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Description and Oueration of #4 Test Boards 

nr,n SI OlT PLANT SU?SRINT3NDENTS: 
DISTRICT PL.ANT SUPZRINTfil.."'"DENTS: 

These instructions describe the equipment and circuits of the j/4 test­
board and the tests which may be made with the testing.equipment. 

-1. GENERAL 

This bulletin is issued for the information of those who will operate 
the standard #4 testboard. Theory sketches are included in the text 
to aid in the explanation of the circuits. If specific information 
regarding details of the testboard assembly or circuits is desired, 
tpe· drawings under which the installation was made should be re­
fe·rred to. 

Only the latest standard arrangement of equipment a.nc1 circuits are 
described herein. The explanations and de scrip ti ens, ··.however, may 
be applied with a few modifications to #4 testboard equipments, which 
have been installed with circuits which differ in detail. from the 
latest standards. · 

-2. ASSEMBLY OF EQDIPJ,,LENT 

No. 4 testboard provides facilities for terminating and testing toll 
line circuits, phantom sets, composite sets and simplce sets. It is 
:uso used _for terminating and testing duplex telegraph sets, tele­

graplL repeater sets, L.orse subscribers' loops, telephone loops and 
lforse battery taps in offices where the amount of telephone eq~_:i._p­
ment_ is not suffipient to require a separate board. 

a. Sections 

No. 4 testboard is made u:-9 in one-position and two-position 
sections. The sections are so designed th2.t they will line up with 
each other end to end or with standard #4 1.forseboard sections. The 
sections are arranged so that they may be equipped either as test­
boards or as combined test and l~orse boards. ~lhere complete sec­
ti'ons are ·equipped as separate Lorse boards, the general arrange­
ment of the eguinment will be somewhat differ~nt from the testboard. 
This is descr1bea in a separate bulletin. 

b. Face Equipment 

The j2.cks fo·r tl1e toll lines, tt'unks, ph2.ntom sets, composite 
sets, simplex sets, polar duplex. circuits and r.1iscellaneous circuits 
1re mounted in strips of 10 or 20 in horizontal rows. These unit 
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atripa of jaoke &re arranged at the testboar4, in such a manner 
that the aasooiatad j&oka ot each circuit t'or& a vertical line. 

c. KeYfthelf Bguipment 

A keyahelf 1• provided for land 2 position testboard sec­
tio~e on which are located oorda and pluga, key■, testing instru­
ments and Morse testing aet■ • 

Yigure l ahowa the arrangement of apparatua on the keysbelf of a 
l~ei tion section of testboarcl. 
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The ·keyshclf equipment of a 2-position section is made up of 2-
groups of equipment similar to the 1-position section except that 
only one Vi/heats tone Bridge is provided for the two keyshelves. 
The · bridge is lo .. cated in the right hand keyshelf, and accordingly 
Figure 1 may,,.b"~ - considered to represent also the right hand key.;. 
shelf of a 2-position section. The location of the bridge as shown 
makes it convenient of access from both positions. 

3. DESCRIPTION OF CIRCUITS AUD APPARATUS 

a. Testing Equipment 

The testing equipment associated with 1-position tcstboard 
consists of 

1 Testing circuit made up of test cords, keys, voltmeter, -\Vheat-
stone Bridge, telephone set and ~orse set #1. 

1 Connecting cord circuit 
1 Morse set -#2 
1 M.orse set #3 

The operation of each of these circuits is described in the Sp.Il'le 
order as listed above. 

(1) Testing Circuit 

Figure #2 shows a schematic of the tosting circuit,with 
cords, keys, telephone sets, Wheatstone bridge, · and Eorse set #1. 
The letters F and Bon this figure adjacent to the keys refer to 
the position of the key with reference to the tcstboard operato~.­
"F" means the key is thrown toward the operator and "B 11 means the 
key is thrown away from the operator. · The words 11 forward 11 and 
"back" arc used in the following explanation corresponding respect­
i vcly to the "F" and "Bn positions of the keys. 

(a) Test cords 

Four test cords with twin plugs and four single 
test ~ords are provided in connection with the testing circuit 
shown on Figure #2. The shells of the twin plugs have the tip 
side kn~rlcd and the ring side plain to enable the testboard operat­
or to distinguish readily betvreen the tip and ring side of the cir­
cuit. When inserted horizontally the knurled edge is turned to the 
left and when inserted vertically the knurled edge is turned toward 
the top. Each of the four sets of cords is provided with a test 
cord key so wired that when the keys arc normal the tip and ring 
terminals of the plug arc connected to the busy test winding of the 
telephone set, as shown in Figs. 3 and 4. 
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·etept,one Set 
.-~ nductoo,,Coo --, 

~ 12!,'! 

· , .. J rf~,.-, 
~ i '. ~ 

R'ece1ver ,so-
f'IGUAlt" 

Busy test with busy test "'"'Y· All keyl,.,,..,..., 1>1u9 not ,nse,ted ,n ;acks 

fhi• perm1 te the operator to obtain a bua7 teat in the \I.Bual aumer 
on either line, droJ, or li ■tening Jaok• without operating any key■• 
If a teat oord key 1• operated the buay teat will not. be obtained 
on the uao cnated oord., 1>ut the buay test on the other cord■ w111 
not be ~f'ected. 81nal,e plug• are prortded la connection with teat 
cord■ •c• and•»• to facilitate testing tor croa■ea and t.o enable 
the teat boa.rel operator to teat on aplit paira when •••ired. The 
■ingle teat cord■ are alao uaed in making 09en•looation test■ de­
ecribed later. 

fh• teat, cord• are arranaecl ■o that they 111&7 be uae4 independently 
Of each other, that le, cord •A• JUi:T be u■ed tor teating the line 
while cord "B• 1• beinc u■ed tor talking and cord■ •c.• and •»• tor 
holding. When more than one test cord. 1• in u■e care ahould be 
talctn to aee that each lcey 1• in the proper position to prevent 
conneottng the ditterent oorda together. Wh.n the teat board o~erat­
or 1 ■ testing on cord •A• RDd talking on cord •B• the operation or 
the telephone key Bo. 3 d1 ■ oonneot■ ~h• telephone ■et f'roa oord •'B• 
an4 conneota lt to cord •A• as ahown in Fig. 5, thua making it un• 
neoeasary- to change oorda or operate additional keya. 

Receiver 

R 

2M.F. ~IGURE 5 
Talking. All keysnarmal. Plug Inserted in jacks. (Or key A.B.C 

or D thrown forward or key3 thrown back.) 

tn tak1ng up a line for teat, one of the regular teat oord• ahould 
be used• the bu,y teat being -de before inserting the test plq. 

The test plug ahould first be inserted 1n the line Jaok■ in order 
that test.a aay be made to deteralne the nature of the trouble -on 
the line and whether the trouble exl•t• outside or 1naide the 
off.Lee. The bat.tery on the sleeve of the test cord then operate• 
a relq in ~he toll circuit which di ■coanecta the line relay and 
opera.tea the busy signal■ at the toll awitchboard. 

The insertion ot the test plug in the line Jacka operate• a r61&7 
in the ■leeve of' the teat oord which connect• the telephone ~eta 
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across the line, as shown in Fig. 5 so that the usual talking, 
ringing or lietani~g tests may be made. When the key aseociat&d 
with the test cord is thrown, the tele~hone s9t ia disconnected 
froiu that part.i cular cord but tho connection to the other cord ia 
not affected. When a test cord key is thrown the telephone set 
may be disconnect-ed from the other test cords and connected ~o the 
a.ssocia.ted c01~d by throwing key No. 3 of the testing circuit for• 
ward as deocribed above. Condensers are connected between the 
telephone set ~nd the testing circuit ao that the telephone set may 
be bridged across the line without interferin~ with the testing cir­
cuit. except when an open-location teat or a capacity test with the 
voltmeter 1• being made. Thia enables the teat board operator to 
11 st. P-ll and test on a line at the same time 1 r he desire■• 

If in addition to inserting a teat plug in the Jacks of the line 
circuit, key No. 8 ie thrown back. talking battery may be supplied 
to any or the teat cords which a~e up, as shown in Fig. 6. This is 
intended for supplying talking battery to linemen equipped with 
common battery hand sets or telephone loops equipped with common bat­
tery subscribers• sets, but ie not int.ended for supplying talking · 
battery to common battery subscribers• lines. 

(D 24 volt battery 
used where 48 volt 
is not available. 
(I) For 24 volt batt­
ery this resistance 
f<:260~ · 

f'IGURE 7 
Talki~ battery ontett cords. Test cord key 

A.B.C or D thrown forward.Key& thrown forward. 

Then a test cord key is thrown forward talking battery may be sup­
plied to the aeaooiated cord by throwing key No. 8 forward the cir• 
cu1t arrangement being aa shown on figure 7. 

Ringing current may be connected simultaneously to all or the te:Jt 
carda which are up, provided the teat cord key• are norwal, by 
throwing key No. 4 forward. When a test cord key ia thrown for• 
ward, ringing cuTrent may be connected to the aaaociated cord by 
throwing key Bo. '3 rorwo.rci• the c1rcw.t arrange~ent being as ahown 
h1 y1 8• a. 
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:;,.;..-..: _ _____.,_;i_.__ __ 1> ffi~75 V 

FIGURE 8 
Rinainq. Key4 thrown forward(or test cord key A.8. 

C or O thrown forward and key 3 throvm forwcrdl 

OT'-'------~ ----o-11c: _______ ~ 650~ ~ :; /~-
FIGURE 9 

Monitorinn Kev.d. thrown back. PIUQ inserted in iacks 

Whm key No. 4 of the testing cireuit is thrown back the induction 
coil of the telephone set is disconnected from the circuit and the 
high i~pedance receiver in eerie■ with condensers, is bridged 
across the circuit, as shown in Fig. 9. Thie gives a maximum re­
~eiving efficiency and eliminates such noise as may reach the cir­
cuit through the op era.tor's. tra.nsmi tter. It is intended to be 
used when the operator deairee to monitor on a line, or when it 1 ■ 
desire4 to eliminate the side tone in the operator's ■ et when 
li atening on a line for noi •••• etc. It ie not desirable to pro­
vide a battery eutout key at the tostboard for openi~g the trui■-
m.tter circuit to elid.nate the side tone when making these listen­
ing tests. 

It should be noted in regard to the uae of the telephone set, that 
while the circuit arrangmunt ahown on Yig. 9 cause■ oonaiderably 
lee• tra.nsmi ■aion loea than the arrangement shown on Yig. 5, thi• 
lo•• is appreciable particularly on loaded circuit ■ amounting to 
as much a■ 3 milee of standard cable on euch circuits. On non­
loaded circuits the loas 1• about one aile of standard cable. Thi• 
fact should. be carefull.7 noted in order that connection• will not 
be monitored under the i~preeeion that no appreciable tranaaiiasion 
1o·se occur■• 

It ia also important to note that telephone repeatered linea cannot 
be monitored at the line jack• in the teatboard when the telephoa 
set would. be bridged on one aide of the telephone Tepeater. Tele­
phone repeater monitoring jack• are provided where necessary for 
monitoring on repeatered circuit■• 

When one of the iest cord key• ie thrown back its aaaociated cord 
is dJ.aconnected from the other teat cord■ and the tip and riq of 
the plug are connected to a repeating coil, across the middle of which 
a ring-up rel&7 1• connected, aa abown in Yig.10. The other wind• 
ing or the coil 1• connected to the interrupted trouble-tone cir• 
cu.it ao that thie tone may be aent out on the line by inaerting the 
test plua in the line or 11 ateniq jacks. The cord may then 'be 
used a■ a holding cord for the 11nau to call in on, the tone rerT• 
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ing to indentify the circuit and the ring-up relay providing a 
ringdown aignal. When the test cord key is thro1'?l back the sleeve 
circuit 1 ■ opened so that the busy aignala at the toll dwitchboard 
will not be operated. 

