-normal springs in operating releases
the L- relay and removes the seizure signal

- to the marker,

A call is terminated to a line by
dialing the two digit line number, The L-
relay 1s not operated on a terminating call
and the line circuit is not involved.

1.3 Universal Line

The universal line circult may be
connected as a station line or to a two way
tie trunk, recorded telephone dictation
trunk, loud speaker paging trunk, or '3A Code
Call Circuit., The gniversal line circuilt
is reached by dialing the single digit 6,
7s 8, 9, or O depending upon the strapping
provided in the dial pulse register cir-
cult, Strapping in the dial pulse register
circuit will also determine whether calls
are completed to a universal line circuit
with or without a junctor. The "H" and "s"
punchings corresponding. to the universal
line circults are shown on the marker
circult,

When a universal line circuit is as-
signed as a statlion llne or connected to a
two way ftie trunk, an originating call will
operate the L- relay which grounds the Tl
lead and the appropriate U- lead to the
marker as a seizure slgnal. The marker in
processing the call will operate the (IN-)
relay which in turn operates the line hold
magnet in the link., When the hold magnet
operates, the operating off-normal. springs
cause the L- relay to release, The IN-
relay will lock operated to the ground on
the link sleeve,

When a call is terminated to a uni-
versal line circult assigned as a station
line or connected to the answering end of
the 3A Code Call Circult, the marker clr-
cult will operate the IN- relay which
operates the line hold magnet in the 1link,
The IN- relay will lock operated to the
ground on the link sleeve., When a call is
terminated to a universal line circult
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connected to a two way tie trunk, recorded
telephone dictatlon trunk, loud speaker
paglng trunk, or to the calling end of the 3A
Code Call Circuit, the marker will operate
the OT- relay which operates. the line hold
magnet in the 1link, The 0T~ relay will lock
operated to ground on the S2 lead from the
connected circuit., In this case the SL- re-
lay will also operate and lock to the S2 lead,

Section I
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1.4 Station Hunting Groups

Stations may be arranged into one
way or two way hunting grows or in
combinations of both types but with the
restriction that all stations in a

~ huntlng group must be within the same

tens group.
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SECTION II - DETAILED DESCRIPTION

1. OPERATION OF HOLD MAGNETS
1.1 Originating Call

Since &1l the hold magnets are asso-
clated with their own sleeve lead and a
common line and trunk hunting circult in
the marker the explanation of the operation
of one hold magnet as to another will only
vary as to what sleeve lead 1s completed
by the tens connector relays, Jjunctor ter-
minating relays or the busy tone connector
relay.

Assuming a call 1s beilng originated
by a station in the 20-29 group, the asso-
clated tens connector auxiliary relay will
operate and prepare the operate path for all
the hold magnets in that group. As the
marker progresses with the call and assuming
station 27 is the originating station, the
U7 relay in the marker operates and places
the primary wlndlng of the S7 relay in the
marker in series with hold magnet HM27
through contacts of the TCA2 relay in the
marker, Since the winding of the S7 relay
1s 5000 ohms and the windlng of the HM27
hold magnet is 900 ohms the current flow
will be such that only the S relay will
operate at this time. As the marker con-
tinues to progress with the connection, the
SMT relay in the marker operates and
(1) -extends ground on the sleeve leads to
make contacts of the S7 relay, (2) operates
the register hold magnets HM(-=)8 and
HM(-)9 under control of the register allotter
relay in the marker, (3) operates the SMRA
relay in the marker which in operating
extends the ground from the SMT relay through
1ts makée contacts operating the HM27 hold
magnet, which closes its crosspoints to the
link to complete the connection to the dial
pulse reglster. When the register is selzed
its L relay operates operating the reglster
SR relay which places a ground on the link
sleeve lead to hold the originating hold
magnet operated, and ground bo hold 1ts own
hold magnets operated. The hold magnet HM27
in operating opens the operate path of the
line L27 relay in the line circuit which re-
leases,

1.2 Terminating Call

When the reglster has recelved the
dialed number it requests the marker to com-
plete the call to the called station. The
testing and operation of the station hold
magnet 1s accomplished as in the originating
call as explained in Paragraph 1l.1. In this
case, however, the hold magnet of the called
station could be operated due to another
call. Under this condition the asSociated
S relay in the marker cannot operate because
ground holding the hold magnet operated
rather than battery wlll be on the sleeve
lead through the TCA- relay and operated U-
relay through the winding of the S~ relay

‘minated.

to ground, The marker then functlons as
is explained in the marker circult descrip-
tion. '

2. OPERATION OF SELECT MAGNETS

When a station or trunk originates a
call, a junctor register relay operates, or
the busy tone connector relay operates the
marker select magnet connector relay asso-
clated with the crossbar switch that the
circuit involved appears on. The select
magnet connectors in the marker prepare the
operate paths for the select magnets. During
1link testing by the marker, all LTS relays
in the marker assocliated with ldle links
will operate., Assuming that the LTS4 relay
in the marker 1is operated and the link se-
quence control 1s such that when the LEA
relay in the marker operates ground is
extended through contacts of all operated
SMC(~) relays operating the SMU4 select mag-
net in.all switches whose corresponding SMC
relay 1s operated. Whether horizontal O or
1 wlll be used for the connection is depend-
ent on the state of the transfer link relay
in the marker, Assuming the TRL relay is
operated, the operation of the LTS4 relay
in the marker extends a ground to a make
contact of the TRL relay in the marker. When
the LE relay 1in the marker operates this
ground 1s further extended through contacts
of the operated SMC(-) relays operating all
select magnets assoclated with vertical 1.
In this example the select magnets asso-
clated with link 14 were operated., Had the
TRL relay been released the select magnets
assoclated with link O4 would have operated.

3. OPERATION OF SELECT MAGNETS THROUGH
THE REGISTER MEMORY VERTICAL

When the register memory hold magnet
operates during the dilal tone connection it
performs no actual function, however, it
serves to remember the link of the originat-
ing call and enables the marker to reuse
the link when the call is eventually ter-
The memory vertical is not multipled
to crosspoints of other verticals but closes
down on link memory leads associated with
vertical O and 1 and link memory leads as-
soclated with horizontals 02-09 to 12-19,

On a Junctor type of call when the
marker terminating route complete (TRCA) re-
lay operates, ground 1s extended ‘through
make contacts of the register preference
RP(0-1) relay in the marker over the LMOO
or LM1Q and LMOl or LMl1l leads depending
upon which RP- relay is operated. Since
the crosspoints of the memory vertical are
in the same position as the work vertical
the ground will be extended over the proper
LM leads to operate the select magnets of
the switch in which the SMC is operated
and cause the crosspoints involved in the
terminating connection to close down on the
previous used 1link.

Section II
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On a trunk type of call the junctor
register end JRE relay will not operate but
on subsequent action in the marker the
reglster cut through RCT relay will operate.

"With the JRE relay nonoperated and the RCT
relay operated ground is extended on the IM
leads as previously explained in this
paragraph.

4, STATION LINE CIRCUIT

The removal of a handset from a station
switchhook will cause the station's L- relay
to operate. The L- relay 1in operating
(1) operates the assoclated tens relay in the
marker clrcult.which signals the marker to
set up a dial tone connection to the station
and (2) grounds the associated U- lead to
the marker circuit. The marker in pro-
cessing the call, will place the winding of
the station hold magnet 1n the sleeve cir-
cult and operate it, When the hold magnet
operates it will release the associated L~
relay. .When connected to the line, the dial
pulse register will place a ground on the
sleeve linkage to hold the hold magnet op-
erated after the marker releases.

After a station or trunk completes
dialing a station code into the register
circult, the register will request the marker
to complete the call. During the process of
completing the call the marker will test the
conditlon of the called station's hold
magnet, If it is i1dle there will be nega-
tive forty eight volts on the hold magnet
winding. Having found the statlon ldle the
marker will operate the stationl!s hold
magnet which opens the operate path of the
L- relay.

If the called station is busy when the
marker tests the hold magnet, the holding
ground will cause the marker to check 1f the
station is in a hunting group. If the sta-
tion is in a hunting group in which there
1s an 1dle statlon, the marker wlll complete
the call to that station, If there are no
idle circuits 1in the hunting group or the
called station is not in a hunting group,
busy tone will be returned to the calling
station,

5. UNIVERSAL LINE CIRCUIT
5.1  Station Line - (Option Z)

When a 1line circult 1s assigned to a
"station 1line "Z" option is provided, Calls
to and from the station line are processed
by the marker ln the same manner as described
in Paragraph 4 above, except that the S lead
from the marker operates the IN- relay in-
stead of the hold magnet directly. The hold
magnet 1s operated by the IN- relay. The
ground on the sleeve of a connected link
will hold the IN- relay operated after the
marker completes lts functions and leaves
the connection,

Section II
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5.2 Two-Way Tie Trunk - (Option X)

When a llne circult is assligned to a
2-way tlie trunk, the T1l, Rl, T2, R2 and S2
leads are connected to the trunk, and "X"
option 1s used., With some trunks the Sl
lead may also be required. :

When the circuit is seized for an in-
coming call a bridge on the tip and ring
or a growndon the ring in the trunk will
operate the L- relay over the Tl and Rl
leads and the marker will process the call
as 1f it were a station, The L- relay in
operating will close a path between the S
lead to the marker and the winding of the
IN- relay. This path is maintained by make
contacts of the IN- relay after the marker
operates the IN- relay over the S lead.
The IN- relay operated operates the hold
magnet in the 1link circuit which causes
the L- relay to release,

After the connection has been estab-
lished, the IN- relay 1s held operated by
the ground on the sleeve of the link. This
ground will in some cases also cause a relay
to operate in the trunk (over the S1 lead)

which willl return ground to the line c¢ircult.

over the S2 lead operating the SL- relay.’
In other trunks the ground on the S2 lead
1s present lmmediately upon selzure, The T
thermistor in series with the SL- relay
delays the operation of this relay by ap-
proximately 250 milliseconds. The purpose
of this delay is explained below, The IN-
relay in operatling opens the operate path
for the 0T~ relay and places a ground onh the
S lead to the marker as a busy indication,
When the SL- relay operates, this make busy
function is performed by 1ts contacts.

When the marker seizures the circuit
for an outgolng call by grounding the S ' _
lead, the OT- relay operates, The OT- relay
in operating (1) operates the hold magnet
thus closing the crossbar switeh. crosspoints,
(2) transfersthe link tip ‘and ring leads
from their normal connection to the incoming
leads of the trunk (T1 and Rl leads) to the
outgoing leads of the trunk (T2 and R2
leads), (3) disconnects the link sleeve
from its normal connection to the S1 lead
of the trunk and connects a ground to 1%,
(4) prepares a path for locklng itself to
the 32 lead of the trunk, and (5) starts
the operation of SL- relay. If the trunk
i1s of the type that requires a forward
ground on the S2 lead for seizure on an
outgoing call, this requirement is satisfied
by the operation of the OT- relay since the
ground from the marker which operates it is
extended to the 82 lead when. the relay
operates,’

The calling party's bridge on the tip
and ring of the link will operate a relay in
the trunk causing it to return a ground over
the S2 lead to keep the.OT- relay operated
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when the marker removes ground from the S
lead. This ground on the S2 lead also op-
erates checking relays in the marker and
completes the operation of the SL~- relay.
The SL- relay 1h operating opens the operate
path for the OT- relay and grounds the S
lead to the marker as a busy indication.
The SL- relay 1s made slow in operating to
allow sufflclent time for the trunk to re-
turn locking ground on the S2 lead to hold
the OT- operated before the operating path
for the OT- relay is opened., When the SL-
relay operates, the T- thermlstor is short-
circulted by contacts of the SL- relay to
allow 1t to start cooling immediately thus
insuring that the SL~ relay will operate in
approxlmately the same time interval on
subsequent operations,

5.3 Recorded Telephone Dictation Trunk
(option X)

When a line circult 1s assigned to a
recorded telephone dictation trunk the T2,
R2, and 82 leads are connected to the trunk,
and "X" option is used.

The marker will connect a calling sta-
tion to the recorded telephone dictation
trunk in the same manner as when setting up
a call to a two-way tie trunk. The trunk
wlll return ground over the S2 lead to com-
plete operating the SL- relay and lock the
OT- relay operated.

When the calling station hangs up,
the trunk normally removes the ground on the
S2 lead causing the OT- and SL- relays to
release, The OT- relay in releasing releases
tte hold magnet restoring the circuit to
normal. If the trunk is taken out of service
for mailntenance of the trunk or the asso-
clated dictation machine, the S2 lead will
be grounded which will operate the SL- relay
and connect a busylng ground on the S lead.

5.4  Loud Speaker Paging Trunk (Option X)

When a line circult i1s assigned to the
loud speaker paging trunk, "X" option is
used and the T2, R2 and S2 leads are con-
nected to the trunk.

