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0.0 INTRCDUCrIC~

A study made to effect savings and improvements in

tali testboard equipment ~as resulted in the development of a

new board known as toll testboard No.5. On this board the

line circuits are arranged in a jack panel and wired to termi

nal blocks. This assembly is an upper unit of the testboard,

The testing equipment is arranged in a detachable unit which

is referred to as a keyshelf or lower unit. These units con-
I

sist of different groupings of circuits and include voltmeter

testing equipment, Wheatstone b;idge testing equipment, tele-

graph testing equipment and a blank unit not equipped with

testing apparatus. These may be installed in any desired posi-

tion or removed as required wi thOut affecting the line circuits ....

The jacks are assembled on relay rack mounting as

described in Bulletin No. 138 IlJ~ck and Lamp Socket Mountings
i

for Use on Relay Racks ll and line circuits may beadd~d in groups

of 12 or more without affecting the testing equipment. The key_

.shelf units mount on the relay rack framework under the jacks.

The new design effect~ economy of space and equipment·

as .compared with the No. 4 testboard and provides a greater

fleYibility of circult layouts ,and growth.. It is also well

adapted for different sizes and types of~n·s~alclati.ons, growth

being possible in relativ~ly s~all units so that the cost is
i

more nearly in direct ratio to t~ ~number of circuits than'

would b~,!ossiblewhere a gr,eater portion of the total post

is in the framework dud assembly •

..
;;~:,~~~:·Jt, ,. .~

\'-:"-'0'¥?f'fil'.•. ·"",~-~""",,-,,·_""'.fw",k,""'i,-'....=..=~h·""?".~,7'"';""",,»,.5''''"'.'''''-''.,.~.),."..,~"\""'-..""7"."'"'~',~""'"'=;.'';;''''''~',+",".-,,'=''~"""""~~"""""~.'~,_"'"""'''''''',,;.."'''''"_'''=.,,=... ,""".~·...,,,..',-.f;..,,,,·,,~,-~~'T.,...,,.•",,-,.~.."""..~,.".... ~".."~"""""",.:c7_.. ="-_=,~;",,,,,,.S·r'.7'"'T",."..,........---.."----..,,.......'7",.,.."•.,.=. .",..,.."...",..,,.,...;:;a;;"",.~~7""/'
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1. 0 GENERAL DESCRIPTION

2

--.,..-;;,.:'......,.-_.~

\.

1.1 Assembly of Equipment

The equipment of the toll testboard No. 5 is designed

for mounting on a standard relay rack framework, thus making

possible the use of the same assembly methods which are becom

ing more generally used throughout the toll terminal room. The

testing equipment is assembled in keyshelf units which are, for

the most part, self-contained arid so designed that they can be

mounted on the rack framework under the jacks. Drawing No.

213-B-13, page 113, shows a typical arrangement of a toll test

board No. 5 position equipped with a keyshelf unit. In this

bulletin each bay of rack is referred to as constituting a

"position" regardless of whether or not it is equipped with a

keyshelf unit.

f3y the use of this assembly ~nethod, consideTable ad-

,vantage is gained in flexibility of initial arTangements and

later extensions, since any desired grouping of line jacks may

be associated with any desired testing equipment in the keyshelf

units, Whereas, in the section employed for the toll testboard

No.4, it was necess~ry to install sections equipped for each

form of testing eqUipment desired. Since the testing equipment

~s provided in units separate from the jack'equ~pmeDt only a
. '- .. '-, -..,. ,.....,

sufficient amount of testing equip~ent need~B furnished to

,meet the requirements of the ~articular officeinqu8stion.
v ~~. "

Furthermore, the new arrangement provides flexibility in regard

to the ultimate amount of testboard equipment desired in any
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office, being as well adapted to the small installations in-"

volving ultimately but Q few circuits as to those requiring

equipment for a large number of circuits.

1.12 Face Equipment

Punched frame singly mounted jacks are used in the

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

jack mountings whiCh are adapted to mount on the framework by

means of No. 25 jack fasteners as described in Bulletin N6. 138,

IIJack and Lamp Socket ~,lountings for Use on Relay Racks. II These

jack mountings together with such jack spaces, lamp socket

mountings, designati6n strips, etc., as are required are as-

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

various types of line circuits as described in S~ction 3~

Apparatus such as telegraph relays and sounders and.

other equipment not con.tc:.ined in the key shelf 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

the jacks, blank panels are 8.vailable for use in place of" the

apparatus panels if desired. A 3-1!2-inch panel or IIpiling

rail ll is provided in every position directly under the jacks.

1.13 Keyshelf Equioment

Three types 0f keyshelf units have"~~ep.piovided one

\, of Which is adapted for voltmeter tostin[, one for. Wheatstone
~ ."-- .. ~

{;3"bridge test ing and. one for test ing telegra.ph c ircu!. ts. A ..
v c. •

'.'

typica:' assembly of these keyshelf units is shown on Drawing

1~o. 213-B-14, page 114. The keysh81f uni t includes cords,
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keyB 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 unit for ter-

minating the wiring external to the keyshelf unit such as

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. 2l3-B-15, page 115, has been designed

for use where additional writing space is desired. 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 Olassification of Positions

Toll testboard No. 5 positions are divided into several

classes for terminating the various types of :ine circuits.

The function of these various positions is given briefly below

and the circuits and equipment are described in more detail in

Sect ion 3,.

1,21 Primary Testboard Positions

Primary t.estboard position,s are. used" in' cable,

offices for terminating the cable pairs and to provide means for

patching the cable pairs and line -equipment .. '. No phantom line

jacks, telegraph line jacks or.listening jacks ar~ provided

in the primary testboard positions. When jacks are provided

\
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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 used in cable of

fices for terminating the two-wire and 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.

1.23 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 litie 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

the 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 lin~, jacks may be in-
.·i.~ ~.A

cluded as required.

1.24 Telegraph Testing Positions
V' _

Telegraph subscribers ' loops and "telegraph repeaters

are terminated in separate testing positions thus making it

possible to test or patch this equipment without interfering
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with the telephone circuits. The telegraph testing positions

will accommodate grounded t elegraphc ircui t s, metallic tele-

~, graph circui ts and voice-frequency or high-frequency carrier

circuits as desired consiEtent wi th the maintenance 'of proper

quadding. However, .,vhere it is desiTed to have the relative

the consecutive pair numbers in. the cable, For open-wire lines

normally connected to the jacks in the order corresponding to

the jacks are normally 'wired consecutively corres'ponding to the

numbering on the distributing freme and may be assigned to

1.3 Wiring, lnd Ca:bling

All external wiring to the toll testb6ard 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 made form employing No. 22

BEDS and SCC wire~ In the case of cable circuits the pairs are

H telegraph circuits.

1.25 Metallic T,elegra.ph ,Line Positions

In large cable offices the jacks provided at the

telegraph testing positions in connection vlith the metallic

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.

location of the jacks indicate thtYpin pos~tionson the open

wire pole near~st the office pairs 5-6, 15-16, etc., are shifted

in the local cable form between the jacks and terminal strips
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at the top' of the ~estboard position to take care of the regu-

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

visable to carry the jacks corresponding VIi th the fifth cross

arm over to the next position, . assigning the 41-48 jacks in the

first position to other lines.

No. IS-gauge cable is used between the terminal strips
,

at the top of the position and the I.D,F. Ordinarily one cable

is provided between each vertical row of terminal strips in the

position and the I.D.F. except in cases where it is necessary

to provide two cables on account of their size or to provide

the required separation between the different kinds of circuits

in cc.ble. In addition to these line cables, two separate

No. IS-gauge miscellaneous cables are provided to 'certain POSl

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 ~hich

it is desired to keep separate from the talking Circuits to

avoid trouble from noise.

