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R UETHOD OF OPERATION AL
| . i CCRD CIRCUIT
Testing - Primary And Secondary = Local Test Desk ~ Full Mechanmical Power Driven
’[ System, ’ :
GENZRAL DESCRIPTION:
4
,‘/ le DThis circuit is uced at a local test desk for testing and locating trouble
or line and trunk circuits, in & full mechanical power driven system, It is
‘ associated with a sender for use when the line to be tested is automatically select-

eds In this case it is used with an incoming selector whose sleeve is normally
grounded through 2 meximum resistence of 578 ohms which is reduced to a maximum
resistance of 53 ohms when the selection of the desired line has been completed.
This circuit moy also be used for establishing comnections with subscribers' lines
over test lines to 2 zero position, a sender monitoring position, & position at

a toll or local switchbozrd, or the main distributing frame. In this case no
cdutomatic features are involveds These test lines have their sleeves grounded
through o maximum resistince of 53 ohms, T80 testing circuits are prcvided, a
primary 2nd secondary. The primary testing circuit 1s used in making routine
tests and those tests reguiring the use ¢f 2 volt-milometer and Wheatstone bridge.
The secondary circuit is used in making those tests which require a considerable
length of time and do not require the use of these instruments.

2+ The testing circuits are equipped with the following plugs and cords:

1. A primary test cord for connecting the primary test circuit to the line
' under test. : ,
2» A secondary test cord for connecting the secondary test circuit to the
line under test,
Sy A relay and sounder cord for use where it is necessary to leave the
relay and sounder connected for some time to the line under test.

3+ 'The wire chief can establish a talking connection over either test cords

‘ 4y in autometic connection to a subscriber's line is established by the wire
‘ chief inserting the plug of either cord in an incoming selector jack and writing
up the cdll on recording keys in the usual memners The primary or secondary cord
is connected to the sender circuit by the operation of the proper key in the send-
er circuit, The sender functions to connect the test cord to the subscriber's
line through an incoming and final selector.

!

' S« The insertion of the plug of either cord in the incoming selector jack
A closes 2 circuit through the winding of the P ¥ G or S M G relay from battery cver
6 the lead 50 or 53, depending on whether tke primary or secondary cord is used.
' The P MG or 5 M 6 relay does not operate a2t this time owing to the high resistance
in the sleeve circuite Failure of the P M G or S M G relay to operate prevenis
the connection of the testing apparatus to the circuit beyond the associated plug
énd permits the connection of the sender to that plug when the wire chief writes
up the desired number on its recording keys (not shcwn), When delection of the‘ s 4
subscriber?s line has been coupleted, the sleeve resistance of the incoming select-
or circuit is reduced sufficiently to allow the P M G or S M G relay to operate.

- .
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"6e The P MG or 5 M G relay operated, lights the associated supervisory lamp,
and operates the PLG-1l or SMG-1 relay. The PiG-l or SMG-1 relay operated discom-
nects the sender circuit from the associated plug and connects the plug to the
testing apparatuses When the receiver at the called station is removed from the
switchhook, the PS or 55 relay (depernding on the cord used) operates, extinguishing
the associated supervisory lamp by placing 2 40 ohm shunt around it. When the
subscriber replaces the receiver on the switchhook the PS or G5 relay releases,
removing the shunt and permitting the associated supervisory lamp to relight as a
disconnect signal., When the plug of the test cord is removed from the jack, the
PMG or SMG relay releases, extinguishing the corresponding supervisory lamp and
releasing the PlGm-l or SNG-l relay.

7. Uhen the plug of a test cord is inserted in the jack of 2 test line (which
does not require the use of a sender) the PMG or SITG relay operates at once in
turn operating the PMG-1 or SMG-1l relay. The plug is therefore commected 2t once
to the testing circuit and discommected from the sender circuit. Otherwise the
circuit functions as before.

