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SECTION 1 - GENERAL DESCRIPTION

1. PURPOSE OF CIRCUIT

1.0 18 circuit originates test calls on
spare subscriber line circuits and
thereby provides an indication of the per-
centage of cells on which dial tone 18 not

received within 3 saconds,

1.02 This circuit can be used in any type

of standard dilal office and its cape-
city is 100 or 200 test lines, coin and non-
coin. (For connections of line conductors
to the arcs, see Note 103).

2. GENERAL DESCRIPTION OF OPERATION

2.01 The description that follows applles
to both Pig. 1 (Mfr Disc.) and Fig. 12,
unless otherwise specified.

5.02 The test cen be started manually by
operating a start key located on the
unit or at a local or distant traffic regls-
ter rack, or automatically by means of a
program timer. ¥or Fig. 1, it 1is also
possible to gtart this circuit by operating
a key assoclated with the Dial Tone Speed
Indicating Circuit.

2.03 The tip and/or ring lead of spare sub-
geriber line circuits 18 connected to
terminals on arcs of 2.06-type selectors.
When a test line is seized, a call 1is origi~
nated in the usual manner. In all offices
except step-by-step equipped for TOUCH~TONE
calling or common control, the dial tone
speed register circult responds to a coinci-
dent change of dc reslstance when dial tone
is recetived. In step-by-step‘TOUCH-TONE
offices & dilal tone detectlon circuit (Fig.
13) is employed to detect dial tone directly.
in eilther case, the receipt of dial tone
causes the circult to release the line undér *
test promptly. A timing arrangement controls

ISSUR 11A
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the progression from one test terminal to
the next, the interval being approximately
g seconds in the case of Fig. 1 and exactly

seconds for Fig. 12. '

2.04 All test calls are scored on a T
register, and dial tone delays ex-

ceeding 3 seconds are scored on a D regls-
ter. One pair of T and D registers can be
provided for each arc (20 1lines), but it is
possible to group the scoring for several
arcs on one palr of reglsters.
2,05 In order to provide flexibility in
the assignment of test lines, this
eircuit (per Fig. 12) 1s capable of:

(a) A 4-second dwell on unassigned ter-

* minals without performing a test.

(v) Skipping one or more unassigned

terminals by self-interruption of
the step magnet of a gelector, subject
to certain reatrictlons, see 3.18.

(¢) Bypassing whole arcs of a selector.

2.06 The same skip features, but not the

dwell, are provided in the original
eircult per Fig. 1. It is important to
note that every terminal of a working arc
must be (a) a working (assigned) terminal,
gb) a skip terminal, or (c¢) a awell terminal,

epending on whether Fig. 1 or 12 18 used.

Any open terminal appears to the circuit as Ml
a working line, and a false dial tone delay o
will be scored each time the selector e
reaches such a terminal. '
2.07 Release of the start key at any time

will stop the test and return any off-
normal selector to its normal position by !
gelf-interruption except where ZU option g
is provided. In this case, even though ]
ground start 1s removed, the circult will o
continue until it has completed a full '
roumd of tests.

— SECTION I
. Pege 1
1 Page
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SECTION II - DETAILED DESCRIPTION

1. GENERAL
HAND-OPERATED SWITCHES - FIG. 1 (MFR pIsc.)

1.01 One hand-operated rotary switch 1is
associated with each arc of selectors
A and B. Each switch has six positions.

The first five positions of each switch
control the operation of the registers.

The sixth position will cause the test cir-
cuit to skip the arc associated with that
switch. Similar positions on each switch
are multipled,

HAND-OPKRATED SWLTCHES - F1G. 12

1.02 One hand-opersted toggle switch 18
assoclated with each arc of selectors
A and B. Each switch has two positions.
Position 1 1s associated with a PA- (or PB-)
punching which may be cross-connected to a
TD- punching corresponding to a pair of
registers. Operating the toggle switch to
position 1 assoclates the arc of the selec~
tor with the sklected pair of registers.
Operating the toggle switch to position 2
causes the associated arc to be skipped.

REGISTERS - FIG. 1 (MFR DISC.) OR FIG. 12

1.03 A maximum of five sets of T and D
registers are assoclated with each

group of the hand-operated switches. The

T register scores the number of tests made

and the D register scores the number of

calls which do not receive dial tone within

3 seconds. )

1.04 Various arcs may be grouped together
to cause registrations on common
registers in the same group as follows:

(a) For Fig. 1, by setting the rotary

switches in the desired position. S
(b) For Fig. 12, first by making the

proper cross-connections between
the PA- (or PB-
then, by setting the toggle switches in :
position 1. '

1.05 1If necessary to have registers com-

mon to both the A and the B groups
of ewitches, only five sets of registers
can be used.

2. OPERATION OF CIRCUIT USING FIG. 1

DIAL TONE MEASUREMENT - FIG. 1 (MFR DISC.)

A. FAST Key Operated (Noncoin Line Tests)

2.01 If dial tone is received in less than
s predetermined minimum interval, the °
1line seized is released but the circult will

) end TD-- punchings, and Q

not proceed to test the next line until the
end of this predetermined interval,

2.02 If dial tone is received in more than
the predetermined minimum interval but
less than 3 seconds, the line seized 1is re-
leased 1mmediately, and the circuit is ad-
vanced to test the next line immedlately.

2.03 In the first test cycle, if dial tone

i8 not received within 3 seconds, the
eircuit walts until it is received. If 1t
is received before 2 to 4 minutes, the line
seized will be released immediately, and
the circuit will advance to teat the next
line. The D register will operate to
record that dial tone was not received
within 3 seconds. If dial tone 18 not re-
celved within 2 to 4 minutes, an alarm 18
sounded .,

B. FAST Key Normal

2.04 The function of the FAST key is to
speed up the advance of the test
selectors. When the FAST key 1s operated,
the circuit advances at a predetermined
minimum interval. With the FAST key normal,
the advance 1s extended to 3 seconds. ’

START OF TEST (LOCAL CONTROL)
2.05 The operation of the start toggle
ewitch or start key ST is not effective
unless selectore A and C are normal. With
gelectors A and C normal and the start

toggle switch ST operated, the S relay
operates.

PR DR

Relay S operated operates relay 81, and ’
opens the operating circults for relays P
and CT. Relay S1 operated (a) opens the
operating circuit for relay T, (v) operates
relay S2, and (c) short-circuits capacitor

T with the J reslstor to remove any charge
that may be on the capacitor. Relay s2
operated operates relay ST1 and opensa the
operating circuit of the 83 relay. Relay

ST] operated (a) locks under control of

start key ST, (b) operates relays ST and

A, and (c) provides ground to the blasing
winding of relay T to hold armature contact

7 to back contact 4. Relay A operated

causes an alarm to be sent in, see 2.293.
Relay ST operated (a) locks under control of
relay ST1l, (b) supplies ground to arc c4

for operating the registers, (c) releases
relay S, (d) provides ground for operating
the 83 relay, and (e) provides ground for the
T tube. Relay S released (a) releases relay
s1, (b) operates step magnet A, and (c)
provides operating ground for relay P. Relay
S1 released (a) releases relay 52, (b) closes
the circuit of test relays T and CT through
to the line circuit to start line hunting,
and (c% removes the short circuit from capa-

citor T to start the tube timing, see 2.0
and 2,09.
o SECTION II
REaRY Page 1

If the ST key of Fig. 7 or 11 1s ‘
operated instead of the ST toggle switch, .
the L reley operates to operate relay 5. ! e
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2.06 Relay 82 released operates relay S3
which, in turn, operates T register
aspociated with arc A2.

2,07 The circuit now starta testing, and
relays ST and STl are operated. Relay

T or CT is connected to the line under test, -

register T and step magnet A are operated,
tube T starts the test timing interval, see
2.08, and relay A starts timing for a stuck
switch, see 2.29.

TIMING

2.08 With relay ST operated, operating ‘
ground is connected to the tube T,
Capacitor T will start to charge in serles
with resistors B and B4, receiving 1ts
charge from potentiometer T and the mid-
point of resistors N and N1. When the po-
tential on capacitor T reaches approximately
the same potential as the filament, the grid
potential also approaches the filament
potential and the tube becomes conducting
from filament to plate, causing relay P to
operate. With the FAST key normal, this
time is approximately 3 seconds. With the
FAST key operated this time can be varied
by connecting strap 2 to various punchings |
Bl to B4 on the resistance unit. When strap
2 ig connected to punching Bl, the shortest
time is obtained and this time can be in-
creased by moving the strap to punchings
B2, B3, or B4. The farther along the strap
is moved, the longer the time becomes.
the strap is connected to punching B4, the
time interval is approximately 1.5 seconds,
Strap 2 governs the time when this circult
ig used independently of the Dial Tone
Speed Indicating Circuit. When the Dial
Tone Speed Indicating Circuit 1is used,
strap 1 (which is connected to punchings
Bl to B4 in a similar manner to strap 2)
governs the time,

2.09 When the Dial Tone Speed Indicating
Circuit is used, the circuit through
strap 2 1s opened, and strap 1 is substi-
tuted. For an explanation of the tube
timing and its calibration, see 5.01.

TESTING NONCOIN LINES

2.10 Relay T is used for testing noncoin
lines. Relay T 1s cannected in series
with the battery winding of the line relay
of the line under test causing the line re-
lay to operate., Relay T does not operate at
this time due to the high resistance of the
line relay. When the line is found and the
mechanical equipment is in position to send
out dial tone, the line relay is disconnected
and replaced by a lower resistance, there-
by, causing relay T to operate. Relay T
operated operates relay T1., Relay Tl op-
erated (az locks independently of relay T
under control of relay 81, (b) disconnects
relay T from the test lead, causing the
mechanical equipment and relay T to release,

SECTION II
Page 2

When.....

and (c) provides an operating path for relay
8 when relay P operates.

