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0.0 INTRCDUCTICN

A study made to effect savings and improvements in

-‘roli‘tesﬁboard equipment has\resulted in the development5of a

new board kmown as toll testboard No. 5. On this board the
line circuits are arranged in a jack pansl and wired to termi-
nal blocks, This aesembly ie an upper unitvof the testboard,
The testing equipment is arranged in a detachable unit Which
is referred to as a keyshelf or lower unit. These units een-
eist of different groupings of circuits and inciude voltmerer
testing equipment, Wheatstone bridge'testing equipment, tele-
greph testing equiﬁment and a blank unit-notjequipped wifh

testing apparatus, These may'be installed in any desired posi=-

tion or removed as required without affecting the line circuits..

The jacks are assembled on relay rack mounting as.
described in Bulletin No. 138 "Jhek and Lamp Socket Mountrnds
for Use on Relay Racks! and line circuite may be 2ddd in ZToups

of 12 or more without dffectlng the testlng equipment, The key-

.qnelr units mount on the relay Track framework under the Jacks.

The new design effects economy of space and equlpment-
as comnured with the No. 4 testhboard and provides g greater
ilex1brlity of circuit 1ey0uts;and growth. It is also well
adapted'for different sizes and types of inetallatione growth |
belnc possible in relatively small units so that the cost is

. more nearly in dlrect ratio to the number of. 01rcu1ts than-

o

“would be nossible where a greater portion of the total pogt

)

is in the framework and assembly.
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1.0 GTNERAL DESCRIPTIOR

1.1 Assembly of Equlpment L SR

o The equipment of the.toliftestboard No. 5 1is designed
foi'mpﬁnting on a standard relay rack framework, thus making
 possible the use of the same assembly methods which are tecom-
ing more generally used throughoﬁt the toll terminal room. The
testing equipment ‘is assembled in keyshelf units which are, for
the most part, self—oontained and so designed that they can ke
mounted on the rack framework under the‘jacks. Drawing No.
©13-B-13, page 113, shows a typlcal arrangement of a toll test-
bodrd No. 5 position equipped with a keyshelf unit. In this
bulletin each bay of rack is referred to as donstituting a
"position" regardless of whether or not it is equlpped with a

keyshelf unit.
8y the usé‘of this assembly method, considerable ad-

rvantage is gained in Ilexibility of initial arrangements and

later extensions, since any desired grouping of line jacks may
be associated with any desifed‘testing equipment in the keyshelf
units, whereas, in the section employéd fo: the toll testrioard
No{ 4, it was necessary to instéll sections equipped for each -
form of_testing equipment desiréd.‘.Since the testing equipment
is provided in units separate from the JaC 'équipmegt;pnly a
oUIflCIGHt amouat of testing equip 1ent need. ba furnished?fo
vm@et‘the_requirements of the oartioular officé-in Question

‘Furthermore, the new arrangement prov1des flex1b111ty in regard

to the ultimate amount of tesfboard equlpment de81led in any
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office, being as well adapted to the small.installations in--
VOlving ultimately but « few circuits as to thosefrequiring

equipment for a large number of circuits,

1,12 Face Eqﬁipment

Punched frame singly mounted jacksbare used in the

No. 5 testboard. The jacks are mounted in No. 184 or No, 185

jack mountings which arebadapted to mounf on the framework by
means of No. 35 jack fasteners as described in Bulletin No. 138,
"Jack and Lamp Socket Moﬁntihgs for Use on Relay Racks,'' These
jack mountings together with such jack spaces, lamp socket
mountings, designation strips, etc., as are Iéquired are as-

sembled in units in the face of the board suitable to the

various types of liné circuits as described in Section 3.

Apparatus such as telegraph relays and sounders and

_other ecuipment not contzined in the keyshelf unit is mounted

on apparatus panels above the'jacks. Where no testing equipment

‘is provided or when it is not necessary to mount apparatus above

thé jacks, blank penels are available for use in place of the
apparatus panels 1if desired. A 3;1/8—inch panel or "piling

Taill is’provided in/every position directly under the jacks,

1,13 Keyshelf Equipment

Threé types of keyshelf units havenbeep_provided.one

, of which is adapted for voltmeter testing, one for Wheatstone
.bridge testing and one for testing telegraph circuits. A

sypica. assembly of these keyshelf units ig shown on Drawing -

Wo. 213-B-14, page 114, The keyshelf unit includes cords,

e e s g p e hem——



‘minating the wiring externsal to the keyshelf unit such as

e T er———.
§
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keys and other apparatus associated with the testing circuit ‘

except such equipment as must be mounted on the apparatus

~ panel above the jacks or outside the position, A terminal

strip is provided in the rear of each keyshelf unif for texr~

battery leads, generator leads, etc. »

| | For those cases where equipment will not‘ordinarily
be required in eaCh position, a blank unit or writing shelf
as shown on Drawing No, 213-B-15, page 115, has been designed
for use where additional writing space is des;red. A commercial
type card cabinet is furnished with the’writing shelf as indi-

cated on the drawing to provide space for card records, etc,

No space is available for card record drawers in 'any of the

other keyshelf units.

1.2 C(Clagssification of Posgitions

Toll testboard‘No. 5 positions are divided into several
classes for terminating tﬁe various types of line circuits,
The function of these various positions is given briefly below
and the circuits andJequipment‘are’described in more detail in
Section 3 |

1,21 Primary Testboard Positions

Primary *estboard positions are_uSéd‘in'cable,

- offices for terminating the cable pairs and to provide meané for
patching the cable pairs and line equipment,. . No phantom line

- jacks, telegraph line jacks or listening jacks are provided

in the primary testboard positions., When jacks are provided

T TR A A
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for terminating spare line equipment they are located in the

primary testboard positions.

1.22 Secondary Testboard Positions

'Secondary testboard positions are uscd in cable of-
fices for terminating the two-wife ﬁnd four-wire telephone .
circuits. Facilities are provided in the secondary.testboard
for monitoring on circuits as desired and for patching drop
circuits. The jacks in the secondary testboard positions‘are
on the drop side of the office equipment. In cable offices,
“through" circuits do not ordinarily appear in the secondary

testboard.

1l.23_ Open-Wire Testboard Positions

Positions for terminating open-wire lines differ from

those used for cable circuits in that all jacks associated with

a given line are located together in the same position instead

of being divided between primary and secondary testboard posi-
tions. In open-wire positions jacks are provided for patching
fhe superposed‘line equipment and for terminating and patching
phantom circuits and grounded telegraph line circuits.,

In this testboard sufficient flexibility is provided

so that any jacks other than the regular linehgacks‘may be in-

cluded as required.

1.24 Telegraph Testing Positions

‘Telegraph subscribers' loops ahd'telegraph repeaters

are terminated in separate testing positions thus making 1t

possible to test or patch this equipment without interfering

o
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with the telephohe circuits., The telegraph testing positions

- will accommodate grounded telegraph circuits, metallic tele-

graph ecircuites and voiceéfrequency or high~frequency_carrier'
telegraph circuits.

1.25 Metallic Telegraph Line Positions

In lafgc\cabLe offices the jacks‘provided at the
telegraph testing pdsitions in connection with the metallig
‘felegraph repeaters may not furnish the facilities required
for patching metallic telegraph circuits. In such cases all

the metallic telegraph lines may be grouped together in metal-

- lic telegraph line positions to facilitate patching.

1.3 Wiring and Cabling

All external wiring to the toll testboard is termi-
nated on terminal strips at the top of the position. Connec-

tions between these terminal strips and the jacks and keyshelf

‘units are made by means of a factory meade form employing No., 22

BEDS and SCC wire, In the casé of cable circuits the pairs are
normally connected to the jacks in the ordér corresponding to
the consecutive pair’numbers in the cable. For open-wire linesg
the jacks are nO;mally wired consecutively corresponding to the
numbering on thevdistributing freme and may be assigned to.
circuits as desired consistent with the maiﬁféﬁéﬁdé?of proper

quadding;_ However, where it is dp 119& to have the relatlve

vlocatlon of the jacke indicate txewoln posltlons on the Open_

wire pole nearest the office nairs 5-8, 15 16, etc., are shifted‘

in tne local cable form between the JEC* and terminal strips
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at the top of the testboard pozition to take care of the regu-

lar phantom grouping arrangement., In this case it will be ad-

visable te carry the jacks corresponding with the fifth cioss—
arm over to the next poeitioh,_assigning the 41-48 jacks in the
rirst poeition to other lines. | o

| No., 19-gauge cable is used between the terminal strips
at the top of the position and the I.D.F. Ordinarily one cable
1s provided between each vertical row of terminal strips in the
position and the I.D.F, except in cases where it-is neeessary
to provide two cables on account of their gize or to provide
the‘required separation bétween the different kinds of circuits
in cable. In addition to these line cables, two separate
Nov 19-gauge miscellaneous cables are provided to certain posi-
tions equipped with voltmeter test circuits or telegraph test

circuits, One of these cables is used for battery leads and

~other miscellaneous circuits; the second cable is used for tone

and generator leads and any other miscellaneous circuits which
it is desired to keep separate from the talking circuits to
avoid_trouble'from noise: v