THE TEGTING KEY EQUIPMENT OF THE PRIMAHY TESTING CIRCUIT IS AS FOLLOWS:
8+ The testing key equipment of the primary testing circuit ' is as follows:

l« A reversing key “"REV (PRIM)" which is usecd to reverse the tip and ring
‘sides of the primary testing circuit with respect to ail <ppararus voOu-
nected back of the ringing keyses

2+ 4 grounding key "G (PRIM)" used to ground one side of the line uncer uasts

Ss A repeating coil cut in key "RCCI" used when it is necessary 130 apgly
talking buttary to the circuit throush the #25-A repeating coil, BG ¥ 7izy

ard milarmeter windin- of the volt~uilameter, to0, enable common battery

bed v

subscribers to talk when called-up *for testa 7 '\

4+ A talking key "T (PRIM)" used for connecting the wire chief's telephone
circuit to the primary testing circuite.

-

D

5, 4 transmission test key "ITMT" used for connecting the wire chief's tel ‘
phene circuit and articifial calle to the line under test when determining
the degree of transmission of the line,

6. A key 'THIF" used for discomnecting the volt-milamneter from the testing
battery and connecting it to ground for measuring foreign pot sntialse

7« A monitoring key "M (PRIM)" used to counecs
circuit across the tip and ring sids of tie
ing purposese.

the wire chief!s felgphons
testing cireuit for monitor-

8. A vOlt-milammeter r:rersing key "VM REV" which, when operated, reverses
the voltmeter winding of the volt.milamrster with respect to the line
under test wher ths batteary is cut off, It may be used tor measuring the
voltage of the 10C volt and 20 volt {esting batteries when the proper keys
are operated, and a2lso for measuring earth potentials. '
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9+ A scale change key "20000 ohm" used to disconnect the 100000 ohm winding of
the volt-milameter and the 100 volt testing battery from the testing cir-
cuit and to connect the 20,000 ohm winding of the volt-milammeter in series
‘ ’ with the 20 volt testing battery to the testing circuit.

10, A "1000 ohm" scale change key used in a mamnmer similar to the "20,000 ohm"
key but connecting the 1000 ohm winding of the volt-milammeter in series
with the 20 volt battery.

11. A coin collect "GC" key and a coin return "CR" key, for testing coin boxese

. 12, A special line insulation test key (#491-A) used for testing the insulation
resistance of the line under teste.

9. The testing key equipment of the secondary testing circuit is as follows:

1. A reversing key, "REV(SEC)" used in a manner similar to the reversing key
"REV(PRIM)".

2+ A grounding key "G (SEC)" used to ground one side of the line under test.

3a A repeating coik cut out key, "RCCO", used for disconnecting the talking
battery from the testing circuit while testing for crosses between lines.

4, A relay key "9" which when operated connects battery through the winding
of a relay (not shown on this drawing) over the lead A to the ring side
of the line under tests The relay controls & sounder in a local circuit
(not shown on this drawing).

5« A talking key "T (SLC)" used for connecting the wire chief's telephone
‘circuit to the testing circuit. : ,

6e A howler key "H" used for connecting a graduated tone to the line under
test for attracting the attention of subscribers in case of failure to
replace the receiver on the switchhook after a conversation.

7. A monitoring key "M (SEC)" used in a manner similar to the monitoring key

. “M (PRIM)".

8, A dial test key "DI" used for checking up the speed of the dial of a sub=-
seriber's set under observation in comparison with & known standard.

- 10, In addition to the above keys an interchangé key "X" common to both test-
= ing circuits is provided which, when operated, connects the primary testing
equipment to the secondary test cord and vice versas. The howler circuit alone
cannot be trensferred. The howler circuit remains open if the interchange key is

. operated.

11. The various operations and tests that may be accomplished by means of this
circuit in connection with common battery circuits are as follows:

1. Talking to & subscriber.
2. Ringing.
3, Tests for grounds.
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4, Tests for short circuits,

5. Continuity testss

6« Tests for crosses with lines carrying current.
7« Tests for crosses with other liness

8¢ Ballistic tests,

9+ Breakdown tests,
10. Transmission testse
11, lonitoring,
12, Miscellaneous tests.