A. PFAST Key Normal - First Cycle

2.11 With the FAST key normal, the minimum
speed of tests is 3 seconds. Should
the T and Tl relays operate before the 3-
pecond timing interval is over, the circuit
waits until the end of this interval when
relay P operates. Relay P operated operates
relay S. Relay S operated (a) locks under
control of relays S1 and S2, {(b) operates
relay S1, {c) releases the stepping magnet
A, causing the A selector to step to the
next terminal, and (d) opens the operating
circuit of relay P which releases., Relay
81 operated (a) operates relay S2, (b) re-
leases relay Tl and opens up the ground
circuit to the T relay winding, and (c)
discharges capacitor T through the 200-ohm
reaistor J. Relay S2 operated releases
relays S and S3. Relay S3 released, re-
leases reglster T. Relay S released (a)
releases relay S1, (b) reoperates stepping
magnet A, and (c) reconnects operating
ground to the winding of relay P. Relay
S1 released (a) releases relay S2, (b) re-
moves the 200-ohm discharge shunt from
capacitor T, causing 1t to charge, and (c{
connects ground through the winding of relay
T to the next line. Relay S2 released re-
operates relay S3 which, in turn, reoperates
the T reglster.

2.12 The circuit is now ready to test the
next line. Assume that dial tone is
not received within 3 seconds. In this
case, when relay P operates at the end of
the 3-second timing interval relay RC will
operate since relay T1 has not operated,
Relay RC operated (a) holds the steppling
magnet A operated, (b) connects direct
ground to the test lead to prevent relay T
from operating and to keep a continuous
circuit on the test lead, and (c) operates
relays S and S2. Relay S operated operates
relay S1 and releases relay P. Relay Sl
operated discharges capacitor T through the
200-ohm resistor J. Relay S2 operated re-
leases reglster T. Reley P released re-
moves the short circuit from relay RCl
which now operates in series with relay RC.
Relay RC1 operated (a) provides an operating
path for relay D when relay P reoperates,
(b) releases relay S, and {c) causee the
tube T to fire, thereby reoperating relay
P when relay S has fully released. Relay
S released (a) holds relays RC and RC1l op-
erated independently of relay Ti, (b) holds
the stepping magnet A operated independently
of relay RC, (¢, reconnects ground to the
winding of relay P which operates, and (d)
releases relay S1. Relay Si released (a)
removes the short circuit from relay T,
permitting it to operate when dial tcne 1s
received, (b) removes the 200-ohm discharge
resistor from acroas capacitor T. Relay P
operated operates relay D which, in turn,
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operates relay D1 which operates the D
register. The circuit remains in this
condition until dial tone is received or
until relay A operates to give an alarm,
see 2.29.

2.13 When dial tone is received, relay T
will operate in turn operating relay

T1. Relay Tl operated (a) locks indepen-
dently of relay T under control of relay
S1, (b) disconnects relay T from the test
lead causing the mechanical equipment and
relay T to releease, and {c) releases relay
D. Relay D releaged releases relay Dl i
which causes the D register to score. Relay
S1 operated (a) holds relay 52 independently
of relay RC, (b) releases relay T1, and (c)
discharges capacitor T through the 200-ohm
resistor J, Relay RC released releases
stepping magnet A to step the swltch to the
next terminal. Relay P released releases
relay S. Relay S released (a) releases re-
lay S1, (b) reconnects operating ground to
the winding of relay P, and (c) reoperates
the A stepping magnet. Relay S1 released
ga) removes the 200-ohm discharge shunt

rom capacitor T causing it to charge, (b
connects ground through the winding of relay
T to the next line circuit, and (c% re-
leases relay S2. Relay §2 released reoper-
ates relay S3 which reoperates the T regls-
ter. The circuit i1s now ready to test the
next line.

~

B. FAST Key Operated - First Cycle

2.14 When the FAST key 1s operated the
minimum speed of tests is governed
by the connection of lead 2 to various
punchings, Bl to B4, as described in
2.08. Should the T and Tl relays operate
before the minimum timing interval 1s over,
the circuit operates the same as described
for when the FAST key 18 normal. Assume
that dial tone is received after the first
timing interval but before 3 secands. In
this case, when relay P operates at the end
of the first timing interval, relay RC will
operate since relay Tl has not operated.
Relay RC operated (a) holds the stepping
magnet A operated, (b) connects direct ground
to the test lead to prevent relay T from
operating and to keep a continuous circuit
on the test lead, and (cg operates relays
S and S2. Relay S operated operates relay
S1 and releages relay P. Relay Sl operated
discharges capacitor T through the 200-ohm
resistor J. Relay S2 operated releases
register T. Relay P released removes the
ghort circuit from relay RC1l which now
operates in series with relay RC. Relay
RC1 operated (a) provides an operating path
for relay D from reley P should dial tone
not be received before 3 seconds, and (b)
releages relay S. Relay S released (a :
holds relays RC and RCl operated indepen- .
dently of relay T1, éb) holds the stepping .
magnet A operated independently of relay RC,
(c) reconnects ground tc the winding of -
relay P, and (d? releages relay Sl. FRelay

81 released (a) removes the short clrcuit
from relay T permitting it to operate when
dial tone is received, Sb) removes the 200-
ohm discharge resistor from acroes capaci-
tor T causing it to charge. When dial tone
18 recelived before relay P operates the
second time, relay T will operate, in turmn
operating relay Tl. Relay Tl operated (a)
locks independently of relay T under cantrol
of relay 81, (b) disconnects relay T from
the test lcad causing the mechanical equip-
ment and relay T to releasn, and (c2 causes
the T capacitor to charge immediately and
operate the tube T, This causes relay P

to operate, Relay P operated opcrates relay
8. Relay S operated operates relay S1 and
releages relays P, RC, and RCl.

2.15 Relay Sl operated (a) holde relay S2
independently of relay RC, (b) rec-
leages relay Tl, and (c¢) discharges capacl-
tor T through the 200-ohm resistor J. Relay
RC released releases stepping magnet A to
step the switch to the next terminal. Relay
P released releases relay S. Relay & re-
lessed (a) releages relay Sl, (b) reconnects
operating ground to the winding of relay P,
and (c) reoperates the A stepping magnet.
Relay S1 released (a) removes the 200-ohm
discharge shunt from capacitor T causing 1t
to charge, (b) connects ground through the
winding of relay T to the next line circulf,
and (c% releases relay S2. Relay S2 re-
leased reoperates relay S3 which reoperates
the T register. The circuit 1s row ready
to test the next line.

2.16 Should it take longer than 3 seconds
to receive dial tone, then, when relay
P operates at the end of the 3-second inter-

——--ya)l and with relay T1 normal and relay RC1l

operated, the D relay operates. Relay D
operated operates the D1 relay which, in
turn, operates the D register. The clrcuit
remains in this condition until dlal tone
18 received or until relay A operstes to
glve an alarm, see 2.29. When dial tone is
received, relay T operates, in turn, oper-
ating relay Tl. Relay Tl operated {(a) re-
leases relay D, {b) locks indepencently of
relay T under control of relay S1, (c) dis-
connects relay T from the test lead causing’
the mechanical equipment and relay T to
release, and (d) provides an operating path
for relay S when relay D releases. Relay D
released operates relay S and releases re-
lay D1 which, in turn, releases the D regis-
ter. Relay D 1s slow releasse to insure
operation of the D register. With relay S
operated, the circuit now functions as des-
cribed for an OK test call where dial tone
18 received between the first timing inter-
vel end 3 seconds.

CIRCUIT ADVANCE AFTER FIRST TEST CYCLE

2.17 During the first test cycle, the ad-
vance from one test terminal to the

next requires the receipt of dial tone,. 1r

dial tome iz not received, the circuit does

SECTION 1I
Page 3
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not advance and alarm is given \2ier 2 %0
minutes. However, at the complic.om If thi
firat test cycle, ground from a°c 22 aper
ates relay E on its primary winding. ele. "
E operated locks on its secondary wiading -«
ground on the start key and connecte ralay
D2 in the circuit. The circuit functions
on subsequent test calls in the same manne:
as described in 2.10 and 2.18 except that,
if dial tone is not received within 3
seconds, the circult does not wait but pro-
ceeds as follows. When relay D operated,
1t caused relay D1 and the D register to
operate, and at the same time it operated
relay D2, Relay D2 operated connects bat-
tery to operate relay Tl which now causes
the circuit to function ag an an OK test
and advance the circuit to the next test
terminal.

TESTING COIN LINES
A. Speed of Test

2.18 When control switch C selects an arc

to which coin lines &are connected for
test, relay CN operates. With relay CN
operated, the advance from one test to
another is advanced to 3 'seconds. Should
the FAST key be normal at the time of test-
ing, the operation of the CN relay performs
no function.

B. Step-by-Step Offices

2.19 Coin lines in step-by-step offices
requiring ground start are tested by
using the noncoin test and furnishing Fig.
3 and 4.
2.20 The coin line circuits used for tests
haye ground disconnected from the tip.
Both tip and ring are then connected to
relay CL (Fig. 3 - one per line circuitz.‘
When the line 18 seized, relay CL operates
connecting the tip to the winding of the LSC
relay of Fig. 4. When the mechanical equip-
ment is in a position for dialing, ground
ig connected to the tip operating relay LsC.
Relay LSC operates relay T1 which opens the
circuit to the test lead releasing relays
CL and ILSC and the mechanical squipment.
The T relay does not function on this call,
and the circuit functions &8 previously de-
scrived for a noncoin line,

2,21 Coin lines in step-by-step offices

requiring battery start are tested by
using Z option. Battery start and ground
start lines must not be mixed on any arc of
seiectors A or B.