In primary testboard positions, the line cablees and
local cable forms must be grouped as may be requlred to prov1de
erarate cables for (1) inputs of four wire. repeaters (3) out-
puts oI four-wire repeaters (3) No. l6-gauge H-44-35 two-wire

circuits and (4) Nos, 16—gauge andblg—gauge;H—l74 two-wire

circuits. The 1nterp081t10n trunks, which are provided beiween:

the testbouard and repeater racks in cable offices, are separated

into two groups to facilitate the patching of the veriouS'kinds

T O SR R I e
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of cable circuits, Separate ceblee are used for these two

groups of trunks.

| Switchboard cable:z are used between the terminal

strios at the top of the positions for carrying interposition

trunks> talking trunks and other circuits which are multipled

from bay to bay. Battery, tonc or generator leads which are

wired ktetween bays are carried in a separate hand formed cable

made up of No. 20 BBE Wire. _ ' -
The local factory made forms within the keyshelf

unite are made up of No. 20 BBE wire,
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2. DESCRIPTION OF TESTING EQUIPMENT

As noted in Section 1, the testing equipment is con-

tained in units separate from the jack equipment. The volt-

meter testing and telegraph testing equipment is terminafed in

"corqs and plugs in the keyshelf. The Wheatstone bridgé testing
equipment.islwired to the keys‘in‘the voltmeter testing cir-
cuits so that Connection.to the line is made'throughvthe volt—.
meter tesf cordé when Wheatstone bridge measurements are to be
made. The circuits are arranged so that one Wheatstone bridge
may sgrve one or more voltmeter tegt positions as desired,
Each.position of No. 5 testboard is arranged éo-that any type
of testing equipment may be provided or it may be.omitted
entirely,:as.desired.

8.1 Voltmeter Testing Equipmernt

;j y5 _ ' The'voltmeter‘testing equipment inciudes a testing
‘ circuit, a cennecting cord circuit and an opérator'sltelephone
circuit, which are arrangéd as shown on Drawing No. 157-A-14,
page 108. The apparatus is assembled in the keyshelf-as shown
on Drawing No. 213-B-16, page 118.

2.11 Voltmeter Test Circuit

The voltmeter: test circuit is terminated in two test
chds'ﬁA”band “BY with twin plugs and two $jnglgxiesﬁ%cords.
The-éhells of the twin plugs have thé tip side knurled and fhe

@§ * Ting éide plain to enable the7tes§9§grdropéraﬁor_tq distinguish

readily between the tip and ring sides of the circuit. When

inserted horizontally, the-knurled edge is turned to the left

TR - — T e
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and when inserted verticelly, the knurled edge is turned toward

the top. The single plﬁgs provided in connection with cord !B

'facilitate tests for "crosses" snd enable the testboard operator

to test on split pairs when desired. The single cords have a

much loweTr resistsnce than the ordinary tinsel cord and there-

- fore can be used to advantage in Wheatstone bridge measurements.

All the cords are of sufficient 1ength to reach any of the jacks

in either position adjacent to the one in which the testing

~equipment is located,

Keys are provided for meking the usual voltmeter tests

for continuity, crosses, grounds, etc, With all keys normal,

the testing battery is disconnected and the telephone set is
connected to the test cords for monitoring so that the operator

mzy plug into the listening jacks to -be sure that the line is

- not busy before applying the testing battery., The test cords

are arranged so that. they may be_used'independently of each
other. The left cord maf be uéed for talking or testing on a
line while the right éord is being used for holding, or for
Wheatstone bridge,tést, and coaversely, | |

A key is provided in connection with each of the test
cords which, when thrown back to the HOLD position, disconnects
the associated zord from the other test Qor&fand"connecps it to
a repeating coil acrogs the middleiof Whiqh a’20~cyole ring-up

relay is connected. The other winding of the repeating coil is

connected to the interrupted low tone so that this tone may be

sent out on the line by inserting the test plug in the line or
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listening jacks. The cord may then be used as a holding cord
for. incoming calls from linemen, the tone serving to identify
the circuit and the ring-up relay providing a ringdown signal.

The telephone set may be connected to the holding cord as shown

in Figures 1 and 2, Drawing No. 154-A-17, page 100, by cper-

ating the TEL, ON HOLD key, When a test cord key is thrown |
back, the sleeve circuit of the associated cord is opened

so that the busy signals at the toll‘switchboard will not be
opefated.

When a test cord key is thrown forward to the BRIDCGE
position, the tip and ring terminals of the cerd are discon-
nected from the voltmeter test circuit and.Conneeted to the
tip end ring terminals of the Wheatstone bridge circult. Since
one Wheatstone‘bridge may be associated with several voltmeter
testing cireﬁits lamp signals are provided in each voltmeter
test position which are ll@hted Whenever the Vheatstone brldge
1s in use at some other position.

The voltmeter used in the toll testboard No. 5 is a
Weston square type meter similar to the Weston Model 502 meter,
This voltmeter has a central zeTo scale with a full-scale read-
1ng of 150 volts in each dlreotlon from the. -Z8T0 p01nt It has
a resistance of 100,000 ohms and is provided w1th g shunt coil
which, when bridged across the instrument, reduces the resis-
tance to 1 OOC ohms and converts 1t to a. mllameter VWhen the
shunt key ieg fhrown, the soale reading in volts is equivalent

to the current flowing in the circuit in milliamperes,
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‘ The 150-volt testing battery required in connection
- with the voltﬁeter test circuit is made up of eight 33-1/2-
volt radio type batteries.' The keyshelf unit is designed so
that these bétteries may bhe mounted insidé the section.

2,12 OConnecting Cord Cirouit

One COnneCtipg cord circuit is provided at each volt-
meterﬂtest,position for the purpose of connecting toll lines
together or to various desk telephones or other terminal sets
in the tgll office, 'It,provides facilities for talking,,moni—
toring, ringing and supplying talking battery and may be used
as a-secondary'cord for Handling incoming and oﬁtgoing calls.

A dial associated with the right-hand cord to permit the
testboard operator to dial machine switohing sugscribers_
directly 1is vrovided for use when required:in machine switching
areas, In this case a retardation coil is provided in the cord
circuit for holding the machih@ switchiﬁg connection and %o
trip ringing when answering calls incoming from the machine.
éwitching office. |

2.13 Operator's Telephons Circuit

b

The telephone circuit is normelly conneqpédito the
-test cords. It may be disconnected from thgrteékkcgrds by
operatihg the TEL. DISC key. The TEL. CON HOLB Qéyrié provided
for connecting the telephdne set to a test cord which is being
used for holding., When the telepﬁbne‘sef is connected to}a
holding coxrd by the operation of the TEL. ON HOLD key, if‘is

disconnected from the other test cord, and when associated withﬂf”‘
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 the connécting cord by the operation of the TEL. ON CORD key

it is disconnected from both the tést‘oord and the holding,
~cord., Condensers arec connected between the telephone set and
the test circuit so thet the telephone set may be bridgéd across
»the linevwithout interfering with the test circuit. This
encbles the testboard operator to listen and test on a line

at the same time.

The telephone cirouit is designed to use a No. 528

receiver,

2.14 lonitoring

- A B7-F repeating coil is provided in the operator's
_ telephone cirduit as éhown on Drawing No, 157-A-14, page 108,
to reduce the-traﬂsmiesion,losé when monitoring.l This moni-
toring condition introduces a loss to the circuilt being
monitored of about 1/3 TU in offices having a 600 ohm impedance.
| The impedsnce of the monitoring circuit using the
37-F repeating coil is too low to permit satisfactory monitor-
ing bn lines connected with cord circuit or through line re-
peaters,  Where it isbdesirable to monitor on suchllines, a
vacuum tube amplifier, as shown on Drawing No, 213~-B-17,
page 117, may be provided in place of the 37TF'repeating coil,
This arraﬁgementgintroduces a transmission'loSé ;f‘lééSlthan
.1 TU and has a sufficiently high impedance so that the circuit
- méy‘be bridged'acrosé a line adjacént to a 22-type telephone

repeater without appreciable effect on the balance.
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2.15 Telegraph Test Sets at Voltmeter Test Position
Telegravch test set No, l,'as shown'on~Drawing No, .