OT T 

21"' 

To 
Trouble Tone 

Busbars 
2r 

R R 

FIGURE 10 
Holding. Test cord key A.B.C orD thrown back. 

(o) Telephone Sets 

The telephone aet asaocia~ed with the testing circuit ie 
wired as aho'\'fu inaohemati c ..:,n Figs. 2 and 3 or Fig. 4.. The telephone 
set in Figa. 2 ana 3 and Fig. 4 differ in the method of wiring the 
busy test feature. In Figs. 2 and 3 the tip and ring of the teot1ng 
plu.g 1a normally connect&d to ground through a repeating coil and re• 
siata.ncs in aerie■• The combined resistance of the repeating coil 
and the resistance is 90 ohms. The aecond~ry winding of the repeat• 
ing coil is conneote<i acroea the tenninala of the receiver. Thus, 

if the tip and ring of the plug is connected to a potential above 
ground• a current will flow from the tip or ring to groWld through 
the repeating coil and reeiatanoe. Thi• current will cause a no1ee 
or •busy click• in the telephon• receiver. 

The buay test feature of the arrangement shown on Fig. 4, is obtain• 
ed by connecting the tip and ring of plug to ground through a 1400 
ohm relay. The operation of thie relay when t~e tip or ring ie con• 
·nec~ed to a potential above ground, cloaea a circuit through the 
repeating coil associated with the receiver. The closing o~ thi ■ 
circuit gives the •busy click• in the receiver. 

The srrangement shown in Fig. 4 is used on testboard positions where 
outgoing call wire toll lines, or outgoing awitching trunka appear 
which may be connected to cord circuits having a marginal relay in 
the aleeve circuit. The low resistance of the path from the tip and 
to ground on Fig. 3 may cause the false op9ration of this relay. 
Thie f'al3e operation is avoided by the use of the high resiatanoe re­
lay in Fig. 4. 

The telephone set ·is net provided with any direc~ cur~ent hol~ing 
deaturc, 1 condensers being wired ·between both the testing circuit and 
connecting cord circuit and the telephone ■ et. When a direct our• 
rent holding feature is required, a trunk of the type which provide 
thia feature is employed. 

( c) Voltmeter 

!he Toltmeter used in the testing circuit ia a Wo.12002 
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voltmeter similar to the Weston portable voltmeter and has a cent­
ral zero scale v.ri th a full scale reading of 150 vol ts in ea.ch dir­
ection from the zero point. It has a resistance. of 100,000 oh.ms 
and is provided ·with a shunt coil which when bridged across the in­
strument reduces its resistance to 1,000 obms and converts it to a 
mila.mmeter. When the shunt key is throvm, the scale reading in 
volts is equivalent to the current flowing in the circuit in milli­
amperes. 

As it is desired to use the voltmeter in all preliminary tests, it 
is wired in the circuit so thC\.t it is used in pl.:1-ce of the gr.lvo..no­
meter in m~'..king 1rlheo..tstone bridge testt! when obtc.ining o.. prelimin­
c,.ry b~l.:mce. When used in this mc,.nner, the 100,000 ohm v:rinding is 

cut out of the circuit ~nd the moving coil connected directly ~cross 
the b~idge. The galvanometer is substituted for the voltmeter for 
making the fin2,l ooju_stments by throv.ring :key No. 15 fonvard. 

The use of the Yol tmeter and tha o-;,er.:.: .. tion of keys in the testing 
circuit for me.king vo.rious tests is described under the he<-:.cling 
"METHOD OF LIL~ T3B'IIl!G 11 • 

{d) Whe~tstone bridge 

Wheci,tstone bridge lfo.12001 ·which is used in the testing 
circuit is ~n inverted di~l type bridge with sliting cont~cts ho.ving 
two· ra.tio i:u•t1s and four groups of o.dj us table resi s to.nee in the rheo­
s t~t arm.· The wiring of the bri°dgc is shovm on Fig. 11. 

The bridge is ffic..7.de up of three ·c..d.just.::~ble resist.:mces designated 11 A11 
I 

"B" and "R". The resistcmces "A" 2.nd "B" a.re :<:nown as the ratio 
arms and have four coils ee:.ch, the resist;:,.,nces of t:rnse coils being 
1, 10,100 ~nd 1,000 or~as respectively. The resistance of the coils 
in the r~1.tio :i.rms is eccurc:-.te to within 1/20 of 1 per cent. arm "A" 
being measured from te-rminal posts (R) 2.nd (-) .::-~nd arm 11 Bn being 
me2.sured bet17cen the terminal posts '(-) nnd (J). The resistance 11 R 11 

represents the rheostat arm and is made up of four adjustable re­
sistances of 10 steps each which are designated as units, tens. 
hundreds and thousands. The resist~nces of these coils are ac­
curate to within 1/10 of 1 per cent. when measured from the ter- ·· 
minal posts (J) ::md (T). These resist~nces m~y be adjusted to give 
a total resistance in series of fro:r;:. 1 to 11,110 ohms. 

The maximum a.llowable power consu~~ti.a-n in any z-~rm of the bridge is 
1 watt. 

The gabr<1.nometer is mounted in tho bridt-tc 2,nd uro1rided. rri tb il. shunt 
key for reducing the ma.r,ni tucl.e of the deflection c..md to n~otect tl1e 
galvanometer agai:::1St injury frm;:. excessive cu:::-rents. In~ mc~kin.~ the 
preliminary balance the shunt should fii~st be se-: &.t .001 ,?.nd ~h,',nr,ed 
V?hen a balance is obta.ined :-:-.t this position to ,.01 then .1 firn,~ll;r 
+ O 11 11 I f th ' l f · 

1 
~ 

y open • e neea. e J.uctu::...tt;;_j che gi.'.l v2.nometer should be s~Tt..m-
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ted sufficiently to keep the needle within a range of two po ■itione 
from the zero point. 

The uae ot the Wheatatone bridge ia described under •lillffHOD OF LIB 
TESTIBG•. 

~IGURE 11 
Wheat.stone Bridge N~ 11001. Wiring and arrangement 

al t.erminela 

(e) Korea test Set Bo 11 

Korse test set Bo. 1 ie arranged so that it can be 
uaed in place ot the voltmeter as shown in Fig. 12 1 in making con• 
tinuity tests. To eubatitute .oree teat set No.l for the voltmeter, 
key No.2 1a thrown back, which disconnect ■ the voltmeter and bridges 
Moree test aet No. l across the circuit in series "1th two 400-ohm 
resister.cea. Moree test ■ et ~o. lie also arranged ao that it can 
be uaed for continuity tests without employing the test cords or 
testing battery, by uaing the cords a■aociated with the test set and 
connecting battery or ground to the test ■ et or circuit under test, 
aa shown in Yig. 13, Drawing No. 13?-A-56. In tests of this kind 
the battery tapa uaed ahou.lcl alway• be special testing tapa. 

1 

Morse Test 
150V- ;oo- ~ Set N01 

~•lllt----<>'\/V'O-o-'\J~--<i~--------

R 

JrlGURE 12 
Morse test set N°1 on test cord. Test cord 

Key A.B.C orDthrownforward. 
Kev '.2 thrown beck. 

T 

s 

_..:!...., 
___L., 

F L __ J 
FIGURE 13 

Morse test set N°1 on Morse cords All keysnoc,-r 
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One connecting cord cironi t wired as shown on Fig • .i.4 i 1 
provided in each test board position for the purpose of connecting 
toll lines together or with the variou■ desk telephones or other 
terminal sets in the toll office, and like the testing circuit is 
arranged to supply talking battery when required. The connecting 
cord ma.y also 'be used as a secondary cord for handling incoming 
and outgoing call■ and is designe1 to be used in oonJunction with 
the lineman's signaling circuit shown on Figure 15. for signaling 
a linemante sta~ion. 

The aignaling circuit at the lineman's station, as shown on Figure 
15 1 is wired to a toll line which ie not equipped with composite, 
ei~plex or phantom apparatu■• To call the lineme.n•s station, the 
test board operator first makes the usual busy teat on the toll 
line to which the lineman' ■ signaling circuit is connected. If 
the toll line ie not busy, the test board operator insert~ the 
calling plug of the connecting cord into the liatening jacks and 
rings the lineman's station in the usual manner by throwing key 
No.g forward. If the toll line is bu■y 1 the calling plug ia in­
serted in the listening jscke but the ringing key is not operated. 
The test board operator then takes up one of the test cords, se­
lects an idle line which appears at the lineman's station, and in­
serts the test plug to hold it; the proper code signal ia then sent 
over the lineman's circuit by throwing key No. 11, of the connect­
ing code circuit, forward. Code signals thus sent over the circuit 
indicate to the lineman the number of the idle toll line u-pon which 
the test board operator is waiting to talk to him. 

When key No. 9 is thrown back, the telephone set of the testing 
circuit is bridged across the connecting cord. !fin addition key 
No. 11 is ·thrown bade, talking battery may be eupplied 1 the circuit 
arrangement bo1ng.similar to that shown in Fig. 10. Thia is in• 
tended for supplying battery to linelllen equipped with com.won bat• 
tery seta but is not intended for supplying talking battery to 
common battery subscribers• linea. 

Ringing curren~ ~ay be connected to either cord o~ the connecting 
cord circu~t by throwing key •E• forward, for the left or answer• 
ing .cord, and key No. 9 forward for the right or calling cord. 

Line 
West 

110-A Bel I 
<r---.. or 

l43·ASub's. 
Set 

,,J 500"' 
1 ,92-

2M.F Ring,ng current 
leads may be cor, 
nected to A andB 
,n place of dry 
eells. 

A B .-
13 Dry 

Cells; 
~-----<>-'\/\ 

F'IGURE .15 
S1gna1,n9 c1rcu1t at Unemans station 

Line 
East 
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(3) Moree Teat Set f2. 
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page #1&. 

Korse ~est set Io. 2 1a proTided for testing Moree 
line■ and Morse subscriber•• loops. When telegraph circuit• are 
terminated at the toll teat board, a mil-ammeter ie provided aa 
showr. on Figure 17. Separate looping and single corde are pro­
vided in series with the mil-&mmeter in addition to the Morse 
te&t set cords and are arranged so that when the looping plug is 
inserted in the looping jack ot a .lloree line terminal, the mil­
ammetar ie connected in series with the circuit. The mil-ammeter 
used for this purpose 1a the No. 111076, and is similar to the Wes­
ton round pattern, Moael 24, having a central zero scale with a full 
scale reading of 150 milliam~eres in each direction from tne zero 
point. The principal feature of the :Morse set #2 when a mil-umaeter 
ia provided are similar to thoee on the testing circuit of the Morse 
board which is described in the bulletin on the #4 Koreeboard. 