A calling station or trunk is connected

to the loud speaker paging trunk by the
marker 1n the same manner as when a calling

station or trunk dlals the recorded telephone

dictation trunk.
5.5 3A- Code Call Circuit (Options "w", A

T™wo line circuits are required to con-
nect to .one channel of the 3A Code Call Cir-

cult; one circult 1s required for associlation

with the calling end and the second circult
for assoclation with the answering end., The
line circuit assigned to the calling end
should be provided with "W" option and the
T2, R2, and S2 leads connected to the code
call circuit, The line cilrcuit assigned to

the answering end should be provided with
"v" option and the T1l, Rl, S and S1A leads
connected to the code call circult. It is
also required that the HM, IT, and S2 leads
be interconnected between the two line cir-
cults and that the hold maghet contacts in
the line circuit assigned to the anawering
end be permanently insulated with a blocking
tool to 1solate the associated L~ relay .wind-
ings from the circult. This must be done to
prevent the answering end line circuit from
being seized by the relay bridging the tip
and ring conductors in the 3. Code Call Cir-
cult when the code call circult is selzed at
its calling end.

A calling party will originate a call
to the 3A Code Call Circuit by dialing the
number in the 6-0 series corresponding to
the line circuit to which the calling end is
assigned. Assuming that the answering end
line circult is idle, thé marker will process
the call in the same manner as when connecting
a call to a two-way tie trunk. The ground
on the S lead originating in the marker will
operate -the OT~ relay in the calling end
line circuit through break contacts of the
SL- and IN- relays in the answering end line
circuit and break contacts of the L- and IN-
relays 1n the calling end line circuit. When
the OT- relay operates operating the hold
magnet, the calling party's bridge on the
tip and ring of the link will function re-
lays in the code call circuit causing it to
return a holding ground for the OT- relay on
the S2 lead. Ground on this lead will also
operate the SL- relays in the line circuit
assoclated with both the calling and answer-
ing ends, however, only the SL- relay asso-
ciated with the answering end performs a
useful function in this application. The
answering end SL- relay in operating will
connect ground to the IT lead which is
extended to calling end line circult's S
lead as an indication to the marker that the
calling end is busy.

When the code call circult is idle the
S lead to the answering end line circuit will
be grounded. Consequently a station. dialing
the 'line number corresponding to the answer-
ing end will receive busy tone. However,
when a calling party has selzed the calling:
end, a relay in the code call circuit will
close a path between the S and S1A leads
and remove the ground thus making the answer-
ing end line circuit available for seizure
by the marker. Also, when the SL- relay op-
erates in the answering end line circult due
to a selzure of the calling end of the code
call circult, the tip and ring conductors
from the answering end of the code call cir-
cult will be extended to the crossbar switch
crosspoints prepared for connection to the
answering call,

A called party responding to the code
slgnal broadcasted by the code call circuilt
will originate a call to the answering end
of the code call circuit from any station in

Section II
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the PBX. The called party will dial the
number in the 6-0 series correcponding to
the line circult assigned to the answering
end of the code call cireult. The marker
wlll process this call as a station=-to-
statlon call using a Jjunctor in the connec-
tion, When the marker grounds the S lead

of the answering end liue circult, the IN-
relay will operate., The IN- relay in op-
erating wlll operate the hold magnet cutting
through the tip. and ring conductors of the
answering end of the code call circuit to
the terminating end of the junctor via the
connected 1link, The IN- relay will lock
over the sleeve lead of the ground in the
Junctor, The operation of the IN- relay
will prepare a path for connecting ground to
the IT and S lead assoclated with the calling
end line clrcult if the answering end 3L-
‘r&lay should release before the IN- relay.

When a calling party is connected to
the code call circult to the answering party
for conversation, the S lead to the marker
in the answering end line circuit will be
grounded by the same ground holding the IN-
relay operated. Thus if a station triles
to dial the number of the answering end line
clrcult during this period it will receive
a kusy indication,

If the calling party disconnects first,
the removal of the station bridge from the
callling end of the code call circuit will
cause ground to be removed from the S2 lead,
This will release the OT- relay in the call-
ing end line c¢ircult and release the SL-
relay 1n the answering end line circuit,

The OT- relay in releasing will release the
hold magnet restoring the calling end line
circuit to normal except that the operate
path of the OT relay is held open and ground
is maintained on the IT and S lead by the op-
erated IN- relay in the answering end line
circuit, In the answering end llne circuilt
the IN- relay is held operated by the junctor
which 1s under control of the answering
party. The answering end SL- relay in re-
leasing opens the code call circult bridge

on the tip and ring conductors at the answer-
ing end releasling a relay in the terminating
end of the Junctor.

When the answering party finally con-
nects the junctor removes the ground on the
sleeve lead of the link releasing the IN
relay. 7The IN relay in releasing releases
the hold magnet in the answering end line
circuit restoring that circuit to normal

and in the calling end line circult: removes

tha ground froa the IT ond 5 lead and closes
tne operating path of the COT- relay thus re-
storing that clircult vo normal and making the
code call circuli avaliable for another call,

If the answerlng party should discon-
nect first, the removal of the bridge at
the orliginating end of a junctor will release
only the link between the originating end of
tne junctor and the party responding to the
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cnde call signal. The remailnder of the con-

nection will remain intact under control of

the calling party. When the calling party

finally disconnects, the code call circult

will remove ground from the S2 lead to the

callirg end line circuit releasing the OT-

relay in that line ecircuit and the SL relay

in the answerlng end line circult. The OT )
relay in releasing will release 1lts asso- (
ciated hold magnet, The answeringz end SL- .
relay in releasing will remove thes bridge

towards the terminating end of the junctor

allowlng the Junctor to release, The Junctor

in releasing will release the IN- relay in

the answering end line circult which releases

the associated hold magnet. Thus both line

circuits are restored to normal and the

code call clrcult is available for another

call,

When the code call circult is made
busy for malntenance reasons st the code call
equipment, the ground will be connected to
the S2 lead. This ground will operate the
SL- relay in the answering end line circult
which will ground the IT and S lead to the
marker at the calling end line circult as a
busy indication.

6. STATION HUNTING GROUPS

6,1 General
Any number of statlons withln the same
tens group may be formed into a hunting
group. Each station has a corresponding H
terminal and a hunting group 1s formed by
connecting pairs of terminals untll the
pattern desired 1s established., A variety
of patterns can be created but in general
they can be classified as two way hunting
groups, one way hunting groups, combined
two way and one way hunting groups or one
way sequential hunting groups,

The marker in completing a call to a
station will flrst attempt to connect to the
station corresponding to the dialed number,
Only if this station 1s busy will the marker
attempt to complete the call to an idle
station in the same hunting group.

6.2 Two Way Station Hunting Group

Two way statlior hunting groups are

created by connecting straps between the H

terminals correspondiug to the statlions to

be included in the group. If the station

dialed ls busy, the marker will progress to

the station hunting sequence and operate

all of the U- relays corresponding to sta-

tions in the hunting group and the S~ relay
corresponding to the idle stations in the

group will operate, The marker will then

connect to the station assoclated with the -
first operated S- relay in the line hunting (
chain c¢lrcuit., It should be noted that if

the ZU relay is operated the preference

order of selection is S5-89, S0-S4, If the
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ZU relay 1s released the preference order
1is S0-S9.

6.3 One Way Station Hunting Group

A one way station hunting group is
created by connecting the H diode between
pairs of H terminals corresponding to
stations to be included in the hunting
group being careful to pole the diodes so
that the arrow direction correspondd to the
hunting direction desired. In thig case
when the marker progresses to the hunting
sequence, only the U- relays corresponding
to the stations beyond the dialed station
in the H terminal strapping order will
operate. The marker wlll connect the call
to an 1dle station corresponding to the
operated U- relays in a preference deter-
mined by the state of the ZU relay and the
position of the S- relays corresponding to
the operated U~ relays in the line hHunting
chain.

6.4 Combined Two Way and One Way S$tation
Hunting Group

A combined station hunting grpup is
created by using straps between somF palrs
of H terminals and H dlodes between| other
pairs to accomplish a desired result. For
example, if it 1s desired that a call to
station 40 or 46 be routed to the dther
station if the dialed station is busy, a
strap will be connected between terminals
H4O and H46. If it 1s further desired that
calls to station 47 be routed to either
station 40 or 46 when statlon 47 is busy,
an H diode will be provided between
terminals HU4T and H46 (or HUO) with the
diode arrow pointing in the direction of .
punching H46 (or HUO). ’

In this case 1f the marker,is process-
ing a call to station 47 but finds it busy,
it will progress to the huntlng sequence
and operate the U0 and U6 relays and if
both stations 40 and 46 are idle, the SO
and S6 relays will operate. The marker
will then complete the call to either
station 40 or 46 depending upon the state
of the ZU relay. However, if the marker is
processing a call to station 46 and finds
.1t busy, the marker after progressing to
its hunting sequence will operate only the
UO relay and if station 40 is idle the SO
relay will also operate, ' The marker will
then complete the call to station 40,

>6.5 One Way Sequential Station Hunting

Group :

A one way sequentlal hunting group
may only involve stations wlthin the same
subgroup of five stations in a tens group.
Such a group may be formed by connecting
H diodes between pairs of H terminals cor-
responding to the stations involved with
the diode arrows always pointed in the
direction of the higher numbered H terminal,
For example, assume that stations 20, 22
and 24 are to be arranged in a hunting
pattern such that calls to a busy station
20 will be routed to station 22 unless that
station 1s also busy in which case it will
be routed to station 24, PFurthermore,
calls to a busy station 22 will be ‘routed
to station 24, but calls to a busy station
24 will not be routed to any other station.
To create this pattern an H diode should
be provided between terminal H20 and H22
and between H22 and H24 with the diode
arrow polnted towards the higher numbered
terminals in each case. '

In this case, if the marker is proc-
essing. a call to station 20 but finds it
busy, it will progress to the hunting
sequence and operate the U2 and U4 relays
which in turn will cause the S2 and S4
relays to operate if stations 22 and 24 are
Ifdle. Regardless of the station of the ZU
relay the S2 relay will be ahead of the
S4 relay in the line hunting chain and the
marker will always connect the call to
station 22 if idie, If station 22 is also
busy the S2 relay will not be operated and
the call will be connected to station 24,

If the marker 1s processing a call to
station 22 but finds it busy, it will pro-
gress to the hunting sequence and operate
the U4 relay through the H diode between
terminals H22 and H24, The UO relay will
not operate since the H diode between
terminal H20 and H22 1s poled in the
wrong direction to pass the ground on
terminal H22. If station 24 is idle, the
S4 relay will operate and the call will
be completed to that station,

If the marker is processing a call to
station 24 but finds it busy, it will
progress to the hunting sequence but no U-
relays will operate (other than the U4
relay which is already operated) since the
H dlodes between terminals H20, H22 and
H24 are poled in the wrong direction to
operate the UO and U2 relays from ground
onh the H24 terminal. The marker will
therefore attempt to connect the call to
the busy tone trunk.

Section II
" - Page 5
5 Pages
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SECTION III - REFERENCE DATA

1. WORKING LIMITS
1.1 Lines

Maximum external circult
loop resistance

1,500 ohms

Minimum insulation re-
sistance

10,000 ohms

1.2 Voltage Limits
Minimum Maximum
=45 -52
2. FUNCTIONAL DESIGNATIONS )
The functional meaning‘for all the

relays of the line circuit are given in
the following table:

Reléy Functional
‘Designation Meaning
IN- In
L~ . Line
OT- out
SL- Sleeve
HM 20-59 Hold Magnet (statlon
lines)
HM 10,15,16 Hold Magnet (universal
trunks)
HM 00, 02, 04, Hold Magnet (junctor
06, 11, 13 originating)
HM 01, 03, 05, Hold Magnet (Junctor
07, 12, 1k terminating)
HM 08,09 H§ld Magnet (register,
(0]
HM 18, 19 H?ld Magnet (register,
1
HM 17 Hold Magnet (busy tone
trunk)
SM 00-59 Select Magnet

3., FUNCTIONS

3.1 The 1link circuit is designed to
perform the followlng functions:-

3.11 To operate any of the various hold

magnets and close the T, R and S
leads to the link wiring for completion
of a circult.

3.12 To provide connections to the marker
for selecting, under control of the
1ink sequence circuit, an idle link,

3.13 To remember and reuse the original
link circuit through contacts of the
register memory vertical when required.

3.2 The line circults are designed to
perform the followlng functions:-

3.21 To recognize a selzure signal from a
station or trunk and in turn signal

the marker to set up a dial tone connec-

tlon. :

3.22 To indicate a busy condition over the
S lead to the marker when the circuit
is 1n use.,

3.23 When connected to a trunk, to indi-
cate a busy conditlon over the S
lead to the marker when the trunk is placed

out of service,

3.24 When connected to a trunk, to return
a 100 ohm ground over the link sleeve
on terminated calls,

3.25 1In the universal line circuilt to op-
erate the assoclated line hold

magnet when selzed by the marker for an

origlnating or terminating call,

3.26 When connected to the answering end

of a 3A Code Call Circult, to cut
through the tip and ring conductors to the
link appearance when the calling end of the
code call.circult is seized.

" 3.27 When connected to the answering end

of a code call.-circult, to indicate
a busy condition to the marker until the
calling end of the code c¢all circuit is
selzed,

3.28 When connected to the answering end
of a code call circult, to cause a
busy indication to be given to the line
circult associated with the calling end
after a connection 1s established whille
a called party remains on the connection
after the ca}ling party has disconnected,
4, CONNECTING CIRCUITS
When this circult is listed on a key-
sheet the connecting information thereon
is to be followed:
4,1 Marker Circuit - SD-69468-01.
4,2 Register Circuit - SD-69470-01.
4,3  Junctor Circuit - SD-69464-01,

4,4 Busy Tone Trunk - SD-69465-01,

4,5 Dial Repeating Type Tie Trunks -
SD-65718-01, % SD-65755-01,*

*Pypical Circults

Section III
Page 1
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4,6 Recorded Telephone Dictation Trunk -
SD-65788-01.