In primary testboard positions) the line cables and

local cable forms must be grouped as may be reqUired to prOVide

separate c~bles for (1) inputs of four wire repe~t~rs-(2) out

puts of four-wire repeaters (3) No~ IS-gauge H-44-25 two-wire

c ircut ts and (4) Nos. IS-gauge and0 l9-ga,uge", H-174 two-wire

circui ts. The interposi tion trunl:s, which are prOVided bet'J':een·

the testba~rdand repeater racks in cable offices, are separated

into two groups to faCllitate the patching of the various kinds
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of cable circuits, ScparRte cables ar~ used for these two

groups of trunks.

,. Swi tchboard cable:s aI'e used between the terminal

strius at the top of the positions for oarrying interposition

trunks) ta.lking trunks and other c iI'CU ito which are mul t ipled

from bay to bay. Battery, tone or generator leads which aie

wired between bays are carried in a separate hand formed cable

made up of No. 20 BBE wire.

The local factory made forms within the keyshelf

units are made UD of No. 20 BBE Wire.
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2. DESCRIPTION OF TESTING EQUIPII!iENT

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 terminated in

cords and plugs in the keyshelf. The Wheatstone bridge testing

equipment .is wired to the keys in the voltmeter .testing cir

cuits so that connection to the line is made·through the volt-

meter test cords when Wheatstone bridge measurements are to be

made. The circui ts are arranged 80 that one ~'iheatstone bridge

may serve one or more voltmeter test positicns as desired.

Each position of No. 5testboard is arranged so that any type

of testing equipment may be provided or it may be omitted

entirely, as desired.

2.1 Voltmeter Testing Equipmeht

The voltmeter testing equipment includes a testing

circuit, a connecting cord circuit and an operator's telephone

circuit, which are arranged as 'shown on Drawing No. l57-A-l4,

page 108. The apparatus is assembled in the keyshelf as shown

on Drawing No. 213-B-16, page 116.

2,11 Voltmeter Test Circuit

The voltmeter test circuit is terminated in two test

cords ll All and \I BII with twin plugs and two single.. t~8.t_ cords.

The shells of the twin plugs have the tip side knurled and the

~ ring side plain to enable the test~~ard operator _~o distinguish
,~ ' ,""~,

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

inserted horizollta1~y, the knurled edge is turned to the left

.- A/PR-·.·.-,"' .-',_ .' .'. ";:<1"""",,,' ., ,-,'--,
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and when inserted vertically, the knurled edge is turned toward

the tOp. The single plugs provided in connection with cord IIBII

facilitate tests for IIcr0sses" a.nd enable the testboard operator

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

much I01Jl:er resista.nce than· the ol'din[uy tinsel cord and there-

fore can be used to advantage in ~heatstone bridge measurements.

All the cords are of sufficient length to reach any of the jacks

in either position adjacent to the one in which the testing

equipment is located.

Keys are provided for making 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 tnat the operator

may 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 oord may be used for talking or testing on a

line while the right cord is being used for holding, or for

Wheatstone bridge test, 'and co:.:wersely.

A key is provided in connection with each of the test

cordF whic~. when thrown back to the HOLD position, disconriects

the associ~ted ~ord from the other test qord6nd"connectBit to

a repeating coil across the middle of which a 20-cycle ring-up

relay is connected. The other winding of the repeating coil is
't. . . o.J

connected to the interrupted low tone so that this t6ne may be

sent o~t on the line by inserting the test plue 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 conneoted to the holding cord as shown

in Figures land 2, Drawing No. 154-A-17, page 100, by oper-

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 8witchboard will not be

operated.

When a test cord key is thrown forward to the BRIDGE

position, the tip and ring terminals of the cord are discon-

nected from the voltmeter test circuit and connected to the

tip and ring terminals of the Wheat stone bridge c ircu.i t. Since

one vVheatstone b:i.'idge maybe associa.ted with several voltmeter

testing circuits, lamp signals are provided in each voltmeter

test position which are lighted,whenever the Wheatstone bridge

is in use at some other position.

The voltmeter u~ed in the toll testboard No. 5 is a

Weston square type meter ~imilar to the Weston Model 502 meter.

This voltmeter has a central zero scale with a full~scale read-

ing of 150 volts in each direction from the ~ero point. It has

a resistance of 100,000 ohms and is provi~ed With B shunt coil

which .. wher: bride;ed across the instrument, reduces the resis
v

tance to 1,000 ohms and converts it to a milameter. When the

shunt key is thrown, the scale reading in volts is eqUivalent

to the current flowing in the circuit in milliamperesi

..
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The 150-volt testing battery required in connection

with the voltmeter test circuit is made up of eight 22-1/2

volt radio type batteries. The keyshelf unit is designed so

that these batteries may be mounted inside the section.

.l'

~ i

2.12 Oonnecting Cord Circuit

One connecting cord circuit is· provided at each volt

meter test position for the purpose of connecting toll lines

together or to various desk telephones or other terminal sets

in the toll 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 outgoing calls.

A dial associated with the right-hand cord to permit the

testboard operator to dial machine sWitching subscribers

directly is provided for US8 when required in machine sWitching

areasr In this case a retardation coil is provided in the cord

circuit for holding the $achin~ switching connection and to

trip ringing when ansvvering c2.11s incoming from the machine

switching office.

2.13 Operator's TelephoD8 Circuit

The telephone circuit is normally connected to the
".'.

test cords. It may bedisconrtected fro~ th~ test cords by

operating the TEL. LISC key. The TEL. ON HOLD key i~ prdvided

disconnected from the other test cord, and when associated with

for connecting the telephone set to a test cord which is being

holding cord by the operation of the TEL. ON HOLD key, it is
, '

i'

vWhen thG telep1::lone set is connected to aused for holding.
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the connect iEg cord. by the opcr2c.t ion of the .TEL. ON CORD key

it is disconnected from both the test cord and the holding

cord. Condensers ar~ connected between the telephone set and

the test circuit so that the telephone set may be bridged across

the line without interfering with the test circuit. This

enables the testboard operator to lister. and test on a line

at the same time.

The telephone circuit is designed to use a No. 528

receiver.

2.14 Nonitoring

A 27-F repeating coil is provided in theoperator1s

telephone circuit as shown on Drawing No. 157-A-14, page 108,

to reduce the ·transmission loss when monitoring. This moni-

taring condition introduces a loss to the circuit being

monitored of about 1/3 TU in offices having a 600 ohm impedance.

The impedance of the monitoring circuit using the

27-F repeating coil is too lo~ to permit satisfactory monitor-

ing on lines connected \\lith cord circuit or through line re-:

peaters, Where it is desirable to monitor on such lines, a

vacuum tube amplifier, as shown on Drawing No. 213-B-17,

page 117, may be prOVided in pla~e of the 27-Frepeating coil.

This arrangement introduces a transmission loss of less than
. .

,I TU and has a sufficiently high impedance so that the circuit

:11ay be bridged across a line adJacent to a 22-type telephone

iepeater Without appreciable effect on the balance.
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2.15 Telegraoh Test Sets at Voltmeter Test Position

Tclegra~h test set No. I, as shown on Drawing No.

~. 213-B-18, page 118, is provided. in the voltmeter't8st position,

Telegraph teet set No.1, is terminated on cords, and is so ar-

~.
~

, ...'0';

",;

ranged ~hat it can be used in conjunction with miscellaneous

battery ana groun~ jaCks for making continuity and other tests.