PluQ /J. 7-B 
Cor<l 1,1: · 

White cords 
,.,th Dlack snelis 

s 
pt~J;I;f 
Plug 147-A (l'lh•te cord "'~ 
Cor<ll493 Red Shel\ 

><e ll'A 

b 

F'IGURE 16 
Mor~~ test s•t llo.2 fc,r usa at pos,t,on .. ~ere rml-a"1meter 

1s not required 

Where a. separate Mor.se boa.rd 1 e provided for t ellllline.ting telegraph 
c1't'cuit.e, no iail-ammeter is provided at the teet board, and \4orse 
test set No. 2 is wired in accordance with Figure 16. 
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-~L .-'~~~~..i.1To Morse 
tl:=-~=t----0--0--=-'"'l Battery 

NOTES 
The single Morte cords Shall be white with black shells. 
The Mone loooing cord •• ~ .. - e red shell. 
The single Mil-lmmet.er cOnls shall be blac;k w1t.h bleck shellc. 
The Mil-Ammeter looping cord - .. .. ·• a red-sllells 

FIGURE 17 
Morse Tnl Set 1'2. For uu •l posit.ion~ v,,here Mil-,&.mmet.er 1s required. 

~orse 
Subscriber's 
Lcop Cord 

Sounder /12519 

2 4v r•:,,~Vll\o.t--=-~"----
""" Relay 21-A 

Telegraph Key. 

F'IGURE 18 
Morse Test Set 13 For use with test wire. 

(4) Korae Teat Set f3. 

Morse test set Bo. 3 ia provided for use with the test 
wire circuit and is arranged as shown on Figure 18. 

This page supersedes Page 14 dated Septe::nber 19, 1919. 
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T 

Pll4g 147· 8 "'A" Plug 147·8 ~ 

Black Shells L 
White Cord 1637 

Used for cro~sing.grounding and 
patching single wires. 

T R R T 
Plug/141-A,

8
, Plug t141·A 

Black Shel Is 

Used for making patches between lines, 
dropssomp_osit.es, simplexes.and phantom 
s~ts. rwo 'A' cords may be used ;...+ead of 
one •s· cord. 

T 

R Plug 147-A ··c.. Plug 141-A 
Red Shell 

R 

Used for pa~chil'lg Morse loops only. 

RT 
Plug 1110 ·· o·· · Plug 11-10 

Red Shell 

15 

1 
R 

Used or,ty at Composite Ringer Jack 
Box for patching . 

Plug #141-C 
Black Shell 

Used for plugging out composite, 
simplex or phantom sets and for 
short-circuiting ltnes.drops,etc. 

Svpersedes pa9e 15 .dated Septl9,19l9 
• Indicates Revision. 
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T R 

ij·r 
Plug/141-8 
Red Shell 

Used for opening both sides 
cf a circuit,or plugging out 
composite,simpJex or plian-

tom sets. 

~-,· 
P\ug#116·8 
Back Shell 

Used for connecting the trouble 
tone across the tip and ring wires 

of circuits. 

li ·:r 
TI (formerly) 

Wooden Plug 1165- 194340 
Used for opening single wires, 

battery taps.etc. 

T 
Drop 
Ptug/152 

* ,. L .. 

Plugl20 

Cordl733 

Used for patching from main frame tc 
main frame box only. 

j;~·Sholl 
Plug 1110 

Used for short-circuiting com -
posite ringers in Composite 

Ringer Jack 8ox . 

FIGURE 19 
Toll Test Board N°4. Patching Cords and Plugs. 
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This cir~uit is wired to a Lorse subscriberts loop plug at the 
test or Lors~ bo~rd whith is plugged into a loop jack of a Morse 
iine termina.l for connection to a test wire. 

b. Lines and Associated Eouipment 

(1) Line circuits 

The jacks of line circuits ~t thG tostbo~rd correspond 
in order of :-:.rr~ingcment to the normo..l pin l)OSi tio:ns of the wires 
on tl;le 12.st. line crossarm before entering the office. The normal 
pin positions areuodcrstood to be thc•pin :positions of the wires 
o..s they would c,ppe2.r if no cho.nges in pin positions occur:r.•-o·c'l.._,on 
account of the existing transposition scheme. Ph~ntom simplex and 
composi.t-c sets norm<1lly C'.ssoci.:i.ted v..ri th o.. line circuit are wired 
to jL..,,cks Y!hich, together with the line j2.cks forrr~ a e;roup known as 
a "line circuit". 

This arrangement avoids the use of p.::.tching cords under norm2.l con­
ditions. 

Typical line circuits a.r3 shown on Figures 20 ~r.d 21. 

(a) Busy Test 

The slee:ves of tho line, drop, c..nd list::ming jo..cks 
o..rc wired to the slqcves of the corresponding jo..cks ~t the toll 
swi tc~boo.rd to en<1ble the test bo:1-rcl. opcr._·~-tor to obt;:in ,:>.. bu.sy 
tost ,•:hen the circuit is in use e:.t th8 toll s•.~ritch'bourd ~nd . to op­
ero..te the busy signo..ls a.t the toll sv1itchbo.:i.rd vrhen o.. plug is ir.­
sertod in the jo..cks at the toll bo2rd. The slcovcs of phi..1.ntorn. 1 

si1;1plcx .:1r.d cor;~pos-i-:c j.:-..cks D.re not vrired to tl1e co1·rcspond.ing line 
j.:i.cks ~~nd o. busy test, therefore, c.:-:.nnot De ob:.c,incd on these j:.'..cks. 

The sleeves of the line j r .. cks are •Ni red thro1:.gh tr..c cont.:l.cts of c. 

j'.:'..Ck on the drop side, so tha.t when the drop is r;2..tchod to c..not,hc-r 
line circuit the wire connecting the lino .:md. drop ,3loevcs is open. 
This fea.ture ennblcs the testboar( oper:.tor to mo.kc the usuci.il. tests 
fror:i. the line jacks, if the corresponding drop j:.-.cks hc.ve been 
p2..tched to c. good circuit, ,;;ithout mo.king the 1n:.tched circuit busy • 

. '!.:'hen a drop is po..tched to another line, the key o.ssocia.tcd vri th the 
test cord must be thrown forv,rurd, when· the test plug is ins urted in 
the corresponding line .i n.cks, otherwise the t 1J lephol1c circuit is 
open boc,:msc there is no r.;round to opcr::.tc t:nc busy test rel2y. 

'Then toll line circuits o..rc connected through c.n office to ::'.nether 
~oll line the busy test fe~turcs will not be used. In this c0sc 
the· sleeve circuit '7ill be connected through o. 100 oh.'11 rcsist:-..ncc 
to :ri::round so .::-..s to oper2.tc the sleeve r~L--..ys of tho t.3sting :-..nc1. con­
necting cord circuit. 
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Line 
Jacks 

C.x (orSx) 
line Jacks 
c; 

Cx (orSx) 
DropJacks 'L, . 

Drop 
Jacks 
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r 
Trouble 

Listening 
Jacks 

1 
Tone To. 

-------=-----~-l===-SJtid 

Cx 

Set 

Cxx. patchinq j'ks. 
Cxx Jack S"ox . 

Line 
Jack 

Drop 
Jack 

Drop 
Jack 

Line 
Jack 

100~ 

Morse 
Drop 

Morse 
Drop 

Arrangement when mounted above 
interposition trunk jack 

Morse line 
Jaekli 

(1;-oc.a.tad ad 
jacent '-O 
tine circuit .) 

100'!' 

,Arrang_ement of jacks in Arra~ement of Morse 
line panel. hne Jacks. 

FIGURE 20 
Typical toll line circuit intestboarcf10Jackcompos,te c1rcuit .(show1ng 

Cx and Cxx patching jacks and Morse line jacks.) 

This page euperaedea _page 17 dated September 19, 1919. 
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r 
lo line 

Line 
Jacks 

l-. 

Line Cx Drop Cx 
Jacks Jacks 

Line Px Drop Px 
Jacks Jaeks 

~ ~ · 
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Drop 
Jacks 

Lis--tening 
Jacks 

100 ... 

... 

1 
swod 
Drop 

,,-----+----Cx ')( Patching 

Cx 

Set 

_____ _, Jacks in 

Px 
Set 

Phantom Leg 
(To phantom 

line circuit jacks) 

Arrangement of jacks in line panel 

FIGURE 21 

Cxx Set 

Typical toll line circuit in Testboard 14 Jack composite 
and phantan ctrcui_t . . 

Cxx Jack Box 

This page supersedes page 18 dated September 19, 1919. 



 TCI Library- http://www.telephonecollectors.info/

(b) Trouble Tone 
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The toll lines are wired no that a metallic in­
tcrrupt~d trouble tone may be connected to the tip and ring wires 
of tho toll line by inserting a short-circuiting plu6 in the tip 
listeninc j8.ck, in order that the toll operator r.my know when the 
line is out of order. The trouble tone may 2.lso "be connected to 
the tip and rir,e Tiires by moans of the test cords, provided the key 
assoc iatcd with tho test cord is throvm back- The tcne rc.ay be con­
nected to either the line or drop jacks separately by means or the 
test cords or it may be connected to the entire circuit "by insert­
ing the pll,lf; in the listening jacks. 

In order to prevent the toll operator from reporting as busy a lino 
wh.ich is out of order, the circuits arc arranged so that the busy 
signals will not be operated when a trouble tone is con11ectod to the 
line, either by the insertion cf a short circuiting pll.,lf; in the tip 
listening jack, or by means of the test cords. The operato~s at 
each end of the line will be able to he2~r the t:::-oublc tone if the 
nature of the trouble docs not interfere with its transmission. Where 
a lino is short-circuited near the testing station, it will be neces­
sary to open tho line side of th~ circui~ in order to obtain a satis­
factory tone u-c the toll svritchboard. 

( c) P2,tching Lines and J.ssoc iatcd l,:;me,ratus 

To remove a composite, sim~lcx, or phantom set from 
a line 2,nd cut the line through to the s,;ritchboarcl insert the cord­
less }llu.gs 11 F 11 shovm on L'igurc ·19 in tl1.c line 2.!ld drop jacks of the 
set to be removed. The loc2.l contacts on the jacks arc so wired that 
the line will be cut tl:rouch \"rith the set :!.'Cmovod. 

To transfer a phantomcd, simplexcd. or cornpositcd. line from one drop· 
tern:inal to another, insert horizontally with the knurled edge to 
the left one :plu.g of the cord 11 B", ::Jit;ure lS, in the drop j 2.cks of 
the phantom, si,:1ple:;,~ or composite sot and the other plus in the drop 
jacks of the new c.rop terminal. 

Tc substitut~ a·new line for one nor~ally phcntomcd, simplcxcd or 
composited, insert l-1.orizontally Y1ith the lmurlecJ. edGc to the left 
one of tho cords "B11 ,1'icure 19, in the line jaclcs of tho ph~ntom, 
sim~lex, or composite set, end the ot~er pluc in the line jacks of 
the new line. 

To composite a line normally composited or to substitute another 
comuosite set for one noI'!nally composited 011 to substitute another 
composite set for one normally connected to a line, insert horizon­
tally with the knurled edce to the left one of the cords "B", :r:'igure 
19, in t}ie line jac}rn of the spare co~nposite set. and one plu3 of 
another stnilar cord into the drop jacks of the spare set; then connect 
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in a similar manner the other plug of the cord connected to the iine 
,jacks of the composite set to the line jacks of the line circu1 t 
and the other plug of the cord connected to the drop jacks of the 
composite set to the drop jacks of the line circuit. Both ends 
of tho line should be chan~od simultaneously. In substituting a 
composi -cc set for the one regularly used, the Y£orsc logs of the 
spare set should be patched to the Morse line turminal normally 
wired to·the s3t to be removed, using the single patching cords 11 A11 , 

Figure 19. Phantom sQts and simplex s~ts may be patched in the 
sarnc way as composite sets. 