4,7 Loud Speaker Paging Trunk -
SD-65747-01,

4,8 3A Code Call Circuit - SD-66610-01,
5., MANUFACTURING TEST REQUIREMENTS

The line and link circuits shall be
capable of performing all the functions
specified in this circuit descriptlon and
meeting all the requirements of the Circult
Requirements table.

6. TAKING EQUIPMENT OUT OF SERVICE
6.1 Links
A link may be removed from service
to insulating the contacts of the LTC relay

in the marker which connects battery through
the L resistance to the S lead of the 1link.

BELL TELEPHONE LABORATORIES, INCORPORATED

DEPT. 5332-PB-HFH-JW

Section IIX
Page 2
2 Pages

6.2 Station Lines

A station lline may be removed from
service by removing the S to Sl lead from
the S term and wiring from the Sl term to
the G term. All calls directed to that
station will receive busy tone, If that
station line attempts to make a call it
will be routed to the busy tone trunk and
receive busy tone.

7. ALARM INFORMATION
T.1 Fuse Alarm

An operated fuse supplyling the line
or link circult is indicated by an alarm
in the plant service center, if alarm
transmitting features are provided, and in
any case, by a visual signal locally. Re-
place the operated fuse to silence the
alarm and extinguish the visual alarm signal.
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. STATION SYSTEMS
SWITCHING SYSTEM NO, 400
DIAL PULSE REGISTER CIRCUIT

CHANGES

D. Description of Changes

D.1 All changes are made on a Class D -~
No Record basls per agreement with
WECo, .

D.2 On sheet Al, the sheet index is
brought up to date.

D.3 On sheet B6: fuse designations are
corrected. )

D.4 On sheet Gl, options A, B and cable
Kl are removed and CAD 1 1s rated
(Mfr Disc), :

D.5 Sheet G2, showing CAD's 6, 7, 8 and
9 1s added.

.

BELL TELEPHONE LABORATOR1ES, INCORPORATED

(WECo 7120HW-RHO-JGW)

DEPT 5337-RAV
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CIRCUIT DESCRIPTION .
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SWITCHING SYSTEMS :
SWITCHING SYSTEMS NO. 400 °

DIAL PULSE REGIST!P.CIRCUIT

" - CHANGES

B. Chggges in Apparatus
B.1 . Superseded

OT Relay AJ-12 -
Fig. 1 ZD Option

oT6, OTT, OT8
Diode -~ Fig. 1l
2D Option

16 Diode - Fig. 1 .
-Z Option
L7 Diode - Fig. 1
Y Option .

I8 Diode - Fig. 1
X Qption -

OT Relay AJ-516 -
- Fig. 1 2E Option

ZE Wiring Option
ZC Wiring Option
ZB Wiring Option
ZA Wiring Option

D. Description of Changes

Notes 102 and 104 are revised.
D.2  On sheet B3, diodes OT6, OT7, and

0T8 covered by option ZD are rated
Disc.;and-supersedgd by option ZE,

BELL TELEPHONE LABORATORIES, INCORPORATED

(WECo TT60HW-RLS-JGW)
DEPT 5337-RAV :

.y

Printed tn U.S.A.

~

D.3 On sheet B3, diodes L6, L7, and 18
covered by options-Z, Y, and X,

respectively, are rated Mfr. Disc. and

superseded by options ZA, 2B, and ZC.

" D.4 On sheet 33; option ZF is rated Mfr.

_ Disc. and superseded by option ZG to
prevent premature operation of relay STR
and registration of a double unit digit.

D5 CAD's 4 and 5 are rated Mfr. Disc.

‘and CAD 1 1is revised.:

P._Changes in CD Sections

F.1 Under SECTION II, chsnge 2.17 to reads

2.17 If e universal line circuit is con-

nected to a trunk or the calling end
of a 3A code call -circult, -the corresponding
ZA, ZB, or ZC option should be provided.

F.2 Under SECTION II, change the second
sentence 1n 2. to read:

If the Z- option is'pfovided, relay TR will

operate upon operation of relay OT.

Page 1
1 Page
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CIRCUIT DESCRIPTION

BELL TELEPHONE LABORATORIES, INCORPORATED
WECO T760HW-AELK-JGW)

EPT 5337-RAV

STATION SYSTEMS
SWITCHING SYSTEMS NO. 400
DIAL PULSE REGISTER CIRCUIT
CHANGES
A. Changed and Added Functions

A.1 To provide dial tone for TOUCH-TONE
calling. . :

A.2 To provide for operation with the
TOUCH-TONE calling receiver type A3.

B.__Changes in Apparatus
A.l Removed:

DT resistor KS-13490,L1, 3000 ohms,
M_option . : -

D, Description of Changes

D.1 Various indexes and Notes 102 and
104 are revised and Note 106 is rated
Mfr. Disc.

D.2 On sheet Bl, option J is designated

and option F is added to provide dial
tone for TOUCH-TONE calling using a L4OUC
tone generator via lead DT (TT1).

D.3 On sheets Bl, B2 and B3, options K
and M are rated Mfr. Disc. and option
E is added to provide wiring and apparatus
which was previously part of option M.
This removes resistor DT. !

D.4 On sheets Bl, B3 and B6, option B is

added to provide wiring and apparatus
for TOUCH-TONE calling with a type Cl
recelver. This wiring and apparatus was
previously part of option M.

D.5 On sheets Bl, B3 and B6, option A
adds leads A, B, DO-9, P, STR, T and

R connecting to the TOUCH-TONE calling

receiver applique circuit to provide for

TOUCH-TONE calling with a type A3 receiver.

D.6 On sheet B6, FST is added.

D.7 On sheet Gl, CAD 1 is revised.

F. Changes in CD Sections’

F.1 In SECTION illlfcoNNECTING CIRCUITS,
add: : .

4.01 (h) TOUCH-TONE Calling Recelver
Applique Circuit - SD-66888-01.

N Printed in U.S.A.
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CIRCUIT

DESCRIPTION

. STATION SYSTEMS
SWITCHING SYSTEM NO, 400
DIAL PULSE REGISTER CIRCUIT

CHANGES

D, Description of Changes

D.1 CAD 2 is rated "Mfr. Disc." and

replaced by CAD 4, -

D.2 CAD 3 is rated "Mfr, Disc." and
replgced by CAD 5.

BELL TELEPHONE LABORATORIES, INCORPORATED

" (WECo T760-EWS~JGW)
DEPT 5337-RAV
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SECTION I - GENERAL DESCRIPTION

1. GENERAL FUNCTIONS

1.01 The dial pulse reglster functions as

a dial pulse counter and digit store
on all calls passing within the switching
system, -

1.02 When either a station or a trunk
originates a call into the switching

8ystem, the marker selects and connects an

idle dial pulse register to it. The regis-
ter transmits dlal tone to the line or
trunk. After dlaling is completed, the
register engages the marker to terminate

the call and transmits the information
needed to establish a connection to the
called station or trunk to the marker. When
the connection has been established, the

-marker releases the register.
-1.03 If the marker finds the busy tone

trunk busy when trying to complete a
call to it, it notifies the reglster to re-
turn the busy tone to the calling line.

. Printed in U. S. A. o : ‘Page 1
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1.04 The register allows from 7.5 to 15
seconds in which diallng must be com-
pleted after selzure., If dialing is not
completed In this time, the reglster will
release. :

1.05 The reglster is arranged to receive

elther dial pulses or tens and units
information from a TOUCH-TONE calling re-
ceiver or a direct station selection by
stations auxiliary relay ceircuit.

2. GENERAL METHOD OF OPERATION

2.01 When the receiver is lifted off-hook

at a station, or a trunk circult re-
quests inward service, the associated tens
relay in the marker operates.- This sets
off a train of events that result in the
marker connecting the line through an idle
link to an i1dle register.

'2.02 When the register hold magnet closes

the tip, ring, and sleeve of the line
through to the register, the register off-
normal relay operates., The off-normal re-
lay furnishes holding battery and ground
for most of the register and closes the-
dial tone path to the calling line. This.
connection is known as the dial tone con-
nection and is an indication that dialing‘
may proceed. o

2,03 The dial: pulse register 1is arranged
: to recelve two digit codes for sta-
tion lines and one digit codes for uriiver-

sal line circuits.

2.04 After the calling line dlals the one

or two digits required for identifica-
tion of the called line, the register recog-
nizes dilal completion and engages the marker
for termination of the call.

(a) The diglt steering relays determine

when the tens and units-digits have
been registered, the tens digit being
stored in the TD register relays and the
units diglt in the pulse counter ‘and the
UD register relays.

(b) If an assigned one digit code.is
dlaled, the register recognizes that
only one digit will be dialed and engages
the marker to complete the call. If the
one digit code ‘dialed is not assigned, the
calling station will receive busy tone
from the register. ) .

(¢) The number dialed determines the
terminating class of call, which di-
rects the marker in its method of call-
completion. There are two terminating
classes of calls which are as follows,

(1) Junctor Class - Calls which require
a Junctor,

(2) Trunk Class - Calls which do not
require a Jjunctor.

_Page 2

2.05 When the diglt. registration 1s com-

pleted and the marker engaged, the
regilster transmits the class information
and the called number data to the marker.

2,06 When a dial tone call is established,

the register memory hold magnet in
the link clrcuit remembers which link was i
used for the connection from the calling (
line to the reglster so that the same link
can be reused when the call is later ter-
minated via a Junctor or a trunk.

2.07 After the marker performs its func-
tions in terminating the call, it.

transmits a release signal to the register.

The .register then opens the tilp, ring, and

" sleeve connections to the link, restores

to normal, makes 1tself available to the
marker for reselzure, and releases the reg-
ister work and memory hold magnets in the
link circuit.

2.08 If the marker encounters a busy con-
dition and the busy tone trunk is

also busy, it signals the register to trans-

mit a busy tone to the calling line.

SECTION II - DETAILED DESCRIPTION
1. REGISTER SEIZURE

et ek L1 e s e

REGISTER SELECTION

1.01 When a register 1s idle, ground is

' extended through break contacts of the
ON and RT relays to hold the reglster allot-
ter relays RA- of the marker operated. This
establlshes an operate path for the register
hold magnets of the line link and connector
circult under control of theé marker cir-
cult. A holding path for these magnets is
provided through a make contact of the SR
relay of the register circult.

REGISTRATION OF CLASS

1.02 The state of the TR relay determines
whether the call will be a Junctor or
trunk-type class of call, If the TR relay
operates 1t will operate the marker RCT re-
lay and the marker will cémplete the call
on a trunk class basis., If the TR relay -
does not operate the marker JT (A,B) relays
will operate and the call will be completed

on a Junctor class basis,

DIAL TONE CONNECTION ESTABLISHED

1.03 When the tip and ring leads of the

register are extended via a link to
the calling station (or trunk), the calling K
station or trunk bridge causes the operation
of the L relay through the windings of the
tone coll. Relay L in operating operates
relay SR which upon operating provides hold-
ing ground for HM-8 and HM-9, closes ground
to the sleeve lead to hold the calling party
hold magnet, prepares the operate path for
the Pl relay in the pulse counting chain
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rough a break contact of the L relay, and

perates the ON relay. Relay ON supplies
battery for the steering and timing relays,
. completes the dial tone supply through the
‘tertiary winding of the tone coil transmit-
ting dial tone to the line, opens the regls-
ter allotter circuit in the marker which
indicates a busy reglster and prepares paths
for operating the PU, RA, RRL and the pulse
counting relays.

2.. DIAL PULSE COUNTING AND REGISTRATION

GENERAL

2.01 The dialing of a digilt consists of 1
to 10 equally spaced momentary line
openings generated by the calllng line dial.
The number of opens corresponds to the num-
ber dialed. Between the tens and units
digit 1s an interdigital interval during
. which the line remains closed. The L relay
“responds to the dial pulses and the count-
ing relays count the number of pulses in
each-digit. During the interdigiltal time
interval the tens digit information is
transferred to the tens diglit regilster and
- the counting relays are released thus pre-
paring the circult for recelpt of the units
diglt information.  The units digit pulses
are counted and regilstered by the pulse
counter relays. Relay RA recognizes the
beginning and ending of each digit.

PULSING RELAY

2.02 The L relay i1s a three winding mag-
netlcally biased polarized mercury
contact relay. The primary winding is in
series with the calling line dilal contacts
and is used as a line winding to opersate
the relay in response to the dial pulses.
The secondary winding is used to ald the re-
lease of the relay. When the L relay oper-
ates, a make contact furnishes ground for
the secondary circult which is poled oppo-
sltely to the primary circult. This opposi-
tion of ampere turns, when the relay 1is
operated, tends to make L easier to release.
The value of resistor L has been set at a
value that will give the optimum benefit
from this winding. .The .tertlary winding l1s
a pulse alding winding. The tertlary cir-
cult consists of the pulse help capacltor,
PH, and the winding. The side of PH that
1s connected to ground through the make con-
tact 1s also connected to the winding of
relay SR. When the L relay operates, the
charging current through the PH capacltor
is in the direction to_hold the relay oper-
ated. As the capacitor becomes fully
charged, the chargling current becomes zero
and the other windings regaln fulli control.
When the primary circuit opens, the relay
releases, removing ground from the make con-
tact. The PH capacitor then discharges
through the SR relay winding. This dis-
charge current through the tertiary winding
is in such a direction as to hold the relay
released. The tertlary winding and PH

s g e e v

capacitor thus act to insure that once the
L relay operates 1t will remaln operated
for a definite minimum time and that once
it releases 1t will remaln released for a
definite minimum time. This pulse correct-
ing action permits longer maximum loops to
be used than would otherwise be possible.