2.22 Relay CT 18 connected in series with
the ground winding of the line relay
of the line under test causing relay CT to
operate in series with resistor M and the
line relay. Due to the high resistancs of
M, the line relay will not operate. When
relay CT operates, relay CT1 operates. Re~
lay CT! operated short-circuits resistor M

SECTION Il
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VT. Since the atepping msgnel 1s cpereted,
-~ ¢he operation of velay Vi cperates reley

| emawiy  meen

grd »1: s :8.3%0r AB in perallel with

relays ) 21 3ig the liine relay to operate.

Weth reoay: 3T and CT2 operated, the T re-

Ly L& ;o1 .~cioculted. When the line is

fourd, e irpe relay lis disconnected and

replacid by 3 higher resistance thereby

causing re.iy (T to release. Relay CT re-

1easec ~emoyecs. the short cireuit from the T

ralay wnich now operates. From this point on,

+ne cireult functions as described in 2.10. )

¢. Panel and Crossbar Ooffices

2.23 1n panel and crossbar officesn,tests

on coin lines are made in the same
manner as noncoln linea except that the
test interval is always 3 seconds.

2,24 In Crossbar No. 5 Officesi

(a) An error is introduced in measuring
the dial tone delay time when observing )

on coin first coin lines. This error is

brought about as follows: as soon as the )
originating register completes the coin f]
test {which is & nonoperate condition for :

the test relay in the Dial Tone Speed

Indicating Circuit), the dlaling circuit

1s connected to the ring and 18 held by a

1500-ohm resistor tc ground until the C2

relay releases. This condition satisfles

the dial tone speed register circult which

will indicate that dial tone has been re-

ceived. However, dial tone is not con-

nected to the line until the C2 relay has

released and removed the 1500-chm ground.
Consequently, the time error is equal to

the releasing time of the C2 relay which

18 0.16 to 0.34 secocnd.

(b) Those lines with rate treatments re-
guiring & reversal of polarity may not
be assigned for dial tone apeed testing.

VACANT TERMINAL TEST

2.25 Battery from the midpoint of resistor
W through the VT relay 1is connected
to all vacant terminals of arcs 2 to 6 of
gselectors A and B. When either selector A
or B steps to a vacant terminal, relay VT
operates but test relay T or CT does not
operate due to the high resistance of velay

VT1. Relay VIl operated Locks independently
of relay VT and releases step magnet A or B
and short-circuits the T capacitor with the
J resistor to prevent the tube from timing.
The stepping magnet released steps the ‘j
gelector to the next terminal and short-
circuits relay VT1 which releases. Relay
VT1 releaned reoperates the step magnet, If
the next terminal i& vacant, relays VT and
VT1 sgein operate and the atepping continues
au described until a working terminal is
reached, in which case releys VT and VT1
will not reoperate and the step magnet re-
maing opcrated until 8 teet call iz com-
pleted ur the circuit ie reztorad to normal.
Relay S2 18 held opercted by »¢lay VI 80 as ;
to prevent & false oparation o? the T regis-
ter.

\
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ADVANCING TEST FROM ONE ARC .
TO ANOTHER

2.26 When selector A or B reaches terminal

21 ground from arc 1 will operate the -

C stepping magnet. Also since terminals 21
and 22 of selectors A and B are wired as
vacant terminals, the A and B swltches are
moved off these terminals as described in
2.25. When selector A or B moves off ter-
minal 22, the C stepping magnet releases
thereby stepping the'C switch to the next
terminal. The next arc of selector A or B
is now in a position to be tested or the
tesglng is transferred to melector B, see
2.28.

BYPASSING OF ARCS

2.27 Should it be desired to bypass an
entire arc, the manually opersted
switch corresponding to the arc to be by-
pessed 18 set on position 6. When the C
selector steps to the terminal serving the
arc to be bypassed, ground is connected
through arc CI and the manual switch to
operate relay SKA. Relay SKA operated (a)
self-interrupts the C selector magnet caus-
ing the C selector to step, {b) holds relay
s2, (¢) opens the circuit to test relays T
and CT, and (d) short-circults capacltor T
to prevent the tube from timing. Relay S2

_ operated performs no function at this time.

The C switch will continue to step until
relay SKA releases.

TRANSFER OF TESTS FFOM SELECTOR
A TO SELECTOR B

2.28 When selector C moves to terminal 6
the VTl and SW relays operate in
series. Relay SW operated (a) openg the
circuit of relay VT1 which releases, {b
locks independently of terminal 6 of selec-
tor C, (c) operates relay SWA, (d) connects
ground to lead 5, and ée transfers the
stepping circuld ground of test relays RC
and S from stepping magnet A to stepping
magnet B. Relay SWA operated (a) transfers
the alarm relays A and Al from selector A
arc 1 to selector B arc 1, and () connects
terminals 21 and 22 of arc Bl to stepping
magnet C. The alarm relays A and Al now
function for selector B ae described for
selector A. The operation of selector B
is now the same as cescrided for selector A,

STUCK SWITCH AIARM

2.29 VWhen relay ST1 operates, it connects
terminal 1 of arc Al to the other odd-
numbered tzrminals on that arc and connects
terminals 21 and 22 of arc Al to the step
m gnet of selector C. With selector A arc
1 on terminal 1, the circult to relay A 1s
closed. Relsy A is very slow operate (2 to
I minutes} and if selector A remains on
terrinal { for an abnormsl time, reiay A
operat28, in turn, operating relay AL which
gends in an alsrm and lights the DT alarm

lamp. If selector A movea from terminal 1
to terminal 2 before relay A operates, then
the circul*t to relay A is opened when the
selector leavee terminal 1 and when ter-
minal 2 A2 resched, relay Al operates and
the circult to relay A im agein closged,
this ¢time in parailel with relay Al., Relay
£ continues to operste, I the szlector
gtopr on terminal 2 too long, the A relay
will onerate and bring in an alarm. Yhen
gelector A pteps from terminal 2 Lo ter-
minal 7, %ho circulit to relays 3 ‘:nd Al le
opsned and both releys release., wlay Al
is slow releane Lo keep the circuls of relay
A opened Bo &8 to insure its completely re-
leage hefore bHeing connected to teorminal 3.
The circuif now functions for sutsecuent
0dd and even terminale as deacrited for

B

terminals . and 2, reapecilively.

Mote: If relay A operates an eny odd
cerminal And brings in an alerm, the
2larm may not de restored when the A
geiector steps to the nex’t eveon ter-
minal. Thie L8 due %o the £ relay
operating nefore the A relay releases,

2,3C When the B selector is used for test-
ing, the SWA relay operates. Relay
SWA operated connects 21l odd-numbered
terminals of gelector B arc 1 to relay A
and all even-numhered terminals to the
winding of relay Al. The stuck switch
alarm feature %“hen operstes for meslector B
in the same way as descridbed for selesctor A,

REMOTE STARTING AND REGISTRATION

2.31 %hen the registers are located on &
remote trafflc register rack, Fig. 6
and 10 and 2 wiring are furnished., The siart
key ia slso equipped per Fig. T or 11 or
ag gshown on the Traffic Reglster Zircult,
In this case, the circultl 1s startec over
the cahle palr and registration on one setl
of registers 8 alsgo cone over the seme
cable oair ag described below, Regiletration
on other asets of registers 1s don2 over
separaie cable pairs aiso described below.
Those <lesges of eervice which are to re-
cord their traffic on registerg walch are
operated over the cable pair used for start-
ing shall have their hand-operated switches
set on position 1. Those classe3 of ser-
vice whose hand-operated switches are set
cn positions other than position 1 will
have their traffic recorded on registers
asgociated with other cable paira, When the
ST key 1s operated, ground is connected
through relays D and T of Fig. 6 to the
ring and tip causing relays D and T and also
¢he & relay %o operate. Relay L operatecd
performs the same function a3 the locel
gteart zey 7, and %he test circult now op-
erases asg degcrided in 2.05 to 2.07 except
that the R® relay coperates when relay ST
of Fiz. 1 cperates and the C selector
reaches & ~osition where the asgoclated
hend-operese’ swiitch is turned %o position
1, %With relayes T and D operatecd, relay ST

SECTIOR II
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of Fig. & cperates. Relay ST .07 Pig. 6
operated lccke under cantrol of the 5T key
independently of relays T and D, Wher the
g2 reley of Pig. 1 releases, reiay T of Fig.
6 relesses thereby cperating the T register.
Therefore, at the beginning of each test,
relay T and reglster D are released and
relay D and register T are operated. When
a test is ccmpleted, the 832 relay of Fig. 1l
operates operating the T relay .of Fig. .
causing the T register to release. When
dial tone 4is not received within 3 secands,
relay D of Fig. 1 operates releasing relay
D of Fig. 6 operating the D reglster.

2.32 When traffic is to be recorded on

registers assoclated with separate
cable pairs, the circuit functions as de-
scribed in 2.10 and 2,18 causing the 33
and D1 relays to operate. However, the
operation of these relays instead of op-
erating the T and D registers directly will
operate the T and D relays of Fig. 10 over
the cable pair. These relays in tum will
operate the T and D registers located on
the remote traffic register rack.

DIAL TONE SPEED INDICATING CIRCUIT
{MFR DISC.)