(d) Patching Composite Ringers 

In order to provid0 means so that all composite 
ring;3rs in an office may be easily interchangeable bctvveen the 
various circuits to which they are; regularly connected, each s;;~t is 
wired through four jaclrn in the com1:;osi t;:: ring;Jr jack box, a.s showri 
on Figures 20 and 21, and patching cords and plugs 11D 11 and 111,1 11

, Fig­
ure 19 arc provided. 

If one of the patching cords 11 JY1 , I•'iguro 19 is inscrt.3d in each of · 
the composite ring~r drop jacks of any set, that set may b0 connect­
ed directly to any line by plugr.;ing the othr;::r .:.mds of th ·J50 cords 
into the composito ring0r lino jacks of that line • . 

If it is clcsircd to remove a coi:1posi tc ringer from a lin.J it is only 
nsJcessary to insGrt one of the short-circuiting plugs 11111 11 into each 
of the line jacks of the composite ring~r set. 

-ihen tho side circuits of a phantom arc composited, th8 cor,1positG 
ringer sets normaily associated with tho composite s~ts must be 
shifted to the drop side of the phantom rop0a ting coil, o thcrwise 
the phantom line will be op,:med when oi tl~•Jr of tho com.posi tc ring­
ers is op1Jra-:0d. This arran_swrrh.:nt mE1y bo off,~ct~d at th3 fr2.rirn i:f 
the assi-;nr;,,.ent is pGrmancnt. This is th;:; cas-:, shown 01'} Figure 21. 
If th.J assigmii.:mt is tc:m.porary, the co:mposi tc ringor will be associ­
ated with the composite s0t shoYm on Fi,~ure 20 v1hich it is desir\;d 
to patch to the phantom ~i de~ and the change may be raadc by insert­
ing short circuiting plug J{, Fig. 19 in the line jacks of the com­
posi tc ringer s0ts and thon connecting the conr_)osi tc ringar drop 
jacks be means cf patching cord D, Fig. 19 to looping jacks on the 
side of the ph2.ntom s~t. '!'h,c·-'3,~ jaclrn ? .r0 loc;:,t,:d in thn co:m:)OSi. tc 
ringor jack box and are part of th~ equipment of phanto3Jd lines 
which aro not regularly composi t0d but which may b,J cornposi tcd f9r 
temporary changes in layout. 

(2) Interposition Trunks 

Interposition trunks are provided for patching purposes 
between test boa.rd positions and b~twcc::n t.:.:st board 2.nd ~:iors0 .board 



 TCI Library- http://www.telephonecollectors.info/

P LA1ff BULLET Ill WO .116 
September 19. 1g19 

Page #21. 

po si tio.ne so that ci rcui ta terminating in one poai tion may be 
patched to circuits terminating in another position·. They are ar­
ranged to proTide a busy test through the operator's telephone aet. 

Interpoai tion trunk a are uaed between ( a) teat board posi ti one -for 
patching Moree lines, telephones, composite sets, etc (b) test 
board end aorae board positions ror patching Morse lines (c) teat 
board positions for patching Morae eubacriber•a loops when a aepa• 
rate ~orse board position ia not provided (d) test board poeition1 
and cable test board poeitiona for patching line circuits, etc. 

(3) Talkin& Trunka 

Direct talking trunks between the test 'board and points 
to which frequent collllLunication from the toet board is required, 
are provided. SeTe-ral different arrangement ■ may be specified such 
as one-way or two-way trunlca and automatic or ringdown signalling. 
The trunk terminatea in the test board in Jacks and lamps.in mount-

. 1ngs located beneath the other jack panel units. These jack• may 
be multipled to other positions if desired. 

Trunks outgoing from the test board are generally arranged for ring­
down signalling. 

(4) Testing Trunks to Diatributing Yrame 

This circuit ie used where all of the circuit ■ enter• 
ing the office are not looped through the test board and it 1 ■ de• 
aired to gain access of these ci reui ta at the di atri bu ting frame. 
Figure 22 shows the wiring or the circuit. The connection between 
the jacke 9t the die tri buti?lE frame and the toll line is n.ade by 
m~an• of cord and plug L, Yigure 19. The Jacki at the distribut­
ing frame are mounted in a jack box. 

L,ne 

Assemb!y af Jacks 
at Toll Test Boera N04 

Jacks at. loll 
Test. Board No.4 

~~"T 

J"ks 1723 Listening 

R 

,---t-t---.,nT 

J'ks 1118 Line · 

J::---:::-.:::_::~~;:==----+-+-~ R 

11 I I 
RTRT 

--t-+-,vlT 

Jllekl/118 Oroo 
__ ......,__ R 

To ot.her 1223 Jacks 
in Mein Frame Jatk 9o,..,. 

f'IGUR£22 
TestiNa c,rcul\ \o 011t.r1butmo Freme. 
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The Morse legs of composite and simplex sets are wired 
to Morse line jacks at the test board. These jacks are shown on 
Figure 20.. This arrangement permits patching betvrnen the Morse 
lines and the various circuits at the test board or Morse boara.. 

(6) Morse Circuits 

When a separate Morse board position is not provided, 
Morse circuits if required are installed in the test board. These 
consist of 

Polar duplex jack circuits 
Morse line terminal circuits 
Single line repeater loop cords 
Miscellaneous Morse circuits 

The operation of these circuits when installed in the test board 
will be the same as when installed in a Morse board and will be 
described in a bulletin on Description and Operation of the #4 Morse 
board. 

c. Miscellaneous Ci:rcui ts 

(1) Auxiliary Signal and Buzzer Circuits 

An awciliary signal and buzzer circuit is provided~ This 
circuit consists of a lamp and key associated with the trunk and cord 
lamp signals. The lamp is located in the piling rail below one of 
the jack panels and lights when any trunk or cord signal lamp is 
lighted. The lamp is extinguished at the same time as the trunk or 
cord.damp. 

* The key is located by the side of the lamp. The operation of the key 
connects a buzzer in the circuit which operates whenever the auxiliary 
lamp is lighted. This key may be strapped in the operated position in 
offices where it is desired to have an audible alarm at all hours. 

(2) Monitoring Circuit 

Telephone repeater monitoring jacks are provided to en­
able the test board man to listen on circuits equipped with through 
line telephone repeaters without unbal~ncing the circuit. Figu:re 23 
shows the wiring of the telephone repeater monitoring circuit_ 

A repeater cut-out feature is provided with the jacks of the circuit •. 
The repeater may be cut out by insexting a dummy plug in the ring jack 
of the monitoring circuit. This cuts the circuit through without the 
repeaters and indicates by a lamp and an audible signal at the repeat­
er rack, the particular repeater set that has been cut out. 

* Indic~tes revision 
This Page supercedes Page 22 
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Arrc,ngement 
of Jar.ks ,n panel 

FIGURE 23 
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To Telephone Repeater 
C:1rcu1t. 

Through line telephone repeater mon1tor,ng Jacks. 

One group of ja.c~a is provided at ea.ch position where the telephone 
repea.tered lines terminate. The circuit is so arranged that when 
the repeater attendant 1& monitoring at the repeater rack a tone 
will be connected to the monitoring jacks at the test board, should 
the test board operator attempt to monitor. This tone is also con­
nected to the m~nitoring jacks at the test board when the repeater 
has been cut out of service by the repeater attendant thus indicat­
ing to the test board operator that the repeater operation is being 
supervised by the repeater attendant and that it will not be neces­
sary for him to take any further action with respect to it. Thie 
circuit is intended for use when the repeaters are located some dis­
tance from the test board and their operation is not supervised by 
the teat board operator. 

(3) Network Circuits, 

Lines equipped with telephone repeatera require balanc­
ing equipment on the network side of the r~peaters. Balancing 
equipment is terminated on jacks in order that~ changes made in 
the line equipment~ be compensated for by similar changes in the 
balancing equipment. Spare line circuits are used for network cir­
cuits when the network jacks are located at the test board. 

(4) Battery Tai Jac~s. 

Battery tap jacks terminating Morse battery taps aTe 
provided for testing and the use of Morse circuits. 

(5) GroWld Jacks. 

Grounded jacks are provided for testing and other 
miscellaneous pur~oses. 

This page supersedes page 23 dated September 19, 1919. 
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(6) Spare Test Wire. 

Spare test wires are provided for looping teat wires 
through a position which are normally connected to Moree sets at 
other positions. 

(7) Co~bination Composite Lea Jacks. 

Jacks are provided for changing combination composite 
sets from sets non:i&lly terminal to intermediate or vice versa. 
Jigure1 24 and 25 show both arrangements. 

...,-IGURE24 
Combination composite set Jack 

Normally terminal. 

F'IGURE lS 
Combination composite set Jack 

Normally intermediate. 

Arrangement 
of JclCkS 111 panel 

The change from terminal type set to intermediate type set is xr.ade 
by inserting a plug "I" Fig. l.9 in the jack ascoc"iated ,,...i th the set 
it is desired to change. 

d. Power lquieent 

(1) General 

Standard central office storage battery having o. nor­
mal potential of 24 volte is used for oper~ting test board circuits 
unless otherwise specified. 48-volt battery ia used for supplying 
talking battery to the testing circuit and connecting cord whenever 
available. Ringing and Tone Test Leads are obtained from standard 
ringing ma.chines. 

(2) Testing Battery 

The testing battery consists of dry cells, connected 
in series to give a working pote~tial of 150 volts. The dry cells 
are mounted outside the section and should be a=rB.nged in such a 
way that additional cells may be added to keep the potential normal­
ly at 150 volts. One testing battery which is uzed for ,both volt­
moter and Wheatstone bridge tests, is furnished for each test boa.rd 
position. 

4. METHODS OF LINE TESTING. 

a. rrecautiona i~ the Use of Tes~in5 Equipment. 

In order to prevent giving shocks to linemen or cablercen 

This page supersedes page 24 dated September 19, 1919. 

care 
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should be taken not to connect testing battery o·r ringing current 
to the line before notifying them. When inserting the test plugs 
all k0ys should be normal and· th.J test cord key should not be 
thrown before notifying the lineman "if he is on the line. Shunt 
key Fo. 2 should be · operated only long enough to raake the necessary 
tests and should never be left in an operated position. 

Provision must be made to keep the line currGnt below 100 I:'lilli­
amperes when the line accidentally bccomes ·groundcd or short-circuit­
ed · near the office where the battery is located.· For this rc2.son· 
c~ch battery or generator tap wired to the te~t board for use ~s a 
testing tap'!or spar~ tap r:mst have a r0sistance of at l;.;ast 10 ohms 
per volt inserted in the lead. 

b. Classes of Line Tests 

The testing circuit is :provided at the ://4 tcstboard for ·the 
purpose of determining the nutur-J and location of troubles occur­
ring on toll lines outside the offico and in the ~pparatu~ associa~ 
ted with them insi"de the office. The testing circuit is provided 
with a vol tme tcr and \lhea t's ton·e br i :::'.ge as shown· oh· Figure . 2. The 
voltmeter is used in preliminary t~s ts for dct,.:;r:·:1inir.g the nature of 
the trouble on the c"ircui t and the Vlhea ts tone bridge is used in · . 
locating faults after the nc:~turc of the fault has been determined by 
means of the vol tL1eter. For convcnionc0, thorcf ore, the tests dcs­
cri bed below are divided into two general classes: 

Voltmeter tJsts, or tests for dctorr:1ining the 
nature of a fault. 

Wheatstone bridge tests, or tests for determining 
the location of the fault on the line. 