12, The methods to be employed in perfdr-ming these vaerious tests and operations
may be briefly outlined as f0llowsSie

TALKING TO A SUBSCRIBER:

13, The wire chief's telephone set is normally disconnected from the testing cir-
cuits Thereiore to talk over a subscriber's line which is connected to tlhe primary
testing circuit by means of a test linre or incoming and final selectors, it is neces-
sary for the wire chief to operate the primary talking key "T (PRIM)". The repeating
coil cut in key "RCCI" must also be operated to supply tolking battery to the sub-
scriber's telephone sets In 211 cases when talking to 2 subscriber it is necessary
that 2ll keys in the testing circuit except those noted above be in their normal
positions To talk over a subscriber’s line connected to the secondary cord circuit
the secondary talking key "T (SEC)" only, is operateds

RINGINGS

14, This circuit is arranged to be used with a separate ringing circuit for con-
necting ringing current to the line under test.

TESTS FOR__ GHOUNIS ;

(2) with the voltmeter scale of the volt-milammeter.

15, To test for a ground on the ring side no keys need be operated since the
100 volt testing battery is comnected to tlie ring side in series with the 100,000
olm winding of the volt-milammeters The volt.milammeter should sho@ no deflection
or at most & very smoll one if the line is c.ear excepv in the case of 2 grounded
line or a party line where the bells are rung with grounded return, and no condens-
ers are in series with the ringer. In this case the resistance to ground may be
determined as explained later under "Tests for Short Circuits", If trhe deflection
5 in excess of 100 volts it indicates that the ring side of the line is crossed
with the office battery. To test on the £id side operate the reversing key and
proceed as aboves ;

16, To measure 2 high resistance ground, the 100 volt testing battery is used.
¢n account of the high resistance of the 120 volt winding of the volt-milammeter
the needle will be deflected a greater distance than would be the case if the 20
volt testing battery were used thereby giving a larger deflection and a more
accurate reading. For measuring small resistances the 20 volt battery should be

usede

(b) Witk the 0-480 milammeter scale of the volt-milammeter,
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- 17, Po test with the milarmeter operate the repeating coil cut An key, "RCQI™,
This cornecis iu.e milammeter vinding of the volt-milarmeter to the ring side of the
circuit in series with the PS relay and central office battery. If the line is
clear no deflection will ocours To test on the tip side operate the reversing

key "RIV(PRIM)" in addition to the repeating coil cut in key.

(c) Witk the relay.

18, Tken the voltmeter indicates 2 swinging ground of apperently so high 2
resistance as to be negligible it is always desirable to supplement the foregoing
test by a test with the relay. To test with the relay, have 21l keys in their
nomal positions and operate the relay key "5". This will conmect 2 relay (not
shown on this drawing) to the ring side of the testing circuit in series with
batterys This reley will operate if there is o ground on that side, or 2 short
circuit on the lines The operation of the relay in turn operates a sounder in a
local circuit (not skovm on this drawing). To test on the tip side operate the
reversing key and proceed 2s 2boves

TISTS _FOR SHORT GRCUITS:
(2) With the voltmeter scale of the volt-milemmeter,

19, Tests for short circuits are made by operating the ground key, In the
case of a short circuit the voltmeter needle will show & deflection which will
be unchanged when the reversing key is operateds The smaller the resistance of
the short circuited line the sreater will be tlre delfection. In 211 cases the
voltmeter reading bears the same ratio to the voltmeter resistance as the

difference between this reading and the testing battery voltage bexrs to the
xtern2l resistonce,

20+ The line resistance may be caleulcted by dividing the difference between
the testing battery voltige and the voltmeter Pteading, by the voltmeter reading
and maltiplying this quotient by the resistance of the voltmeter coil. For
excmple, 1f the voltmeter coil hes a resistence of 100,000 ohms 2nd the testing
battery is 100 volts and & reading of 40 volts is obtzined on the line, the re-
sistance of the line is 100 = 40 x 100000 oims = 150,000 ohms,