2,03 The IW capacitor and resistor network
connected to the line side of the pri-
mary winding of the L relay is for the pur-
pose of preventing a premature release of
the L, when working with station lines which
have high capaclty ringing bridges. On each
open pulse on these lines the line current
momentarily dips and then increases as the
bridged capacitor charges in series with the
inductive ringer. The IW capacitor holds
the L relay over the dip in the line current.
This network is also used to prevent a false

- momentary release of the L.relay when a re-

tard coil holding bridge is inserted into
the loop after the dialing of each digit.

SUPERVISORY CONTROL

2.04 The supervisory relay, SR, operates

from ground through the make contact
of L. It holds over momentary opens of the
make contact of L but will release when the
register is dismissed by the marker or when
the calling line disconnects before com- )
pletion of dlaling.

2.05 The reglister advance relay, RA oper-

ates during the flrst open of the dial
pulse when the L relay releases and remalns
operated until the interdigital interval
during which the L relay is held operated.
The RA relay 1s fast operating but is made
slow to release through the use of its
secondary- winding which 1s short circuited
when the relay is operated. Thus, the RA
relay is made to recognize the start and
stop of pulse trains for each digit.

PULSE COUNTING

2.06 The pulse counting circult consists
of dial pulse counter relays Pl to P5
and P2A, The P2A relay removes dial tone
from the line at the beginning of dialing.
The Pl and P2 relays function as a pulse
divider, each relay operating at half the
speed of the L relay. When the L relay re-
leases on the first break of the dial, Pl
operates through the continulty transfer
contact of P2, Pl locks through its own
contact to ON ground. When relay L reoper-

- ates at the end of the first open pulse,

the pulsing ground transfers to the make
contact of the L relay and operates P2
through the operated make contact of P1,

P2 operating locks 1tself through Pl oper-
ated to ON ground, opens its operate path -
and transfers the locking path of Pl from

ON ground to the make contact of L. On the
next release of L, Pl releases and closes ON
ground through to operate P3 and P2A. When
I, reoperates on the second pulse P2 releases,

Page 3
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This cycle of P1-P2 combinatlon repeats it-
self with Pl and P2 remaining operated-at
the end of odd numbered pulses and remaining
normal at the end of even numbered pulses.
Relay P4 operates when P2 operates at the
end of the third open pulse and P5 operates
when P2 releases at the end of the sixth
open pulse. The sequence of operation of
these relays is gilven in the following
table, )

P- Relays Re-

Pulse| L |P1|P2 |P3{ P4 |P5 |P2A|{maining Operated

BK |R| 0
1wk |o 0 P1, P2, P2A

(Q Option)

» BK [R| R 0 0 ,

MK |0 R 0 |p2a, P3

BK [R]| O 0
13 m |o 0 0 0 | P1,P2, P2A, P3, PU
y BK [R| R 0

MK |0 R 0 |e2a, P3, P4

BK |R] O 0 .
> MK |o 0 o | P1,P2, P24, Pk
6 BK {R| R 0]

MK | O R ol o |p2a, P4, P5
7 BK|R| O ol

MK | O 0 o | p1,P2,P2a,PL, P5
Is BK {R| R 0 0

MK [0 R O | P2a, P3, P4, P5
g BK|R| O ol -

MK | O 0 R 0 | P1,P2,P24,F3,P5
10BK ‘R| R| 0

MK | O R 0 | P2a, P3, P5

'DIGIT STEERING AND REGISTRATION

2.07 The diglt steering circult directs
the output of the tens digit from the
pulse counter relays to the TD tens regis-
ter relays and then releases the pulse
counter relays. When the units digit is
dialed, the pulse 1s then steered to the UD

units register relays.

2.08 When the dialing of the tens digit is

completed, the respective P- relay
combination for the digit dialed transmits
operate ground to the proper TD relay when
RA restores to normal. The SW relay oper-
ates when the RA relay releases after the
tens dligit has been dialed. A TD relay
also operates at this time and locks to its
own contact to ground, through a break con-
tact of the normal RT relay. The SW relay
in operating releases the P- relays and op-
erates the STR relay, preparing the regls-
ter for recelpt of the units digit. Relay
STR in operating transfers the output
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cilrcult of the pulse counter relay to the
units digit register relays.

2.09 On the first open dial pulse of the
unlts diglt, the RA relay operates

operating relay UD. Make contacts on the
UD relay provide the necessary ground path
to hold the pulse counter circult operated
after dialing is completed. The UD relay
operating prepares the operate path for the
DC relay.

TENS AND UNITS DIGIT REGISTERS

2.10 The TD and UD register relay units
consist of five dry reed relays each
enclosed in a sealed container, Each re-~
lay consists of an operating coil surround-
ing two dry reed switches. One of these
switches performs the function of holding
the relay operated and the other acts as a
load contact. One side of each coil is
wired internally to one side of 1ts respec-
tive holding contact, The load contact
pailr, one side of the holding contact, and
the winding pairs are all brought out on
individual terminals which have appearances
on both front and back sides of the con-
talner. For ease of wlring, three sets of
these terminals are strapped internally.

PRELIMINARY PULSES

2.11 Since the tens group 10-19 is un-

assligned, single pulses due to acci-
dental momentary line opens after selzure
are prevented from causing wrong numbers in
the following manner.

2.12 When Q option is provided, a singlé

first pulse will be registered but
being unassigned will cause the register to
return busy tone to the calling statlon as
described in 2,14 to 2,17.

2.13 When R option (Mfr Disc.) is provided,
the pulsing circult will refuse regis-
tration of the tens digit one. The P2A re-
lay accomplishes thils by keeping the ground
for operating the TD- relays open untll it
operates, The P2A relay will not operate
until the second pulse is received (L relay
released with Pl and P2 relays operated).
With the P2A relay not operated, the lock-
ing path for the Pl and P2 relays is open
and the Pl and P2 relays release after the
first pulse (L relay reoperated). The P2A
relay remaining inoperative also maintains

the dlal tone output to the calling station,

UNASSIGNED LINES AND SINGLE DIGIT DIALING
CODES

2.14 The universal line circults in the
switching system may be assigned sin-
gle digit dialing codes 6, 7, 8, 9, and O
by appropriate strapping of the cross-con-
nectlon punchings provided in the register,
Cross-connection punchings are also provided

. ~
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for strapping to cause the register to re-
turn busy tone to a calling party dialing
an unequlpped tens group of an unused sin-
gle digit code.

2.15 "If the 40-49 station line group is

equipped the 4 punching should be
strapped to the T4 punching, otherwise it
should be strapped to the BY bunching.
Likewise, if the 50-59 station line group
1s equipped the 5 punching shculd be strap-
ped to the T5 punching, otherwise 1t should
also be strapped to the BY punching.

2,16 Universal line circuits L6, L7, and
L8 are assigned single digit dialing

codes by strapping punchings L6, L7, and

L8 to punchings 6, 7, 8, 9, or 0 as desired,

Any of the punchings in the 6 through 0

group which are unused should be strapped

to the BY punching.

2.17 If a universal line circuit is con-
nected to a trunk or the calling end
of a 3A code call circuit, the correspond-
ing L6, L7, or L8 dlode (Z, Y, or X option, .
respectively) should be equipped.

2.18 When an assigned single digit code is

dialed, the corresponding TD relay
will operate and extend the ground from a
break contact of the normal RT relay to the
L- punching to which the TD relay output is
strapped and cause the OT relay to operate.
If the L-diode is equipped the TR relay
will also operate. The OT relay in operat-
ing (1) prepares a path for grounding the
Tl lead to the marker when the RC relay op-
erates, (2) extends the grounded output of
the operated TD relay to the appropriate
contacts of the RC relay in preparation for
further extending it over a units lead to
the ‘marker when the RC relay operates, (3)
operates the UD relay, and (4) locks oper-
ated under control of the operated ON relay.
The TR relay in operating prepares a path
for grounding the RCT lead to the marker
instead of the JT lead as an indication the
call 1s to be completed on a trunk class
basis. Subsequent action is the same as
described in 3,

2,19 1If an unassigned tens group or single

diglt code is dialed, the operated
TD relay will ground the BY punching and
operate the BY relay. The BY relay in op-
erating will (1) connect busy tone to the
tone TN coil input, (2) open a link in the
operating path of the DC relay to prevent
the call from progressing any further, and
(3) lock operated to the operated ON relay.
The calling party will receive busy tone un-
t1l eilther the call 1s abandoned or the
reglster times out.

"TOUCH-TONE" CALLING (SC3, SC4)

2.20 The sequence of operation fop estab-
i lishing the dial tone connection is

the same for all types of calls as described

in 1.03. Since in TOUCH-TONE calling there

will be no pulsing of the I, relay, no pulse
counting sequence will take place,

2.21 When a numbered button (0-9) is de-

pressed at a TQUCH-TONE type telephone
set, a definite frequency will be generated
at the telephone set for each button de-
pressed. This frequency will be picked up
by a multifrequency receiver which will
translate the signal and place a ground on
the corresponding D- lead toward the steer-
ing circuit of the register.

2.22 The reglster recognizes that a TOUCH-
TONE type of call is being processed
in the following manner: When a button at a
telephone set is depressed the multifre-
quency receiver will ground a D- leagd to
operate the TD- relay corresponding to that
digit. The receiver will also ground the
STR lead to operate the key pulsing register
advance KRA relay. With the KRA relay oper-
ating, the P2a relay in the pulse counting
circuit will operate and lock to ground
through a make contact of the ON relay. The
P2A relay in operating removes dial tone
from the tertiary winding of the tone coil
and prepares the operate circuit of the
switching SW relay and extends ground over
the A lead to prepare a locking path for
the unit digit register relays. On the re-
lease of the button the ground 1ls removed
from the D~ lead toward the TD- relay but
that relay is locked under control of a con-
tact of the RT relay. The button releasing
causes the release of the KRA relay which in
releasing will, through make contacts of the
P2A, cause the SW relay tec operate. The SW
relay in operating will complete the operate
prath of the Steering STR relay which in turn
will set the register to receive the units
information. On depressing the button for
the units digit the multifrequency receiver
will again place a ground on the D- lead and
through operated contacts of the STR relay
operate the corresponding UD- relay. The
KRA relay will also reoperate and extend
ground from a contact of the ON relay to the
winding of the UD-~ relay causing it to oper-
ate.  On release of the button the KRA will
release, and the ground will be removed from
the D- lead. With the UD- relay operated
and the KRA relay released the dialing com-
plete DC relay will operate. The DC relay
in operating will request the marker to
process the call to the called station.
Subsequent action is the same as for any
other type of call. The DT resistor re-
duces the dial tone to a level which will
not interfere with the normal operation of
the TOUCH-TONE Calling Receiving Circuit.

DIRECT STATION SELECTION

2,23 In this type of call dlal tone comple-
tion by the marker is the same as any

other call.

2.24 When dial tone is received by the sta-

tion and a DSS key at a telephone set
is depressed the X relay in the auxiliary
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relay circult operates which in turn oper-
ates the SC relay 1n that circult extending
a ground from the DSS key on the tens and
units leads. When the DSC relay operates
in the auxliliary relay circuit the ground
on the tens and unit lead is extended into
the dlal pulse register circult and the
following sequence takes place. The asso-
clated tens diglit TD- relay operates and
prepares the tens lead to extend ground to
the marker, and the unit digit UD- relay
operates preparing the path for.the ground
on the units lead to the marker, With the
_ON relay operated ground 1s sent out over
the UD1 lead to make contacts of the SC re-
lay in the station auxiliary clrcuit, back
on the UD2 lead to operate the units dialed
UD relay in the register. When the UD re-
lay operates the dlaling complete DC relay
operates which requests the marker to com-
plete the call to the called station. Sub-
sequent action 1s the same as for any other
type of call.

3. REGISTER COMPLETION TO MARKER (SC-1)

DIAL COMPLETION

3.01 When RA restores to normal after com-~
pletion of the units digit or when UD
operates on single diglt code calls, relay
DC operates. The DC relay operating is an
indication that the register is ready to
transmit its stored data to the marker. DC
operates the register relay, R(0-1), in the
tens selection clrcuit 1in the marker,
closes battery through for the class call
information to the marker, opens the bat-
tery supply for the PU relay, opens the
operate path for the SW relay, locks relay
L through its tertlary winding and places
a 200-ohm bridge across the tip and ring
conductors, This 200-ohm bridge is required
by the junctor in the establishment of junc-
tor class calls. .

TRANSFER OF REGISTER DIGITS AND CLASS
INFORMATION (SC-1, SC-4)

3.02 After the units digit has been dialed

-the full called number information is
avallable to the marker. When DC operates
R(~) in the marker, the marker functions to
terminate the call and accepts the digit
information accordingly.