2.33 This circulit may be used with the
Dial Tene Spead Indicating Cilrcult.
When the start kKey in the Dial Tone Speed
Indicating Circult is operated, leads A
and B are short-circuited, and ground 1is
cannected tu iead 57 to operate relay E.
With relay E operated, ground an lead ST
18 cannected to this circuit, and with leads
A and B short-circuited, the functiona of.
the ST key sre simulated and the circult
functicns as described in 2.05, Relay E
operated also disconnects 1te primary wind-
ing from the ST1 lead and connecte relay
D2 in the circuit for use in advancing the
circult as described later. Also the initial
timing circuit of the tube T 1s changed by
opening lead F and cleosing lead . Ground
is connected to lead H to light the R lamp
of Mig. & as an indicatlon not to use the
lock-in feature, and ground is remocved
from lead J to meXe the operation of the
SD key of Fig. 8 in:ffeative, When a test
call does no: receive dial tone within 3
secands, the D relay operates In the usual
manner. Thic operates rslay D2 which con-
nects ground to lead D which, in turn,
causeg the indicating circuit to indicate
this condition. Relay D2 cpersted &lso
connects battery to operate relay T1 to
advance this circuit tc the next line in the
usual way. As the contrcl selector C steps
from terminsi to terminsi, ground from arc
C2 is comneczi=2d to terminals A2 to AG and
82 to indicate to the indicating circuit
which arc of selcctors A and B are under
test. Alsc when alli arcs are teated,
ground from arc C2 1is connected to lead 8T1
to indicate the end of & test cycle, When
the indicating circult is arranged for unit
testing, the operation of the unlt key will
remove ground from lead K to prevent the
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Tﬁé circuit now functions in the usual way
and advances to test the next line.

3. OPERATION OF CIRCUIT USING FIG. 12 -

START OF TEST

3.01 The operation of the start toggle
switch or the start 8T key 18 not
effective unless selectors A and C are
normal. With selectors A and C normal and
the start toggle switch operated, the S
relay operates from ground at the A aelec-~
tor brush feed arc 1, G and 10 top normal
contacts of the ST relay, brush feed and
terminal 1 of the C selector arc 3, operate
contact of the ST toggle switch, and and
% top normal contacts of the ST relay to
the winding of the S relay. The start tog-
gle switch ST operated, also operates relay
E which cancels the blocking feature as de-
.seribed in 4, If an external start control
18 operated instead of the ST toggle switch,
relay L operates. Operated contacte 3 and
)4 bottom of the L relay parallel the con-
tacts of the nonoperated ST toggle switch
to operate relay S as previously described.
Relay S operated operates the Sl relay and
opens the opereting circuits for relays P
and CT. Relay S1 operated opens the op-
erating circuit for relay T and operates
relay S2, Relay S2 operated operates relay
ST1 end opene the operating circuit for
relay 83. FRelay STl operated locks under
control of the ST key, operatees relay ST,
and provides ground to the blasing winding
of relsy T to hold armature contact 7 to
back contect 4. OCround from arc 1 of selec-
tor A through STl opersted {4 snd 5 top) is
also used to activate the alarm arrangement
under certain conditions. For a description,
see 4,07 to 4,14, Relay ST operated (ag
locks under control of reley ST, (b)
supplies ground to arc C4 for operating
the reglsters, (c) releases relay S, and
{d) provides ground for operating the
83 relay. Relay S released releases
relay S1, operates step magnet A, and pro-
vides operating ground for relay P. Relay
S1 released relesses relay S2 and closes
through grownd or battery to the line under
test when the ST2 relsy operates under
control of the lU-gsecond cam of the Timer.
l2elay S2 relessed, operates relay S3 which,
in turn, operates T register essoclated
“4ith arc A2. The circuit is now ready %o
test.
TIMING
3.02 The purpose of the cam timer is to
gtart a call every 4 seconds and to
checi: for a gatisfactory test at the end of
3 seconds, If a satlsfactory test is mado,
the ¢ie? equipmeni is released immediately
put the t18t circuit does not advance until
‘the ea.Gition is checked at the end of 3
gecon: . On a patisfactory call, the T
register scores snd the circuit advances to

‘winding reliny T,

the next line. If dial tone is not received
within 3 saconds, both the T and D regiasters
score, the line 18 released ané the circult
advances to the next line, This ig the
general operation for 21l cycles except when
the circult is controlled locelly by means
of the TST key for a special maintenance
test, see 4.

TESTING NONCOIN LINES

A. -Ste

Eou&gg;%

.
control

ground stert i3 used in testing these
noncoin lines. Ground is provided
through 5 and U4 bottom relay ST, 2 and 3
bottom relay SKA, 2 and 1 top relay 31, 1 and
2, bottom relsy T, 6 and 5 top relar VT3,

ZZ wiring, S gnd & top relay ST2, pr.mary

are 5 of selector £, tnrough
the cross-connect punchings to arcs 2-6 of
selectora A or B, to “he line relay o gtart
the tesc. The line relay is operated, dul =5
relay T does rot operate at thig tine due to
tne high resiziance of the line relay. When
the mechanical equipment I8 in a8 position %o §
send out dial tone, the line relay 13 dis-
connected and replaced by a8 lower resletance
thereby caueing relay T ¢to operate. Relay

T] will now operate and lock under control of
relay S1. Relay T1 disconnects relay T from
the test lead and causes %the equipment belng
tested to releasse. Relay Tl also provides &
path %o operate reslay S when relay P operates,
see 3.06 and 2.07.

3.03

{

¢

\
B. Step-by-Step 0ffices Equipped for TOUCH- "
ONE Aeliing or Lommon Control :

3.04 Dial tone speed testing 1s conducted

over “oth tlp 2nd ring to satisfy the
loop closure required by the origineting
registere or TOUCH-TONE to c¢ial pulse
converters in such offices.

.3,05 To start a test, ground 1s provided %

through 5 and 4 bottom relay ST, 2 and
3 bottom relay SKA, 2 and 1 top reley 31,
1 and 2 bottom relay T1, 6 and 5 top relay
VT3, resistor RT {ZV option), 5 and 6 %top
relay ST2, primary winding relay T, arc 6 of
selector C, through the cross-connect punch-
ings to arcs 2-6 of selector A or B, over
the ring conductor to operate the line relay.
Dial tone, when recelved, 18 transmitted over
the tip conducteor, through erc 5 of selector
C to the inpu% of the dial tone detector.
The dial tone detector TN relay will operate
and cause relay Tl to operate., Operation of
relay T is prevented by the current limiting
registor RT. The circull a2dvances 8s de-
scribed in 3.03.

C. Dial Tone Received Within 3 Seconds

3,06 The 3-second cam of the Timer makes
. contact I seconds after the start of

SZCTICN XI

Poge T
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the call and operates the Pl relay. P21
operated operates P, in turn, operating
relay 8 which locka to the S1 and 32 relays.
S operated (a) operates Sl,‘(bx releeses

the A atep magnet causing the selector to
step to the next terminal, {c) opens the
operating circuilt of relay P which releases,
and (d) releases relay ST2. Relay S1 op-
erated (a) operates 52, (v) releases T1,

and {c) opens the ground to the T relay
primary winaing. The ST2 relay released
also opens the ground to the T relay pri-
mary winding and closes a locking circuit
for relay S2. Relay 82 operated releases

S and S3. When 83 i8 released, the T reg-
ister scores. Relay S released, (a) re-
leases S1, (b) reoperates the A step magnet,
and (c) reconnects ground to the P relay
winding. Relay S1 released, closes in

part the ground to the winding of relay T
for testing the next line. The circuit 18
now ready to start the test of the next

line when the ST2 relay 18 operated by the
L-pecond cam of the Timer.

D. Dial Tone Not Received Within
2 Seconds

The 2-second cam of the Timer makes
centecs 3 seconds after the start of
the call snd operates the Pl relay. Pl
operatzd overates P which now cperates
relay RC since the Tl relay has not op-
erated. RC operated {a) holds the A stepping
megnet ogperveted, (b) connects direct ground
to tne test lead to prevent relay T from
operating ené to keep a continuous circuit
on the teat .ead, (c, operates relays S and
s2, and (d) locks Pl operated, S operated
operates Sl and releases P and ST2. 82
operated releases relay 383 which csuses the
T register %to score. P released remnovee
the short circuit from relay RC1 which now
operates in series with relay RC, Relay

RC operated, holds ground to the T relay
winéing when relay 3T2 releases. RC1 op-
erated releases S which recperates 2. Relay
D now operstes from grouné on the ST key
operated, through F operated, T1 and V7’1
normai, &ndé RCI operated. D operated op-
erates relays D1 and D2. Relay D1 operated
operates the U register. D2 operated op-
erates relay Ti. T1 operated operates s,
relessca relay T and the line, and releases
D. D reieased, releases D1 and bD2. D1 re~
leassd cuuses the 1D register to score.
Relay S operated operuates 41 and releases

P and RC. RC relsased relesses Pl and the
A step magnet which advances the circuit to
the next test line, Relay S1 operated re-
leasss 'L and releases S, in turn, releases
S1. The circuit 1is now ready to test the
next line when the 4-second cam of the Timer
makes contact, operating the ST2 relay.

3.07

TESTING COIN

LINES

A. Stap-by-Sten Not Equipped for TOUCH-TONE
Talling or Common Control
3.08 Coin 1lines in this type office, which

are tested by using ground start,

SECTION II
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reguire 8 Pig. I per L.ne end & 7ig. & per
djal tone apeeld PeELITES A poudt . Such colin
lines have ground Ciscormioved from the T©ip
ard both tip & Pans &M connected to

relay CL (Pig. 3;. Tre test operation 18
similar to thet descrined for noncoin ground
start.