For reference purposes the formulas used in the vol tmetcr .and Wheat­
stone bridge_ tests are numbered consecutively. 

c. Voltmeter Tests 

AS mentioned above, the voltmeter is used to determine the 
natur\3 of the trouble existing on the line, th2.t is, whether the 
line is open 1 grounded, · short-circuited, or crossed with another 
line or with a source of foreign or earth potenth~l.. The different 
tests which may be made with a voltmeter arc further classified as 
follows: 

Continuity tests 
Brid6ed apparatus tests 
Tests for grounds 
Rough resistance measurements 
Tests for insulation resistance and leal<l'..ge 
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Testa for foreign or earth potential• 
Korse subscri bere 

(1) Continuity Teeta 

The operator in ta.king up the line for test first makes 
the usual bu1y test using one of the regular test cords, and if the 
line ie not buay inserts the plug in the line jacks in order that 
preliminary tests may be made to determine the nature of the trouble 
on the line and whether the trouble ia ou~side or inside the office. 
It there ia no one on the line the test cord key associated with the 
test cord used ia thrown forward which connects 1~0-Tolt metallic 
battery to the tip and ring wires of the circuit in aeries with the 
voltmeter, aa shown in Ygiure 26. In testing a toll line the circuit 
will normally be closed at the distant end 1:f' tlle line is O.K., and a 
deflection will be obtained on the Toltmeter indicati&g that the line 
is continuoue, the magnitude of the deflection being a measure of the 
resistance of the line and the apparatus at the distant end. If the 
circuit ia 01en, a momentary throw of the voltmeter pointer will so.LOe­
time• be obtained, expecially it the line i ■ long and its insulation 
resistance high. In making continuity teat ■, non-ground~d battery is 
uaed and therefore, other tests w1,• a groWlded battery may be re­
quired. 

Voltmeter 

Test circuit reversed 
Test tord key A.8.C or 
D thrown forward t<:ey 
6 thrown forward 

T-150".+. 
IIOltmet.er 

500"' 150) 

100,000-

R 

Battery reversed. Test 
cord key A.8.C or Dthrown 
for ward Key 5 thrown back 

f"IGURE 26 
Voltmeter Connections 

(2) Bridged Apparatus 

<P-----~+ 

Voltmeter test. Test 
cord key A.8.C or O 
thrown forward. 

In testing toll lines whi-ch have jrops connected to them 
at the distant end, the presence of this ap~aratue will be indicated 
by a steady deflection of the Toltmeter ae soon as the test cord key 
is thrown if the line ia continuous. However, if the apparatus at 
the distant end should include a aerie• condenecr, the voltmeter 
needle will be deflected only temporarily. The presence of a oridge 
of this type can always be determined by operating reversing key No. 
6 which will cause the Toltmeter to be deflected by the discharge of 
the condeneer at the distant end, the magnitude of the deflection be­
ing a ro~ measure of the capacity bridged acroee the line. On 
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lines having more than one bridge of this type or on long cable cir• 
cuita, the deflection may be too large to be read accurately on the 
voltmeter. In such cases shunt key No. 2 ie thrown forward to re• 
duce the deflection. The telephone ke7 must not be thrown while 
malting these tests since the bridge conden3ers in the telephone aet 
will oauae a momentary throw of the voltmeter needle similar to the 
bridged apparatus at the dista.nt end. 

(3) Testa for Grounde 

To test for grounds Key No. l i ■ first thrown forward 
which opens the tip side or the circuit and oonnecta the voltmeter 
to the ring aide in ■ eriee with the testing battery. as shown in 
Fig. 27. The voltmeter deflection will then be an approximate in• 
dication of the resistance between the ring side or the circuit and 
the ground. 

If tha bridged apparatus at the distant end includes a aeriea con­
denser, the a.bove test would not indicate a ground existing on the 
tip side of thia circuit. Therefore, Key No. ♦ show.d be thrown 
back to test the tip side of the circuit, the arrangement being as 
shown in Fig. 2e. If the Yoltmeter reading ia in excess of the one 
previously obtained, it would indioa~e that a ground or leak existed 
on the tip aide or the line. 

,,:.R,:...._ ______ ___.i.J 

flGURE 27 

voltmeter 

erT------~'+ 

100.ooo-
1so• ~oo-cf-- t•l•~1 . ..::----<>,/\N'<>---.150 

F'IGURE 28 
Test r,ng Test co•d key A,8,C or D Test tip Test eord kay A.8,Co,Othrown 
thrown forw•rd and i<ey 1 th•own for- forward. Key 1 thrown back 
ward 

lf the br1dgea apparatue or repeaiing coil at the distant end does 
not include any series condensers, the reading obtained when Key 
Io.lie thrown forward will be a~proximately equal to the reading 
obtained when key No. 1 is thrown back. However, if the line is 
long and the rea1atance of the fault ia low, the reading will g~ner­
ally be larger in the former oaee than in the latter if the ring 
aide 1a grounded near the testing station, and smaller if the tip 
aide ie grounded near the testing station. If the two re~dinga are 
approximately equal and large enough to indicate that a ground ex­
iata, the fault ta presumably near the distant station. 

(4) Reaiatance ¥easurementa with Voltmeter 

The voltweter aay be uaed to .ma.lee rough resistance meas• 
urementa.. J.rt approximate figure for the rea1stanoe may be obtained 
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quickly by remembering that the scale divisions from thA zero poin~ 
to the needle represent the resistance of the voltmeter and that 
the scale divisions fttom the needle to the battery voltage {150 volts) 
represents the resistance under test. This may be expressed by the 
following formula; 

VY.here: 

X = r E 
D - r - r' • 

X = the resistance under test 
r = the voltmeter resistance 
E = the test battery voltage 

••••••••• - •••• (1) 

D = the voltmeter reading when in series with 
resistance X and the testing battery 

r'= The resistnncc in series with the testing 
battery. 

The 500-ohm resistance r' is in series with the testing battery and 
must, therefore, be subtracted as indicnted in the above formula when 
accurate results are desired. 

Since the resistance of the voltm8tcr will be either 1,000 or 100,000 
ohms the value of X usually may be determined mentally. For example, 
if when the circuit is closed and the shunt lrny iro. 2 is thrown for­
ward making the Yol tmc t-cr resistance l, 000 ohms as shovm on Figure 
29, the deflection is ?5 volts and when K~y No. 6 is thrown forward 
the deflection is 159 volts, from forBula (1) 

150 x = 1.000 x '75 - 1,000 - 500 or 

X = 500 ohms which is the resistance of the circuit under 
test. The same m0thod and formul.a apply when the voltm1Jtcr is used 
without the shunt except thnt the voltmeter r.Jsistanco r is 100,000 
ohms instead of 1,000 ohms and the 500 ohm resistance r 1 may be neg­
lected as described later. 

When m2:.king rcsistanc0 measurements with the vol trnct.:ir the battery 
voltage should he noted carefully at th0 time of making the test. If 
the shunt key is used in making n rcsist2nca m~asurcmcnt, the battery 
vol ta,.;e should be read while the shunt key No. 6 is thrownbo..cl< which 
connects th:J tip and ring wires together and has th.J effect of connect­
ing the voltmct.Jr directly across th.J testing batt0ry, ::0.s shovm in 
Fig. 30. The voltmeter reading th0n indicates the pot0ntial of the 
testing b2.ttery. 

In mc~surin~ resistances with the voltmeter the results arc more 
accurate when the resistance of the vol tma tl,;r is nearly c·qual · to the 
resistance bci·ng measured. For this rc2.son shunt Key no. 2 should be 
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FIGURE30 
Measuring tat.tery volt.age Test. cord 
key A.B.C or D thrown forward. Key 6 
t.hrown bac1< 

operated when meesuring resistance up to 10,000 ohms. For resistances 
higher than this value the shunt key should not be used. In making 
resistance measurements upon grounded circuits, care should ce taken 
to determine whether any foreign or earth ~otentials are present, 
since re■istance measurements, as a general rule, are not very accur• 
ate when foreign or earth potentials exist. 

(5) Insulation Resistance and Leaky• 

The voltmeter is used for approximate resistance measure­
ments only, the Wheatstone bridge being used when accurate results 
are desired. Since insulation resistances are generally in excess 
of 10,000 obma shunt key No. 2 should not be uaed in making these 
measurements. The voltmeter resistance is then 100,000 ohms and as• 
cuming that the resistance being meas1,1red is above 10,000 ohms, the 
500 ohm resistance r• may be neglected with small error so that for­
mula (l) may be eiDlplified as follows: 

X = (~ - l) x 100,000 • • • • • • • • • 
]5 

Where X = the reeiatance being aeaeured 
E • the testing batter,y voltase 

• • • • • • • • • • • • 

D = the voltmeter reading when in series 
with resistance X and the testing battery 

100,000 = the resistance of the voltmeter in ohms. 

(2) 

For example, if in measuring the insulation resistance of a line a 
deflection of 5 scale divi&ions representing 10 volte is obtained 
and when key Bo. 6 is thrown back the reading 1a 150 volts, substi­
tuting these Taluea in formula (2) gives 

X = {l~O - l) x 100,000 or 
,0 

X • (15 •l) x 100.000 a 1,400,000 obma, which is the in­
sulation resistance of the entire line. 

Thie page supersedes page 29 dated September 19, 1919. 
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GenG:rnlly when line insulation rcsisto..ncc mcc1s-uromcnts arc made 
th,2 in tcrpre ta tion of rcsul ts requires that the insule. tion resis­
t2nc0 be Gxpressed in mc."':ohrns per mile. This mny be done by 
mul tiplyinr:: tho rcsist.:mce obtc:'.incd by (2) into the L:mc:::th of line 
expressed in miles. 

A more convenh"!nt method is to use a formula simil2..r to (2) which 
i:i ves the rosi stance:· in mo. 0;ohms per mile directly 2.s follows: 

Where 

X _ (E - l) RL 
- (e > 

X = Insulation resistance in 
me'"':ohms n,~r mile 

E = Bc'.tt0ry ;oltn~e 
e = ~eflcction in volts 
R = ~.rol tr::~L;·tor resistc..:..r:ce in 

L1-.; r , ol1,:·.1s 
L = Lcn·:th of ·1irc in m.il.:;s. 

• • • • • • ( 3) 

To me2.sure the insul2.tion ra..::si st,rnce between the wires of ·a pair 
the circuit should be op.:.;rJ.:;d ,,t the distc:.nt end ['.l1d the -test cord 
key thrown forwnrd to ;i v0 the circuit 2.rrc:-;n,jomcnts sh_own in Fir.. 26. 
The vol tnctcr rec".din;~ will then i:ndicr-. te the insuL·.tion r0sistrmce 
b-Jtwecn the two wires and its c~pproxim2.te v2.lue in mcr:;oh...'Tis may be 
determined if dos ired by subs ti tutinr: the values in formula· (3). · 
The insulation resistr~ncc between e2.ch wire of tho pn.ir 2.nd -;rou:nd 
rne.y be dctcrminod by throwin:: key Ho. 1 forwc!.rd to test the tip 
side and b2..ck to test the rin:r. side rs duscribed P .. bove in m2..lcing 
tests for ~rounds. 