3.03 If the call is from a station to a
station or from a tie trunk to a sta-
tion, a Junctor class of call completion is
required. On a Junctor class of call, when
DC operates, the junctor terminating relays,
JT(A,B) in the marker operate through the
normally closed contacts of the TR relay.
A trunk type of call will require that the
" TR relay be operated. The register cut
through relays, RCT in the marker operate
when DC operates on a trunk class of call.
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CALLED LINE IS BUSY AND BUSY TONE TRUNK
BUSY

3.04 If a calling station or dial .repeat-

ing tie trunk dials a line which is
busy, the marker routes the call to the busy
tone trunk which returns busy tone to the
calling line. If, however, the busy tone
trunk is engaged and the marker finds the
called line busy, the marker signals the
register to return busy tone to the calling
line.

3.05 Relays BTIC, BY,. RPA(0O-1) in %the marker

in operating cause the BY relay in
the register to operate which connects busy
tone through the tone coil in the register
fo the calling line or trunk. The BY relay
locks operated through its own contact to
ground from the ON relay, opens the RR(0O-1)
and DC(-) leads to the marker and releases
the DC relay. Thus the release of the
register is prevented until it times out
(as explained in 5.08) or until the calling
line disconnects and the reseizure of the
marker is prevented.

4, RELEASE OF REGISTER

GENERAL

4,01 The register is released under one of

the following conditions: (1) normal
or trouble release by the marker and (2)
timeout within the register itself.

ABANDONED CALL (SC-5, SC-6)

4,02 If calling line disconnects before

the marker release during the origina-
tion of a call, the L relay releases. The
L relay in releasing releases the SR relay
which 1n turn releases the ON relay and the
register hold magnets.

4,03 If the calling line disconnects after

the DC relay operates, the marker in
testing for the originating circuit finds
the line disconnected and proceeds to time
itself out. The marker then functions to
operate 1ts release relays which transmit
release ground over the RR(0,1) leads to
the register to operate the RRL relay.
RRL locks to its own contacts, opens the
tip and ring to the calling line, releases
the DC relay which in turn releases the L
relay which opens the holding eircuit for
the SR relay. The SR relay restoring to
normal releases the ON relay which releasges
all other operated relays in the register
and reallots 1t for subsequent usage.

Re-

NORMAL RELEASE

4,04 After the marker has completed 1ts
function of berminating a call, its
release relays transmit a release ground
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slgnal over the RR(0,1) leads which operate
the RRL relay. Relay RRL locks to its own
contact through the operated ON relay. The
RRL relay in operating opens the tip and
ring leads to the L relay and opens the
battery supply to the DC relay releasing
both relays. The DC relay released also
opens the 200-ohm bridge across the tip and
ring toward the calling line. The L relay
in releasing opens the holding circuit for
the SR relay whilch releases. The SR relay
in releasing releases relay ON which re-
leases the rest of the register allowing it
to be reallotted for subsequent usage.

TIME-OUT RELEASE

4,05 1If, for ‘some reason, the marker does not

release the reglster after its func-
tions are completed, the TMO relay oper-
ates, The TMO relay operates relay RRL
which releases the register as in 4,02 and
4,03, Further analysis of this case is ex-
plained in 5,08, '

5. REGISTER TIME-OUT

GENERAL

5.01 In order that the regilster will not
be permanéntly engaged by a receiver
off-hook or by incomplete dialing, thereby
reducing traffic efficiency, a timing cir-
cult operates on every register seizure to
insure that sultable terminating action oc-
curs to release it within a nominal period
of time. This timing circult consists of
relays PU and TMO which operate from time
pulses originating in the power plant.

5.02 The power plant furnishes two timing
pulses, TM and PU, which are of

1/4 second duration and separated in

time by approximately 1/5 second, each

of which has a cyclic rate of 1 pulse

. every 8 secorids. -

5.03 Because of the pulse stagger, two

timing extremes are possible. The
first condition, for minimum time-out, oc-
curs when the PU pulse colncldes with the
selzure of the register., The PU pulse
duration is long enough for the slow oper-
ate PU relay to function. PU prepares the
operate path for the TMO relay. Approxi-
mately 8 seconds later, the TM pulse ..
oceurs, operating relay TMO. The second
condition, for maximum time-out, occurs
when the tall end of the PU pulse is Just
passing as the register 1s seized. Under
these condltions, the register has to wait
approximately 7.5 seconds before the next
PU pulse arrives. When the PU pulse does
arrive, the PU relay operates preparing the
operate path for relay TMO. Eight seconds
later the TM pulse occurs, operating the
TMO relay. Thus, the time out extremes are
approximately 8 and 15.5 seconds, respect-
ively. ’

‘break contacts ofrelays SW and DC.

5.04 In a normal call, PU will have its

battery supply fed through the normal
The SW
relay operates when relay RA releases after
the first diglt is dialed but releases when
the dial goes off-normal for the second
digit, if the PU relay has not previously
operated, o

5.05 1In a normal call, with PU operated,
after the first digit has been dialed,
the SW relay operates and locks to relay PU,
When relay DC operates on dlal completion
the battery is removed from relay PU. The
PU relay releases causlng relay SW to re-
lease. The SW relay normal provides bat-
tery to relay PU again, preparing it for
reoperation when the PU ground reoccurs.
The register is thus retimed upon dial
completion,

PERMANENT SIGNAL TIME-OUT

5.06 When the ON relay operates and if the
PU ground pulse is present, relay PU
operates and locks through 1ts own contact
to an ON relay ground. Since no dialing
action takes place when the TM ground pulse .
appears, relay TMO operates. The TMO relay
operating supplies ground through make con-
tacts of the ON relay to operate the RRL
relay. The RRL in operating releases the
register as explained in 4.02 and 4.03.

PARTIAL DIAL TIME-OUT (SC-8)

5.07 If only the first digit of a direct-

ing code is dialed before time-out, a
partial dial condition exists. Under this
condition, the tens digit is registered in
a TD(-) relay. With relay PU operated when
the TM ground pulse appears, relay TMO
operates and releases the register as ex-
plained in 4.02 and 4.03.

TIME-OUT AFTER DIAL COMPLETION (SC-7)

5.08 1If for some reason the register is

not released by the marker upon com-
pletion of its functions, the register
times 1tself out and releases. With relay
BY operated the operate path for the RRL
relay is prepared. When the PU relay re-
leases relay SW ‘asexplained in 5.01 to
5.05, or DC releases when relay BY operates
the reoperate path for relay PU is prepared.
The timing sequence of PU and TMO follow.
When the TMO relay operates, RRL relay
operates and the reglster releases as in
4,02 and 4,03,

6. REGISTER TESTING

6.01 When the register is to be tested,
the No., 310 plug of the test cord is
inserted into the TST Jjack in the register.
Insertion of the plug into the jack causes
the RT relay to operate, .opens the tip and

‘ring towards the marker, closes the tip and
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ring toward the register through to the test Designation Meaning

cord, prevents hold magnets HM-8 and HM-9 [

in the 1link from operating, prevents marker _ B

seizure by opening the ground to lead UD Units Digit

DC(0,1), lights the RT lamp in the register UD(0-9) Units Diglt Register

indicating that there is an off-normal con-
dition to be cared for in the PBX, and
makes the register busy to the marker by
openling the ONG lead ground.

3. FUNCTIONS

3.01 To make itself busy under either of

the following conditions: Register
engaged on a service call, reglster under
test by means of a plug in the test Jack.

Cautlon: When testing the 293A (TD- or
UD~) relays avolid the use of any testing
equipment which might permit currents
over 0,5 ampere to pass through tThe
reeds. Do not use headsets with low
resistance recelvers, such as The 56-
ohm 529 receiver or the 101G hand set
unless a 1000-ohm resistor is put in
serlies with the unit. Such a resistor

3.02 To hold the reglster work and memory

hold magnets in the link circuit under
control of a slow release supervisory relay
~when the marker releases.

3.03' To transmlt terminating class of
service information to the marker to

has been made available In SD-69471-01,

the alarm, and test circult as the RB
resistor {ferminal HRE). When using a
lamp as the testing device, take
particular care that tungsten filament
lamps are not used.

determine whether the call is a Junctor or
trunk type. .

3.04 To transmit dial tone to the calling
line when the register has been con-

nected to the line and 1s ready to receive

SECTION III - REFERENCE DATA dial pulses.

/ ' 3.05 To disconnect dial tone after the
L. WORKING LIMITS a first pulse (Q option) of the tens
1,01 Maximum'External Loop Resistance for digit has been recelved.

- 2000.
Dial Pulsing 00 3.06 To count the number of pulses in

1.02 Maximum External Loop for TOUCH-TONE each diglt,

-1 mile. .
Calling mLse 3.07 To reglster the tens digit count on

a group of 10 tens register relays
on a 1 out of 10 basis. -

1.03 Voltage Limits

Voltage Min Max
Jo-Lage =0 =2 3.08 To register the units digit count on

-48 -45 -52 a group of 10 units reglster relays
. T on a 1 out of 10 basis,
2, FUNCTIONAL DESIGNATIONS

3.09 To recognize one-diglt dlaling codes.
2,01 The functional meanings of the desig--

nations of the relays of the register

3.10  To engage the marker after the units
are listed below.

digit has been dlaled or after a
single digit code has been dialed.
2.02 Relays

3.11 To hold the register after dial com-

Designation Meaning pletion so that the calling subscriber
] cannot release the connection while the
BY . Busy marker is engaged.
DC Dial Completion
KRA Key Pulsing Reglster ' 3.12 To release when the marker grounds

. Advance - the RR(-) leads and return to normal.
L Line . ' )
ON Off-Normal 3.13 To release if the diglts are not
oT Only Tens - dlaled, or are only partially dialed-
P1-P5 Pulse Counter .within 7.5 to 15 seconds.
P2A . Pulse Counter Auxiliary _
PU Pick-Up 3.14 To release, 1f the marker does not
RA Reglster Advance signal the register to release within
RRL Reglster Release 8 seconds after dial completion.
RT Reglster Test
SR Supervisory 3.15 To return busy tone if an unequipped
STR Steering humber is dialed.
SW  Switching
TD(0-9) Tens.Diglt Regilster 3.16 To supply busy tone to the calling
TMO Time-Out line when the busy tone trunk is
TR One Digit Trunk engaged.
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4., CONNECTING CIRCUITS

4,01 When this circult is listed on a key-

sheet the information thereon is to
be followed., This circuit will function
with the following local statlon system
circults.

(a) Marker Circuit - SD-69468-01.

(b) Alarm and Test Circult - SD-69471-01,

(¢) Line, Link and Connecting Circuit -
SD-69469-01.

(d) Auxiliary Relay Circuit for Direct

Station Selectlon by Stations -
8D-69467-01,

- (e) TbUGHaTONE Calling Recelving Circuit -
. SD-67027-01.,

{f) Power Supply Circuit - SD-81577-01.

(g) Call Progress Indicating Circuit -
SD-69472-01.

5. TAKING EQUIPMENT OUT OF SERVICE

'5.01 The register can be taken out of

service by inserting a No, 258 plug
in the TST Jack in the register unit.

Note: Make sure that the register is
not in use before inserting the No. 258

plug.
6. MANUFACTURING TESTING REQUIREMENTS

6.01 The dlal pulse register shall be

capable of performing all the service
functions specified i1n this circuit descrip-
tion and meetling all the requirements of the
Circult Requirements Table and also shall be
capable of functioning under test conditions
listed below.

6.02 The pulsing and counting functions of
the register shall be checked with
the following conditlons:

" {(a) A precision pulse generating circult

such as SD-25680-0113 or equivalent

capable of generating dial pulses within
the limits of accuracy given in Fig, 1
in the Information Note 301 on the SD.

6.03 Nominal circuit conditions may be
' employed in these tests except as
specified in (a) and (Db). '

(a) The pulsing and counting features of
the reglster circuit under test shall
be checked using the pulsing and loop
conditions covered in Note 301 on the
drawing, Two digits, a diglt of less
than five pulses (preferably_a two or
‘three) followed by a digit of more than

five pulses (preferably a nine or zero),
shall be dialed under each condition and
all digits dialed shall be correctly
registered. i .

(b) The test circuit shall provide an

interdigital interval of 183 #13 msec
for the pulsing conditions of Fig. 1C.
For other pulsing conditions this time
may be exceeded.

6.04 A1l timing and operation tests shall

be performed with the test voltages
within the following limits: 45/52 volts.

7. _ALARM INFORMATION

7.0l An operated fuse supplying the dial

pulse register circuit is indicated
by a maJor alarm at the plant service cen-
ter 1f alarm transmitting features are pro-
vided and in any case a visual signal will
be glven locally.

7.02 The operated fuse must be replaced
or removed to restore the alarm cir-
ciut to normal.

SECTION IV ~ REASONS FOR REISSUE

B. Changes in Apparatus

B.1 SUPERSEDED SUPERSEDED BY
P2A Relay, AF63 - P2A Relay, AF156 -

Fig. 1 - N Option Fig. 1 - M Option
B.2 ADDED

N Connector, KS-14672,L2 - Fig. 1 -
M Option

DT Resistor, KS-13490,11 - 3,000 ohms-
Fig. 1 - M Option

D. Description of Changes

D.1 The code of the P2A relay is changed
to provide a faster operating relay

to make the register circult function more

reliably with the TOUCH-TONE calling option.

The AF63 code 1s designated N option, rated

Mfr Disc., and superseded by the AF156 code

which 1s designated M option.