Tests of this kind should be made in such a way that the line

current will not exceed 100 milliamperes. Tbesimplified dia

gram is shown in Figure 17, of Drawing No. 154-A-17, page 100.

Telegraph test set No. 3 is provided for uee with

the test Wire circuit and is arrEmged as shown on Drawing No.

213-B-19, pa~e 119. This circuit is wired to a telegraph

subscriber's 100D jack in a telegraph line terminal circuit

for connection t~ the desired test wire. Spare test wires

with series looping jacks are arranged as shown in Figure 4

of Drawing No. 2l3-B-20, page 120.

The telegr'aph relays' in telegraph test sets Nos. 1

and 3 at the voltmeter test positions, together With the volt-

meter shunt, vacuum tubemoni tor'ing eqUipment when required,

and other miscellaneous apparatus, is located on an apparatus

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

121.

2.16 Signal Receiving CirCUits for Toll
Switchboard No~ 3.

Where toll switchboard N~.-3 in used, the~toll line

signal receiving circuits arc located on the. drop side of the

testboard so that this equipment js out off whenever a plug is

inserted in the j 8ck8 at the te stbocud. Signal rece i ving
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circuits, as shown on Drawings Nos. 213-B-22, page 122, and

213-B-23, page 123, which are adapted to receive 135-cycle and

1000-cycle signals respectively, are provide~ as required in

connection with the voltmeter 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 0::" 1000-cycle signaling are wired through the

Apparatus in "the signal receiving circuits, when re-

is 1000 ohms and the ~a,tio is controlled by a single dial,

1000 ohms in the ratio arm. The rheostat ,arm is adjustable

in units, tens, hundreds, and thousands and has a total resis

tanoe of 9999 ohms. T'be resistanoes in the rheostat arm are
o

aoourate to 1/10 per oent. and those in the ratio arm are ac-

ourate to 1/20 per oent.

1000, 100, 1:£, 1, 1/4, 1/9. 1/10. 1/100,
1 1 1 1 '

latter giving a. Murray connection with1/1000 and MIOOO, the

giving multipliers of

guired, is located outside the position along with the similar

signal receiving circuits for toll switchboard No.3.

2.2 Wheatstone Bridge Te:.:.:::;ing Equipment.

2. 21 Wr~p:.tston~ Bridge

The Wheatstone brldge Llsed in toll t.estboard No. 5

is an inverted dial-type bridge with an adjustable ratio and

four sets of adjastable resistances in the rheostat arm, The

genera~ assembly a,rrangement of the bridge is shown on Drawing

No. 219-B-65, page 164. The total resistance in the ratio arms
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In addition to the rheostat arm, 3 groups of resis

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

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

rheostat referred to as the II condenser arm rheostat. II This is

used in making open-location tests as described in Section 4.26.

The maximum allowable power consumption in any resis-

tance coil in the bridge is one watt and sufficient resistance

should always be present in the battery supply to i,nsure that

this limit 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 .thetop of the bridge as indicated on Drawing

No. 219-B-65, page 164. The galvanometer is a dynamometer

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 inherently more sensitive than the permanent

magnet needle type. The electromagnetic ,field" also makes it

possible to use the galvanometer for alternating-current as

well as direct-current measuremen't$, without .requiring relays

for reversing the galvanometer twice during each cycle.
:.
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No battery or galvanometer keys are provided in the

bridgej it being intended that the battery k~y in the keyshelf

be used for connecting the testing battery to or disconnecting

it from the bridge circuit. Non-locking galvanometer shunt

keys, t;iving shunt values of .001, 401,.1 and 1 are provided

in. the '.)ridge which, when operated, als'o serve to close the

galvanometer circuit. The internal wiring of the Wheatstone

bridge is shown on Drawing No, 214-B-100, page 156~

.\ more complete description of the Wheatstone bridge

i 8 given in Bullet in No. 214, IIWheatstone Bridge per KS-30ll" ..·

2.22 Wheatstone Bridge Test Circuit......--, ... - ;,

position battery key "is prOVided which in one position connects

to accommodate thS testing battery inside the section. Atwo-

'The Wheatstone bridge test circuit is show on DraWing

No. l54-A~19, page 101. The Wheatstone bridge an.'d associated

keys are loce,ted in the keyshelf as shown on Drawing No. 213-B-24)

page 124. Keys are prOVided in the testing circuit for reversing

.1 the line, ior connect ing the battcry and for setting up the

: proper bridge connections when making Varley or Murray loop

tests, open-location tests, or single-wire r'esistance measure

ments to ground. The operator's telephone circuit is permanently

bridged. across the line under test, except when making open-

location tests.
'.

A separate l50-vol t te sting battery which-i.&- made up

of 22-1/2-vol t radio type UBII ba.ttery units is required for

G each Wheatstone bridge circuit. "Tllekeyshelf unit is designed
" ,



Bulletin No. 235 18

the full battery voltage to the bridge circuit and in the other

position, reduces the voltage to approximately 6 volts through

a )otentiometer arrangement. The battery key is also used for

connecting alterueting current to the circuit when making open-

locat ion te st s.

3.23 Alternating-Current Supply for Open-Location
Tests----

The 10c2_tL:m ot' "opens" on toll lines conGists es-

sentially of impedance meazurements 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 ..

2l4-B-37, page 154. Tni s arrangement provides a ~cycle al.ter

nating potential by reveroinr: a separate test battery asso-

ciated with the interrupter, as well as n 4-cycle alternating

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

The apparatus is located ~utsid~ the Dosition on the relay

rack, as shown on Draw-ing No. 21t'::--B-36, page 153.

liihere a 4-cycle: supply is not aV2.,ilable, and vvhere

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"

ringi ng current if used for open-location .m~asu;rernent!3.will

give fairly satisfactory results. Drav,ing Uo .. 2l4-B-39, page

155, sho"ws thE) arrangemen t of the aJ-tern<:l>ting:-~urrent supply

to the Wheatstone hridge where 20 cycles is used.

2.3 Tel~gra~D Testing ~quipment

The testing pparatu8 nrovidea in telegraph test

"),0 ODS consists of voltmeter testing equipment, ~elegraph
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test sets NOE. 1 and 2 and an operatorls telephone set, which

are 8.:rranged as sh::)1:"m on Drawi:L1g :ro. 154-A-21, page 103 J and

telegraph test set ~o. 3, Dra~iLg ~Jo. 213-B_19, page 119, which

is intended. for use veith the test wire. This testing apparatus

is located in the keysheli as shown on Drawing No. 313-3-25,

page 125, and the volt-miJ.ameter, the relay and sounder of tele-

graph test setNa. 3; are located on the apparatus uanel above

the j2cks VJith othel' miscel18.neous 8cuipment as shown on Drawir.Lg

A key is provided in ,connection with the test cords

which when thrown forward, connects the voltmeter winding of the

volt-milameter to the tS$t cords in p12ce of th~ milameter

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

cuit is arranged to prevent interference between telegraph cir

cui ts when the test cords and telegraph test.. ,setsare being

used simultaneously on different telegraph circuits,

When the test cord key is .. throV'm back the operator t s
(...

telephone set is connected. to the test cords so that the loop-

ing test cord may be used for talking on local trunks, tele-

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

wi-th the operator' 8 telephone circuit.
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3.0 DESCRIPTIOI': OF JAJY: SIRCUIT3 AND ~~',UIPMENT