- ———————

Zle If the wire chief wishes to obtain some furtiier idec of the size of tke
tshort", lLe operates the scale change key which comnects tliet winding of the |
volt-milammeter into tke circuit which is most nearly egqual in resistconce to thot _

of the "short" to be measured, for, under these conditions voltmeter resistance
measurements are most accurate,

{b) With the milaneter scole of the volt-milammeter,

22+ To test with the milemeter, opercte the reveating coil cut in 2nd the
ground keyss A deflection will result if the line i short circuited and the
milommeter needle will return to zero when the ground key is restored to nomal,
CONTINUI T¥ TESTS.

23« Continuity tests are made in the same momner as test for short circuits,
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In the case of lines &quipped with standerd common battery subscribers! sets which
have o condenser in series with the ringer no permanent deflection will occur unless
. the roceiver is removed from the switchhook at the subscriber's stations If it is
not convenient to hcve the receiver removed a fairly satisfactory test for continuity
mey be mode by operating the reversing key guickly back and forth several times,
This will result in a momentary deflection of the voltmeter needle due to the charge
and discierge of the condemser if the line is continuous, A test for continuity
should zlways be procsded by & test for grounde

TESDS FCR CRUSGES WITH LINES CARRY: NG CURRENT,

c4, Vien it is desired to test & line for foreign battery the battery cut-off
key 'FEF" is operated. This comnects the voltmeter to the ring side of the circuit
in series with ground, °f the external potential is of 2 polarity such as to give \‘
2 negative re2ding the veltmeter reversing key '"VELREV'. 1s also operated, thereby
reversing the voltmeter comnections with respect to the line, To test on the tip
side, operate the reversing key "REV(PR M}".

TZ5T FOR CROSSES WITH OTHER I-Nz5e

25. To test for 2 gross between two lines, ocommect one of them to the primary
testing circuit and the other to the secondary testing eircuit, Ground the $ip or
‘ring side of the secondary testing siTesit by operating the secondary ground and
reversing keys 2nd test the line cunuucted to the primary testing circuit for ground
as described 2bovee ‘

ELZIISTIC CAPACITY TESTS.

26. These tests are made to determine approximetely the value of the oapacif‘sy of
the line or attached condensers., This circult is arranged for ngrounded" capacily
tests only unless tle Wheatstone bridge circuit is eguipped, in which case tests
for "mutuel® copacity mey be mede by opercting @ Whectstone bridge key (rot shown)
which cuts the ground off the testing batterys When testing a line for grouzded
capacity operate the ground key and then operate the reversing key quickly hadk and
forth., This will give & deflection proportionel tc the cepacity on the ring side
when the reversing key is returned to norm2l 2nd propertional to the ccpacity on the

® tip side when the reversing key is operated away from normls

27, Extension bells if placed in series with the bell of the subscriber?s set
will cause 2 slight reduction in the deflection of the needles If th?y are placed
in series with sepercte condensers and bridged .cross the 1line the de_xlectio? will

’ be increased, Paorty lines employing alternating current relays or magnebo lines
voving bells bridged across the line in series with the condenser will give oan inm
creased throw for each 2dded instrument,

28, Party lines hoving the bell connected to around on either side of the line
will rive 2 deflection for the bells on the tip side of the line when the reversing
key is operated awzy from its normal position, ond o deflection for the bells on the
ring side of the line when the reversing key is returned to its normel pOSitifm.
Grounded lines or grounded bells give nbout one-holf of the deflection for bridged
bells on a metallic line since in the one case 1t mecsures only the current for
charging the condensers from & disclkarged states
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BREAXDOWN TESTS. !
. 2% When the insulation breakdown test key id operated tho following sequence

of operation occurs:-

i (a) The spring of the impulse wheel "A" make¢ operating the BT relay, which in
turn operates the CC relay. 'The operation of the BT relay connects the rinz side
Of the line direct to ground, ' The operstion of the CC relay gonnects the tip side of
the line to ground through 96,000 ohmss This is to prevent any condensers on the
line from discharging quickly and thereby causing bell tapse '