D.2 The DT resistor is added in the dial

tone supply path to reduce the dial
tone level to a value which will not inter-
fere with a TOUCH-TONE Calling Receiving

.Clrcuit, The DT resistor is designated

M option and rated AT&TCo Std. K option is
added to short circult the DT resistor
when TOUCH-TONE calling i1s not required.

D.3 FS6 and connections to the TOUCH-TONE
Calling Receiving Circuit are added.

_Prlor to this issue, these leads were shown

Page §
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connecting to an MF receiver circuit, the
leads were designated differently, and a
connector plug was not specified, The
change 18 made without record since a suit-
able receiving circult was not heretofore
avallable and therefore these leads were
never connected at any installation.

D.4 The reference to .terminal 18 in the
cross-connection field shown on Sheet
B3 was formerly erroneously shown as term-
inal 21. This was changed without record
to agree with the manufactured product. In

addition to this change, functional designa-

tions for the punchings were added in

BELL TELEPHONE LABORATORIES, INCORPORATED.

DEPT 5332-AEG~HFH

Page iO
10 Pages

parenfheses to clarify the circult. Also
terminal numbers were added on somé punch-
ings for the sake of uniformity.

D.5 On sheet B5, the contact configuration
in the Marker Circult for the RCG(C,1)
lead was corrected.

D.6 Note 102 was revised to reflect the
TOUCH-TONE calling options and Note
106 was added.

D.7 Miscellaneocus small changes were made
in the Sequence Charts to correct
errors.
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STATION SYSTEMS
SWITCHING SYSTEM NO. 400
ALARM AND TEST CIRCUIT

CHANGES
D. Deécrigtion of - Changes

D.1 On sheet 1; tre sheet index is
brought up to date.

D.2 On sheet 5, lead DT is added for
'recorded telephone dictation trunk,:
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STATTON SYSTEMS
SWITCHING SYSTEM NO. 400
ALARM AND TEST CIRCUIT

CHANGES
'D. Description of Ch&qggg_
D.1 Sheet Al is brought up to date.

b,2 On sheet 5, cross reference in-
formation is added to CAD 1.

.D.3 These changes are madé on a
class D - no record basis per
agreement with WECo,
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“""" CIRCUIT DESCRIPTION

. STATION SYSTEMS
SWITCHING SYSTEM NO, 400
ALARM AND TEST CIRCUIT

CHANGES

D, Description of Changes

D.1 Note 1 1s added on sheet 5 and
CAD's 1 and 6 are revised to provide
‘ " - for the application of TOUCH-TONE calling
) . and the 404C tone generator,

F. Changes 1n CD Sections

F.1 In SECTION ITI - CONNECTING
C IRCUTTS,

Add:

3.6 TOUCH-TONE Calling Recelver -
Applique Unit - SD-66888-01,
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(WECo 7760HW-RAB-JGW)
DEPT 5337-RAV
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CIRCUIT DESCRIPTION

STATION SYSTEMS
SWITCHING SYSTEM NO. 400
ALARM AND TEST CIRCUIT

CHANGES

D,

Description of Changes

D1~

D.3

‘D4

T3A.

D35

BELL TELEPHONE LABORATOATLS,

(WECo 7760HW~EWS~IGW}
DEPT 5337-RAV

In App. Fig. 2 the 684 connecting block is
rated "Mfr. Disc." and replaced by the 73C.

App. Fig, 3 1s rated "Mfr. Disc,"
CAD 3 18 rated "Mfr. Disc."

In App. Fig. 4 the 68A connecting block
is ' rated "Mfr., Disc." and replaced by the

Equipment note 201 ir added,

INCORPORATED

Printed in U,S.4,
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CIRCUIT DESCRIPTION ' CD-69471-01
s ' Issue 1

Appendix 3B

Dwg Issue 4B

STATION SYSTEMS
SWITCHING SYSTEM NO. 400
ALARM AND TEST CIRCUIT

0. CHANGES
0.1 CHANGED AND ADDRED FUNCTIONS
None.
0.2 CHANGES IN APPARATUS
Added:
1 - KS-14603, List 2A, 511l-ohm resistor '""W'f option {FAN)

0.3 CHANGES IN CIRCUIT REQUIREMENTS
{Not Associated with 0. 2 Above)

None.
0.4 DESCRIPTION OF CIRCUIT CHANGES

(a) "W'" option is added and rated standard to remove a hazard.

BELL TELEPHONE LABORATORIES, INCORPORATED

DEPT 5332-GA-HFH

S Page 1
* Printed in U.S. A, 1 Page
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CIRCUIT DESCRIPTION ' CD-69471-01
: Issue 1
Appendix 2B

Dwg Issue 3B

STATION SYSTEMS
SWITCHING SYSTEM NO. 400
ALARM AND TEST CIRCUIT

CHANGES

C. CHANGES IN CIRCUIT REQUIREMENTS OTHER THAN THOSE CAUSED
BY CHANGES IN APPARATUS

C. 1 The intormation for insulating relay AL is changed from 3{AL) to 5(AL)
to show the correct value.

C.2 Under Test Clip Data (Conn Grd) 2L(FAC) is added and the test set
preparation is changed to B/G to show correct connection.

C.3 The Test Clip Data (Conn Grd) for relay TMO is changed from lU(PU)
to 1U(TMO) to show correct connection.

D, DESCRIPTION OF CHANGES

D.1 On sheet 2 the notation for the AR key is changed from 1 to 3 and its
rearrangement is shown on sheet 3 to agree with manufacturing informa-

tion,

D.2 The CAD figures have been changed to provide an alternate routing of
leads, in conjunction with the redesign of the crown layout, to facilitate
the use of the plug~in add-on and key telephone line units,

All other headings, no change.

BELL TELEPHONE LABORATORIES, INCORPORATED

DEPT 5332-PB-HFH

' » . Page 1
Owinted in U. S, A, 1 Page
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CIRCUIT DESCRIPTION

STATION SYSTEMS
"SWITCHING SYSTEM NO, 400
ALARM AND TEST CIRCUIT

CHANGES

D. DESCRIPTION OF CIRCUIT CHANGES

D.1 This circult 1s being reissued to change
the 3 make contact of the (AL) relay to

the 5 contact and the 12 make contact of the

(TMO) relay to the 9 contact in order to im-

prove the reliability of the Marker Timing
Alarm.

BELL TELEPHONE LABORATORIES, INCORPORATED

DEPT. 5332-PAB-HFH~-MR
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SECTION I - GENERAL DESCRIPTION

1. GENERAL METHOD OF OPERATION

1.1 This clrcult provides for a visual
indlication of a trouble condition at

the location of the local station and for

the transmission of an alarm signal to a

plant service center. There are three /

types of troubles which will cause this

circult to function and give an alarm indi-

cation., The flrst is the operation of either

a positive or negative 48 volt battery

supply fuse. The second is the operation

of a 10V AC fuse 1n the power supply. The

third 1s a marker trouble which prevents

the marker from timing out and releasing

within a period of 7.5 to 15 seconds.

This circuit also provides a test
line termination and battery and ground
test points for maintenance testing.

SECTION II - DETAILED DESCRIPTION

l. ALARM CONDITIONS
1,1 Negative 4BV Fuse Fallure

When any negative 48V fuse assoclated
wlth this local station operates it connects
48 volts through the alarm bus bar to the
winding of the FAN relay which causes the
relay to operate. The operation of the FAN
relay releases the normally operated TR
relay which in turn lights the TR lamp.

The release of the TR relay also sends a
signal to the alarm receiving circult in
the plant service center by closing the
loop, "Z" option or by removing battery

and ground from the loop, "Y" option. When
the fuse 1s replaced the FAN relay will re-
lease and the TR relay wlll reoperate and
the clrcult will return to normal.

1.2 Positive 48V Fuse Faillure

When a positive 4BV fuse operates it
connects positive 48 volts through the
alarm bus bar to the winding of the FAP
relay which causes it to operate and lock-
up to ground through contacts 1-2 of the
AR key. The operated FAP relay will re-
lease the TR relay and cause the alarms
to function as described in Paragraph 1l.1.

Page 1
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1.3 10V AC Fuse Failure

When the 10V AC fuse operates in the
power supply it connects 10V AC to the FAC
varistor which causes the FAC relay to
operate. The operated FAC relay will
release the TR relay and cause the alarms
to function as described in Paragraph l.l.

1.4 Marker Timing Circult Fallure

When the MT (A,B) relays of the
marker have operated they prepare a path
for operating the PU relay of this circuit.
Within a period of time of O to 7.5 sec-~
onds after the MT (A,B) relays operate
ground, from the interrupter circuit will
be placed on the "MTPU" lead from the
marker circuit and the PU relay will
operate., The PU relay will lock operated
under control of the MT (A,B) relays of
the marker and will prepare an operate
path for the TMO relay of this clrcuilt.
If the marker circult has completed its
function at this point the MT (A,B) relays
will release and cause the PU relay to
release also and restore the alarm cir-
cult to normal. -However, if trouble is
encountered 1n the marker timing clrcult,
the MT' (A,B) relays will remain operated.
Seven and one half seconds after the
interrupted ground has been removed from
the "MTPU" lead, a ground will be placed
on the "TMO" lead from the interrupter
and the TMO relay will operate and lock
under control of the MT (A,B) relays of
the marker. The operation of the TMO
relays opens the locking path of the PU
relay and causes the operation of the AL
relay. It also causes the operation of
the RLS and RLSA relays in the marker
to release the marker for a new call.
The operated AL relay. locks. to itself
under control of the AR key and causes
the TR relay to release and functlon the
alarms as described in Paragraph 1.1, The
alarm indications are released by op-
erating the AR key which restores the AL
relay to normal thus causing the TR relay
to reoperate.

2. TEST LINE

The circuit provides for station 39
to be used for a test line to process
the various types of calls when routining
the equipment or locating trouble.

3. TEST BATTERY
This circuit provides 48 volt bat-

tery and ground and also a high resistance
battery "HRB" which has a 1000 ohm resistor

Page 2

in series to prevent excessive current
flow for testlng purposes.

SECTION III - REFERENCE DATA
1. FUNCTIONAL DESIGNATIONS

The functlonal meanings and the
designation of the relays of the alarm and
test circult are listed below.

Relay Designation Functional Meaning

AL " Alarm

AR (N.L. Key) Alarm Release

FAN Negatlive Fuse Alarm
FAP Positive Fuse Alarm
"FAC 10V AC Fuse Alarm
PU Pick-Up

TMO Time Out

TR Trouble

.2. FUNCTIONS

This alarm and test clircuit is
designed to perform the followling functions:

2.1 To glve a visual alarm when trouble
18 encountered.

2.2 To transmit an alarm signal to a plant
servlice center when provided,

2.3 To lock in a marker timeout alarm

under control of an AR key which must
be manually operated to restore the circult
to normal.

2.4 To time out at a predetermined time

i1f a trouble 1ls encountered in the
marker and release the marker making it
available for another call,

2.5 To provide for using station 39 as a
test line,

2,6 To provide 48 volt battery, ground,
and 48 volt high resistance battery
test polnts for testing purposes.

3. CONNECTING CIRCUITS

When this circult 1s listed on a key-
sheet the connecting information thereon
is to be followed.

3.1 Marker Circuit - SD-69468-01.
3.2 Power Supply Circult - SD-81577-01.

7
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3.3 Line, Link and Connector Circuit -
SD-69469-01. :

3.4 - Key Telephone Line and Add On
Circuit - 3D-69466-01,

3.5 Extension Alarm Circuit -
SD-95484.01 , %

*Typical Circuit

BELL TELEPHONE LABORATORIES, INCORPORATED

DEPT. 5332-PB-HFH-JW

4. MANUFACTURING INFORMATION

4,1 'This circuilt shall be capable of

performing all the service functions
speclfied in thls circuit description and
meeting all of the requirements of the
Circult Requirements table.
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STATION SYSTEMS
SWITCHING SYSTEM NO. 400
CALL PROGRESS INDICATING CIRCUIT
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SECTION I - GENERAL DESCRIPTION

1. PURPOSE OF CIRCUIT

This circuit provides indicating
lamps for monltoring the operation of re-
lays in the switching system No. 400 Marker.
circuilt and the connector portions of the
Register and Line, Link, and Connector cir-
cuits, .

2. GENERAL METHOD OF OPERATION -

The 1ndicating lamps in this circuit
are furnished in a portable box equipped
with a plug-ended cable. These plugs are
designed to be inserted in mating con-
nectlons provlded as part of the No. 400
system slide equipment. When the indicating
lamps are connected to the slide equipment
in this manner a lamp will 1light when the
similarly designated relay in the slide
equipment operates. When a relay releases
the associated indicating lamp will be
extinguished.

It is expected that the indicating
lamps will be useful to a maintenance man
when checking the operation of a No. 400

‘system and for training purposes. The in-

dicating lamps will enable & user to focus
his attention on a relatively small field of
lamps rather than relays located in several
slides of equipment. when checklng the se-
quential operation of the relays in the
system, i

The indicating lamps are to be re-
garded as-a malntenance ald but will not
substitute for a thorough knowledge of the
method of operation of the No. 400 circuits
which the lamps monitor.

SECTION II - DETAILED DESCRIPTION

1. GENERAL

This circult consists of a number of
lamps each bearing a designation. The ges-
ignation in each case corresponds to the re-
lay in the No. 400 system which will light
the lamp when operated. The functional
meaning of the designation will be found in
the circuilt descriptions of the connecting
circuits.