The method of asse1ubling the Jacks in the toll test

board No.5 effects economies in assembly, wiring, and installa

tion and permits easy access to circuits for the purpose of

testing, patching, and maintenance. The jack mountings are

shop mounted on iron frameiNork which is designed to mount

directly on a relay rack framework employing standard drill

ings for 1-3/4-inch mounting plates. The jack mountings,

piling rail, apparatus pc-,nel and terminal strips are assembled'

on the framework and wired in the factory so that the complete

unit may be placed on the relay rack at the time of installa

tion without disassembling. Wiring, external to the keyshelf

unit required in connection with the testing eyuipment, is

provided fOT in the local forms only in positions wpere test

ing equipment is specified. The jack equipment in a position

may be wired for any of the startdard types of line circuit~ 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 Open-Wire Line Circuits

These circuits include the followihg"stan,d':L:d arrange-

ments:

A terminating six-Jack tell llne 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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the 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 equipment such as composite sets, etc. It may

also be used for phantom c ircui t s 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 ordinarily 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 jacks

for superposed equipment on open-wire circuits 'are located in

the same panels With the line circuits. This also distributes

the lines over a larger number of positions than if the line

jacks for all circuits were located together in positions such

'as primary te stboards in cable office s and thus permit s a

larger number of testboard operators to work efficiently

during periods of severe line breaks.

Drawing No. 157-A~16,page 110, shows in schematic

form a terminating phantom group eqUipped with phantom and com

posite apparatus and employing a ten-jack,phantom-c·i~rcuit. A

typical posi tion for these circui~ts is shown on DrawiDg No.

2l3-B-29, page '129. Where jacks <-are not' :;-equired for equipment

in the phaniinm circuit, the six-jack line circuit, Drawing

No. ,213-B-27, page 127, may be used for the phantom circuits .

, ~-

.--., ~. .,. i .• ,-
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Where open-wire lines are equipped with composite

apparatus, the telegraph legs of the composite sets aretermi-

., nated _in .jacks in the same position with the line circuits.

These ,jacks are wired as shown on Drai,ring No. 213-B-30 ,pag?

130.

A terminating phantom group not arranged for com

posite apparatus is shown in schematic form on Drawing

No. 154-A-3~, page 105. The Jack equipment fora typica~

position equipped with such circuits is shown on Drawing

No. 213-B-31, page 131,

Where telephone repeater network Jacks may be re

qUired at the testboard, the jack arrangement is shown on

Drawings Nos. 202-B-63, 202-B-71 and 202-B-92, pages 166, 167

and 168,

The flexibility of jack arrangement of this type of

testboard is well adapted to care for whatEver requirements

may be imposed by future deveiopments. Where carrier tele

phone or carrier telegraph may be required either initially

or at some future time the board will provide the necessary

facilities for patChing, service, etc.' In so far as prac

ticable, the standard telephone and telegraph circuits will

be used. The circuits applying specific.ally .-to'- the, _carrier

systems will be covered in detail t6gether with the other

information issued in the bullet0s. describing these systems.

q:,. ,-'
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3.12 Cable C~rcuit8

Toll cable circuits are more uniform in their make-

up than open-I,vire 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 n~mber of circuits in one position,

In view of this the jacks on toll cable circuits are grouped

in primary testboard positions and secondary testboard posi

tions as explained in Section 1.2. This primary and secondary

grouping scheme provides adequate flexibility fo~ patching

and testing and in addition makes it possible to use eco

no~ically the same testboa~d arrangements at both through re

peater stations and at stations having a relatively large

number of terminating cir"cui ts.

The primary testboard positions are provided for

testing the cable pairs and for patching between the cable

pairs and the line equipment. Each cable pair is wired

through a four-jack cable circuit in the primary testboard

as shovvn on Drawing No. 213-B-32, pag8 .1.;'.:={. "., These jacks
-, .

are arranged in the primary testboard posltions 2,S shown

e . on Drawing No. 213-B-33, page 133..
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The cable pairs are v,ired through the testboard consecut i.vely

in the order of the pair count.

Terminating two-wire circuits are wired through six

jacks in the secondary testboard positions as shown on Drawing

No. 213-B-2?, page l2? These jacks are arranged in the face

of the board as shown, on Drawing No. 213-B-28, page 128'. Ter

minating foux-wire circuits are wired through fourteen jacks

as shown on DTawing No. 213-3-34, page 134. These jacks are

arranged in the face of the board as shown on Drawing No. 213-

B-35, page 135.

Through circuits do not appear at the secondary test

board positions. If equipped with telephone repeaters, the

jacks provided at the repeateT racks, as described in connec-

tio~ with i~~srmation relative to telephone repeater equipment,

furnish facili'cies for testing or patching on the drop side of

equipment such as repeating coi,ls and composite sets. Drawing

No. 157-A-19, page 111, 'shows schematically a typical arrange

ment'of a through two-wire phantom group equipped with telephone

repeaters and arranged for metallic telegraph; Drawing No. 154-A

31 ,page 106, shows a similararrangemEl_nt of a through four-wire

phantom group (one-~alf of a four-wire circuit). Drawings Nos.

154-A"'; 32 , page 107., and 157-A-22, page 112,' show typlcal arrange

ments of terminating two-wire and four:...wirephantom groups,

respecti vely. Jacks. when required""for .. metallic telegraph line

circuits,are located in.separate positions as explained in

Section 3.26.
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Spare equipment such as repeating pails or composite

sets may be wirpd 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 Drawing No. 213-B~3~, page 136.

3.2 Telegraph Circuits

3.21 Telegraph Line Terminal~:

In positions provided for testing and patching ter

minating telegraph circuits and associated apparatus, telegraph

line rerminal circuits, as shown on Drawing No. 213-8-37) page

137, are provided for terminating and testing the telegraph

subscribers' loops) and for connecting the loops to the desired

telegraph repeater or duplex set. The telegraph line terminal

circuit includes a calling signal relay arranged to operate a

signal at the testboard and at the telegraph repeater set.

This relay is differentiallyco~nectedso that it is not affected

by the normal operation of the telegraph circuit but will be

operated when the subscriber 1 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

thesubscr~berfs station or where the Windings of the relay

become separated on different circuits) one winding of'the relay

o is cut out and the relay operat8o on 2 marginal rather than a

differential basis.

line terminal for cOQnectin~ additional loops or single line

TwO series looping jacks are provided in the telegraph

'.J;--,".
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telegraph repeaters temporarily by means of patching cords.

3.22 Telegraph Subscribers' Loops

Telegraph subscribeTs' loops aTe tenninated directly

on the subscribers ' loop jacks in the telegraph line terminal

circuits. Provision is made fOT 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 loops are connected to the

subscribers' loop Jacks of a second telegraph line terminal

circuit. The battery side of the first telegraph line terminal

is then connected to the line side of the second telegraph line

terminal, and. battery connected to the second telegraph line

terminal in the usual way. These connections, if permanent,

are normally made a~ the distributing frame, or, if temporary,

they can b~ made by patching the DROP-2 jack of the first tele-

graph line terminal to the DROP-l j ac}~ of the second terminal.

Where lamps at the duplex or r"epeater tables are Wired to a

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

should be used in connecting telegraph line terminals in series

in order that the laIn}') signal at the duplex table may operate

in conjunction With the signaling apparatus in the second tele-

graph line terminal circuit.

The cont~cts on.the subscribers' loop jacks are

e arranged so that When a loop is te,ken u?for test with the test
.)