'21348-18, vage 118, 1is provided in the voltmeter {test position,

Telegraph tecgt set No. 1, is terminated onvcords, and is so0 ar-
ranged that it can be used in conjunction with miséellaneous
battery ana grouné Jacks for making continuify and other tests,
Tests of thié kiﬁd should be made in such a way that the line
ccurrent will not exceed 100 milliamperes. The simplified dia-
gram is shown in Figure 17, of Drawing No. 154-A-17, page 100.
Telegraph test set No, 3 is provided for use with

the test wire circuit and is arrsnged as shown on Drawing No,

-j;iif' 213—B;19, page 119. This circuit is Wiied to a telegraph

. | subscriber's loop jack in a telegraph line terminal circuit
for connection to the desired test wifet Spare test wires
with series Iooping jacks are arranged as shown in Figure 4

of Drawing No. 213—B—20, page 120, |

| The.telegraph relays in telegraph test sets Nos. 1
‘and 3 at'the voltmefer test positions, together with the volt-
meter shunt, vacuum tube‘monitoring equipment When‘IGQUiIed»‘
and other miscellaneous apparatus, is loceated on an apparatus

panel above the jacks as shown on Drawing No., 213-B-21, page

121.

R

3,16 Signal Receiving Circuits for Toll
Switchboard No. 3.

Where toll switchboard NG, 3 is used, the toll line
signal receiving circuits arc located on the drop side of the
testboard so that this equipment is cut off whenever a plug is

inserted in the jecks at the testboard. Signal receiving
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¢circuits, as shown on Drawings ifos. R13-B-22, page 128, and
313-B-33, page 133, which are adapted %o receive 135-cycle and
1000-cycle signals respectively,,afé prdvideglas required in
conﬁeotioﬁ with the vdlfmeter'test circuit to permit the test-
board operator to receive signals directly from the toll line,
These will be required, of course, only where toll lines which
employ 135-cycle oi LOOd—cycle signaling are wired through the
testboard,

| Apparatuévin the signal receiving circuits, when re-
quired, is located outside the position along with the similar

signal receiving circuits for toll switchboard No. 3.

2.2 Wheatstone Bridge Teuting Equipmenﬁ

2.21 ngatstone Bridge

‘ The Wnéatstone bridge used in toll testboard No,»S
‘is‘ap'inverted dial-type bridge with an adjustable ratio and
four sets of adjustable resistances in the rheostat arm, The
'general assembly arrangement of thé bridge is éhown on Drawing
‘No. 219-B-85, page 164, The tota1 resistance'in the Tatio arms
igs 1000 ohms and the ratio is controlled by a single dial,
giving multipliers of iQ%Q, 2%9, lgd %, 1/4, 1/9. 1/10., 1/100,
1/1000 and M1000, the latter giviﬁg'a Murray connection with
lCOO ohms in the ratio arm, The rheostat‘a;mris adjustable

in units, tens, hundreds, and thousands'anthaé‘a/tbfal-resis—
tance of 9999 ohums. The';esistanoes in the rheostat arm are

o :

_accurate to 1/10 per cent, and those. in theuratio arm are ac-—

curate to 1/20 per cent,
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In addition to the rheostat arm, 3 groups of resis-

tances, adjustable in tens, hundreds and thdusands, and having

a total resistance of 9990 ohums, are provided in a separate

rheostat feférred'to as the "condenser arm rheostat." This is
used in making open-location tests as described in Section 4.28.
The maximum allowable power-oonsumption in any resis-
tance coil in the bridge is one watt and sufficient resistance
should alWa§S be present in the battery supply to insu:e that
this 1limit will not be exceeded. The bridge should never be
used as an adjustable resistance for regulating current, etc.
A reflection type galvanometer employing a lamp and
scale instead of a needle, is used in the bridge. The galva-
nometer and associated 2-F lamp are located inside the bridge
and the scale on the top of the bridge as indicated on Drawing
Né. 219-B-65, page 164. The galvanometer is a dynaﬁometer—
type instrument, that is, it employes a separately excited

field coil, which may be connected to the 24-volt central

“office battery,-in place of permanent magnets. The electro-

magnetic field affords a stronger flux density than‘is usually
secured with a permanent magnet and consequently the new
galvanometer is 1nherent1y more sensitive than the permanent
magnet needle type " The electromagnetlc fleld‘also makes it
possible to use the galvanometer for alternatlng—current as -
well as dlrect current measurement§, Wlthout requlrlng relays

for rever81ng the galvanometer twice during each cycle.
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No battery orngalvanometer keys are provided in the
bridge, it being intended that the battery key in the keyshelf
pe used for connecting_the testing battery to or disconnecting
it from the bridge eircuit, ‘Non—locking galvanometer shunt

keys, giving shunt values of .001, .01, .1 and 1 are provided

“in the Sridge which, when operated, also serve to close the

~galvanometer circuit. The internal wiring of the Wheatstone

' the 1line,

' proper bridg

" ments to ground

bridge is shown on Drawing No, 214-B-100, page 156.
| A more complete description of the Wheatstone bridge

is given in Bulletin No, 214, "Wheatstone Bridge per KS-3011".

2.28 Yheatstone Bridge Test Circuit

“he Wheatstone bridge test circuit is show on Drawing

No. 154-A-~19, page 101. The Wiheatstone bridge'and associated

keys are located in the keyshelf as shown on Drawing No, 213-B-24
page 124,

)

Keys are provided in the testing circuit for reversing
Ior cbnnecting the battery and for setting up the

e connections'when making Varley or Murray loop
tests, open~location teets, or single-wire resistance measure-

. The operator's telephone 01rcu1t is permanently

‘bridged across the 11ne under test, except when making open-

location tests,

A separate 150~volt testing battery whlbh 1S~made up
of 23-1/2-volt taelo type "B battery units is required for
each Wheatstone brldge 01rcu1t - The keyshelf unlt is de51gned
to accommodate the testlno battery inside the section, A two-

position battery key is provided which in One position connectsg

P L BT T 7 e e ey oy . T R R L Ty e R A — — e
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the full battery voltage to the bridge circuit and in the other

position, reduces the voltage to approximately 6 volts through

a sotentiometer arrangement. The battery key is also used for

connecting alternating current to the circuit when making open-
location tests.

3.23 Alternating-Current Supply for Open-Location
Tests '

The location of "opens" on toll lines consists es-
sentially of impedance measurements between the line in trouble

and ground. The accuracy with which such locations can be

made increases as the frequency is reduced. A motor-driven

commutator is used for these tests, as shown on Drawing No.

' 814-B-37, page 154. This arrangement provides a 4-cycle alter-

nating potential vy reversing a separaté_test battery asso-
ciated with the'interrupter, as well as a 4-cycle alternating

field potential‘by reversing 24-volt office battery and ground.

- The apparatus is located outside the vositicon on the relay

Tack, as shown on Drawing No. 214-B-36, page 153.

Where a 4-cycle supply is not available, and where

the length of circuits which it is desired to test does not

exceed 20 miles in cable or 100 miles in open wire, 20-cycle’

ringing current if used for open-location meagurements will

. give fairly satisfactory results. Drawing lo. 214-B-39, page
155, shows the arrangement of the q}ﬁgrnatingfpurrent supply

to the Wheatstone bridge where 20 cycles_is used.

3.3 Telegraph Testing Equipment

The testing - oparatus providea in telegravh test

‘nositions consists of voltmeter testing equipment, %elegraph
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- used simultaneously on different telegraph”cifouité.‘

Bulletin To, 235 : 1S

test sets Nos. 1 and 2 and zn operator's telephone set, which

~are arranged as shown on Drawing ¥o. 154-A-21, page 103, and

telegraph test set No. 3, Drawing No. 213-B-19, page 119, which

is intended for use vith the‘test'wire. This testing apparatus

"is located in the keysheli as shown on Drawing Ho, 313-3-35,

page 125, and the volt-milameter, the relay and soundervof telé~
graph test set Fo. 3, are located on the apparatus vanel above
the jecks with other miscellaneous ecuipment as shown on Drawing
No, 813-B-28, page 126,

The voltmeter testing equipment and. telegraph test

sets Nos. 1 and 2 are each terminated in a looping test cord

end two single cords. The milameter winding of the meter is

i

norimally connected to the looping test cord, but may be removed
from the test cords and connected to telegraph sets No, 1 or
No. 2 by means of a milameter key.

A key is provided in connection with the test cords

which when thrown forward, connects the voltmeter winding of the

volt-milameter to the tsst cords in place of the milameter

winding so that the usual voltmeter tests may be made. The cir—.

- cult is arranged to prevent interference between telegraph cir-

cuits when the test cords end telegraph'test;sets are being

aoL

Then the test cord key is. thrown back the operator's
telephone set is connected to the‘%eét cords so that the loop~
ing test cord may be used for talking on local trunks, tele-

graph subscribers' telephone loops, etc. A ringing key and
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a key for supplying talking battery are provided in connection

with the operator's telephone circuit.