2. LAMP GROUPING

Physlcally, the lamps are segregated
into eight groups and each group relates to

Printed in U, S. A." Page 1
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a partlicular connecting circuit function.
These groups are as follows:

2.1 Marker Tens Selectlon and Preference
Group

This group_consists of the RO, K1,
Tl thru T5, RPO, RP1, TPl thru TP5, and
TAl thru TA5 lamps and monitors the tens
selection and preference functions of the
marker circuit.

2.2 Marker Tens Miscellaneous Group

This group consists of the TEO, ARB,
AC, RG, and TAC lamps which monitors some
miscellaneous marker circuit functions.

2.3 Marker Units‘Selection Group

This group consists of the LUC, UL,
UE, UO thru U9, RUC, SE, and SO thru S9
lamps. This group monitors the units sel-~
ection functions of the marker circuit.

2.4 Marker Junctor Register Group

This group consists of the JTB, JTAA,
JRE, JRO thru JR5, WU, and ZU lamps. The
WU and ZU lamps monltor the units alternat-~
ing feature and the remaining lamps monitor
the Junctor register functions in the mar-
ker circuit.

2.5 Marker Line Group

This group consists of the LSA, LE,
LT2, thru LT9, TRL, LB, LSH, ALB, WLG,
WLGA, ZLG, WL, ZL, WIL, and ZIL lamps and
monitors the link testing and link selec-
tion functlons of the marker circuit.

2,6 Marker Timing Group

This group consists of the MTA, TOK,
TOL, TM, TO, TA, ST, SA, NC, NA, TR, RLS,
and RCK lamps. These lamps monitor the

timing and time out check functions of the
marker circuit.

BELL TELEPHONE LABORATORIES, INCORPORATED

DEPT. 5332-AEG-HFH-EP

Page 2
2 Pages

2.7 Marker Sequence and Route Control Group

Thls group consists of the BTT, TRK,
TRCA, BTC, RCTA, BY, HC, BSYA, BSY, SOa,
SMT, SMR, HMTA, HMT, HMK, RHK, DCK, and
RLA lamps which monitor the sequence and
route control, downcheck, and release func-
tions of the marker circult., Also included
in this group are the RAO and RAl lamps
which monitor the register allotter feature
of the marker circuit.

2.8  Connector Group

This group consists of the RCO and
RC1 lamps which monitor the connector re-
lays 1n the register circuit and the TCl
thru TC5 and the SMC1l thru SMC5 lamps which
monitor the tens connector and select mag -
net connector relays in the Line, Link and
Connector circuit,

3. LAMP COLORS

Red, green, and white lamp caps are
provided on the indicating lamps so that
lamps within a group may be more readilly
distinguished from one another., In some
instances, a green lamp will indicate the
start of a particular marker function
(e.g. LSA - link start) and a red lamp the
end of a functlon (e.g. LE - link end).

SECTION III - REFERENCE DATA

1. FUNCTIONS

1.1 To provide indicating lamps to
monitor relay operation in the

No. 400 system.

2. CONNECTING CIRCUITS

2.1  Marker Circuilt - SD-69468-01.

2.2 Reglster Circuit - SD-69470-01,

2.3 Line, Link, and Connector Circuit -
SD-69469-01,

P S
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STATION SYSTEMS
SWITCHING SYSTEM No, 400
KEY SHEET

CHANGES

D, _Description of Changes

D.1 On sheet Al, the sheet index is
brought up to date,

D.2 On sheets A2 and Bl, circults. and
connecting information for TOUCH~TONE
calling and PBX interfdace trunk are added.

AT g Y T

. BELL TELEPHONE LABORATORIES, INCORPORATED

(WECo 2120HW-RHO-WHK)
DEPT 5337-LAH '
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CIRCUIT DESCRIPTION ~///

- CD-69473-01
Issue 1
Dwg Issue 1
STATION SYSTEMS
SWITCHING SYSTEM NO. 400
KEY SHEET
1. PURPOSE OF KEY SHEET
This kez sheet 1lists the cilrcults for use in the Switching
System No. 400 and shows the manner in which the clrcults
interconnect, It also shows the tle trunks and long line cir-
cults which may be used with this switching system and the range
information for the tle trunks interconnected with distant PBXs.
2. EXPLANATION OF CONVENTIONS
For explanation of conventions see page 1 of the MASTER KEY
SHEET, SD-90250-01.
BELL TELEPHONE LABORATORIES, INCORPORATED
DEPT 5332-FWW-HFH
Page 1
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CIRCUIT DESCRIPTION

STATION SYSTEMS
KEY TELEPHONE SYSTEMS 1Al
KEY TELEPHONE LINE AND

- ADD-ON QIRCUIT

CHANGES
D. Degcriptiop qf Changes

D.1 On sheet ~0l2, M and K options are added to disconnect
the secondary of the TR inductor and thus remove a
cause of line imbalance when relgy Bl operates,

BELL TELEPHONE LABORATORIES,. INCORPORATED

DEPT 5332-GR-HFH
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5. DISCONNECTION

When the statlon disconnects on elther in-~
coming or .outgoing calls, the A and AH relays
release and the circuit restores to normal.

6. EXTENDING INCOMING CALL TO
SWITCHING SYSTEM STATION

6.1 Dilaling Switching System Station

To extend an incoming central office
call to a switching system station, the
attendant wlll place an incoming call on
hold, operate the pickup key of the switeh-
ing system line of the associlated add-on
cilrcult, and dial the desired number.

6.2 Operation of Transfer Key

The attendant may transfer immediately
upon hearing ringing induction. To accom-
plish a transfer, the attendant depresses
the TR key on the telephone set., Ground
from the TR key over the "SG" lead, through
operated A relay contacts, and through nor-
mal W and Wl relay contacts operates the
W relay. As there 1s ground on both sides
of the Z relay at this time, Z relay will
not operate. The operation of the W relay
cuts the tip and ring of the central office
line circuit in series with the TR1 induc-
tor winding; provides an alternate path to
keep the central office line lamp lighted
over ‘the "L" and "+10V" leads; prepares a
bath for the 2z relay to cperate; and shunts
down the operated H relay in the central
office line circuit. When the TR transfer
key is released, ground 1s removed from the
"SG" lead and the shunt is removed from the
Z relay. The Z relay now operates to ground
on a make contact of the W relay. The oper-
atlon of the Z relay connects the tip and
ring of the station.line circult in series
with the S relay. The station in answering
will cause the junctor to reverse battery
and ground on the tip and ring operating
the S relay which in turn operates the Sl
relay. The attendant may then hang up.

6.3 Attendant Retires from Connection

When the attendant disconnects, the
A and AH relays of the line circuit on
which he was talking will release. The time
out relay TO will also release 1if no other
AH relays in the group are operated.

- If the attendant disconnects before
the called station answers, the release of
the A and H relays will cause the station
line lamp to flash at the 30-ipm rate,.

(9

-4 Called Staticn Answers

Whern the called stations answers, the
Junctor cirecuit used in the connection will
reverse the battery and ground polarity on
the tip and ring conductors, causing the
S relay tc operate. The S relay in operat-
Ing will operate the S1 relay which locks
operated to the operated W relay, changes
the station line lamp from flashing to
steadily lighted, and replaces the TR in-
ductor bridge on the tip and ring conductors
toward the station line with a bridge con-
sisting of the winding of the Wil relay in
series with the S1 diode.

7. DISCONNECTION COF EXTENDED CALL

7.1 Automatic Disconnect

When an established central office to
station call or station to central office
call is completed and the station hangs up,
the bridged relay in the switching system
Junctor releases, reversing battery and
ground over the tip and ring to the station
side of the add-on clrcults, releasing the
S relay. Polarity of the S1 diode causes
current to flow through the winding of the
Wl relay thus operating it. The Wl relay,
in operating, releases the W relay which in
turn releases the Z and S1 relay.

7.2 Attendant Disconnect

Should it be necessary for the attend-
ant to disconnect the station from the
central office, he can enter the central
office line and momentarily operate the
transfer key. This action puts ground on
the "SG" lead through the operated A relay
to the W relay which will be shunted down.
When the transfer key is released, the Z
relay will release, releasing the 8 and Si
relays and restoring the add-on circuit to
normal. The central office line therefore
i1s under control of the attendant at all
times, thus preventing a station from tying
up a central office line,

8. CENTRAL OFFICE NUMBER REQUESTED BY
A SWITCHING SYSTEM STATION

A switching system station desiring an
outside number will dial an attendant who
has an outside line and the connection pro-~
cedures will be the same as in the preced-
ing paragraph for the incoming call except
the attendant will place the station line
on hold.

9. TIME OUT

/The operation of tuiie R relays, either
in the central office line circuit or the
station line circult, closes ground to the

W
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"T0" lead which, assuming the equipment to
be idle, closes the battery path through

the heater winding of the TO relay. If the

call is abandoned or the TO relay is not
operated within 30 seconds, the lower con-
tacts of the TO relay act as a time-out
device and open the locking path of the

R relay in the line clrcuit. Any connect-
ing line circuit which is operated other
than the incoming call will connect ground
to the "CO" lead and operate the TO relay.
The top contacts of the TO relay oren
battery from the heater winding, thereby
preventing time out.

SECTION III ~ REFERENCE DATA

1., WORKING LIMITS
1.1 Lines

See 1A and 1Al key telephone systems
range charts.

1.2 Voltage Limits

14 to 26 volts de
75 to 105 volts ac
7 to 11 volts ac

2. FUNCTIONAL DESIGNATIONS

Desig Functional Meaning

A Control

AH Auxiliary Control

R Ring Up

H Hold

TO Time Out

7 Station Connect

W Central Office Connect

s Station Answer

a1 Auxiliary Station Answer

3. FUNCTIONS
-This circult provides for:
(2) Flashing visual signals on incoming
calls,

(v) Common audible interrupted ringing at
key telephone sets.

(¢) Steady visual signals to indicate
busy lines.

(a) Winking visual signals on held calls.

(e) Connecting outside central office
lines with any station in the switch-
ing system.

(f) Attendant forcing disconnect of
station to central office call con-
necting by add-on circult if desired.

BELIL: TELEPHONE LABORATORIES, INCORPORATED

DEPT 5332-FB-HFH

Page 4
4 Pages

(g) Automatic disconnect of station to
central office call connected by add-
on circuit when station hangs up.

4. CONNECTING CIRCUITS

(a) Line, Link and Connector Circuit -
SD-69469-01.,

(b) Key Telephone System No. 1Al - Key
and Telephone Circuit - SD-69219-01.

(¢) Power Supply Circuit - SD-81577-01.
(d) Alarm and Test Clrcuit - SD-69471-01.

5. MANUFACTURING TESTING REQUIREMENTS

This circuilt shall be capable of per-
forming all the service functions described
herein, and meet the requirements in the
circult requirements table,

6. TAKING EQUIPMENT OUT OF SERVICE

Block Z and W relays down with block-
ing tools 1f circuit 1s not assigned.

SECTION IV - REASONS FOR REISSUE
B, CHANGES IN APPARATUS

B.1l Removed Replaced By
AF6 relay W AJ36 relay W
AJ36 relay Z AF6 relay Z :
KS-13492, 11 res - KS-14603, L1A res -
110 ohm W 215 ohm W
KS-13492, Ll res - KS-14603, L2A res -
215 ohm Z 110 ohm Z

D. DESCRIPTION OF CHANGES

D.1 The W and 2 relays and resistances have

been interchanged to obtain an early
make-break contact (EMBS on the present W
relay) for controlling the W-Z combination
in place of the make-break contact (MB6 on
the present Z relay) formerly used.

D.2 The lead from 12B of the W1l relay,

which is now connected to the upper
winding terminal of the Z relay, was for-
merly connected to the lower winding termi-.
nal of the Z relay.