. (b] The springs of impulse wheel, "B" operate, removing the ground from the
96,000 ohm resistance snd connecting the 200 volt breask down potential in series with
the 96,000 ohm resistance and the milammeter winding of the volt-milanmeter to the .
tip side of the 1line, the ring side of the line remaining connected directly to ground,

(¢) The springs of impulse vheel "C" operate, short circuiting the 96,000 ohm re-
sistance and conneﬁ%ing the breskdown potential direct to the tip of the line through
the milammeter winding of the volt-milammeter, By gradually charging the line con=-
densers in this manner bell taps are avoided. 4 reading of more than 020 ampere us=-
ually indicates a breakdovm,

(d) The springs of impulse wheel "C" relsase, again impressing the 200 volt po-
tential on the line through the 96,000 ohm resistance.

(e) The spritigs of lmpulaé whéel "pe release,' disconnecting the 200 volt 'batte:z
and connecting sround to the tip side of the lins through the 96,000 ohm resistance :
gradually discharge the line, the ring side of the line remaining eonnected to ground.

(f) The springs of impulsc wheel "A" rclease, releasing the BT relay, which in
turn releases the CC relay, restoring the circuit to normels

TRANSMISS ION TESTS,

20« These tests are made for testing the zrade of transmission on a lines The
operation of the transmission test, and repeating coil cut in keys and a key in a o
rheostat circuit (not shown on this drawing) normally shuntiqg the rheostat.out of he
. circuil, connects the subscriber's line to the wirs cl)ief's telephone oircuit throug
an artificial line. The rheostat key is then operated and the currentthrough the
transmitter varied by adjustinz the special rheostat,

* MONITORING.

3ls In order that the wire chicf can listen in on the gircuit when the subscriber
attempts to signal the operator, @ monitoring key is provideds The operation of phend
monitoring key frees the tip and ring wire of the test set from all bridge, ground :he
. battery connections.s The monitorinz key conmeots the wire chief'!s receiver across
test cireuits The monitoring key is also used for listening in on toll lines or en any
other eircuit where it 1s desirable to csuse a minimum transmission loss,
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32+ The operation of the Secondary monitoring key "M(SEC)" conneots ground to
the sleeve of which every cord is connected to the secondary circuits This causes
the operation of the PIG or @G relay and permits monitoring on the listeming jack
gf such of the test lines 2s hove their 1isteming jack sleeves oper, The PIG or
SIG reldy in turn operates the HiG-1 o ZG-1 relay,

135 CELLANEOUS TESTS.

(4) Coin Collect ong Return,

33+ To test the operction of coin boxes on - csubscriber?d line the "coin collect,
"CC" or coin return "CR key is opercted, The operction of the "CC" key operates
the CC and D relaycs The operation of the CC 2nd D relays connects 110 volt posi-
tive battery to the tip and ring sides of the lire through the milemmeter winding,
properly poled, of the volt.milarmeter, The wire chief oan then check the amount
of current that flows over the line for coin collections When the "(CC' key is re=
stored to normel the CC end D releys relezse, The operation of the '"CR" key causes
the (R 2nd D relays to function in 2 mamner similar to that explained above, but
connecting 110 volt negative bettery to the tip and ring sides of the line through
¥he milemmeter winding of the volt-milammeter which is poled in the opposite direct-
lon from what it was poled by the CC relay. The coin collect and return battery con
be regulated by operating 2 rheostat key in a rheostet circuit (not shown on this
drewing) and 2djusting the rheostat. The D relay is mede slow in releasing for
pernitting the line and coin magnet to discherge through the 2 M ¥ condenser and
2200 ohm resistances This protects the test circuit, and the insulation of the
“iring of the subscriber's miltiple 3t the selector frames from puncture by the
© high potential discharge,