W -
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3.0 DESCRIPTICH OF JAJV. CIRCUITS AND TCUIPMENT

B The method of assembling the jackslin the toll fest—‘
board No. 5 effects economies in assembly, wiring,'and installa-
tion and'permits.eaSY aooéss to,cirbuits for the purpose of
testing, patching, and mainteﬁanoe; The jack mountingé are
shop mounted on iron framework whioh is designed to mount
directly on a relay rack framework empioying standard drill-
ings for 1-3/4-1inch mounting plafes. The jack mountihgé,
piling rail, apparatus panel and terminal strips are assembled
on the framework and wired in the factory so that the cbmplete
unit may be placed on the rélay faok at the time»of-ihstalla—
tion without disassembllng{ Wiring, external to the keyshelf
unit required in connection with the testing equipment, is |
provided for in the local forms only in pbsitions where_test— 
ing eqﬁipment is specified. The jJack equip@ent in a.position
may be wired for any of the sténdard types-of 1line circults or’

a combination thereof.

3.1  Line Circuits
The various types of standard line circuits for open-
wire lines and cables are described below.

3.11 Owvwen-Wire Line Circuits

These circuits include the following-standard arrange-

ments:

A terminating six-jack tgll line circuit, not arranged.

for phantom, simplex, or composite apparatus is wired as shown

on Drawing No. 213-B-27, page 127. A typical arrangement of
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bthe jack equipment for six-jack line circuits is shown on

Drawing No. 213-B-28, page 128.

', The arrangement}of wiring of a ten-jack toll line
circuit is shown on Drawing No. 157-~A-15, page 109. This cir-
cuit is intended for use when it is desired to provide .jacks
for patching eguipment such dé composite sets, etc. It may
also‘be used for phantom circuits when jacks are required for
patching.the equipment in the phantom line. Furthermore!
when the lines are both phantomed and composited a ten-jack
circuit is ordingrily sufficient and the phantom set and com-
posite set patched together as a single unit. Since consider-
able patching may be_required on open-wire circuits, the‘jaoks
for superposed equipmént'on‘open-wire circuits are located in
the same panels with the line circuits. This also‘disfribﬁtes
the lines over a larger number of positions than if the line
Jacks for all circuits were located together in positions such

‘as primary testboards in cable offices and'fhus rermits a

- larger number of testboard operators to work efficiently

during periods of gsevere line breaks.

Dréwing No, 157—A;16 .page 110, shows in schematic
form a termlnatlng phantom group equipped w1th phantom and com-
posite apparatus and employlng a ten-jack phantom circuit. A
typical position for these 01rcu1ts 1s shown on Drawing No,
813-B-39, page 129. Where Jacksxare not required for equipment
in the phantom circuit, the six-jack line circuit, Drawing

No. 213-B-37, page 127, may be used for the phantom circuits.
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Where open-wire lines are equipped with composite
appafatus, the telegraph legs of the compoéite sets are termi-
" nated in jacks in the same position with the line circuits.
‘The:evjacks are wired as shown on Drewing No. 213-B-30, page
150,

A terminating phantém group not arranged for com-
poslte apparatus is shown in schematic form on Drawing
No. 153%4-A-324, page 105, The jack eguipment for'é typicel
position equippred with such circuits is shown on Drawing
No. 2£13-B-31, page 131,

| Where telephone repeater network jacks may be re-
quired at the testboard, the jack arrangement is shown on
Drawings Nos. 203-B-63, 302-B-71 and 202-B-92, pages 166, 167
and 168, |

\ The flexibility of jack arrangement of this tybe of

testboard is well adapted to care for whatever requiremenﬁs
may be imposed.by future.developments. Where carrier tele-
phone or carrier telegraph may be‘required either initially
or at some future time tﬁe‘board will provide the necessary
facilities for pétching, service, etc,© In so far as prac-
ticable, the standard telephone and telegraph circuits will
be used. The circuits applying sﬁecifiqally_io‘thQMparrier
systems will be covered in detail together with the other

information issued in the bulletigsidescribing these systems.
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%.12 Cable Circuits

Toll cable circuits are more uniform in fheir make—
up thén open-wire lines and since they are also less suscept~-
ible to line trouble less patching is ordinarily. required on
them than on open-wire lines. Consequently, fewer jacks are
required for patching equipment., Also the fewer number of
troubles in cable circuits makes it practicable to concen-
trate a relatively large number of circuits in one position.
In view of this the jacks on toll cable circuits are grouped

in pfimary testboard positions and secondary testboard posi-

o g

tions as explained in Section 1.2, ' This primary and secondary

grouping scheme provides adequate flexibility for patching

and testing and in addition makes it possible to use eco—

-nomically the same testboard arrangements at both through re-

peater stations and at stations having a relatively large
nﬁmbér of terminating circuits.

The primar& testboard positions are provided for
testing the cable pairs and for patching.between the cable
pairs and the 1ine eguipment. Each cable pair is wired
through a four—jack cable circuit in the primary testboard
as shown on Drawing No. 2313-B-323, pagc lFQ.AWThése jacks

are arranged in the primary testboard positions as shown

on Drawing No. 213-B-33, page L33.

N
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The cable pairé are wired through the testboard cgnsecuf;yely
. in the order'of the péir count. |
| Terminating two-wire oircuits‘are wired through six
jacks in the secondary testboard positions as shown on Drawing
No. 213-B-27, page 137. These jacks arejarranged in the face
of the bpaid as shown on DraWing No. 213-B-28, page'128; Ter-
minating four-wire circuits are wired thrdugh fourteen jacks
as shown on Drawing No. 213-B-34, page 134. These jacks are
arranged in the face of the board as shown on Drawing No, 213~
B-35, page 135, |
Throﬁgh circuits do not appear at the secondary test-
board positions‘_ If eguipped with felephone repeaters, the
Jacks provided at the repeater racks, as describéd in connec~
tion with infsrmation relative to telephone repeater equipment,
furnish facilitvies for testing or patching on the drop side of
equipment such as repeating coils and composite sets. Drawing
No. 157-A-19, page 111, ‘shows schematically a fypical arrange-
ment'of a through two—wiré phantom group equipped with telephone
repeaﬁers and arranged for metallic telegraph; Drawing No. 154-A-
31, page 106, showsbé similar-arrangeméntlof a through four-wire
phantom group (one-ﬁélf of a four-Wiremcircp}t). Drawings ﬁos.

- 154-A-32, page 107,‘and 1575A-22,.pagg'llz,‘éhowﬁfypiéal arrange-
ments of terminating twb-wire and_four%wiré_phantom groups,
re8pective1y. Jacks;when_required“for;metallic telegraph line
circuits. are located.in separate'positions as explained in

‘Section 3.26.
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Spare eguipment such as repeating coils or composite
sets may be wired to jacks in the primary testboard positions
so that it may be substituted for the regular equipment when

desired. The wiring of the jacks for spare equipment is shown

“on Drawizg No. 213-B-3A, page 136.

3.2 Telegraph Circuits

B.él Telegraph Line Terminalsg

In positions provided for teéting'and patching ter-
minating telégraph circuits and associated apparatus, felegraph
lin2 terminal circuits, as shown oﬁ Drawing No., 213-B-37, page
137, are provided for tefminating and testing the telegraph
subscrivers! loops, and for connecting the loops to the desired
telegraph repeéter or duplex set. The telegraph line terminel
circult includes a calling signal reley arranged to operate a
signal at the testboard and at the teclegraph repeater sect.

This relay is differentially connected so that it is not affected

by the normal operation of the telegraph circuit but will be

operated when the subscriber's calling-in-key which connects a

ground to the loop at the subscriber's station is depressed.

Where the subscriber's loop normally operates with a ground at

the subscriber's station orx Where the windings of the relay

-

become separated on sifferent circuits, one winding of the relay

is cut out and the relay operatec on & marginal rather than a

[

differential basis,
Two series loopinp jacks are provided in the telegraph

line terminal for conascting additional loops or single line
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telegraph repeaters temporarily by means of patching cords.

3.24 Telegraph Subscribers' Loops

Telegraph subscribers' locops are terminated directly

on the subscribers' loop jacks in the telegraph line terminal

circuits. Provision is made for three subscribers' loops or

single line repeaters in each telegraph line terminal. To
operate more than three subscribers! loops in connection with
one telegraph circuit, the extra 1oops are connected to the
subscribers' loop jacks of a sec&nd telegraph line terminal
circuit. The battery side of the first telegraph line terminal
is then connected to the line side of the seéond'telegraph line
termlanal, and battery connected to the second,télegraph line
terminal in the wusual way. Thesge connections, 1f permanent,

, 1f temporary,

they can ve made by patohing.the DROP~2 jack of the first tele-

graph line terminal to the DRCP-1 jack of the second terminal.