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

ing to another circuit, the telegraph circuit will be closed
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through with the loop removed. A subscriber's loop may be re-

moved from the circuit by inserting a dummy plug in the sub-

scriber's loop jack.

A telephone loop for use between the testboard and a

printing telegraph subscriber IS station is 'shown on Drawing

No. 218-B-6, page 162. When the receiver is removed from the

switchhook at the subscriber's station a signal is operated

at the testboard which remains operated u.ntil a plug is inserted

in the subscriber's loop jack to answer the signal. Battery

supply is furnished the subscribeX' from the testing cord used

to answer the signal. The telephone loop may be patched to a

telegraph line terminal circuit for temporary use as a tele-

graph loop if desired.

3.23 Split LOaDs

To use one vlire of a telegraph subscriber's loop for

emergency or temporari service, the split telegraph -loop cir

e:::ui t, shown in Figure 1, Drawing' No. 213-B,..20, page 120, ma.y be

used. The subscriper 1 sloop jack should be patched into the

looping 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 subsc~ib~r's
, . .... -

.operator to use the signalin.g relay in the telegraDh line ter-

minal cireui t. If the signalingfeet\:lre is required, the tip

or ring jaek of the split telegraph loop circuit should be

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

erls station and the signal relay in the telegraph line terminal

given a special adjustment to operate on 2, ma.rginal basis as

described. above.

3.24 Po2.ar Duple.x Emd Telegraph Repeater Circui ts

Polar duplex sets and terminal repeateis used in

connection with grounded and metallic telegraph systems, and

voice-frequency carrier and high-freauency carrier telegraph

systems are ~ired to jacks in the telegraph positions as shown

on Drawings Nos. 213-B-38, page 138, 213-B-39,page 139 and

213-B~40,.page 140, respectively. These jacks are normally

wired to telegraph line terminals for connection to the sub-

scribers l loops 80 that patching cords are not ordinarily re

quired. Where special arrangements or changes in layout are

necessary, new telegraph line terminals or telegraph equipment

are Ieadily substituted by patc~ing cords.

Telegraph subscribers' calling-in-signals at telegraph

repeater sets and duplex sets are wired .through th~ jacks asso

ciated with the set to the telegraph line terminal.so that the

signal is patched ~utomatically whenever a set is patched,

The jack~ for telegraph line termipals, telegraph
~' '"'1... '"

repeat~rs, etc., are located in the testb6ard as shown on

Drawing No. 2l3-B-41, pagel41.

3.25
v

Sin~le Line.Reppaters

Single line repee.ters are normally connected to sub-

scribers' loop jacks in the telegraph line terminals. Spare
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as described in Section 3.12 for patching in case trouble

develops in the line equipment.

3.3 Trunks and rUscellaneous Circuits. -

3.31 Talking Trunks

Talking trunks are provided to slich locations as

the testboard operator may have occasion to call. These trunks

are arra.nged for multipling to the different testboard positions

and ordinarily appear in positions equipped with voltmeter

testing equipment or telegraph testing equipment since cords

adapted for talking on the trunks are available only in these

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 prqvided at the testboard which may

be multipled at one, two or three positions 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 truDks are wired alike. The relay equipment

required for the various types of trunk circuits differs depend

ing on the service and is covered by the~olloWirrg' drawings:

Type of Trunk

Two-~ay Ringdown Trunk or Trunk
to Step~by-Step or Panel Machine
Switching O£fice

Trunk to Toll SWitchboard No. 1 Incom
ing Automatic - Outgoing Ringdown

Drawing No.

213-B-46

213-B-47

Page

146

147
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Type of Trunk

Trunk to Toll SWitchboard No.3
Incoming Automatic - outgoing
Ringdown

Trunk to Local Manual Exchange or
Official PBX

Trunk to Tali Chief Operator's or
Assistant Toll Chief Operator IS

Desk

Telephone Line to Main Distributing
Frame

3.32 Interpositioh Trunks

Drawing No.

2l3-B-48

2l3-B-49

213-B-5l

2l3-B-52

Page

148

149

150

151

"'.,' :;

~,"\-."",.-,.'

For interposition patching purposes, trunks are pro-

vided between testboard positions as shown on Drawing No.

2l3-B-53, page 152. These trunks can be used for the patching

telephone lines, composite sets, telegraph circuits, 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-l, page 157.

3.34 Ringing Circuit and Trouble Tone Cfrcuit

Leads for the supply of20-cycle ringing current for
'vtoll testboard No. 5 are wired as shown on Drawing No. 218-B-2,

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

cycle is covered in bulletins on these ringing systems.
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The interrupted low-tone circuit for offices equipped

with motor-driven interrupters is shown on Drawing No. 218-B-3,

page 159. Where no motor-driven interrupter is available 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 the test board is associated with a switchboard.

3.35 . Test Line to Main Distributing Frame

The test line to the main distributing frame shown on

Drawing No. 218-B-5) p·age 161, can be used in offices where all

lines entering the office are not looped through the toll test

board and where it is desired to gain access to these circuits

at the main distributing frame for testing purposes.

3.36 Combined Composite Set Jacks

Where combined terminal and intermediate composite

sets are provided and it is desired to provide facilities for

converting them quickly from terminal sets to intermediate ~pts

or vi ce versa) j ack2 as shown in Figures 7 and 8, Drawing

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

5 and 6 of the drawings show the arrangement of the correspond

ing jacks for combined terminal and intermediate composite
>. "balancing sets.

~",-::.,h2",.• ;;;r:1i-~ ,-'¥ ....~ ....",,!I'!i!!h-,I""'"
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(4:~() OPERATION OF TESTING EQUIPMENT.

The teeting circuits of the toll testboard No.5 are

provided for the rur-pose of determining the na.ture and location

of troubles o8curring in the toll lines outside of the office

and in the apparatus ~ssociated with them inside the office.

The testing equipment includes a volt~eter test circuit, a

Wheatctone bridge test circuit and a telegraph test circuit~

ras described in Section 2.

The type of testing a~paratus provided in the No. 5

toll testboard nermits a high degree of accuracy in the location

of faults on ca.ble circuits UD to 60 miles in length B>nQ on

open-wire lines up to 200 miles in length. The ~ethods of making

the various tests required for locating the more common faults J

are described below. The accuracy obtained in the location of

a given fault depends to 8- cOrlsiderable extent on the complete-

ness and accuracy of the "line records, . the procedures followed

in making the meE'"surements mads and on the interpretation of

the results.

In taking up a line for test, care should be taken

not to connect testing ~3.ttery or ringing current to the line

when linemen or cablemen are working on the -lin&~~fore notify-
• 0, .,...,.

"

ing them. When inserting ~he test .plugs all keys should be

normal and the battery key should not be thrown before notify
v

ing th~ lineman if he is on the line. The shunt should be

operated only long enough to make the necessary tests and

should never be left in an operated position as this may

result under certain conditions in ro~id deterioration of the
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testing battery.
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Where resist~nce 0n~alances are suspected in line

9. ' circuits not carrying grounded t'elegraph circui ts~ .care should·

be taken not to connect a high voltage testing battery to the

circuit until after a low voltage metallic Varley measurement

has been made with the Wheatstone bridge. If the high voltage

testing battery in the ~oltmeter~esting position or the Wheat-

stone oridge ~6sition is connected to the circuit the resistance

unbalance,. if due to a poor connection, .may temporarily disappear.

! (4.1'1 Methods of Using the Vol t,neter Testing Circui t

The voltmeter is used to determine the nature of the

trouble existing on the line, th~tis, whe~her the line is open)

grounded, short-circuited, or crossed with anot~er line or ~ith

a foreign potential·, The us~al volt~eter tests may be clas~i-

f·ied as follows:

1.' Continuity tests.