D.3 The codes of the resistances, dilodes,
thermistors, varistors, and inductors

were added on the circuit to conform with

key telephone unit circuit drawing practice.
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STATION SYSTEMS
KEY TELEPHONE SYSTEMS 1Al
KEY TELEPHONE LINE AND
ADD~ON CIRCUIT

TABLE OF CONTENTS PAGE TABLE OF CONTENTS PAGE
SECTION I ~ GENERAL DESCRIPTION 1 6. TAKING EQUIPMENT OUT OF SERVICE L
1. GENERAL DESCRIPTION OF OPERATION 1 SECTION IV - REASONS FOR REISSUE I
B. CEANGES IN APPARATUS 4
SECTION II - DETATLED DESCRIPTION 2
D. DESCRIPTION OF CIRCUIT CHANGES I
1 INCOMING CENTRAL OFFICE CAIL 2
1.1 Ground Ringing - V Wiring o SECTION I - GENERAL DESCRIPTION
1.2 Metallic Ringi ~ X Wiri 2
© “heing ~ring 1. GENERAL DESCRIPTION OF OPERATION
2 ATTENDANT ANSWERS 2 . . . -
This add-on circult with two line cir-
3 OUTGOING CALL o cults provides a means of connecting a cen-
tral office line to a switching system sta-
4. HOLDING o tlon with the assistance of a person at the
) telephone set where central office line
4.1 Attendant Holds Call 2 appears.
4.2 Release of Holding Bridge 2
g g An incoming call is answered by a per-
DISCONNECTION son, hereinafter designated as an attend-
5 - 3 ant: at whose key telephone set a central
6. EXTENDING INCOMING CALL TO office line and an associated switching sys-
SWITCHING SYSTEM STATTON 3 tem line appear. The central office line
‘ is answered and placed on hold after deter-
. 1811 Switehi Svstem mining which switching system station is de-
ot gégtigi weRE Sy 3 8ired by the calling party. The attendant
6.2 Operation of Transfer Key 3 dials the desired switching system station
6:3 Attendant Retires from over the station line assoclated with the
Connection 3 held central office line and operates the
. 1 A S nonlocking transfer key momentarily. This
6.4 Called Station Answer 3 releases the held central office line and
connects it to the station through the add-
7. DISCONNECTION OF EXTENDED CALL 3 on circuit. The attendant can hang up cr
7.1 Automatic Disconnect 3 stay on the established connection, as da-
7.2 Attendant Disconnect 3 sired.
An outgoing call from a switching sys-
8. ggNERg#Iggg%gg ggg?gﬁ ggﬁg?ggED 3 tem station to a central office line is
handled by the attendant using the reverse
9 TIME OUT 3 of the procedure described above.
The disconnect of the add-on circuit is
SECTION IIT - REFERENCE DATA 4 under control of the switching system sta-
1 WORKING LIMITS n tion or the attendant.
1.1 Lines N If there is no answer on an incoming
1'2 Voltage Limits I call to the attendant telephone set, the
) € time out feature will disconnect the locked-
3. FUNCTIONS 4 _ An incoming call produces a 60-ipm
flashing line lamp and a held call produces
4, CONNECTING CIRCUITS 4 either a 120-ipm winding or steady iine lamp
depending upon the option wired. A busy
5. MANUFACTURING TESTING REQUIREMENTS 4 line 1is indicated by a steady line lamp. A
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ringing switching system station is indicated
by a 30-ipm flashing lamp.

An incoming call produces a 60 flashing
line lamp and a held call produces either
a 120 winking or steady line lamp depending
upon the option wired. A busy line is indi-
cated by a steady line lamp. A ringing
switching system station is indicated by a
30 flashing lamp.

SECTION IT - DETAILED DESCRIPTION

1. INCOMING CENTRAL OFFICE CALL

1.1 Ground Ringing ~ V Wiring

When ringing current is applied to the
ring of the line on an incoming call, the
ac component flows through a break contact
of relay AH, capacitor R, thermistor R, and
the secondary of relay R to ground on one
half of the cycle, and through varistor R
to ground on the other half of the cycle.
Contacts of relay AH and of relay A shunt
the winding of relay H and varistor H and
serve to bypass ringing current and prevent
the establishment of a false hold condition
which might otherwise occur when a number of
ringers are bridged across the station side
of the line. The 317A varistor Rl protects
varistor R and thermistor R from transient
currents. The thermistor has a cold re-
sistance in the order of 50,000 ohms which
prevents relay R from operating when ring-
ing current 1s first applied, preventing
false operation on disconnect or other tran-
slents. Power absorbed from the ringing
current increases the temperature of the
thermistor and reduces 1ts resistance to
the order of 3,000 ohms in about 1/2 second,
permltting sufficlent current to flow to
operate the R relay on the half-wave recti-
fled current due to varistor R. Relay R
locks operated on its primary winding under
control of relay A and the "IK" lead.
Operation of relay R causes the line lamp
to flash, connects ground to the "T0" lead
to start the time out described in 9., and
closes the cilrcult to the common audible
signal eircuilt, if provided.'

1.2 Metallic Ringing - X Wiring

Operation of the circuit using metallic
ringing return (X wiring) is the same as that
for grounded ringing, described in 1.1f ex~
cept that ringing is returned to the t%p of
the 1line instead of to the ground. This
arrangement is designed to reduce noise due
to cooling of the R thermistor and/or poten-
tial differences.

2. ATTENDANT ANSWERS

An incoming call is answered by operat-
ing the pickup key associated with the line
being rung and by removing the handset from

Pége 2

1ts mounting. Operation of the telephone
set switchhook connects ground through the
pickup key to the "A" lead, operating relay
A. Operation of relay A closes a circult

to operate relay AH; changes the line lamp
from flashing to steady; opens the operating-
path of the hold relay H, preventing it from
operating falsely; and opens the locking
path of relay R, allowing it to release.
Operated relay AH disconnects the ringing
bridge from the ring of the line, grounds
the "CO" lead to disable the time-out cir-
cuit, and prepares a circuit from the "LW"
lead to the line lamp.

3. OUTGOING CALL

The procedure for making an outgoing
call is the same as for answering an in-
coming call. The R relay will be in the
released condition, Operation of telephone
set switchhook connects ground through the
operated pickup key to the "A" lead, oper-
ating relay A. Operation of relay A closes
a circuit to operate relay AH; opens the
operating path of the hold. relay; opens
the operating path of the R relay; and
lights the line lamp steadily. Operated
relay AH grounds the "CO" lead to disable
the time-out circuit. This places the tele-
phone set across the line.

4, HOLDING
4.1 Attendant Holds Call

An incoming or outgoing call can be
held by operatlon of the HOLD key in the
telephone set which opens the ground on the
"A" lead and permits relay A to release.
Release of relay A closes the operate path
to the winding of relay H, allowlng it to
operate on line current through the tele-
phone set; prepares a holding path for the
slow-release relay AH and changes the line
lamp from steady to winking (or steady)
over the path previously prepared by oper-
ation of relay AH. Operation of relay H
closes a make contact, connecting 1ts winding
across the line as the holding bridge, and
also closes a holding path for the slow-
release relay AH in time to prevent 1ts re-
lease. The 317B varistor H is in parallel
wlth the winding of relay H to stabllize the
sensitivity of the H relay when subjected
to varylng voltages.

4,2 Release of the Holding Bridge

When any station of the key telephone
system seizes the line by operating the
associlated pickup key and removing the
handset from the mounting, relay A is oper-
ated, Relay A operated opens the locklng
path of relay H, causing 1t to release and
remove the holding bridge:; This restores
the circult to the talking condltion.
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POWER SYSTEMS '
. POWER SUPPLY CIRCUIT = .
AC, DC & RINGING SUPPLY
J86812A & B

" CHANGES
A. Changed and Added Functions

A.1 An additional dec output. (~96 volts) is provided
for operation of the "Make Busy and Busy Display"
test feature.

B, Changes in Apparatus

B.1l Added . , .
| Fig. 6, "S" Option, -96 Vblt Applique
- D. Description of Changes

D.1 An applique 1s provided ng option, to add a :
-96 Volt de¢ output having a low ac ripple content

D.2 Circuit notes 102, 103 and the option index are
revised. Information. note 302 is added. The

Maintenance Specification BSP number 1s added: to the
drawing. _

BELL TELEPHONE LABORATORIES, INCORPORATED

DEPT 5153-SR-DET-EAF
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POWER SYSTEMS
POWER SUPPLY CIRCUIT
AC, DC & RINGING SUPPLY
" FOR SWITCHING SYSTEM 400
- J86812 A & B -

.CHANGES

B. Changes in Apparatus

B.1 Superceded . Superceded By

410A Transformer “ 410B Transformer
oy option - ‘ "T" option

D. Description of Circuit Changes

D.1  This draWing is reissuéd to rate the use of
~the 410A transformer, T1l, "MFR DISC", replaced
by the 410B transformer. ‘

D.2 Circult note 103 and the option index are
revised. ' o

BELL TELEPHONE'LABORATORIES, INCORPORATED

' DEPT 5153-SR-DET-EAF

o Page 1
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CIRCUIT DESCRIPTION
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POWER SYSTEMS
POWER SUPPLY CIRCUIT
AC, DC & RINGING SUPPLY
FOR SWITCHING SYSTEM 400
: J86812A & B

SECTION I - GENERAL DESCRIPTION

1. PURPOSE OF CIRCUIT

1.01 To provide power, ringing and tones
for Switching System 400.

2. GENERAL DESCRIPTION OF OPERATION

2.01 The 105 to 129 volts commercial ac
power 1s supplied from a nearby out-
let through the plug, cord and line switeh to
the 1nput distribution point, TS1. Output
distribution 1s on TS2, J1 and J2.

SECTION II - DETAILED DESCR;PTION

1. -48V RECTIFIER

1.01 Negative 48 volts dc¢ power 1is supplied
by the KS-19642 rectifier. Capacitors
C5 and C6 in the switching system are pro-

~ vided on the -U48V output as protection

against power fallures of less than 0.25.
second duration.

2. POSITIVE 48V DC SUPPLY

2.01 Positive 48 volts dec supply 1s pro-

vided from the output of the Tl trans-
former, rectifled by CR1 diode, and filtered,
by capacitors C3 and C4 to reduce output
noise, )

3. *10V AC SUPPLY

3.01 10 volts 60 cps 1s obtained from a
tap on the secondary winding of the T1
transformer. To maintain the outputs of

‘Tl transformer within working limits the in-

put winding is equipped with taps for nominal
11]~-,117-,0r 123-volt service.

4. FREQUENCY GENERATOR RING G

4,01 Ringing is supplied by the RING G fre-
dquency generator that converts 60 to
20 cps and connects to a circult consisting
of Cl capacitor and winding (1-2) of Il in-
ductor. This circult resonates at about 460
cps and 1s shock excited by the current pul-
ses due to an abrupt drop in voltage across
the V1 gas tube each time the tube fires.
The current through the tube is controlled by
the circult consisting of C2 capacitor, Rl
resistor and winding %3-&) of L1 inductor,
With the clircuit constants used, the tube
fires twlce on each positive and negative
half cycle supplying 40 pulses per second,

The resulting output is 460 cbs modulated. at
40 cps which produces a pleasing tone.

5. FREQUENCY GENERATOR LT

5.01 Low Tone 1s supplied by the LT fre-

: quency generator that converts 60 to
600 cps modulated at 120 cps. On lead
"[LT1]" the output 1s approximateély 2 volts
and 1is interrupted at 60 IPM to provide busy
tone.

6. TONE GENERATOR TT

6.01 TOUCH-TONE dlal tone 1s provided by
the 4O4C tone generator. On lead
"[TT1]" the output is approximately 1.75

~volts for dlal tone..

{. _INTERRUPTER INT

7.01 A small 10 volt ac motor in the INT
interrupter drives a series of cams
through a gear arrangement. The rotating
cams open and close contacts to provide
various timing pulses as shown in Table A.

8. _ALARMS
8.01 Provisions for fuse failure alarms are
supplied on -48 volts to the ringing
eircult and 10 volts ac to the output.and
interrupted circuits.
SECTION III - REFERENCE DATA
1. WORKING LIMITS
1.01 AC Inputs
105 to 129 volts 60’ cps.

1.02 OQutputs
(a) DC_Outputs

Nominal Voltage Range Load Range
Volts Volts Amgeres
-48 -45 to ~52.6 0.5 to 8.0
: : normal
12 intermit-
‘tent
+48 40 to 60 . 0.1
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(v) AC Output ,
Load Range

Nominal Volﬁage Range
Volts Volts Amperes
+10,60 cps 8 to 11 2.1
1.03 OQutput
" . Nominal
Volts DC A .
-48 Noise max. 34 dbrne
- BRDG
Ripple max, 0.050 peak
) ‘ to peak at
8 Amp load
+8 .

Noise max. 52 dbrné ’
ERDG

Ripple max. 1.0V rms

1.04: AC Outputs (Ringing and Tone Supply)
(2) Ringing - 75 to 100 volts, 20 cps
(b) Busy Tone - 2.0 volts, [LT1]

{(¢c) TOUCH-TONE
Dial Tone - 1.75 volts,

2. FUNCTIONAL DESIGNATIONS

None

[TT1]

«  FUNCTIONS

3.01 This ‘eircult is designed to perform the
following functions:

(a) To provide -48 volts de for relay and
talking power for switching systems with
no reserve battery.

(b) To provide +48 volts de for direct
‘station selection.

(¢) To provide 10 volts ac for lamps in-
sets and lnterrupted power,

(d) To provide low tone for busy tone.
e) To provide TOUCH-TONE dial tone.

BELL TELEPHONE LABORATORIES, INCORPORATED

DEPT 5153-HMK-DET-EAA

Page 2
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(£) To provide 20 cps ringing current with -

an audible ringing tone of 460 cps
- modulated at 40 cps.
(g) To provide machine ringing.

{h) To provide signaling interruptions.

4. CONNECTING CIRCUITS

4.01 'This Eower supply connects to
: SD-69471-01 No. 1 Siide Equipment and
other switching circuits,

SECTION IV - REASONS FOR REISSUE

CHANGES
B. _Changes 1n»Aggaratus

B.1. Superseded Superseded By

c5, C6, C7 C5, C6 Capacitors,
Capacltors, Sprague D39159
KS-19076, 16,000 uf each-"
7000. uf each-. Fig. 5 .
Fig. 3
c5, C6, C7 €5, C6 Capacitors,
Capacitors, Sprague D39159
Ks-19319, 16,000 uf each-
7000 uf each- Fig. 5 :
Fig. 4 '

D. _Description of Changes

D.1 Flgs. 3 and 4 were rated "Mfr Disc."
replaced by Fig. 5 which was added to
the drawing.

D.2 Circult note 103 was brought up to date
to add reference to changes on 1issues
3D and 4D, . :
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