Where lamps at the duplex or repeater tables are wired to a

local contact on the DROP-1 jack, a two-conductor patching cord

should be used in connecting telegraph line terminals in series

in order that the lamp signal at the duplex table may operate

_in conjunction with the signaling apparatus in the second tele-

graph line terminal circuit. S

-

The contacts on the subscribers' loop jacks are
arranged so that when a loop is téﬁ@n upffor test with the test

cords or telegraph test sets or with a patching cord for patch-

ing to another circult, the telegraph‘cirouit will be closed
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through with the loop removed.v A subscriber's loop méy be re;
moved from the circuit by insérting a dummy plug in the sub-
scriber's loop jack. | | | |

A telephone loop for use between the testboard and a
printihg télegraph subscriber's station is 'shown on Drawing
No. 218-B-6, page 162. When the'receiver is removed from the

switchhook at the subscriber's staticn a signal is operated

at the testboard which rémains‘operated until a plug is inserted .

in ﬁhe subscriber's loop jack to answer the signal. Battery
supply 1s furnished the subscriber>from the testing cord used
to answer the signal. The telephone loop may be patched to a
telegraph line terminal circuit for temporary ﬁse as a tele-
graph loop if desired. |

3.85 Snlit Loops

To use one wire of a telegraph subscriber’'s loop for
emergency or temporary service, the split telegraph~loop cir-
cuit, shown in Figure 1, Drawing No. 213-B-20, page 130, may be
used. The subscriber's loop jack should be patched into the

1ooping jack of the split telegraph loop circuit and the tip

- or ring jack of the split loop circuit patched to the DROP-2

jack of the telegraph line terminal circuit. Under these condi-

‘tions, it is not possible for the telegraph subscriber's

.operator to use the signaling relay in the telegravnh line ter-

minal circuit. If the signaling feature 1s required, the tip
or ring jack of the split telegraph loop circuit should be-

patched to a LOCPING jack of a telegraph line terminal.
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About 500 ohms resistance should then be added at the subscrib-

er's station and the signal relay in the telegraph line terminel

given a special adjustment to operate on e marginal basis as
described above.

3.24 Polar Duplex and Telegraph Repeater Circuits

Polar duplex sets and terminal repeaters used in
connectionhwith groﬁnded and metallic telegraph Systems, end
voice-frequency carrier and high-freouency carrier telegraph
SYstems are wired to jacks in the telegraph positions as shown
on Drawings Nos. 213- B-33, page 133, 313-B-39, page 139 and
213-B-40, page 140 -respectlvely. These JuCkS are normally

wired to telegraph line termnndle for connectlon to the sub-

scribers! loops =0 that patchlng cords are not ord;narlly re-

qulred Where speoldl arrangements or ohanges in 1ayout are

necessary, new telegraph line terminals or telegraph equipment

are readily substituted by patching cords,

Telegraph eubeerlbere' celllng-1n~81gnels at telegraph
repeater sets and duplex sets are wired through the jacks asso-
Ciated with the set to.the telegraph line terminal so that the
signal is patched automatiealiy whenever a set is patched,

The jacks for telegraph line termln(ls, telegraph
Trepeaters, eto., are located in the testboard as shown on
Drawing No. 213-B-41, page 141.

3,85 Sinqle Line Repeaters ' 7

Slnple line repeetere are normally connected to sub-

ocrlbers' loop Jacte in the te1e<raph line terminals, Spare
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as descrived in Section 3.12 for patching in case trouble

develops in the line equipment.

ﬁ%ﬁ“ .~ © 3.3 Trunks and Miscellaneous Circuits

3.21  Talking Trunks

Talking trunks are provided to such locations as
the testboard operator may have occasion to cali. These trunks
. are arranged for multipling to the different testboard positions
and ordinarily appear in positions equipped with voltmeter
.testing equipment or telegraph testing equ;pment since cords
adapted for talking on the trunks are évailable only in these
positions. In voltmeter testing positions two‘jacks are provided
in the trunk circuit as shown in Figure 1, Drawing No. 213-B-45,
page 145, for use in connection with the test cords and con-
necting cords. In telegraph testing positions a single jack
as‘shown in Figure 2, is provided for use with the looping
test cord. Lamp signals are provided at the testboard which may
be multipled at one, two’dr‘thrée posifions as desired. Any
trunk may be multipled at the voltmeter testing positions or
telegraph testing positions or both; and jacks.for'all the dif-
ferent types of trunks are wired alike. The relay equipment
re@uired %or the various types of trunk circuits differs depend-

ing on the service and is covered‘by the'folibwing-drawings:

Type of Trunk . Drawing No. Page
n . . ; - .
!Q' Two-Way Ringdown Trunk or Trunk o - - 313-B-46 148

to Step-by-Step or Panel Machine
Switching Office

Trunk to Toll Switchboard No. 1 Incom-  213-B-47 - 147
ing Automatic - Qutgoing Ringdown

T T I T T T S I, T T
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Type of Trunk _ 7 - Drawing No. Page
_ Trunk to Toll Switchboard No. 3 213-B-48 = 148
Incoming Automatic - Outgoing
Ringdown
Trunk to Local Manual Exchange or ’ 215-B~-49 149
Official PBX .
Trunk to Toll Chief Operator's or , 213-B-51 150
Assistant Toll Chief Operator's o :
Desk -
Telephone Line to Main Distributing 213-B-53 181
Franme :

3.32 Interposition Trunks

For interposition patching purposes, trunks aré pro-
vided between'testboard positions as shown on Drawing No.
213-3-53, page 152. These trunks can be used for the patching
telephone lines, composite sets, telegraph circﬁifs, etc. The
interposition trunks are.arranged so that when a plug is in-
serted in a jack‘at one position a busy test will be obtained

on all other positions where the trunk is multipled.

3.33 Auxiliary Signal Circuit

The auxiliary signal circuit is used in connection

‘with the trunk signals, cord supervisory signals, and the tele-

graph line terminal signals. The lamp, key and buzzer for this
signal circuit are shown on Drawing No. 218-B-1, page 157.

3.34 Ringing Circuit and Trouble Tone CiTcuit

Leads for the éupply of .80~-cycle ringing current for
toll testboard No. 5 are wired as shown on Drawing No. 818-B-2,

page 158. The wiring arrangement for the 1000-cycle and 135-

cycle is covered in bulletins on these ringing systems.
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Therinterrupted léw_ﬁone circuit‘for offices equipped
with motor-driven interrﬁpters is shown on Drawing No. 218-B-~3,
page 159. Where no motor-driven interrupter is availabie for
supplying the tone a system of relays as shown on Drawing
No. 218-B-4, page 160, may be provided if the interrupted low
tone is required. Interrupted low tone will only be required
when fhe test board is associated with a switchboard.

3.35 - Test Line to Main Distributing Frame

The test line té the main distributing frame shown on
Drawing No. =218-B-5, page 181, can be used in offices where all
lines entering the office are not looped through fhe toll test-
board and where it is desired to gain access to these circuits
at the main distributing frame for testing purﬁoses.

3.36 Combined Composite Set Jacks

Where combined ferminal and intermediate composite
sets are provided and it is desired to provide facilities for

converting them quickly from terminal sets to intermediate :ets

- or vice versa, jacke as shown in Figures 7 and 8, Drawing

No. 213-B-20, page 120, are‘provided in the testboard. Figures

5 and 8 of the drawings show the arrangement of the correspond-
ing jacks for combined terminal and intermediate oomposité.

-

balancing sets. | T

. .\
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(é;é) OPERATION CF TESTING EQUIPMENT

The testing ‘circuits of the toll testboard No. 5 are

prov1ded for the purnose of determining the nature and locatlon
of troubles occurring in the toll lines outside of the office
and in the apparatus associated with them inside the office.
The testing equipmenf inoludes a voltmeter test.circuit, a
Wheatetone bridge: test circuit and a telegraph test circuite

"as described in Seotion 8'

—~—

The type of testing anparatus Drov1ded in the No. 5
toll testboard vermits a hlgh degree of accuracy in the location -~
of faults on cazble circuits up to 60 miles in length and on
open-wire lines up to 200 miles in length. The methods of making
the various tests reQuired for locating the more common faqlts
are described bvelow, The accuracy obtained in the location of
a given fault depends to & considerable extent on the complete-
necs and accuracy ef the line reoofds,'the preoedures followed
in making the meesurements made and on the interpretation of
the reeults, |

In taking up a2 line for test, care should be taken
not to connect testing hattery or ringing current to the line
when llnemen or cablemen are working on the llne\before notlfy-
ing them. When inserting the test plugs all keys should be

(EQ' normal and the battery key should&got be‘thrown before notify-

B ing the lineman if he is on the line. The“shunt’should be
oberated only long enough to meke the necessary tests and.
should never be left 1n an- Operatee position as this may

reoult under certdln condltlons in rapid deterloratlon of the
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testﬁng battery.
| Where Iesistenee.unbalanees aié suspected in line

circuits not carrying grouneed telegraph circuitSﬂ'care should

oe taken not to connect a high voltage testing battery to the
circuit untll after a low voltage metallic Varley measurement

has been made with the Wneatstone bridge. If the high voltage
testing battery in the veltmeter,testing‘posifien or the Wheat—‘
-stone bridge position is connected to the circuit the reéistaﬁee_,
unbalance,,if due to a poef conneoﬁion,,may temporarily diseppeer.