2. Tests for grounds.

3. Rough resistance measurements.

4. Tests for insulation resistance and leakage,

5. Tests for crosses.

6. Tests for foreign or earth potentials.

Simplified diagr'ams of the circuit arrangements for
- ..... -.

the vari'ous tests made with the voltmeter are shown 'on IP~~,::-~I~g;~

(j~~.~::~.?4-A;:i.i,~:..~p~g~.)QQ) f 0.3 e
v

2. COLi}}) Continui tyTests

In making acontihuity tEst, the operator plugs into'

7-.1"'\"-' i· ...
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the line with either the left or right test cord with all keys
"

normal to monitbr for a moment. If the line is not busy, the

~ oper8.tor should proceed IIT i th the test by operating the BATT. ON

key which applies positive metallic testing battery to the tip,

as shown on JiS-rav-;:ingNo .-154-A-l?J pag~\}OO\ Figure [61 The te st
\ . _.. _... _. . .... ,....:.... .-'" _.~_,_._"~." .. _~_._.. , ·r"·-----· ."

battery may be reversed as shoVTn in FigureL7_\ by operating the

REV. BATT. key. The tip and ring may be reversed by operating

the REV. LINE key. If the external circuit connected to the

tip and ring conductors is open, a momentary throw may be ob-

ser ved Vii th a subse quent low or zer 0 rectding. If the c ir cui t

is closed a steady deflection will be noted.

Since non-grounded battery is used in making the

above continuity tests, these tests should always' be followed

bY,tests for grounds.

3 [j~i21 Tests for Grounds

In testing for grounds, either test cord is plugged

into the line or drop to be tested and keys operated as shown
-'\ ':- ". ------- ._--"..,,-_.., ,

in Figure t~J or \~.Q) TDrawing No. l'54-~=_~?~J page !~02~ depending

upon Y'hether the ring OT the tip is to be tested. This pla.ces

either the tip or ring conductor in series with the voltmeter

a.nd. te st ing battery. The polar i ty may be rever sed by operating

the REV. BATT. key and the tip and ring conductors ma,y be

interch~nged by operating the REV. -L~NE key.
, v

Tests for Crosses

Tests for crosses are u8uall~ mads ~ith the single

cords associated "':'ith test cord "BII by connecting one of the
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cords to the faulty v;ire and cOTI:lectlI1g the·' other cord momen-

. tarily to wires suspected of being crossed with it. Circuit

arrangements as shown in Figure s 1§]I:7] orf,$,), Y~rav~~~&~~9-:_-~_,~"~~,~~-~?j

pageLloo] may be used. ;',. cro 3S bet'Heen conductors l<nown to be
. ---.....

open at the distant end will be indicated by a deflection of

the voltmeter. An indication of the resistance of the cross

may be obtained by operating the SHUNT key which converts the

voltmeter into a milBmeter with a low or zero reading on high

resietance crosses or leaks.

Tests for Foreign Potenti~ls "

For this test, either test cord is used with all keys

normal. This arrange~ent places the voltmete~ ~irectly across

the test 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.

lt4~i5J Holding

When the key of a test cord is thro~n back to the

HOLD position, the cord is disconnected from the voltmeter

testing eqUipment and connected to a repeating coil ~hich illay

have aS20ciated with it signaling apparatus "r-e,sRonsive to 20-

cycle, l35-cycle and 1000-cycle signals and the secondary of

which is connected ·to interrupted low tone as sho'."'n in Figure [?",1
v ~

The cord may then be used as

a holding cord for linemen or distant testboards to ca.ll in on,

the tone serving to identify the circuit and the signaling

apparatus providing :.l ringio,m Sl[nal.

.~ .J.-.~~<__ "~_,_'-
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The operatorls telephone circuit is riormally connected

to the test cords for' mcni taring as shovm in Figure GJ ~:~~~I~gl

L"~~~:~.~~~4.=~~.~-~,J page ~jlOQ\ When the TALK key is operated the con

sections 'jo',; changed for talking as shawn in Figure fi] The

telephone circuit may be disconnected from the test cords by

operating the TEL. DISO. key.

The telephone circuit ~l1ay be connected ta a cord used

for holding by operating the TEL. ON HOLD key. The operation

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 battery may be supplied on either the test

cord or holding cord by opere.ting the TALK. BATT, key.

When monitoring on v'orking telephone circuits to

determine their condition, a test cord may be used and the

OPEN 3RD key or the HOLD and TEL. ON HOLD keys operated, Either

of these conditions opens the sleeve circuit GO that the bUSy

siE"lals at the toll swi tchbo:ud will not be operated when the

test cord is connect~d to the listening jacks~

- ~'·t:(i71 .Ringing

NOIUJall 20~cycle ::'111ging current' is connected to

~ . the ringing keys but a switching key is provided for sub-sti-
',,~ .

tuting 135 cycles or 1000 cycles when desired, When the RING

ON TEST key is oper8ted, ringing current is supplied to the

test cords 1f the TEL. ON HOLD key is normal, and to the

" .;." ~.. ,
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holding cord if the TEL. ON HOLD key is operated.
, I.'1 L4.18.1 Use of Connecting Cord

1~he connecting cord can be used in connection with·

the telephone set but can not be used with the voltmeter. It

is a double-ended cord and is provided with a ringing key so

that ringing current may be connected to either the right or

left cord. When the TEL. ON ·CORD key is operated the operator's

telephone circuit is connected to the corinecting cord for

monitoring as shown in Figure 4. If the TALK key is also

operated the connections are changed for talking as shown in

Figure\i~ Talking battery may be supplied as shown in Figure

3) by· operating the TALK BATT. key. When the TEL. 01 CORD
,

key is operated the telephone circuit is disconnected from the

test cords and holding cord.

A 30-cycle relay is brIdged acroSs the cord mainly

for receiving clearing ou~ signals. The sie;nals are restore.d

I..ly operating the TEL. ON CORD key.

In machine switching areas a dial may be associated

with the right connectin~ cord. To diel a subscriber the right

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

machine switching office, the DIAL RIGHT key operated and the

number dialed in the usual way. The clial·key must be-restored

before the testboard operator cant~lk to the machine switching

subscriber. A retardation coil is'-bTidged p.crossthe right

connecting cord in such cases to hold the connection after the

dial key is restored. This coil also serves to trip machine
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ringing vThen answering c~lls incoming from the machine switch-

ing office.

Series condensers are provided in the tip and ring

conductors of thc connecting cord so that the left cord may be

used for connections to trunks where it is necessary to avoid

the bridging of a direct-current path across the circuit on

account of interference with supervisory signals in cords or

trunks at the toll switchboard.

~ 4 ...., /\ t)\,.~ I Methods of Using Wheatstone Bridge Test Circuit

The Whea.tstDne bridge test circuit is used in the

location of faults after the general nature of the fault has

been determined and the fault localized. The Wheatstone bridge

tests which are usually employed in locating faults may be

cla.8sified as follows:

1. Loop resistance measurements.

2. Single wire resiGtance measurements.

3. Insulation rcsistance mCELsurements.

4. Varley loop tests.

5. Murray 10'Jp tests.

G. Open-location tests.

Simnlified diagrams of the various tests made with the Wheat-

stOl1f~ bridge arc shovm on [~i~~T~~~~i-,·c~?,~~···i·~:~;A;~g_.J~~ge~1ig.~.J

~. One Wheutstonc bl'idge ma.y be ~SGl)ciated vrith sevcrCil
Iv

voltmeter test positions. The Wheatstone ~ridge ma.y be con-

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

te st ing circu its with viThich it is c: 8 ~,oc ieted by operat iEg the

~-
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proceed with the "il1heatstone bridge measurem~nts as described

below. In general it will be desirable to use the single cords

associated with test cord "En vrhen making Whcntstone tridge

test s.