In mukin 1-:: mc<'--sur~ments of insulntion rcsiLt,~ncc s:,nmt kuy No. 2 should 
"be used unless the voltmeter :re2..dinr-; is in 0xcoss of 135 volts with 
the shunt key noriiK1.l an-:1 ~ t'3S t b:.·,t tcry vol t~,c-:e 1102..r no:::-mLl. However, 
if the rcadinr, is in excess of tl1.is vc:i.luc it vrill indicgtc th2..t the 
insulation resistance is nbout iotooo ohrris or loss and bettor r;:;sults 
1:1ay be obtained by opcr2tin;-; tho sLunt key 2.nd sulrnti tu tin; in fo-r­
nula (1) when dctcrrilinin,; the rcsist2.nce. 

{6) Tests for Crosses. 

Crosses may b3 di vidod into two class-...:s, (1) cross..-::s be­
tween the wires of a 1-)i.cir, commonly lmovm as "short circui ts· 11 , and 
(2) crosses p,::twccn either virirc of g pri.,ir and anoth0r·circuit. The 
other circuit may or may not have b~~ tt0ry or 1-;round conn-..;cted to it. 
Crosses bctw.;;on the wirl:S of a pair, or ashort ci:.rcuits", will al­
ways be detcnnin.Jd by t~1.0 lovv r...:sistcincc obt::;;.inJd wt,.0n r:10.::.surin,:; 
the insulc'.tion between thG v:rires c:.s d0s·cribed 2.bovo. 
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Vvhcm it is not known what wire the circuit under test is cross·ed 
v1i th. the line should be opcncd Z1.t the dist.'."'..nt end [.nd t e sts mo.de 
to determine, ci th0r by listcminr; on cnch wire or by the · kick of 
the voltmeter needle on ·tcstin:-; c.'."'..ch wire to ~round, which wire of 
the p2.ir is crossed with ~noth~r line. The prcs~nco of the cross 
is usunlly indic'":.tcd by a ,-~rcct-..:r volume of ,1oise when the tcst-
bo2.rd op._;rP.tor listens on the wire th .-.t is crossed. This m~y be 
done by thro\vin,:-i; key No. 1 ei thcr forw,:.rd or b,sck depcndin--:; on 
which wire of the dircuit is crossed ~nd throwin ~ t~lcphone key No. 
3 b2.ck. This combin2.tion -:rounds one side of th2 telephone s~t ,~nd 
connects the oth-..)r side to the lino. The cross m.;--,y 2.1.eo be deter-
mined by the voltrhcter ·ns follows:· Key Fo. l is thrown in the pro­
per dir6ctiori to 6cinncct thi wire under t0st tci the voltmeter. B~t­
tery revcrsin ,1 key }To. 5 is then op;.: r .:~ t-Jd to rev'-.!rse the direction 
of current throun;h the vol tmc tor. Er.ch time the brc ttcry rcvorsin~ 
key is oper::. tcd 2. r.1oment:--..ry deflection of the vol tri1etcr will be ob­
tnincd. On comp2.rin--; the deflection obtr1.in0d on tho wire under 
test and the dcfloction 0"1:.1t2..incd on the :-:ood wire of the circuit it 
will be found th,.t th0 cl~fL,ction i:1 the ·forri.10r c;:::;.sc is consid.~r~bly 
lc"'..rr;cr them the l~L tter. In r,1['..kin ,: this test tclcphon.J key :No. 3 
should be norm ... 1. If it is not -oossible to d0t;;rr.1ine conclusively 
which wire of the p[>.ir is crossed oi th0r by the vol tmctcr or by 
listeninr~ tests, the cn.p:;.ci ty of e,.ch wire to ;round mn.y be mecsured 
by menns of the open-locf'..tion test f<)ccturc ,•.s described later. The 
cnpnci ty of the fnul ty wire to _--: round will ,~~ncr;-:.lly be consi d0r2.bly 
lnrr;cr thc'..n the cnpr'..C i ty of the t;o o d wire to -~round. 

After dctorminin,1 which wire of the pr-..ir is crossed the test plu,r; 
should be rcmov.Jd from the circuit ['.;nd ono of th0 sin ;le plu ;s in­
serted in the line j<'-ck of the f2-ul ty wire. Tho oth0r sin ,:;lo plw-,; 
should then be inserted moment2.rily in such circuits ns m~y b0 sus­
pected of bcin ,s crossed with the def cc ti vc wir8. As soon c'..S the 
test plu~ is inserted in the wiro which is crossed with the wire 
under test, th~ voltmeter needle will bo d dfL:ctcd. By throwin,-; key 
ro. 2 b.:-..ck the :.=orsc rclny may be us~d in pl, ~C(;) of th(:) vol tmcter or 
the Morso relny mny be used independently of the tostin ~ S8t. \men 
it is not possible to det0rmina vvhich wire of the pr'..ir is crossed 
with <'-not..ii.:!r circuit these tests should be L,f-'.,d •~ with tho :?<'.ir short­
circuit0d ;,.,t tl1c distc:rnt end. 

If the wires of the pair n,rc not crossed with ,.: r.ch other, ai thar 
one may be crossed with some other circuit which is not ·;roundad 
Rnd docs not nppe~r ~t the office wh0rc the test is bcin1 m~de. 
Frequently, crosses of this kind c.::,n be dct.:.:rmincd by rin -;in,-; on 
the dofecti ve circuit, sufficient of the rin-:in ~; curr-:mt p<'.ssin,,; 
throu;:,;h the cross to oper2..tc th0 r0lc'..Y conn_!ctcd with thu drop on 
the outside circuits. The unswerin--i; op::rc-..tor on the outside cir­
cu.i t will °L-.; abl\3 to dafinc th0 circuit. Cruss,H3 uf t:11is Lind c::..n 
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usually be located between two test stations and the line record• 
•hould show the location of circuits with which oroese• might occur. 
If poasiol•• these tests should be repeat•d with grounded battery 
and the circuit■ with which a cross ia euspected grounded momentari­
ly at the test station. A deflection of the voltmeter needle will 
be obtained when the wire with which the circuit uild~r teat 1a cross­
ed i ■ grounded at the teat station. 

(7) Teat ■ for Foroign · or 1arth Potentiale 

Thia test 1• made in a manner similar to that employed 
in the test for leakage or insulation resistance to ground with the 
exception that key Bo. 5 is thrown forward to diaconneo, the test• 
ing battery fro~ the ci~euit. flth key Bo. 1 in ita normal position 
the operation of key No. 5 connect■ the voltmeter directly aero•• 
the circuit as shown in Fig. 31, eo that any deflection would indi­
cate the presence of a foreign potenti~l on the circuit. When key 
Wo. l is operated the negative side of the voltm~ter ie connected 
to ground and the positive e11e ia connected to either the tip or 
ring wire■ or the teat plug, {to the ti~ wire when the key i ■ 
thrown back and to the ring wire when the key ia thrown forward) ao 
t.h~t any grourid potential on either o'f these wires woul~ be indi• 
cated by a deflection of the Toltmeter needle■• Thi• teat 1• parti• 
cul.arly' u■eful on tol1 . lines that are likely •o beco~e cros3ed with 
common battery subeoriber•a lines, sine• the potential of the common 
battery eubacribert ■ lines 1• always known. It the testboard opera­
tor in testing tor "foreign poten·t.iala finds that the toll line 1• 
crossed with a circuit haTing a potential ot 24 volte, an attempt 
should be made to identit7 the eub■cr1ber•• line. Thie may be done 
by throwing shunt ke7 Bo. 2 forward, reducing the Toltmeter rea1•­
tanoe to 1,000 ohma and operating the line rela7 in the uabeoriber•• 
line circuit. Key Bo. 3 ■hould be thrown back ■o that the teat­
board operator m&.7 iden,1ty the line when the aubacriber•• operator 
anewer the line ai gnal. 

(8) Jestine Korae Subaariben• Loop• 

Where Koree eab■ ortber• ■ loopa are terminated at the 
teatboard, a apecial ~•ok 1• provide4 at the teat board for teatinc 
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the loops css shown on Fi,g. 2, the tip spring of the jack b(;in;:; con­
nected directly to _the tip side of the testing circuit and s1-::eve 
of the jack connected to the rinc: sj_de of the testinr.:. circuit. To 
test a I1orse subscriber's loop, it is plugged into this specic'..l 
je.ck, · and the usual voltmeter 2.nd Whe2tstone bridge tests may then 
be mc'..de on the loop. · In using this j&ck care should be to.ken to 
sae that the test cords "A", "B", 11 C1

' and "D" are in their normal 
position, oth0rwise the test will not b.,;: mc1dc ;;.ccurc.tely. 

d. Location of F'aul ts 

In making measurements for the purpose of loc2.ting crosses, 
grounds or other troubles, it is essential to know wheth0r the cir­
cuit contains conductors of different 82.u,-~0s c..nd how mo.ny f e0t or 
miles of the various conductors 2ro in the circuit. It is also da­
sirable to know the resistances of tho v~--.rious sections of dissimi­
lQr conductors. For these ro['.sons it is necessary th~t records be 
kept showin,~ the lGngth, r,;2.u,10 2-nd kind of conductors in ec'..Ch cir­
cuit, to ,1ether with their resistance under different atmospheric 
conditions, and also the loc~tion of test poles, cable boxes, test 
stations and junction points or ~ny other irregularities in construct­
ion which muy aid in locc'..ting the fault. It is p~rticul2rly im­
portant that all the connections involved in the circuit be perfect, 
otherwi~e the locations will be inaccur~te. Linemen and testboard 
opcrctors should be impressed with the importance of making reliable 
connections. 

(l) Effect of Temp~rature 

In making locations on open wire lines, it should be re. 
membered tha,t the resistc1,nce will vary considcr<-'..bly with the tem­
u~rc'..tur~. In briGht, sunshiny we~ther the wires are sev~ral dczrces 
warmer than the air, sometimes ~s much ns 30 dcgr~cs. During cloudy 
we<'..ther or at ni:;ht, tha temperature of the lino wires will be the 
same 2.s the surroundin;:;: air. It h .:o.s been found that the rcsistRnce 
of No. 12 copper wire ~ay v~ry from 8.2 oh.~s per mile loop at 30 
de?;rces b0low z-::ro, t.:> 11.3 ohms ~t 100 d.c ,~rccs al,0vc z .:no • .At 52 
de ;-;rees Fnhrenhei t, the resistance of No. 12 N. B. S. '.; E~u;:-;e copper 
wire is about 10 ohms por mile loop. 

(2) Correction for Tempornturc 

on 2.ccount of the ch2:.n:;e in resistc.ncc, dua to v2.ria­
tion in ~tmospheric conditions, it is important thnt ~t the time 
it is dGsired to m2..ke a Varley or l'i:.urray loop test c:.. resistance 
mc Lsur~ent be made on the line in trouble. This resistc.ncc, divi­
d,Jd by the distance between the testing stc. tion and the distant stc>.­
tion, will gi vc the c,v0n1.ge loop :rcsistr-.nce p..::r mil-.:: of tha line 
under test under the 2.tmosphcric conditions existins c t the time the 
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fault is to be locGted. This value of the average loop resis­
tance per mile should always be used1 when obtainable, in the c.al­
cula tions involved in Murray and Varloy loop tests. For exe..mple; 
on a cold day the loo~ resistance of a line 100 miles long may be 
900 ohms making 9 ohms the proper average resistance per loop miie 
to be used in calculating th0 distance to a fault on that 1in6 un­
d0r tho existing weather conditions. On a hot day, the resistance 
of the same line may b~ 1200 ohms, thus makin~ 12 ohms the proper 
avcra,1a resistance pur mile loop to be used in calculatini":s tho 
distance ton fault then existinG. 