L ¢t

3,09 When the line 18 seized relay CL
operates ~onnacting the tip to the
winding of reiay LSC [#ig. 4). Vnen the
mechanical eguipment L5 in & pesition for
dialing, ground i3 connected toc the tip
operating relay 15C. Relay LSC operates
relay T1 thus cpeniing the ground to the
test lead. Reiays CL, i$c, and the equip-
ment under test réisase. Relay T does not
operate during tuis went.
3.10 Coin lines o Le tested battery start
require ZJ option. Battery start
1ines must nc% be mixed on any arc of selec~
tor A or B with ground stert lince,
3.11 Battery is providad through relay cT,
resistor ¥, 3 and 4 top relay SKA, 12
end 11 bottom relsy ST, 8 and 7 top relay
S, 3 and 2 top relay VI3, 3 and 4 top relay
ST2, 4 and 5 top reiay T1, arc 5 of Bselec-
tor C, uwnd an arc of selector A4 or B to the
iine reisy, F - ZT operates. owever,
resistor ¥ preve e 1ine relay from
operating. HReiay uY oporeted yeiay CTI1.
Relsy 71 operetad short-circuits resistor
M snd pleces resietor 2B AN parailel with
relay 7, permiiiing oo iine vrelsy b
operate, With reiayr o ozrd CT1 cperated -
reley T is short-circaited, On connection
of dial tone, the se reiay Ls replaced
by a hignaer resigiance cauzing reliay CT to
relesge. in raleasing relay CT removes
the short circuit froa rzlay T, ailowing
1t to operzte. Tne Tisouit advences as

geacribed in 3.03.

o

TCUCH-TONE

or
LT0L

.12 Coin linesm cxu g oed Top diod tone
i tinis Lype orluce,
> ar zeiecter A and/or

3.13 The circuii to selze the itne relay and
meagunre G151 toowe speed is 3inilar o
tnat desorived o noncein lines, in 3.0k
and 3.0%. oxo . peres redlstora CA
aad/er U8 i S opLart
realstan sams.  This
tctel e CLAn BOX
Tunk ci
C. _RPangl 81030
3,34 In pEOeL A
on coin are e
marner &8s ronzoivn ilnea, 10 18 necessary,
however, *ne “oliowing restric-
tion «haen 46! ~oin 14mes to the ter-
minals of B3 S Le Wren & Bingie
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colin line requires multiple appearances on
onc arc, it 1s necessary to intersperse
between each pair of such terminaols at

least one dwell terminal or one appearance
of another coin line. Otherwise, the coin
1ine just released on one terminal may be
caught off-normal when & new call is started
on the succeeding terminal because the coin
control trunk has not released the coin
line.

3.15 In Crossbar No. 5 Offices:

(a) An error 1is introduced in measuring

the dial tone delay time when observing
on coin first coin lines. This error 1is
brought about as follows: as soon as the
originating register completes the coin
test (which is a nonoperate condition for
the test relay in the Dial Tone Speed
Indicating Circult), the dialing circult
1s connected to the ring and 1is held by a
1500~-onm resistor to ground until the C2
relay releases. This condition satisfles
the dial tone speed register circult which
will indicate that dial tone has been re-
ceived. However, dial tone 18 not con-
nected to the line until the C2 relay has
released and removed the 1500-ohm ground,
Consequently, the time error i3 equal to
the releasing time of the C2 relay which
18 0.16 to 0.3 second.

(b) Those lines with rate treatments re-
quiring a reversal of polarity may not
be assigned for dial tone speed testing.

UNASSIGNED DWELL TERMINALS

3,16 The uniform spacing of U4 seconds be-
tween test calls enables this circult
to make a maximum of 900 tests per hour. In
small offices, this number can be reduced
by arranging the circuit to dwell on se-
lected unassigned terminals without perform-
ing 2 test and without scoring the T regis-
ter. Thig is accomplished as follows. All
unassigned terminals of this kink will be
connected to the VT lead, and the VT relay
¥ill orerate when the selector encounters
e of these terminals and the ST2 relay
hes operated. The VT relay operated will
cperete the VI1 relay and held the 2
relay. The VT1 relay cperated locks to
the S relsy normal, The circuit remains
in this condition until the ¥l relay is op-
eratcd. When the Pl relay operates, the Tl
relay ic operated from dbattery through the
V reristor, 5 and 4 top contacts of the Pl
relay, and 4 and 3 dottom contacts of the
VT1 relay. The T1 relay operated releases
the VT r2lay. The Pl relay also. operates
the P r:.ay which operates the S relay
throug. the operate¢ contactis of the T1 re-
lay. The S relay operated {a) releases
the ST2 relay which clcaes a locking circult
for the S2 relay and releasss the PL relay

if operated, (b) releases the VTl relay,

(c) releasez the A step magnot which edvances
the selector to the next terminal, an¢ (¢}
operatea $he S1 relay. The 31 re{ay ocper-
ated releases the T1 and S relaye. The cir-
cult is now ready Lo test the next lire vhen
the 8T2 relay operatde.

UNASSIONED SKIP TERMINALS

3.17 The dial tone apeed register circult
cen be arranged to skip certain un-
assigned terminals without interfering with
the normel 4-second spacing between teat
calls or dwells, and without scoring the T
register. Such terminals shall be connected
+0 the VT2 lead and mey apprear on any arc
of selectore & and B sublect to the follow-
ing reatrictlons:

(a) Any ‘ndividusl terminal except the
firet sand last of a working arc may
be skipped withouf restriction,

(b) when 2 or more adfacent terminals are
gkipped, the next terminal in the
gequence muat te a dwell,

3,18 Theae restrictions do not apply when

an entire arc is to be skipped as
described in 1.02. The circuit action Is ag v
followa,. *hen the 2-second cam of the
Timer makes coniact, the selector leaves
the assignad or dwell terminal as earlier
descrided in 3,03,

3,19 When the selectcr brush arrives at the H

first vacant terminal, relay VI2 op- {
erates. when S releases and with VI2 op-
erated, relay VT2 will operate from ground
on & bottom of 8, through SKA normal (2 and
1 top) end ST1 cperated (1 and 2 bottom).
Relay VT3 cperated (5 and 4 bottom} causes
the step magnet of the selector to self-
tnterruot end advancee the circult to the
next terminal, WYhen the selector brush
leaves the vocant terminal, relay VI< re-
leages recperating the step magnet.

3,20 Wher the terminal 1s an indivicual
uneseigned terminal, the next one will
be either s working or a dwell terminal.
For this case, relay VT2 does not reoperate,
and the VT3 relay releases. The step magnet
48 held opersted through VI2 normal &5 and 3
top). When the l-second cam of the Timer
makes contact, the circult proceeds o test
the line connected to this terminel or to
dwell on this ferminpel for 3 seconds with-
out performing a test depending on the
terminal,

7® 2 or more adjacent terminals are

to he sxipped, assume that the selector
haeg left <ne £irgt and landed on the second.
The VT2 relay irmedistely reoperstes and

3.2%

8ECTION IX
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reconnects ground L ane gide of the VI3
relay winding. The VT3 being & slow-
release relay does not releagse during the
transfer time of the geiector brush Ifrom
the first to the gecand terminal. The
reoperation of reiay VT2 with relay VI3
heid operated causes the step magnet to
gelf-interrupt and advances the circult to
the next terminal. This circuit action is
repeated for the remaining skip terminals
in the sequence until the selector brush
eventually reaches the dwell terminal in
accordance with regitriction mentioned in

3.17(b).

3,22 The reason for thils requirement is
pest illustrated by conslidering &
relatively long sequence of skip terminals,
It is evident that some time during the
stepping action of the selesctor, the 4-
gecond cam of the timer will have made con-

tact. Tnis marke the start of s 3-second
testing interval, and if the selector had
landed on an assigned terminal, some part
of that test interval would have been lost.
Any possitliilly of error due to this effect
has thus been elimineted by not making a
dial tone teat on the terminal immedietely
following the segquence of skip termineals.

3,23 In order to permit this circuit to
continue 1ts stepping action after the
4-peconé cam Of tne timer hes made contact
operating relay ST2, battery through 43,000~
ohm resistor VT2 or VT 't 15 now connected
to relay VT2 through make contacts of re-
lays VT3 and sT2. For the path through
reglstor YT2' these cantacts are: VT3
4 and 5 top and ST2, 5 end 6 top; for the
path tnrough VT2 resistor these cantacts
are: VT3 1 end 2 top and sT2 3 and 4 top.
3,24 Wrhen the dwell terminal is reached,
relay VT3 relesses and relay VT op-
erates operatling relay VT1. The circuit
now functions as described in 3.16.

ADVANCING TEST FROM ONE ARC TO ANOTHER

3.25 Wnen the A or B selector is advanced
to terminal 20 for test, the PB relay
1s operated wiilch energizes the C gselector
and grounds the alarm lead. When test 1is
qompleted on terminal 20, the A or B selec~
tor is advanceg to terminal 21 in the reg-
ular manner which releases the PB relay and
the C selector step magnet which advances
the C selector one atep. T™e A or B selec-
tor 8pins to terminal 1 by self-interruption.

BYPASSING OF ARCS

3.26 When the C selector encounters a ter-
minal of which the aspociated toggle
switch (& set in position 2, ground throu
2 and 1 bottom of the ST relay and arc C
and the toggle switch is connected to the
winding of the UKA relay. This operates
and Forwards this ground through and 5
pottom of OKA and arc Ci to the interrupter

SECTION II
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ep wagned which spins
tre C i. p2oor ofF <k

e Lerainal.

3,27 L b case of & Fig. 12 modifled
frow . Fig., 1, the above operation 1is

accomp i y1e” By getiting the rotary switch,

correbpo&'tf‘;i% to the arc to be bypassed,

to poeitiin O.

TRANSFER OF TESTS FROM SELECTOR A TO
SELECTOR B

3.28 When the C selector advances to ter-

minal 6, the SW relay operates which
operates the SWA relay which, in wurn,
transfers the atepping control and alarm
leads to the B selectcr. This arrangement
continues through cerminal 10 of the C
selector.