11 '-'[~':'2il Loop Resi stance Meacurement

In making a loop resistance meELsurement) the line or.
,

pair to be tested is connected to the Wheatstone bridge test

circuit as outlined above. The battery key in the Wheatstone

bridge position is then operated to the 6-volt or ISO-volt

position which connects t~sting battery to the bridge and a.lso

lights the galvanometer scale lamp inside the bridge as indi-

cated in Figure I~1\.p"~·~~r_i.~~g No·~·.-·:·i~~;I~=?9] page [loj] The

IIMultiply By" dial is set at the desired point and the rheostat

arm, (the fOUT dials on the right) I is adjusted until no deflec-

tion is obtained V',rhen a galvanometer shunt key is depressed.
. "'.

No means are pro~iicd fGI ubiL~ a vQltm~t~r0r·oth8i·~xternal
r

instrument in place of the galvanom~ter while obtaining a pre

liminary balance and, therefore, tke .001 shunt key should

always be used until an approxim8.te balance is obtained. A

hip'hsr shunt may be employed as the balance becomes more
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8xact, until the most satisfact8ry bal~ncEposRible i o obtained.

\1-t~· Sirwle Wi.1.c. '1.esistance J:vlC:(iSUrements

Single v~rire re8i8t:-~11L:E mensurements ar'e made in the

same way as loop IGG.istance me2surcments) except that a ground

return is employed, The Sii'lgle viire to be tested may be prop

erly connected to the bridge circuit by throwing the TEST TIP

or TEST RING key, as the nature of the trouble may requirE:) the

distant end of the circnit to be me2"sured also being grcunded..

Single Fire resistance measurements should be used only in the

event tha t a loop or Valley m~arurement is iropo 8E' i 'ole, 'oecaus\

large errors may be expected as a result of ground potentials~

high re 8i stance between the fault and ground, or both.

13 4:'23] Insulation Resistance Ifc8surements

Insulation tesistance measurements arc made With the

same circuit set up as sing18 wire measurements except that the

distant end is opened, the leakage-to-ground serving as return"

path for the ctrcuit. nie ratio disl 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 require.

Similarly the insula.tion resistance be.tvieen conductors

can be measured 1I.,,-i th c:m ordinary loop connect ion,. the loop be ing

open excent for mutua.l Ie J..l<ago.

11+"1. ~~.24. Varlev I,ooO Te st 8
I

In making a Varley 100D measurement, the connection

is set up by operatin~ the VARLEY key Rnd operating the battery

ksy to 150 vol ts or Gvolts, as Gho\1-n in Fic~ureT2~~~;in~~J
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-INo.<~'~~.4~:~.=~9J page \iQ2~\ The IIHul t iply By If dial should be se t

on 1 and a balance made in the same way as for a loop measure-
1

ment. 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 thebrldge to the line with tip-to-ring and

ring-to-tip, in order that the ring of the bridge be connected

to the side of the line or loop which has the largest resistance.

The so-called IIReversed Varleylf measurement is made

with the "Multiply Byll dial set on Gome value less than 1. The
1

measuring procedure is the same as outlined for the regular

Varley measurement, although the analysis of the results is

more difficult.

The metallic Varley test is made exactly as described

above, except .that a metall ic r\3turn line 11 XII, as shown in
-'1

Figure WiG patched into ·the IIVarley and Murrayll jack. In

making metallic Varley measurements to detect resistance unbal

ances, care should be taken not to throw the battery key to the

l50-volt position before making the measurement.

J ;··t4·-'-2-~J Murray r,OOR Te st s

Connections for the Murray loop test are set up by
..,.

operating the MURRAY key and throwing the battery key to 150

~ , volts or 6 volts- The circuit for the Murray loop test with the

line normal is shown in Figure [~j LE~-~~--~~~-=.r~·~.~_~~.f~~~~--~_(~Jpage ri~~l

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

Figure 9.

The metallic Murray loop test is made in the same

·,r·i!'<T~ ,
'.."_ .. ,,'
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way ~s the tests described ~bove, except that,in a~dition, a

metallic return line IlX" is pa.tched into the lIVarley and Murrayll

j ac.l<, as shown in Figure JIg]
A reverse ~,1uTray is obtained by connect ing the good

wire to the ring.
,'-.--- .. T

'ib (4.26 i Cpen-Loc3t ion 1'8 st s

1I0pens" are ordinarily loce.ted by comparing the capac-

tty component of tile iJflpedance to ground of the vlire in trouble

with that of a geod wire of kno~n 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 ratio ~rm and the

rheostat as the other ratio arm. The impedance to grop-nd of

the wire being measured ond the 1 mf. condenser in series with

a variable resistance (the condenser arm rheostat) form the

other two arms of the bridge. These connections are shown in

Figurerii1 [?~:~~ri~~~~!~,?~.:"-"154-i\-20 page f.io,~~ The condenser arm

rheostat (the three dials on the right, IDra.~l~ng NtJ."219:-13::_§_~"~j

-L~~~~-._,,~_?-~}, in serie.3 With the 1 mL condenser permi ts obtaining

a phase ba.la',1ce which is necessary for an accurate locat ion.

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

.balance.
-'- ""l...

In making an open-location test the wire to be measured

is connected to the ring side of the bridge.. The MURRAY and OPEN
v

LOCATION keys are operated and the EULTIPLY' BY dial set at 1111000.

The battery key i3 o~erated ~o 150 volts or 6 volts, the conden-

ser arm rheostat set at zero, and wi th the PliASE SHIFT key

,- . ,--,.<' , .~/-,.' -.~ .. ,'-. (- -,
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normal, the rheostat arm is adjusted until ~~ approximate balance

is obtained. The PHASE SHIFT key is then operated and the con-

dense~arm rheostat adjusted until a balance is aga,in obtained,

leaving the bridge, rheostat set at the point obtained on the
,

previous'trial. The PHASE SHIFT key is then restored and the

bridge ~heostat again adjueted. These 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 proportional to the

setting of the bridge rheostat and the values obtained in the

measurements on a good wire and on the wire in trouble are used

in calculating the distance to the fault. The condenser arm

rheostat is required only to secure a phase balance and its

value is not required in the calculations.

11'[F~~J Method of Using Telegl'anh Test Circ1.!i t

The voltmeter t~sting ~quipment in the telegraph test

circuit is terminated in tip, ring and looping cords and is

used in testing for continuity, crosses or grounds in telegraph

subscribers' loops and in determining the'polarity and potential

of voltages in the various telegraph circuits and battery taps

appearing at the testboard. The milameter is used in checking

and adjust ing the current in telegraph circui ts. The~ usual

tests made With the telegraph test eireui t may be classified'
. ,

as follows:

1,' Ourrent measurements.

2. Measurement of line potential.

3. ·Test of "home battery."

4. Test of t1distant battery.. 11
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,~. :l

5. Potential measurement of t81egraph test battery.

6. Test of telegraph drop.

7. Test of telegraph line.

8. Telephone Set.

Simplified diagrar.~s of the various tests are shorm on Drawing

-\~~~~c~~~:~;A~~§iJ page \104)
, I ~".) 4:31\ Current Mee-surer.1ent s

The milameter winding of t110 volt-milameter is

normally wired to the test cords ~o that current measurements

may be made Without operating any keys by plugging the lobping

test cord into a looping jack or by'connecting in series with

the circuit by means of the single test cords.