?{41i3 Methods of Using the Voltaefer Testing Circuit

The voltmeter is used toldetermine:the nature of the
trouble’existing on the line, that‘is whether the line is open,
grounded, short—cirouited, or crossed w1th another line or Wlth
a fofeign potential: ‘The uspal voltmeter tests may be classi-
lfied:as foliows: . | |
| : }1;“ Continuity tests.

2. Tests‘fbr grounds.

Z.IIRough reéistance measure ents.

4. Tests fof;insul&tlon resistance and leakage.

5. .Tests f‘o‘r 'erosses ' | |

6. Tests for forelgn or edrth potentlals
»SlmpllLled dlaarams of tne ClTuUlt arrungements for

the various tests made with the voltmeter are shown oniprawlng\

fﬁb; 134 A 1 page 100\y§‘a9c? -

o

4

i ( 4 11) uOHtanIUY Tests

In‘making a-continuity test, the operator plugs into
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the line with either the left or right[tést cord with all keys
normal to monitor for a moment. If the line is not busy, the
‘operator should proceed with the test by operating the BATT. ON

key which applies positive metallic testing battefy to the tip,

as shown onﬁﬁfaﬁihgmNo;M1544Ali?J pagéhiOOx Figurefé“ The test'

battery may be reversed as shovn in_FigureLZI by operating the
REV. BATT. key. The tip and ring may be reversed by operating
the REV. LINE key. 1If the external circuilt connected to the_
tip and ring conductors is open, a momentary throw may Dbe ob—v'
served with a subsequent low or zero reading. If the circuilt
is closed a steady deflection will be noted. .
Since non-grounded batfery is used in.making the

above continuity tests, these tests should always be followed

by tests for grounds.

3 [gffgl Tests for Grounds

In testing for grounds, either test cord is plugged
into the line or drop fo be tested and keys operated as shown
in FiguretgkorE}Qémbréwihgwﬁo; iﬁi:A:}ZJ pagey}ng'dependin%
upon whether the riﬁg orﬂthe.tip is to be teéted.,‘This places
either the tip or ring conductor in geries with the voltmeter
and testing battery. Tne polarity may be reyersed by operating
the REV. BATT. key and the tip_énd ring condustor s may be
interchanged by operating the REV. -LINE key..

ik Tes}ts for Crosses R

Tests for crosses are usually made with the single

cords associated with test cord "B" by connecting one of the
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cords to the faulty wire and connecting the -other cord momen-

~tarily to wireg-suspected of being crossed with it. Circuit

arrangements as shown in Flsuresg$ I }or 8 XDraw1ng Np 154 A l?H
pa”eLQQOs may be used. A cross between conductors known to be
open at the distant end wiil be indicated by a defléction of -
»the voltueter. Aﬁ indication of the resistance of the cross

may be obtained by operating the SHUNT key which converts the
voltmeter into a milameter with a low or zero reading on high.

resicstance crosses or leaks.

S }&él%f Tests for Foreign Potentizls '

For this test, eifherrteét cord is.used with all keys
.normal. This arrangement places the voltmeter Qirectly aACTOSS
the tést cords without the battery. If foreign potential to
ground-is suspected, the keys may be operated to TEST TIP or
TEST RING. In this test, the foreign potential may be an earth
potential. |

(.Yafiéj Holding

When the key of a test cord is throvn back to the
HOLD position, the cord is disconneéted from the voltmeter
testing_equipment and connected to a repeating coil which may

have ascociated with it 51gna11nb upparatuD Iesponolve to 20-

n o~

Cycle 135-cycle and lOOO-cycle °1gnalo and the uecondary of

e which is connected -to interrupted 1ow tone as chorn in Flgureygj

e

}Draw1ng No 154 A 17w§UdgeX:§~j The 001d may then be used ags
a holding cord for linemen or distant testboards to cull in on,
the tone serving to identify the circuit and the signaling

=) B &

apparatus providing 4 ringlown signal.
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714.16.) Talkine
The operator's teleohone cirouit is normally connected

S as g g e

raw1ngj

QQAH
o to the test cords for menitoring as shown in Flgureimj
)wyf;miiﬁjéjEZLlpage3100& When the TALK key 1is operated the con-
sections 71 changed for talking as showﬁ in Figure}il The
telephone circuit.may be disconnected from the test cords by
operating the TEL, DISC. key. s
The. telephone circuit mav be connected to é cord ﬁsed
fof holding by operating the TEL. ON HOLD key., The operstion -~
of this key also disconnects trouble tone from the holding cord,
disconnects the telephone circuit from the other test cord and
restores the signal associated with the holding cord.
Talking bzttery may be supplied on eitﬁer the test
cord or holding cord by operating the TALK. BATT‘vkey.
When monitoring on working telephone circuits to
determine their condition, a test cord may be used and the
OPEN SRD key or the HOLD and TEL. ON‘HOLD keys operated, Lither
of these conditions opens the sleeve circuit so that the busy
Sigaals at the toll switchbo@rd will not be operated when the

test cord is connected to the llStGHlH” jacks.

bir % 14,17 Ringing
“ ' Norwall 30-cycle Tinging current'is"o;ﬂnééfed to

€9v~ ~ the riﬁging keys but a.swifching key is provided for substi-

“v tuting 135 cycles or 1000 cycles when desired. When the KIUG
ON TEST key is opereted, ringing current isbsupplied to the

test cords if the TEL. OF HOLD key is normal, and to0 the

IR T
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holding cord if the TEL. ON HOLD key is operated.

e
‘ { 4,18 Use of Connecting Cord

Thé connecting obrd can be used in connection with'
the telephone set but can not be used with the voltmeter. It
1s a double-ended cord and is provided with a ringing key so
that ringing current may be connected to either the righf or
1eft‘coid. When the TEL. ON CORD key is operated the operator's

- telephone circuitvis connected to thé connecting cord for
monitoring as shown in Figure 4. If the TALK key is also
operated the connections are changed for talking as shown in
FigureYil Télking battery may be supplied as‘shbwn in Figure
3, by operating the TALK BATT. key. When the TEL. ON CORD
key is operated the telephone circuit is disconnected from the
test cords and holding cord.

A 20-cycle relay is brideed acrosg the cord meinly
for receiving Clearing out signals. The signals aTre restored
LY operating the TEL. ON CORD key.

' In machine‘switching areas & dial may be associated
with the right connecting cord. To diel a subscriber the right

connecting cord is inserted in the jacks of a trunk to the

machine switching office, the DIAL RICHT key operated aﬁd the
numberfdialed in the usual way. Thevdial-kéQVmuéﬁ be "restored
' _ - before the testboard operator can .talk to the machine switching
an subscriber. A retardation coil is“bridgedjacross'the righf
connecting cord in such cases to hold the connection after the

dial key 1s restored. This coil also serves to trip machine

T g e e T



Bulletin No. 235 | 40

ringing when answering calls incoming from the machine switch-
~ing.office. -

Series condensers are provided in the tip and ring
conduotors‘of.thé connecting cord so that the left cord may be
uaed for connections to truhks where it is necessary to avoid
the bridging of a direot—éurrent path across the circuit on
account of interference with supervisory signals in cords oT

trunks at the toll switchboard.

)DKQQE ‘Methods of Using Wheatstdne Bridge Test Circuit
The Wheatstone'bridge téét_circuit-is used in the
location of faults after the general nature of the fault has
been determined snd the fault localized. The Wheatstone bridge

teste which are usually employed in locating faults may be

clagsified as follows:

Loop resistance measurements.