RESTORING TO NORMAL

A. Restore on Removal of S8tart Ground

3.29 The circuit restores to normal on-
removal of start ground on circuits
not wired with option 7G. Wnen start ground
at the remote location 18 removed, relay L
releases, in turn reles3ing relay STi1. If
the test was Btarted dy the lccal start key,
release of this key releases relay STL.

3.30 Relay STL released, velsases relay ST

to stop the tesi. The cilraouln re-
stores to normal Aas deseribed in 2.34 for
Fig. 1.

B. Complete Test Cycle on Removal of 3tart
Ground

3.31 Circuits required to complete test
cycle on removal of start ground will
provide option ZU. This option 18 re-
stricted to circuita where starting is con~
trolled by a start Key Or & tiner a8t &
remote office or wherse starvting is con-
trolleé bty 2 timer in the local office.

3,32 When start ground in remcved, relay L
remsing iocked by ground from arc 2
selector C terminals 1 to i0 when selec-
tor C reaches position 1i; relay L releases,
releasing relay 371. “he circult now ad-
vances as in 3.3C. '

DIAL TONE DETECTCR - FiC. i3

3,33 The dlal-tone gatenvor consluta of &
transistorized smplifier, devector,
two pulse etretcher ampiifiern, &nc & relay.
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The TOUCH-TONE dial tone, 350 and 440 cps,
applied to the input of this circuit results
in operation of its tone relay T™N.

3.34 An ac signal is coupled through capa-
citor Cl and is amplified by transistor
Ql. Resistcrs Rl and R2 provide reverse ’

bias for Ql, and R3 acts as a small feedback
path and also provides temperaturs stabiliza-~
tion for Ql. The amplified signal at col-
lector load resistor Ri is coupled through
capacitor C2 to a clipper circuit made up of
resistor RS and varistor RV1. varistor RV1
clips the positive and negative peaks from
the ac signal so that the signal becomes &
square wave of 0.6 volt peak amplitude,
Cnpacitor C3 anc inductor L1 form a filter
while realstor R6 provides coupling. This
filter i8 centerd at approximately 4LOO cps
with a fairly sensitive bandpass ranging
between 330 and 460 cps. A component of the
dial tone, now contained in the square-wave
output of varistor RV1, will pass through
the filter with little loss and be applied
to the base of transistor Q2. Resistors R8
and R7 form a voltage divider to provide

a small reverse biag at the emitter of Q2.
Transistor Q2 acts as & biased detector and
responds only to negative peaks of the ap-
plied square wave which exceed the negative
bias on its emitter. The output at the col-
jector of Q2 is a series of ground pulses
which charges caﬁacitor C4 through resistor
R9. Capacitor C4 discharges slowly through
resistor R10 and the base of transistor Q3,
turning Q3 on and holding for as long as
pulses from Q2 cantinue to charge CL.
Transistor Q3 on supplies -20 volt battery
through resistor R12. Until this time, re-
sistor R13 and varistors RV4 and RV5 formed
a blas circuit to hold transistor Q4 off.
Now, with transistor Q3 on, transistor Q4
turns on and provides & path to operate re-
lay TN.

4. OPERATION OF CIRCUIT USING FIG. 12 -

A TNTENANCE CHECK USING TEST KEY
GENERAL

4.01 When thie circuit is controlled by the
ST key, as described in 3., the circuit

advances every 4 seconds in all cycles,

This 1s to insure a consistent number of test

calls for each hour of testing. There 18,

therefore, no provision in the circult per

Fig. 12 for checking the line circuilts

during reguler operation for possible

trouble conditions. Thise feature was pro-

vided in the originael circult per Fig. 1,

whereby the circuit would block during the

first cycle of cperation on any line where

dial tone was not recelvel.

4.02 Using Fig. 12, it is necessary to
make s maintenance check of the con-
nected line circuite sericdically during an
off hour when no diel tone celays are ex-
pected. Use of thse ToT xey for this test
causen the cirecuit to dlock indefinitely if
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dial tone is not received, presumably be-
cause of a troudble, After 20 tc 30 seconds
(or 2 to 4 minutes, Lif the circuit ir a Fig.
12 modified from a Fig. 1), a minor alarm
will sound and the DT alarm lamp will light.
The attention of the mainienance man is thus
directed to & likely troudble condition such
a8 an open terminal or a defective line
relay.,

START OF TEST

4,03 The circuit must de at rest when the

TST key is operated o siart the check
tegt. The TIT xey operated operates relay
TST which opens the operate path of relay E
to prevent the sequence described in 3. Re-
lay TST operated starts the circuit in the
usual way by operating relay 8. When dial
tone is received within 3 aseconde after a
call is starte¢, the operatlion is the same
as degcribed in 3.

DIAL TONE NOT RECEIVED WITHIN 3 SECOMDS

4.04 The 3-second cam of the Timer causes

relay Pl to operate 3 seconds after
the Btart of the call, The T register will
gcore, ané when relay D1 has operated, the
D register will operate ready to score when
the line is releazed. For a detailed de-
scription of relay operations up to this
point, refer %o 3.09.

4.05 The circuit remains in this condition

end wailts for dial tone. The cam
timer keeps rotaiing bdbut performs no func-
tione.

4.06 If dlel tone 1s received after 3 sec-

onds but before the alarm sounds, re-
lay T will operate, in turn, operating relay
T1. Relay T1 operated releases the dial
equipment and relay T. It also releases
relay D, in turm, releasing relay Dl which
causeg the D register to score. The D relay
released operates relay S. S operated op-
erates S1 and releases relays P, RC, and
RCl. The release of RC causes the A step
magnet to release, thereby advancing the
circult to the next test line. The release
of RC also causes Pl %o release, Relay S1
operated releases T and S which causes Sl
to releesz., The circult is now ready to
test the new line when the l-seconc cam of
the timer operates, Operation nf the 3-
gecond cam of the timer Detween selzure of
the new line and the operation cI the 4
pecond cam is ineffective.

STUCK SWITCH ALARM

4,07 V¥hen dial tone is not received within
20 to 30 seconds after 2 call 1s
started (2 %o 4 minutes for circults modified

from Fig. 1 to Fig. 12), & minor alerm is
sounded, &ané alsrm lemp DT will light.

Shoulé dial tone »e recelved after this
interval, the circuli wlll cauae the D regis-
ter to ncore, —lemse the 1ine, sileznce the
alarm, ané acdvance o the next line.

SECTION II
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4.08 Assuning thac tae alarm Gar B,
meiritenance action apould B T.ten.
The arc and terminal rumber of n: 1.1 pi gl
- trouble should be noted, ani tn: 3T ey
released to return the circuit ¢ acrnal,

The trouble should be cleared itxzilately,
but if this is not sossible, th: teyrinal in
trouble should be disconnected from the

line and temporarily gtrapped to the VT2
iead. This causes the terminal in question
to be Bkipped when the TST key is reoperated
allowihg the test to proceed. .
Caution: Be gure the trouble i¢ cleared
ana the Slre circult reconnectec before
the pext regu-ar period of operetion,

4.09 A timing arrangement, consisting of &

thermal relay A and a magnetic relay
A2, governs the delay time of 20 to 30
geconds. Since this interval depends on
+tne cooling time of the thermal relay A,
the reset time of the arrangemnent 13 negli-
gible.

4,10 The heeter of thermal relay has a

heating period of 5 to 15 peconds and

a constant coocling period of 15 seconds.
Should a selector step from one terminal to
the next just at the end of the héating
period, then an alrm will be sent in after
a 15-second dwell on +this last terminal,
peing the cooling time of the heating
element cf relay A. It 18 expacted that
this condition will not often be encoun-
tered so that under sctual operating condi-
tions an intervai of 20 to 30 seconds is
required tefore &n alarm is sounded.

4.11 The circult actlon 18 &8s follows,
when relay ST1 operates, it connectsa
terminal 1 of arc Al to the other odd-
numbered terminesls oD that arc. With
selectcr A arc 1 om terminal 1, the operate
path to relay A through 1ts heating element’
(terminal 2-3) 1le closed, Almost immedl-
ately hereafter, contact 1-8 of relay A
opens. At the end of the heating period,
contact H-7 cloees. This action operatesa
relay A2, from ground on are Al through
relay Al normal (contact 3-2), winding of
relay A2, relay £ operated (contact £-T),
end the AL resistor to battery. Ralay AR
operatel LOCKSE independently of relay A
under controi of Al., Contact 2-3 top of

A2 opens the oprrale path for relay A and
i1ts hester starts to cool. At the end of
the cooling period, contact 1-8 of the A
relay recloses. Rolay AL now operates

from grourd through 1-2 bottom of TST,
through -8 of A, and L-5 tcp of A2. Relay
Al operated sends in an alarm and lights
the DT lamp.

4,12 When the selector bruash ieaves ter-
minal 1 before relay AL 18 operated,

reiay A2 releasss during tne transfer time

from this terminal to the next. Relay A2

relensed opens tiho operate path of AL.