(3) Preliminary Location 

In making tests for locQtink trouble. it is first n0ccs­
se.ry to determine between wh2.t two test stations the fault ·exists. 
If the preliminary voltmeter tests indicate that the line is in 
trouble, the line should first be opened or short-circuited at the 
first test st~tion to datern1inc whether or not the trouble exists 
in thc'..t portion of the circuit bs::tw.::on the test board and. the first 
test stction. This should be repc2.ted at consecutive stations until 
the fault is loc2.ted between the two stations. Generally the test­
board operator ne2.rest the fault should then proceed with the 
accurRte locntion of the trouble. 

c. Wheatstone Bridn:e Tests 

After the nature of the fe.ult nnd its approximate locution 
on the line hc"ve been determined by the voltmeter tests described 
e..bove • the fault may be lac 8. ted accura tcly by the Whee. ts tone bridge. 
The Whe2:.tstone bridge tests which may b0 employed are classified e.s 
follows: 

Loop resist2ncc measurements 
Single wire resistance measurements 
Insul2.tion res-istancc m02.surcments 
Varley loop tests 
Murr~y loop tests 
Open-location tests. 

On,;; wn0atstone brid:;e is provided for 02.ch two positions, 2.n.d keys 
No. 13 2.nd Ho .. 14 2..rc provided so that th0 brid-;e m2y be connect.:;d 
to the test cords in either position .. When these keys ar0 thrown 
forw2..rd the brid;~e is connected to the test cords in the rih,ht-hand 
position ~nd vinen thrown back the bridge is conn..)C tcd to the tes.t 
cords in the left-hand position. When key No. 13 only is thrown, 
the r2:.tio arms "A" and 11B11 and the rheostat arm 11R" ar0 conn0cted 
in s0ries to th0 test cords, ~s shown in Fig. 32, so th~t they may 
be used ~s a variable resistanc~ in adjusting relays, etc. 
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Wheat.stone Bridge Ulld as adjustable re­
siStance. Test c:onl lc9v A.9.C or D thrown 
forward. Key 13 thrown~ or beck. 

{l) Loop Reaistance 

AasWDing tha~ the nature of the trouble has been de• 
termined, and 1.t ha• been f'ound between what two test statione the 
trouble exist ■ , a loop resistance meaeurewent should then be made, 
in order to determine the loop resistance per mile to use in cal• 
culating the distance to the tault. To do this the wires should 
be •short•oircuited• at the tirat test station beyond the fault. 
As aoon as the voltmeter reading indicates that the •short-circuit 
has been connected, key■ Boa. 1~ and 14 should be thrown forward 
or back, leaving all other keys normal. These keys throw the 
bridge to the left poaition if thrown back and to the right posi­
tion if thrown forward. 

The circuit arrangement• are then as shown in Fig. 33. 

f'IGURE 33 
Loop re.1stance measurement Test cord key A,B.C or D thrown 
ror.,ard.Keys 13a'10 !4 thrown foriNard or t>ack l<ey1S normal us,ng 
...itmeter mov,ng c;o1I - shunt re:ay 1n place Ill Galv-,r,mr. 

a__r· 
_ __jGK 

FIGURE34 
Loop resistance measurement.Test cord key A.8.Cor Othrown 
forward.Keysr3and!4 thrownfor-ra orl:l.ack Key 15 thrown for­
war-d to Substitute for voltmeter . 

It le alwaya desir&ble, in obtaining the preliminary balance, t-o 
have the ratio arms equal. Loop resistances are usually made with 
ratio arm■ •A• and "B" aet at 1,000 oluAs. The resistance measure• 
ments will then be correct to within 1 ohm. It a balance cannot be 
obtained with equal ratio arm• or it a very accurate measurement te 
desired, unequal values should be uae·d w1 th the ratio arnis as in• 
di cated in the table below: 
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If rasist~nce 
r,:e2.sured is 

Less than 10 ohms 
10 to 100 ohms 
100 to 1,000 ohms 
1.000 to 10,000 oh~s 

10,000 to 100.000 
oh:.1s · 
100,000 to 1,000,000 
ohms 
Ovor 1,000,000 oh~s 

___h_ 

l 
10 

100 
1000 

1,000 
1,000 

1,000 

_L_ 

1,000 
1,000 
1,000 
1,000 

100 
10 

l 
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Resistc.nce R 
should be; 

Divided by 1,000 
If II 100 
II II 10 

Equal to Linc Re­
sistance 

Mul tipl.::d by 10 
" " 100 

" II 1,000 

R0sis t.:-.ncc mc<'.SUrcm.en ts of c~. bl c circuits o.r~ usually m2.dc with 
unequal ratio arms, es a grc~t2r nccuracy raay be obtainad in this 
way when mc~surin~ resistance lass than 1,000 ohms. When 0qual rGtio 
c>.rms o.rc used, tha r ,_-sistc'..rrcc in "A" and "B" should be as near in 
value ns possible to the rcsist~ncc ccin~ mc~surcd. 

;..f tcr the ".:ri d;;c hc.s l.:; ::m c.dj u u t.:d the ::.c~ t t0 ry l:cy is lo eked down. 
The r-:;alvc'.'.nomctcr k,}y on thc l~rid:;c is then clos0d long .::mou6h to 
d0tr.rminc the direction and ln.a.c;ni tudc of the deflection of the volt­
metcr needle. The resi stnn8e in the rheostc. t 2.rm ''R" is then ad­
justod until there is no movement of the voltmct.::r nc..::dlc when the 
.,;;::alvunomctcr key is op,:m.::d .2..nd clos.:.!d. The r;:-~lvanomctor shunt is thun 
set at .001 ~nd key No. 15 is then thrown forw~rd, which disconnects 
the vol tmetcr r,.nd connects the -::~1 vanomctcr in its place c..s shown on 
Fi,:;. 34. The resistance in "R" is then adjusted until there is no 
movement of the ,--;c'..lvanomctcr nc.')dle when the .·;c1.lvnnomcter key is 
open 2.nd closed. This adjustment is th,m rcp00.tad with the ,:2..lvano­
mctcr shunt set consccuti vely c1. t positions ,.01, .1 and finally "open". 
The value of the r..)Sist2.ncc in "L" may then be dct.:::rmin0d by the ·for­
mula-

L = A.."q ,--- . - . . . . . . . . . . . • • • ( 4) 

·where L = tha loop resistance of th1.: circuit under test 
A = the valu0 of rcsistn.nce in arm IIA II 

B = II " " II " " "B" 
R = " II " " " n Rheostc1,t ['rm 

If the r2.tio arms nrc equal the r0sist2..ncc in "L" •will then be 
equal to the resistr.nce in the rheostat Rrm. If th~ ratio 2.rms are 
not equal the vnlue of rcsi stP.nce in "L" will be th<J. sum indicc.ted 
on the dials in the rheostat 2.rm, multiplcd or c1ivi.:lcd ly the fi.:;­
ures, indic['.ted in the above ta;:.le. 

This page supersedes Page 36 dated Sept. 19, 1919. 
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( 2) Sin1~le Wire Resistance I,:eas\,lremen ts 

If three single wires ~re available between two test­
inr; stritions, the resist2..nce of any one of them may be determined 
as follows: Let the three wires be represented by a.:, b, and c .. 
Wires a a.nd bar\) strapped at the distant end and their loop resis­
tance measured. In a simil2.r way me2.sure the loop resistance of 
wire~ a end c, and band c. AS each of th0 wires has now been 
measured twice> evidently one.half the sum of the three loop resis­
tances equals the sum of the resistances of the three wires and the 
resist~ncc of any one wire is the difference bctwc~n its resist2.nce 
and the loop r~sistnnce of the other two. This muy be expressed in 
a formula as follows: 

A _ (a+ b) +(a+ c) + (b + c) (b ) (5) - - - - - - - +c • • • • • • • 
2 

where, a, b• f'.nd c :represent the resist2..nces of tho respective 'wires. 
The resist2.nces of the other two wires m2.y then be rendily deter­
mined from the rcl~tion 

b = (n + b} - n 
c ::; (a + c) - a 

For exnmplo, suppose the loop resistc'.nce of wires a+b = 210 ohms, 
a+c = 240 ohms and b+c = 250 ohms. Tho sum of these resist~nces 
equ[-'.1S 700 ohms, which divided by 2 to obtain one-half the loo·p re­
sistances, cqu2..ls 350 ohms. Then 

n = 350 250 = 100 ohms 
b = 210 - 100 = llO ohms 
c = 240 100 = 140 ohms 

When two wires nre avnilable between two test st~tions, the resis­
tance of oi th-..;r of them. mn.y be determined by m(3_2..suring their loop 
resistc.nce and then mo.kin .~ a vurlcy or Murray loop test c1.s described 
l['.ter with the two wires :;rounded 2..t the distant stc.tion .. 

It is possible under fc.vor.:.ble conditions to men.sure th0 r~sist['.nce 
of a sint?;le wire to ~round ty muuns of the bridge.. HowGvcr, the re­
su.lts obtc.inc.blc by this m~thod ,.re not. sufficiently reli2.bl<) to 
Wr'..rrant their use when more than on0 wire is c:-.v2..ilr'..blc b-.;twcen tho 
test stations; This test is mc::.de in the smnc wuy 2.s loop r\,)sis ... 
tnnce measur0ments, except th~t tµe sinGl0 wire is conn~ct~d to the 
tip side of the bri d~c L'.nd the ring side of the bri dgc conn~c t0d to 
ground by throwing key No. 1 forw2.rd or bc..ck to test_ the tip or 
ring side, as shown in FL;s. 35 c.nd 36. Before attempt±.nc;. t\.l m~Q.s­
ur0 the resistance, the rheostat 2..rm '~·"· should b() s0t c.t c:-.pproxi­
m~tcly the rosistanc0 previously determined by the voitm~t~r t~sts. 
If n foraign or enrth potential is present, it will c~usc th~ g~l-
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Tanometer needle to be deflected when the fa1Tanometer key is closed 
and the battery key open. If this reading ia larg~r than the full 
acale reading when the galvanometer shwit 1• open and the resistance 
in the rheostat arm is approximately equal to the line resistance, 
the voltmeter should be uaed in the bridge in place of the galTazio• 
meter. In balancing the bridge when a foreign or earth potential 1• 
present, the rheostat should be adjusted until opening and closing 
the battery key with the galvanometer key closed does not change tbe 
deflection of the needle. When a resistance is measured in this way. 
it includes the resiatance in the growid and ground connection• at 
each end of the line. 

(3) Varley Loop Test 

The Varley test is particularly desirable in locating 
trouble as it ia independent of the resistance of the fault. ln 
ma1ing a Varley test a good wire is necessary and preferably this 
should be the mate of the bad wire. If. however, tbe two wires of 
a pair are crossed or grounded, it is necessary to select a good 
wire from some other circuit on the line. On open wire lines this 
should be, where practtcable, a non-loaded #12 gauge circuit in 
order not to interrupt oervice on a high grade circuit. In making 
locations in cable where the mate of the bad wire is in trouble, a 
good wire of the same grade and loading aa the bad wire should be 
taken from the aame lay~r of conductor•, since in other wires some 
inaccuracy would be likely to reult on account of the difference in 
length due to the twist in the layup of the cable and since in the 
cable on account of the large circuit groupa the uae of a high grade 
conductor for trouble location• ia not ao objectionable as in the 
case of open wire lines. The circuit arrangeQenta for making Varley 
loop tests are shown in figures 3?, 38 az:id 39. 