1.
3

. ©Single wire resigtance measurements.

ol

Insulation resistance measurements,
4. Varley loop tests,

5. Murray loop tests.

6.; Opeh-location tests,

Simolified diagrams of the various tests made with the Wheat-

e e T e e

20,] page JL021)

stone bridge are chown oniDraWing No, 154-A-

e
SPFPHIR R a

One Wheatstone bridge may be associated with several
L | v .
voltmeter test positions. The Wheatstone “bridge may be con-

nected to either of the test cords in any of the voltmeter

testing circuits with which it is associated by overating the
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-BRIDGE key in the voltmeter test position. The operafion of

any one of the BRIDGE keys lights a 1amp at the Wheatstone
bridge position and at each voltmeter test position with WhiCh
the bridge is associsted. After the general nature and approxi-
mate 1ooation of a fault has been determined by voltmeter tests,
the test oord key is operated to BRIDGE. The operator may then
proceed with the nheat:tone brldge measurements as described
below, 1In general it will be desirable %o use the single cords
associated with teet cord "B" when mwaking Wheatstone tridge

tests,

{ L4 21| Loop Resistance Measurement
f
In making a loop resistance measurement the line or.

pair-to be tested is connected tc the Wheatstone bridge test

oi;cuit as outlined above. The battery key in the Wheatstone

Bridge position is then operated to thes 6-volt or 150-volt
position which connects testing battery to the bridge and also
lights the galvanometer scale lamp ineide the bridge as indi-
catea in Figure [2l{ Diaving o, 156-4-20] page [103)

“Mﬁltiply By" dial is sef at the desired point and the rheostat.
arm, (the four dials on the right), is adjusted until no deflec—
tion is obtained when a galvanometer shunt key is dcpresced,

No means are providicd foT using & VOLtmeter‘orrotner ‘external
instrument in place of fhe galvaoometer while obtaining a pre-

liminary balance and, therefore, the .00l shunt key should

always be used until an approximate balance is obtained., A

higher shunt may be employed ae the balance becomecs more
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©xe0t, until the most satiefactory balonce possible ie obtained.

\E’TZ:QQJ'Single Wi.c Resistance wmeasurements

Single wire resistalve measurements are made in the
same de as loop resistance measurements, except that a ground
return is employed‘_ The singie wire to be tested may be prop-
erly connected to the bridge circuit by throwing the TEST TIP
oT TEST‘RING key, as the nature of the trouble may reQuire,_the
‘distent end of the circuit to be messured also being grcunded.
Single wire resistance measurements should be used only in the‘
event that a loop or Varley measurement is imposcible, becaus
large errors may'be expected ag a result of groﬁnd potentials,

high resistance between the fault and ground, or both.

P t@féil_lnsulation Resistance licacurements
Insulation resistaﬁce measurements are made with the
same clrcuilt set up as single wire measurements except that the
distant end isg opened, Fh@ leakage-to—grdund‘serving as retﬁrn'
path for the circuit. The réti$ dial should be set at 100 or
1,000 and a key thrown to TEST RING: or TEST TIP; as the nature
of the trouble may reouife. ’ | ' : . -

Similarly the insulation resistance between conductors

can be measured with an ordinary loop COnnecflon ~the loop belng'

-

open excevt for mutual 1eakgge. o ST

j@'{_%L241 Varlev Loop Teste
In making a Varlev loov measurement, the connection
iz set up by operating the VARLEY key and overating the battery

key to 150 volts or 6 volts, as chovn in Ti; ureqswtwfawing \
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{I\T T 154-A-20,/ page \104. The "Multiply By" dial should be set

on and a balance made in the same way as for a loop measure-

o r—'h-' ;

men This arrangement connects the bridge to the line with
tip-to-tip and ring-to-ring. If it is found>that a balance is
impossible with this arrangement, the REV LINE key should be
thrown to connect the bridge to the line with tip-to-ring and
ring-to-tip, in order that the ring of thé bridge'be connected
to the side of the iine or loop which has the largest resistance.

The so-called "Reversed Varley! measurement 1s made
with the "Multiply By" dial set on some value less than %. The
measuring procedure-is the same as outlined for tﬁe'regulaf
Varley measurement, although the analysis of the ;esults is
more difficult.

The metallic. Varley test is made exactly as described
above, except that a metallic rgturn line "X", as shown in
Figure{i} is patched into ‘the "Varley and Murray" jack. In
making metallic Variey measurements to detect resistance unbal-
ances, care should be taken not to throw the battery key to the

150-volt position before making the measurement.

| o %\4 6“] Murray Loop Tests

Connections for the Murray loop test are set up by

operatlng the MURRAY key and throwing the battery key to 150

volts or 6 volts. The 01rcu1t for the Murray loop test with the

B e

line normal is shown in Fléurei )Draw1ng “No. 154 A- 20j paaeTlOB}

ey [UEO— e i i

If the REV LINE key is operated the connections are as shown 1in-

Figure 9. _
The metallic Murray loop test is made in the same




- jack, as shown in Figuréi}@l
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way &8 the tests described abbve, except that, in addition, a
) . L - T
metallic return line "X'" is patched intc the "Varley and Murray
A reverse Murray is obtained by connecting the good
wire to the ring.

{5_T5réé‘f0pen~Location Tests

"Opens" are ordinarily loceted by comparing the capac-
ity component of tie 1mpedance to ground of the wire in trouble

with that of a gcod wire of known length, preferably its mate.

A 1 mf. condenser is provided in the Wheatstone bridge. circuit

 for balancing the capacity component of the line. A Murray

connection is used with 1000 ohms as one Tatio arm and the

Theostat as the other ratio arm, The impedance to ground of

‘the wire being measured and the 1 mf. condenser in series with

a variable resistance (the condenser arm Theostat) form the
other two arms of the bricge. These connections are shown in
rigure{11| [Draving Wo. 154-1-20, page[102] The condenser arn

rheostat (the three dials on the right, |Drawing Wo. 219-B-65,]

/[ﬁdég;lﬁﬁliiﬁ seéries with the 1 mf. condenser permits obtaining

. a phase balance which is necessary for an accurate location.

A PHASE SHIFT key is provided to assist in securing the phase

"balance,

L

.-

In meking an open-location testithe'wire to be measured
is connected to the ring side of the bridge. The MURRAY and OPEN
LOCATION keys‘are operated and thévMULTIPLY’BY dial set at M1000,
The battery Rey is ocerdfed To 130 volts or 6 volts, the Conden;

ser arm rheostat set at zero, and with the PHASE SHTFT key
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normal, the rheostat arm is adjusted until an approximete balance
1s obtained. The PHASE SHIFT key is then operated and the‘oonf
denser arm rheostat adjusted until a balance is again obtéined;
leaving the bridge. rheostat set at the point obtained on the
previous trial. The PHASE SHIFT key is then restored and the
© bridge rheostat again adjusted. TheSé steps are repeated until
the operation of the PHASE SHIFT key does not affect the balance.
| When a true balance has been obtained the capacity
component of the wire being measured is provortional té the
setting of the bridge rhéostat and the values obtained inbthe
measurements on a good wire and on the wire in tiouble are used
in calculating the distance to the fault, The condenser aTm
rheostat is required only to secure a phase balaHCe and its
-value is not required in the calculations.

| 7143 Method of Using Telegranh Test Circuit

The voltmeter testing equipment in the telegraph test
circuit is terminaﬁed in tip, ring and looping.cordS'and_is
used in tesiing for contlnulty, crosces or grounds in telegraph
subscribers! loops and in determlnlng the polarity and potentlal
of voltages in the various televraph circuits and battery taps
appearlng at the te_tboard. lhe m11ameter is used 1n checylng
and adjusting‘thevcurrent in teleeraph 01I0u1to‘1.The'usual

tests made with the telegraph test circult may be classified:

as follows: : oo
1, Current measurements.
2. Measurement of line potential.

3, "Test of "home battery."

4, Test of "distant battery."
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S. Potent¢gl measurement of telegraph test battery.
6. Test of teledrqph dron.
7. Test of telegreph 1lhu.
8, Telephone Set. )
Simplified diagrams of the vaiibus tests are shown on Drawing
o, 154-A- aaj page 1104

[ % 4 31t Current Mecsurements

The milameter winding of the volt-milameter is
normally wired to the test cords so that currTent measurements

may be made without operating any keys by plugging the looping

‘ test cord into a looping jack or by connectlnd in series with

. the Circuit by means of the 51ngle test cords

Current measurements may be made with ;ooping cords
of telegraph test set No. 1 or Wo, R by opefating the MIL-AM
ON 1 or MIL-AM ON < key. When a telegraph test set is used

for current measurements a8 shown in FlguIeTiB\ Drawlng No.

[ 154~A—28 page\104,gthe circuit includes a 100-ohm relay winding.