When the brush arrives on terminal 2, relay

BECTION 11
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AL opEi
[CRERVI-H
yyE Lo o
Wi rels
ne vt Rt
ing £2 . L&y 12 operated starts
th2 (o . €. znd when the selector

renalns ‘ long enough to permit
ccatacT I~ v 2cicne, AN alarm will
te sent Iin wo erztes. Snould the
gelector siep 1 3 before relay AL

operates, the 4a .soription applies as for
the transter from terminel 1 %o 2, only now
the slow reieess of A1 insures that relay A2
1g releaszd pefore an operete path of relay
A is again cios2d through terminsl 3 of the
gelectcr. For subsaguent »dd and even
terminals, the circutt functions are as de-
scrived for tarrminalr L end 2, regpectively.,

4.13 Once an alarm 18 gent in, this condi-

tion 1s maintained as long as the
gselector remains on thet terminal. Relay
A2 ig locked operated under centrol of
relay 21, ao relay AL is held operated.
When the selezfor lsaves tals terminel, the
alarm is restored beoausz of the release of
relay A2 which reiansex Al

4.14 When the B selechor L8 used for

temting, the IWA reiay operates. Re-
lay SHA : cad-riampered

terminales B o to relsy A
and all even-nudoci e nelg to the
winding or veisy Al. kK swWwitch
alarm featur f i or selector

B in the aar: oy aelecter
A.
5. SPECIAL FEATURES

PREVENTING FALSF OTSRT CONDITICH
IN CROSSHAR

5.01 In croczber No, 1 offices, the CB
relay of Fig., 5 i® Zurniashed. This
relay onessian sy controd of the T ore-
lay. k ; siyes, the
relay will ver, the T relay
in this 02 2ot operate the Tl re-
lay dir raaeaes tre OB resay,
and afte .ede3, whe oLlv-
cult <« The carcult
now functions ap desgorilec above. The

slow-release B relay is uvsed s insure

a minimum closure to tre crogabar system
vefore OpEnINg Ui v lead 80 83 LO
prevent 8imu it 3z start condition
and bringing a ol wwh condition in
the croaabar 8ysLen. o testing 2-
party mesgage rat? the

tip slde tg grounded ord=r to prevent
the cperaticn o7 Ine Tesl relay T until
che z-pari)y meixted, Thie
insures wnat T reley does
not oper cey Lorelay s

conneToes .
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REMOTE REGISTRATION
A. Start Control in Remote Office, Option ZU

ISSUE 11lA

Not Provided

5.02 Under this condition start control, by

start key or program timer, is in-
stalled at a remote location. Option ZU not
provided permits the dial tone speed circuit
to restore to normal on removal of ctart
ground.

5.03 A Fig. 6 is provided at the remote

location. The dial tone speed circult
18 started and registration on one set of T
and D registers 1s done over & single pair,
leads T and R, connecting to Fig. Also
at the remote location a separate Fig. 10 1is
installed for each additional pair of regils-
ters required. Each Fig. 10 requires a
cable pair.

5.04 Those classes of service, which are to
record their traffic on reglsters which
are operated over the cable pair used for
starting, shall have their toggle switches
TA- or TB-, operated to position 1, the cor-
responding PA- punchings cross-connected to
punching TDL, and the corresponding PB-
punchings cross-connected to punching TD6.
when relay ST of Fig. 12 operates and the
C selector finds & position where the assocl-
ated toggle switch is cross-connected to
punching TDl or TD6, relay RR operates. For
a detailed description of the operation of
the relays per Fig. 5 and 10, controlling the
start of this circult and the operation of
the remote registers, the reader 1s referred

to 2.31.
B. Start Control in Remote Office, Option ZU
Provided

5-05 %Eggglcggt g%ﬁa?Xegtggtakg mote 1o aom
tion.

Under this condition a separate con-
ductor 1is used for start control. At the
remote location, a Filg. 10 is installed for
each pair of registers reguired. Each

Fig. 10 requires a cable pair. Providing
option ZU will permit the dial tone speed
circuilt to complete its cycle on removal of
start ground.

C. Timer in Local Office

5.06 Wnen the program timer is installed at
the local office the dial tone speed
circuit may be wired with or without ZU op-
tion. At the remote location, a Fig. 10 1s
installed for each pair of registere re-
quired. Each Fig. 10 requires a cable pair.

6. MISCELLANEQUS

TIME CALIBRATION AND OPERATION OF TUBE
CIRCUIT - FIG. 1 (MFR DISC.)

£, _Reason for Calibration

6.01 The following variable factors enter
into the 3-second interval provided by
thie circuit for measuring dial tone time
(a) resistances associated with tube and T
capucitor charging circuit, (b} cepacitor T,
(c) relay times entering into the 3-second
interval, and {d)} $ube characteristics.
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Voltage is not & considerabie factor because
the me jor portion of the time (that produced
by the tube circuit) is compensated for volt-
age to 8 large extent as will be explained.

B. Method of Calibration

6.02 The circuit should be calibrated with

the circuit voltage betweer. 48.5 and
50 volts. The fcllowing method of calibra-
tion may dbe followed:

{a) Operate CAL, FAST, and ST keyse.

fn) With 2 stop watch, determine time it
tekes Tor the Aselector to “ake 20 steps.

Wher Fig. S5 is furnished, this should
ne 60.8 to 61.8 seconds. Ynhen Filg. =
18 not furr.ished, this should be 5¢.2 to
€0.2 seconds.

6.03

{a) If the *ime 18 grester than this, the
potentiometer T should be turned
counterclockwiae; A1f leas, clocwwilige.

{p) Repeat (&) until 1limits are met,
C. Operation of Tube Circuit

£.04 The ovepration of the tube timing ar-

rangement 1z as followe. It is assumed
that the CAL, FAST, and ST keys are cperatec
and the circult s in operation.

6.05 When Sl releases, 1t removes the ZCO-~

ohm shunt from the T capacitor. 3ince
this resietance is low compared to the B re-
gistors, the T capacitor may be considered as
short-circulted with the 20C-ohm shunt on,
and therefore, having no charge. When the
shunt 18 removed, the T capaciior changes
from a negative potential received from
potentiomeser T to a positive notential re-
ceived from the fixed potentiometer conslst-
ing of the filament circuit of tube T. The
capacitor charges slowly since i%ts cherging
current 18 pupplled through the B resistors
(400 x total). When the plate of capacitor T
that 18 connected to the grid of the tube
through resistor E reaches approximately the
same potential as the filament, the tube will
fire and conduct & current in its plate cir-
cuilt which will operate relay P.

6.06 Since the voltage on the plate of

capacitor T connected to the grid is
directly proportional tc the central office
voltage after any given time and since the
voltage of the fllament 1s proportional to
the central office voltage, the effect of
the centrel office battery voltage on time
balances out, except for the minor effect of
the change in the grid to f{2lament voltage
for firing due to the change 1n plate volt-
age and filament current.

6.07 When the potentiometer slider is

turned counterclockwise, (that is away
from the battery end of potentiometer T),
the voltage to which capacitor T must rise
to fire the tube 1is reduced, and therefore,
the time iz reduced.

6.08 Resistor D limits the current in the
plate circult of the tube to a value
which wi1l not damage the %ube. Resistor

SECTION II
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C prevents the plate of the 11 : “Ivy & =
taining potentials while th: © @ : « e it
is open wrich might cause L | ¢ [pede
tiaon of tre tude when the pila. geit is
closed.

D, Theory of Calibration

5.09 Wner the P relay operates :aftar S1
relezsed and the tube fired), it

operates RC, S, and S1 in cascade; and S1

operated releases S snd Sl in cascade.

While S is operated P releases, RC1 operates,

and selector A operates. When S releasee,

RC and RC1 release. The T capacitor is

diaschargazd with S and Sl operated. There-~

fore, when 31 releases, the cycle repeats.

6.10 It will be noted that the total time
per cyclie during calibration consista
of the following individual times: Tube
operates with 400 k in series with the T
capacitor + P operate + RC operate + §
operate + 51 operate + S release + S1
release,
6.11 As was described previously, the
following operation occurs during the
time the circuit 1z timing a 3-second delay
interval in actual operatiaon. Assume that
W wiring is us2¢ and lead 2 is connected
to punching 33.

The 21 relay released closes the cir-'
cuit to the line relay and removes

the shunt from the T capacitor which atarts
charging in the same circuit as that de-
gcribed above in connection with the cali-
bration cycle except that the series re-
sistors are B, Bl, and B2 which total 150 k
instead of 40O k. When the capacitor
charges to the same value as the circuit .
wags set for when calibrated, the tube fireg
and operates P,

cascade, and Sl releases S and Sl in caacade
whereupon capacitor T starts charging as
before except in series with 250 k because.
the RC1 reley is operated. (During the

time S and S1 were cperated, P released and
capacitor T was discharged.s When the tube
operates a second time, P operatea operating
the D relay {assum‘ng Tl has not opersted)

and & delay will %> registered.

6.13

6.12

It will be seen from the foregoing

that the time required to register a
delay 1s as follows: First tube time (150 k)
+ second tube time (250 k) + P operate + RC
operate + 3 operate + 31 operate + S release
+ S1 reiease + P operate + D operate. This
time should equal 3 seconds + T operate +

CB release + T1 operate because after dial
tone 18 recelved, these three relaye muset
function before D operatea in order to pre-
vent a delay indication,

6.14 It should be noted that in both the
calibration time cycle and the zarvigce
condition cycle for meaesuring the 3-sesond
delay, the “oliowing times are common: P
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cierst Tarrate ¢ L7 anersals + 8§
¥rele 8 ¢ 0 riiear:. et the aum of these
tiae. T Tawm, tue nilowing equations
REY & PUN B
(8. ape P me (400 k) + K =
tae of aslibration cycle a TE.
(b) ¥irsu sube time (150 k) + secand

tuve time (250 ki + X + P operate
+ D ouerate s« 3 4 P operate + OB release
+ T1 oparate.