(B) Eowlers

B4, wlen the plug of the secondery cord is inmserted in the jack of o test line
or the jack of an incoming selector whose switch hos cdvenced to the testing posi=
tion, the 93 rel2y operates in turn operating the G-l releys If the receiver is
Off the switdhhook on the line to whick the cord is comnected the 58 relay operates,
preventing the associzted supervisory lamp from lightings Under this condition 2
circuit is closed through the make contocts of the SIG ond 59 releys, opercting the
E relays Vhen the wire chief operctes the howler key wHe o 2 circuit is closed
through the mike contoot of the H relcy which closes 2 howler cifcult not shown on-
shown on this drawings. A greducted tone is then cpplied to the lines Vhenr the
receiver 1s replaced on the switchhook, the §55 relay relecses, liznting the superw
visory lamp amd releasing the H relays The wire chief then resotres the "H" key to
normal, discomnecting tiie howler circuit. uhen the plug of the cord is removed
from the jack the SF relay releases, in turn relecsing the 8MG-1 relays, restoring
the circuit to nommol, ’

(C) Dial Tests,

35¢ The dial test feature is used for checking up the speed of the di:l of 2
subscriber®s set under observation in comparison with & known stendards The opers
ation of the dial test key, "D I", comnects the winding of the I relay in series
with the impulse springs of the subscriber!s dial, The impulses from the subscrib-
er's diel alternately operete cud release the DI relay, ceusing an arm in the disl
testing device to rotate in synchronism with these impulses, while at the seme time
another 2mm rotates at 2 known speeds The relative positions of these amms ot tle
end of the period of observation gives 2n indication of the speed of the di2l under
test,



Bl
(psS) or
{ 59)

MTE: -

(PIG-1) &
SME-1)

E6%

ELO6
(BT)

1l
( o)

1845
(co) &
{ GR)

OPFRATE

Trrough 750 olms

bridged across tip
and ring of cord

at 20 volts.
After 2 so2k of

approximately «3 amps

Test
Readj.

0019 am.pp
+016 ampe

After a soak of

approximately <3 amp:

Test -
Readj .

Test
Readje

Test
Bead;) »

Test -
Readje

Test
Readj.

Test
Readj.

Test
Read)j.

.016 amp.
.015 ampe

+029 amp.
«020 amp.

«064 amp.
+055 ampe

«032 amp,
+026 amp.

.034 amp.

-~

»032 ampe

»018 amp.

'017 amp. .

.050 ampe
L022 anmps

T milti-office districts where the
justment for this relay when desire

Test
Readj N

Test
Read.j -

Test
Readjs

Test
Readje

Test
Readj.

Test
Readj .

GRQWIT REQUIREIENTS
NON-OPERATE

‘(i Pages) Page id.
Issue 10 — BP~431307.
1y 27, 1920.

BELBASE

Through 10,C00 ohms
after operation through
580 olms at 28 voltss
After 2 sozk of approx-
imetely «3 amp:

Test +003 amp.

Readjs »005 amp.

trunk loops exceed 750 ohms the adm

+015 amlDe
016 [=hiio

,026 ampe
«028 ampse

L019 amp.
+020 amps

022 amp.
024 amp.

+011 ampe.
0012 al'npb

+015 ampe
014 ampa

d by the Telephone Company shall be:

After 2 sosk of 2pprox~
jmately «3 amp:
Test +0048 ampo
Readje +005 ampe.
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G@RAIT REQUIREMENTS

Ho010 Phrough relays Through relays:
(SIMz) When applied to sleeve: When applied to sleeve:
Test «089 ampe Test +083 amp.
Rea-dj. 082 amp._ Readj. »056 amp,
TNG o =-WIT=VL e CHK ¥ Dy == (P « AAPPROVED C.L. SLUYTERs

7/22/21.