/q Yﬁ:;ﬁ; Mieasurement of Line Potential

Care shculd be teken in taklng‘up a telegraph circuit
fqr voltmeter tests to insure that the circuit is not .in opera~
tion, for the high resistance of tre voltmeter wlndln% will -

interrupt the telegraph service if connccted. in series with the

circuit. When it is de81red to measure the potentlal across

the telegraph line and drop the 10001ag test plug should be

1lnserted in the looping jack of thn telegrdaph llne termlnal

and the voltmeter winding connected in series with the circuit

e e e

as shown in Figure[iliDraW1ng No. 154-n—22l pageLlOZ‘ by
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throw1nv the EST key,

2.0 54 3J
The potential of this battery may be measured by

Test of "Home Battery!

\
—

thfowing the TEST and TEST RING keys. This opens the tip and
connects the voltmeter across ring and ground as shown in
Figurefﬁ} The vo‘tmeter readlnb will then 1ndlcate approx1-
mately the potential of the battery Connected to the battery
Jack and through the subscriber's loop to the looping jack of

the telegraph line terminal, and the direction of the deflec-

etion will indicate the polarity.

7.1 14:34] Test of "Distant Pettery
For thie‘test the looping plug is inserted in the
looping Jack of the telegraph line terminal or e‘duplex line
Jack, the ring side of the testing 01rcu1t is ooened and the
voltmeter connected to ground in series with the tlp by throw-

ing the TEST and TEST TIP keys as ehown in rlgarel The volt-

‘meter reading will then 1ndlcate the potential of the battery

8t the distant end and the direction of the deflection will

indicate the polarity.

l Z/f4T§5{ Potential Measurement_of Telegraph Test Battery
The pctential of the telegraph test battery may be

measured by operating the TEST andHSHORT keyeywhtch»short-cir-

o ocuit the'tip and ring through the voltmeter, If the + BATT,

9T - BATT. keys are then overated tbe‘veltmeter will indicate

the potential and polarity of the battery under test.
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Qj"iéi@é( Test Line

| This test made with a telegraph test set can be made
.by_inserting the looping plug of telegraph test set No, 1 or
No., & in the listening jacks of a telegraph line ter&inal andﬁ
applying + BATT., - BATT. or GROUND in series with the telegraph

) . o <y
relay as shown in Flgures\17, 18 %nq 191

14 TET57 [ Test Drop
This test is the same a@s the line test except that

the connections are set up to test the ring instead of the tin.

The connections are set up as shown in Flgurrsll4 1 nd 16

lDraw1ng No. 154 A 8@, DageT10e4

o 5. 5“7275é Telephone Set

The operdtor S telephone circuit can be connected %o
If in addition to the TLL. key, the TALK BATT, Xkey 1s operated,
talking battery may be supplied as shown in Figure]in Ringing
current can be applied to the test cords by throwing the TEL.
and RING keys.

4,4 Patching Cordsa.

Patching cords are provided so that circuites termi-
nating in jacks at the testboard may be connected to circuits
other than those with hhloh they are normally us\_01ated rﬂne

various kind of pdtchlng cords and corgless )lUWb provided in

-~

connection with toll teotbOdrd No. 5 Jre shown on urawing No. i

g T -
218-B~7, page 163, /\The SMells of thc twin plqu have the t1;

e S
—

side knurled and the ring side nlwin to enable the operatcr
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to distinguish between the tip and ring wire terminals of the
plug. When inserted horizontally the knurled edge is normally

turned toward the left and when inéerted vertically the knurled

edge is normally turned towerd the top.

Cordless plugs are provided for certain special uses.

_/; '
241-C
Plug)”E“ LS used for short-circuiting llne% drops, compoclte
241-B
sets, etc. Plu@.”Fﬂjls used for opening both sides of a cir-

cuit or for patching out line equipment by inserting two o(’j B
Plug 7]

tness plugs vertlcally in the line and drop Jast.
-

/Pluff” 1G" and "H' may ]

etc.
- !

1¢ used for opening 81gna1 wires,
Lbe used as requlredf A blnck shell on a cordl

cates tnat the rlng and tip of the plub are strapped as in

288 plu@ indi~

(=R ]

tplugs Lot and”H". A red shell indicates that the tip and

ring»are not strapped,ﬁéfﬁn'pluvﬁr“F“ gnd#jg"j
7“*-:L’W fCofd7”A”;'Drawing'No. 218-B-7, page 183,
/ fpatohing a single conductor such as a grounded telegraph line
circuit. Oofd e is ucéd Whefe‘it is neceSéarV'tO patch the
ﬁonnected_‘tc the sleeve of a jack along with the‘tlp

is used for

.conductor

conducto” as ln the case of telegraph subscribers! loops

graph repeaters where it is desired to patch the subscriber!
, etc.. Cord "B

clgnal glong with the teltgr 1ph repeater sot
or

is used for patohlng telephone circuits, line equipment

other apparatus or circuits where the tip and ring conductors
Cord ”D” is used lellarly

o e b e

are wired through adjacent jacks.v

’\ to cord "B" except that the sleeves
\
L Tt is used vprincipally in connection wlth telephone repeaters

tele-

of tne nluga are connected,

Gt Rt ~eae e
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T . {
. where three-coanductor patchec are sometimcs required, Cord k %
i . ' _ , - 3
{ ,“K" 1s used for certain special patches such as connecting a I ?
% ceble pair to a metallic telegraph circuit. Cord "L" is used | .
, - - 7 \ ;
| only at the distributing freme. A white patching cord in- } i
; dicates that the sleeves of the plug are not connected and a | i
| Ted patching cord indicates that the sleeves are coanected. s -
{ : ‘ |
. ) A |
K Resistance plugs as shown in Drawing No. 38-Y-1488 are used /
. . / S
v for line termi +4 Qs o e . / -
" 2 fminations in transmission festing. . o j
{ REFERENCES:
' Bulletin No, 138 - Jack and Lamp Socket Mountings -
' for Uce on Relay Racks. %
™, Bullet ln No 214_. ‘.'1'1' ento \ Y Aer T R ! : : \
- No. -~ Wheatstone Bridge per X385-3011. . —
1 ; ! |
~ v
R { ‘
" -
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TOLL TEST BOARD EQUIPMENT

TOLL. TEST BOARD NOA
Wheatstore Bridge Test Circuit, Simplifieq Dlaqrams

i

<
Loop T

..._Q_',

Pt
L0
To Oprts Tel Ckt

FIGS
Variey loop test Key thrown: VARLEY, and 150vior 6 v.

2
g
-

7,

SR oy

To Oprts Tei Ckt
FIG.6

- ]
ol
-fololnj

Rev. Varley loop test. Keys thrown VARLEY, REV LINE. and 150v,0r6v.

Lt
Yo Oprits Tel Ckt

Fig. 3
Smgte grounded wire resistance measurement . Key thrown TEST RING,
lso vor6y
-0 N R
Line

[

To Oprits Tel Ckt
FiG. 4

Smgle grounded wire resistance measurement Key thrown TEST TIP,
150vorgy
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Voltmeter winding o? Yolt.-Milammeter on Test Cord
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Fig ? 130 0
Test tip with Test Cords )
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Fig 3 *
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TOLL TETST BOARD EQUIPMENT

Typical Arrangement of Jack Panel for 6 Jack Line Circuits
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Keyshelf Assembly
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P Wl
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~NOTES —~
Capacity
84-6 Jack Line Circuits
48 Interposition Trunk Jacks

ga 72 Miscellaneous Jacks

Ry Where Miscellaneous Jacks are
not neeced Jack Spacers may
be inst.alled in their Place.

e

S ——

jHMrUm

Was Provisional

Engineer N iih,
Draftsman
Checked by
made Standard 344
LogNoR{4454.12625
a0s,_ 1SSUE |

Rated "Standard"

e
LogNp 58455 3.18.26
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TOLL TEST BOARD EQUIPMENT 3 B2 9| e
TOLL. TEST BOARD NQ5 Standar Checked by
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Section Assembly
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24-Ten Jack Line Circuits
12-Ten Jack Phantom Circuits
12-SixJack Line Circuits

48 - Grounded Telegraph Circuity
48-Interposition Trunk Jacks
72 -Miscellaneous Jacks

where jacks are nol required for terminatin
equipment in the phantom circuit the PCL and
PLD jacks maybe omiited and a snx-_&ack line
circuit used for the phantom circufts.
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TOLL TEST BOARD EQUIPMENT

213-B-3I

Standard

‘I}/{ncal Arrang ement of dack F::mel f‘ornon -composited OpenwireLines
ith 10Jack Lme Circuits and 6-Jack Phantom Circuits.
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~NOTES ~
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48-10 Jack line circuits
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24- 6 Jack phantom circuits
24~ Interposition trunk jacks
24- Miscellaneous jacks.
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b 34"l 39"

Keyshelf Assembly
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N 4 P
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Engineer & /s
Draftsman
Checked by
Made Standard 3382
Log No.P144-53 ), 2625,
404 ISSUEY
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Lines” was"Phentom’
LogNo RATBNM 2-23~ 29
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