IrC =

T operate + CB release + T1 operate - P

-operate - D operate then equation B may
be written: :

{c¢) Pirst tuve time (150 k) + second tube
time {250 k) + K = 3 + ¢,

6.15 To reduce thnese equations further, the

following fact is used. With every-
thing else equal, the time for capacitor T
to reach a potential which wiil cause the
tube to fire is directly prcportional to the
charging resiatance. From this, it follows
that first tube time {150 k) + second tube
time (250 K} = Tube zime {héo Kk} =T,

6.16 Obvicusly with the arrangement used

in the circuit, T will always be the
same regardlesz of the B punching to which
lead 2 is connected becsuss the resistance
used for the first tube time pius the re-
slstance used for the second tube &lme
equals 4OO k. (Wher the FAST key 1is normal,
the first tude time i8 T and the eecond ig
approximately zero,

— Therefore,

P operates RC, S, and Sl in

THK=T,
T+Km3 40

Tc =3 + 4

i a consteant da?@y@inad vy relisy
characterieting o bz 4CL05%5 secand whan the
CB relay of ¥.z. & 14 furnisbed anda ~0.01%

sacond otherwiaa,

6.17 To get the :ime to be ellowed for 20
8Leps, boih sides of ths equation are
multiplied by 20 and we get,

Tpo ™ 20 x 3.065 = 61.3 seconds
when Pig. 3 12 fuimished

Tpp = 20 x 2.935 = 59,7 seconds
otherwise

/ Allowing /% 2z~and Yolsmvance, the Yime
limite then dacoms &0.8 %o 61.8 sercncs
when using Fig. 5 or 59,2 so 0.2 zsconds
,@therwiss,
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SECTION III - REFERENCE DATA

1, WORKING LIMITS

1.01 When operating on remote control
bagis, D and T relays Fig. & and 10
and L relasy Flg. 1.

(2) Maximum External

Conductor ILoop Earth Potential

1880 ohms 20 volts
2560 ohms +15 volts
3260 ohms +10 volts
940 ohms + 5 volts
600 ohms 0 volts

(v) Minimum insulation resistance is 30 k.

1.02 Type of
Office

Max Cond Res in
T or R Lead¥

Step-by- Between thig circuit and

Step first select, 2-party M.R,
trunk or prepay coin box
trunk - 45 ohms

Panel Between this circuit and

subscriber sender -~ 35 ohms
Crossbar Between this circult and
No. 1 subscriber sender - 50 ohms
Crossbar Between this circuit and
No. 5 original register - 50

ohms

1.03 In crossbar No., 1, panel, and step-by-
step offices, thils circult (except
Fig. 6 and associated Fig. 2, 7, 9, and 10)
and all central office equipment which 1%
tests shall be located in the same building.

1.04 In crossbar No. 5, this circuit (ex-

cept Fig. 6 and assoclated Fig. 2, 7,
9 and 10) and all central office equipment
which it tests shall be operated from the
same bhattery.

2. FUNCTIONAL DESIGNATIONS

None.,

3. FUNCTIONS

Note: Unless otherwise specifled, the
functions listed apply on both Fig. 1
and 12.

3.01 To start the test manually by operat-

ing a s*art key on the unit, one as-
socinted with a local or distant traffic
reglster rack, or one essoclated with the
Dial Tone Speed Indicating Circult (the
latter for Fig. 1 only).

3.02 To start the test automatically under
cantrol of a program timer, Fig. 12.

*Maximum Conductor Reslstance includes re-
sistance of any relay in T and R lead be-
tween circuits mentioned.

3.03 To provide varinhle test timing
intervala, Flg, 1.

3.04 To provide a constant timing Iinturval

of 4 seconds, ¥lg. 12.

3.05 To test coln or noncoln lines,

3.06 To reglster total number of calls
made on each arc.

3.07 To reglster number of calls made on
each arc which do not receive dlal
tone within 3 seconds.

3.08 To provide for individual reglstration
on cach arc or common registration for
geveral arcs,

3.09 To cancel registration when uned with
the Dial Tone Speed Indicating Cir-
cult, Fig. 1.

3.10 To operate reglsters on local or dis-
tant traffic register rack.

3.11 On the first test cycle, to give an

alarm when dial tone is not received
within 2 tc 4 minutes and, on subsecuent
test cycles, to advance the clrcult to the
next terminal at the end of the 3-second
interval when dlal tone is not recelved,
Fig. 1.

3.12 To advance the circult to the next
terminal at regular 4-second inter-
vals, Fig. 12, ST key controlied.

3.13 To advaence the circult to the next

terminal only when dial tone 18 re-
ceived, and when dial tone is noit racelved
within 20 to 30 seconds, to gilve an aiarm
Fig. 12, TST key controlled.

3,14 To lock in test calls that requlre

more then 3 seconds to recelve diel
tone and to prevent the circult from ad-
vancing, Fig. 1,

3.15 To control the advance of the clrcult
%o the next terminel after 1t has
been locked in, Fig. 1.

3.16 To light a guard lamp when the circuit
i8 being used with the Dial Tone Speed
Indicating Circult or by the remote control

N

circult, Flg. 1.

3.17 To make the alarm lock-in ineffective

.if the circult is used with the indi-
eating circult or the remote control cir-
cult, Fig. 1.

3.18 To advance the circult to the next
terminal after recording has been
made by the indicating circuit, Fig. 1.

3,19 To change minimum advancing time when
ugsed with the indicating circuit,
Fig. 1.
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3.20 To provide means for calibrating the
tube timing circult, Fig. 1.

3.21 To bypass an entire arc of selector
A or B.

3.22 To skip unassigned terminals, Fig. 1.

3.23 To provide for a L-gecond dwell on
unassigned terminals without perform-
ing & test, Fig. 12,

3.24 To sklp any single unassigned terminal
except the first and last of a working
are without restrictlon, Fig. 12.

3.25 To ukip 2 or more successive unassligned

terminals with the restriction that the
terminal immecdiately following the sequence
of skip terminels, be a dwell terminal.

3.2b6 To vrestore circult to normal on removal
of start ground.

3.27 To provide for completion of test cycle
on removal of start ground (option zu),

Fig. 12.

4. CONNECTING CIRCUITS

4.0l When this civeuit 1s listed on a key-
sheet, the connecting information
thereon 1 to be followed:

REGISTER CIRCUITS
{a) Panel

(1) Battery Central Office - Miscellane-
ous Reglster Circult - SD-21537-01.

(2) Ground Central Office - Miscellaneous
Register Circult - SD-20141-01.
(b) Step-by-Step - 355A - Miscellaneous
Alarm Circuit (Reg.) - SD-31976-0L.

SECTION 111
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(¢) No. 1 and 350A

(1) Traffic Register Circult -
SD-31109-01 or SD-30896-01.

(2) 360A - Traffic Register Circuit -
SD-31265-01. )

(d) Crossbar No. 1

(1) Traffic Register Circult -
SD-25317-01 or SD-25942-01.

(2) No. 5 - Traffic Register Circuit -
SD-25892-01.
OTHER CONNECTING CIRCUITS
(e) Panel Line Switch Circuit - ES-207698.

(£) Panel Line Circult - ES-207196,
SD-21715-01, SD-21712-01.

(g) Step-by-Step Subscriber Line Circuit -
SD-31777-01 or SD-32133-01.

(n) Step-by-Step Line Switch Circuit -
SD-31644-01 or SD-31259-01.

(1) Crossbar No. 1 Subscriber Line
Circuit - SD-25003-0l1.

(3) Dial Tone Speed Indicating Circuit -
SD-96419-01,

(k) Crossbar No. 5 Line, Line Link, and
Connector Circuit - SD-25548-01.

(4) Alarm Circuits - SD-21203-01,
SD-31573-01, SD-31548-01, SD-31209-01,

SD-96188-01, SD-31980-01, SD-31970-01, or

SD-25761-01.

(m) Timer (as provided).

(n) Line Concentrator Control Circuit -
S$D-94815-01 or SD-96536-01.
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SECTION IV - REASONS FOR REISSUE

B. Changes in Apparatus

B.1 Removed

CN resistor, 18BJ - Fig. 12

TT resistor, 19EY - Fig. 12

F network, 177A - Fig. 12
B.? Removed Reglaced by
VT2 resistor 43 K VT2 resistor 3.9 K
(KS-13491,L1) - (KS-13491,L1) -
Fig. 12 Fig. 12

VTo! reslstor 43 K VT2' resistor 3.9 K

(Ki-13401,11) - (KS-13491,L1) -
Wig, 12 Fig. 12
B.3 Added

CA restistor 18AC - Fig. 13

CB resistor 18AC - Fig. 13

RT resistor 18AC - Fig. 13

7T resistor 18AC - Fig. 13

VTB resistor 39 K (KS-13491,L1)
Fig. 12

D. Description of Changes

D.1 Resistors CN and TT are removed. These
were added to Fig. 12 as ZV apparatus
in issue 29AC.

D.2 In Fig. 4 all wiring designated 2V and
7Z 1s removed.

BELL TELEPHONE LABORATORIES, INCORPORATED

DEPT 5642-NB-WAM

D.3 ZV wirlng connectlons to sclector C,

arc 5, terminals 6-10 are removed.
These connections did not appear in any
CAD Pig.

D.4 New ZV and ZZ wiring optlons between
contact 4T of relay VT3 and contact
5T of relay STZ are added.t Wiring option
2V, connectlng to contact 3T of relay SKA
is reused. Option ZV 18 required for step-
py-step offlces equipped for TOUCH-TONE
calling or common control and optilon 4ZZ 1s
required for all other gsystems.

D.5 Resistors CA, ¢B, RT, and TT arce added

to Fig. 13. Resistors ChA, RT,:ind TT
connect to Fig, 12, Reslator CR connecta
to Mig. D.

D.6 Punchings TA2-6 and TBC-6 are added Lo
Fig. 13 and are covered by rew CAD
Plg. 68 and 0Y.

D.7 Cilrcuilt Notes 119 and 120 are added and
apply to step-by-atep offices equipped
for TOUCH-TONE calllng or common control.

D.8 Network F is removed.

D.9 Resistors VT2 and yT2' are changed
from 43,000 ohms to 3,900 ohms.

D.10 Resistor VIB, 39,000 ohms, 1s added
at the winding of relay vT2.

D.11 Circult Note 121 18 added.

D.12 Equipment Note 204, step-by-step
section, is changed.
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