Current measurements may be made with ~ooping cords

of telegraph test set No. 1 or No. 2 by ope~ating the MIL-AM

ON 1 or MIL-AM ON 2 key. When a telegraph test .set is used
--~ ,

for current measure ment s as shown in F-igure Q.3 Drawing No.

rr~~=-~:::'2!J ;age liQ.1J the c·ireui t include s a lOO-ohm re lay winding.

f q 'r~~)~j NleasuH;rncnt of Line Potential

Care shc'uld be tc.::ken in ta~nng up a telegraph circuit

for voltmeter tests to insure that the circuit is not in opera-

tion,for the high resistance of t!-;c voltmeter winding will

interrupt the telegraph service if oOfinceted. in series with the

circuit. When it is desired to measure ihe potential across

the telegraph line and droD th~ looping test plug should be
v

inserted in the looping jack of the telegraph line terminal

and the vol tmeter windi ng connected in series 'wi th the cireui t

as shown in Figure ml~~-~~,~_~§~~·~~~~-~~-l~~~·A~~~ page\[.iCi?]by
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throwing the TEST key.

~L tl [4·~-33 J Test of !lHome Battery"

~ The pote~tial of this battery may be measured by

throwing the TEST ''Jud 'TEST RING keys. This opens the tip and

connects the voltmeter across ringnnd ground as shown in

Fi[ure L~J ,The voltmeter reading will then indicate approxi

mately the potential of the battery connected to the battery

jack and through the subscriberls loop to the looping jack of

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

tion will indicate the polarity.

'J,. 1 t'4:34'/ Test of 'IDistont Batteryl!

For this test the looping plug is inserted in the

looping jack of the telegraph line terminal or a 'duplex line

jack} the ring side of the testing circuit is opened and the

voltmeter connected to groillld in series With the tip by throw

ang the I'ESJ and TEST TIP keys as shown in Figure I]] The volt-

'meter reading will then indicate the potential of the battery

at the distant end and the direction of the deflection will

indicate the polarity.
""'·'1

)... t.,...-L.?43.5[ Poten.tial M,easurement of Telegraph Test Battery

r The potential of the telegraph test battery may be

measured by operat ing the TEST ane. SHORT keys vyhtch-short-cir

cuit the tip and ring tnrough the voltmeter. If the + BATT.

(;l .,r - BATT. keys are then operated tJJ.e voltmeter will indicate

the potential and polarity of the battery under test.

", f"·.'·"""··· ";~ ..
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"I
and 191
"."--~~--~,..,.,-"••,,, •._,- •..I

lJ-L~~~§{ Test Line

This test made with a telegraph test Gst can be made

_ by inserting the looping plug of telegraph test set No. 1 or

No. 2in the listening jacks of a telegraph line terminal and

applying + BATT., - BATT. or GROUND in series with the telegra.ph
r\._.•." .."._ "

re~ay as shown in Figuree \~?_~ ",:t,?
1£1 1'4':"3'77 Test Drop

This test is the same as the line test except that

the connections are Bet up to test the ring instead of the tiD.
_..-<--_._~ ... _'- '-'---'"~"'.'- .,. 1

The connce t ions are set up as shown in Figure s 14, 15 an~l ..~~)j

IDrawin~",~~ ~_~__1.,~~;A.;?i{1 DugsliQ~*~.\
-----" '-~).,Sr4:·38} Telephone, Set

The operator's telephone circuit Ci.,n b~ connected to

the test co rds as ShOV'iIl on FiguI'e r~J by thro';,Ting the TEL. key.

It in ~ddition to the TIL. key, the TALK BATT. key is operated,

talking battery may be Supplied as shovm in Figure fiaJ Ringing

current can be applied to' the test cords by throwing the TEL,.

and RING keys.

'.

': '
''!-.4 Patchinp: ('ords,

PQtching cords are provided so that circuits termi-

nating in jacks at the testboard may be connected to circuits

:::::u:h::n::O:: ::::h:::C:O:::Ya::ec:::::~~~~i:~:c:'::~:~~~l
connection with toll testboard No.' 5 are shown on Drav,71ng No. I

163. r';h~-- shells o~:·~~~"-t~~~"'·~';-~~b~'·~~~~-~--~~'"-~~·;---~
-'<-~~~_._ft._,:.__~~. ._.... .... _ .

side knurled and the ring side plain.to enable the operator
"
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to distinguish between the tip and. ring ',viro tr~rminals of the

plug. When inserted horizontal~y tho knurled edge is normally

_ turned tow8:1'd the left and v.1hen inserted vertically the knurled

edge is normally turned toward the top.

#. Cordless plugs are provided for certain special uses .
.,;, 1.41- c::. .

Plug }.5t.:~T j.s used f~r ,~l:.o rt-cireui t ing 1 ines, drops, composi te
4.,::1 J - P.>

sets, etc. FlugJr~E~D is used for opening both sides of a cir-

cuit or for patching out line equipment by insert.ing two of - T::i.
I(,j-p

these plugs vertically in the line and drop jacl<s. Plug \I'JI~

is ·used for opening signal wires, etc'.J Plugs IIGII: and IIHllmai)

Lb~'~sed as requiredr"'A black shell on a cordle S8 plug indi-
_ , .,..... .... _ , ~. .j

cates that. the ring and tip of the plug are strapped as in

plugs liE 11 and "}P. A red shell indicates that the tip and
•..",.......... " ..,....'...,

ring are not strapped, ras~·:·.~·~~..~X~1}}CST~~~~:,"~::9: ....~~9~ ..~j

other apparatus or ciIcni ts v,here the tip and ring conductors

used pr inc i pall y in c unnect ion VJ i th te lenhone repeater's

to cord 113 11 except tha.t the sleeves of' the plugs are connected.

Cord "B"

is used for

necessary to patch the

as a grounded telegraph line

desired to patch the subscriber1s

S\lch

the case of telegraph subscribers' loops) tele-a.s in

Cord I1CII is used r:here it is

_c .... ·Cord·1iA11,· Drawing No.218-B-7, p3ge 163,

are wiI"E:d through adja(;~nt jack8.~..> Cord liD" .is used similarly

is. used for patching telephone circuits, line eEJ.ui.pl~1~nt, or

signal along With the telegraph repeater set, etc.

graph repeaters where it is

conducto"

circuit.

conductor connected to the sleeve of a jack along with the tip

/ ...."--:

!patching a single cJnduetor
I

I
I
I
\.

\
\.
\ It iE
.\

\



red patching cord indicates that the sleeves are cODnect~d.

Resistance plugs as shown in DraV':ing No. 38-Y-1468 are used

c2,"'ole pair to a metallic telesraph circuit. Cord ilL" is used

·i···--l

I
\

i
!

I
!

J

50

for line terminations in transmission ~esting.

REFERENCES:

only at the distributing frame. A vihite patching cord in

dicates that the sleeves of the nluO' are not connected and a• b

Bulletin No. 2~S

where three-col1ductor patches are sometim8S required. Cord

"K" is used for certain special pe,tches such as connecting a

I
(

Bulletin No. 138 - Jack and. Lamp Socket Ivlo'J.Iltings
for Use on Relay Racks.

Bulletin No. 214 - Wheatstone Bridge per KS-30ll.
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