(a) Kethod fl 
After the loop resistance has been determined as dea• 

cribed aboTe, key #16 is thrown forward to give the Varley loop con­
nection. The ratio arma should be equal and set at 100 or 1000 ohms, 
preferable the latter. If tM trouble ia on the ring side or even 
numbered wire of the pair, a bale.nee cannot be obtained until revers• 

!his page supersedes page 38 dated September 19, 1919. 
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inc; key #6 is thrown forward. This connects. the bad ·,Hire to the 
tip side of the brid~e. If the trouble is on the tip side or odd 
numbered wire of the pair. it will not be necessary to operate key 
#6 to obtain a balance. After the prop~r connections have been 
made, the battery key is.then locked down and the rheostat adjusted 
until no deflection of the 3alvonometer needle is obtained under the 
most sensitive conditions. i.e., with the ;~alvonometer shunt open. 
The distance from the tcstin1 station to the fault can then b0 ob­
ta~ned by the formula 

where 

d = L-R T .• •· . . . . . . . . . . . . . . . . . . 

d = the distance in miles from the testins 
station to the fault 

R = Varley readin:;, i.e., the resistance in the 
rheostat arm when a balance is obtained 
on a Varley test. 

L = The loop resistance of the line under test 

M = the loop r0sistance p0r milu of the line 
under tcs t4 

This formula applies only when the good and bad wires are of the 

( 6) 

same ;;auge and 1rade. i,e., havin~ the same resistance bctwc8n the 
testin~ point and the distant station. The Land R (loop and varl0y} 
readin,;:s should be correct8d to ,:-;ive the actual line wire r~sistanc8., 
i.e., by subtracting the r0sistance of the office wirin,c;, arresters 
and cablin,-; between the test board line jacks and the line wires 
proper ~t both the testin:; point and the distant station. Thcs0 re­
sistances wil1 ~0n0rally be known and recorded at all offices so as 
to be i:mmedia tely available when makinr; trouble locations. -v,;hen 
so correct0d, the values Land R rcpr0sent the loop and Varley r~ad­
inG, r~spectively, of the line wires only, eith~r cable or open wire, 
as tho case may b~. For example, und0r the conditions above noted 
where the 1sood and bad wires are of the same ,-::;rad0 of loadin--;, if 
th~ corrected loop resistance L of a line 50 miles lon.; is 550 ohms 
at the time the test is made. the loop resistanc.a per mile at that 
time for the line under test will be 11 -•ohms. Then if the correc'ted 
Varl.-ey rGading is 330 onms and the ratio arms are equal, we have by 
Formula (6) 

d - 5 50-330 = .. 20 miles~ distance from the 
- 11 

testing station to th~ fault. 

Similarly. the resistance between thG fault and the distant station 
may be obtained by the formula 

This pa~e supersedes Pa:i;e 39 dated September 19., 1919. 
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R 
dl = M • • . . . . . • • • · • • • • • • · • • • (-?) 

Where d1 is the distance in mile s fron1 the f-:-.ult to the dist zmt sta­
tion. · Wher e R is the correct e d Varley re3.ding and 1,i the loop resis­
t9nce per mile of the line wires under test. 

Thus in the example given above: 
330 

dl = -11 = 30 miles, i.e., the distance from the f2ult to the 
dist ant station. 

It is usually better to use Forr;~u.12. (7) ··,he n ~,·orking to ·a lineman's 
cross beyond the f,:mlt or "'hen t esting to a dist ,J_nt st ation if the 
fault is near that station. In any c &s,:; 1 if t;,_r:.e is 2.vsilable it is 
usu ally well to make the location by both forrr;i1.l e.s using one a s a 
check against the other. 

(b) hethod -#2 

Lethod #2 dcscri b c, d b e lm~• is a simpler and mor e r eli­
able method since it is inc.epenc. e:: n-'.:. of t -3r;,.per z~tur c a nd is not a ffected 
iy the use of e. good =ir ,::: of differ ,::nt g :::,ug:::; and lo:tding the.n the bad 
'"lire. In this method the loop r e sistance of the good and bad ,~Jire 
should be determined reg2.rd. L ~Bs of inequ s li ties in g;:,_uge and loading. 
The Varley measurement should then be taken ~s above described in the 
usual way, and both readings corr ected for offic e cabling, arresters, 
etc. at both ends of the 'ITT.ires under test. Formula which then applies 
is: 

where 

and 

X _ L - R 
- 2 

. . .. . 
• • • fl • .{8) 

• ( g) 

X == resistance. oi oad wire from testing point to the fault. 
Y = resi stanc.f6 of bad ,nire from testing point to distant station. 
K = the dist~nce in miles from the testing station to the 

distant ~t~tit,m. 
d, L ancl. R a{i defined abo•re. 

In the case of op~n v·i:t'e linen, if the good and bad "'ires are of the 
same gauge and loading Y is equal to 1/2 the corrected loop reading. 
?There the bad wi:re is not of the same gauge and lo ac.ing as the good 
•,rire a second loop reading should be taken bet·~'een the good ~,;ire and 
its mate. Correet this reading for office cabling, etc., at both ends 
and subtract 1/2 of the result fror,: .. the corrected loop, re;ading L. 
The remainder will be 'Y. 
The resistance Y of the bad wire between the testing station and the 
distant .station may be divided by the number of poles between the test­
in{:! point and the distant station, th~ result being the number ohms 
per pole or per span which may be di-rided into X to find the number of 
poles bet~~een the testing point and the fault. Then by kno•.ning th~ 
pole number at the testing point the pole .number at the fault may be readi-

. ly computed. A more accurate location may be obtained by computing d in 
accordance with fornula ( 9) and referring to the line record book which 
should show exact line measurements from the testing station to various 

This Page supersedes Page 40-A. 
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poles located a few miles apart. From this record the pole number 
whose recorded distanceis nearest to dis selected~ The difference be­
tween the recorded distance and d should then be divided by the average 
pole spacing of the region of line in which the trouble is located, 
the result being the number of poles distant the trouble is from the 
selected location. 

In the case of aerial cable the same procedure should te followed, "1:;ut 
in the case of underground cable it is better to chanr;e the resistance 
X to miles by dividing X by the number of ohms per mile for the wire 
under test. Wh0re necessary this can be corrected for temperature, 
but normally underground cables do not chanc;e their resistance grcc.tly 
with reasonable chan;,;es in temperature. Af tcr de t:Jrminin:-; the di star:ce 
in miles from the testing point to the fault, the nearest manhole can 
be found by ref~rence to underground cable records. 

The following example is r;i ven showin1 the use of this 1,wthod as ap­
plied to trouble on open wire lines: 

Suppose . a loaded l/8 ;:;au,:;e pair (wires 7 and 8} is crossed and wire #8 
is chosen as the bad wire; the mate (7) is of course not available 
as a good wire and it is undesirable to take a second loaded #8 gauge 
circuit out of service to make the test. Assume that there is on the 
line a non-loaded #12 ~1au::;e circuit, wires 13 and 14, and that #14 be 
chosen as the good wire. Have wires #8 and #14 crossed at the dis-
tant station, make a . loop and Varley measurement on these ·vires as above 
outlined, correcting both readings for office cablin,=-; , etc. at both 
ends. Assume that the corrected reading Lis 550 ohms and the correct­
ed reading R 330 ohms, the calculation would then be 

X = 55~-330 = 110 
2 

i,;:ake a loop reading on wires 13 and l.4 and assume that after subtract ,­
ing the resistance of the office cablinG, etc. at both ands the rest:..J.~~ 
is 735 ohms. One.half of this or 367 should then be subtracted frcm 
the corrected loop reading L giving 

550-36?•183 ohms the resistance of tho bad wire from the 
testing point to the distant station. 

Assume that the office pole at the testing point is 142 and the office 
pole at the distant station 2554. There is then 

2554-142=2412 poles between the stations. 

This divided into 183 ohms gives 

This pa~e supersedes page 41 dated September 19, 1919. 



 TCI Library- http://www.telephonecollectors.info/

18a l 2112 • .o,&9 ohlu per po e 

PLAIT ~ULLBTIB JR>.116 
Sept•ber 19, 1919 

page #42. 

!he aotual re■ul~ 1• .o,~a,, but .o?59 1• eufficiently accurate 
tor the purpose. Thi• reault di Tided into 330 

The actual result 1• 434.0, but 435 1• sufficiently accurate for 
the purpose. 

The touble ia 435 poles from the testing point and the pole number 
at the test location ie 

f'IGURE~7 
Varley loop test. Test cord key A,B.C or Dthrown forward. 
Keys f3 and 14 thrown forward or back. Key16 thrown for­
ward. Key15 thrown forward to connect Galv. in place of 
voltrneter. (For voltmeter used as Galv. with key 15 normal 
Ste F"ia32l 

T 

Ive 

FIGURE39 

R 

f'IGURE38 
Reversed Varley loop test. Tm cord key A.8,CorOthrown for­
ward. Key 13and 14 thrown forward or back. Key 16 thrown for­
"'c1rd. ReveA1119 key 6 thrown forward. Kev15 thrown forward t.o 
connect. Galv. 1n place II volt.meter. (F"or IIOltmet.er used ~ Galv. and key15 normal see Fig.32) 

Metal he Varley test. Test cord key A18,C or D thrown forward. 
Keys 13 or14 thrown forward or bacK. Key 16 thrown forward. 
Varley and.Murrey l(10p jack patched tc lme X. Key 15 thrown rorward to connect Gailv. in place af YOltmeter. (for voltmeter 
used Galv. with key15 normal see Flg.32.) 

(4) Kurray Loop Teat 

When it ia desired to locate a fault on a line in 
,rhich both conductors are of the same gauge and conductivity 
throughout their length the Kurray loop test may be ueed to ad­vantage in determining the distance between the testing station and the fault, ae a location can be made in this case without a know­
ledge ot the loop resistance of the pair under test. If it ia des­ired to determine the distance ~ro~ the fault to the distant ata• 
tion, ~he llurray loop test ia not so convenient as the Varley test. The circuit arrangeinenta when making Murray loop tests are shown in 
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Figs. 40, 41 and 42. The position of the keys for this test is 
the same as when makinr::; Varley loop tests, except that key No. 16 
if thrown back to give the I~i:urray connection to the bridr;e. 

(a) L,~cthod 

To make a Murray loop test key No. 16 is thrown 
tack which short.-circui ts the ratio arm B and subs ti tutcs the rh(;O­
stat arm-R in its place. Arm A is usually set at 1,000 ohms and 
the "bridi;e adjusted in the usual way_. If a T!lore accurate result is 
desired arm "A II should then 1:J adjusted as nearly as possi l:le to a 
value equal to one-half the loop resistance and anoth~r balance ob­
tained. vvhen a balance is o1:tained the location of th-::: fault may be 
determined -:..,y means of the formula -

d = D' R 
A+R 

. . . . . . . . . . . . . . . . 
Where: d = dist'.";nc:..: from tastin;'.; st~·;tion to the fault 

(10) 

D'= Twice the dist.:-cnce h::t,;vc-:;n t}1e tcstin--:; st~_tions 
R = resistance in the rhcost2,t ctrr:1 vvhc.tt a ·:Jc1lance is 

obtained. 
A= the resist~nco of arm A. 

Thus if the distance between testin; st2.tions is ,10 mil0s and if 
a "balance is obtained in makin~; the izurray loop test when I. = 1,000 
ohms and R = 600 ohms, 

d = 40 X 2 X 600 
1,000 + 600 

= 30 miles, the distance from the tost­
inG station to the fault. 

This pa~e supersedes page 43 dated September 19, 1919. 
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F'IGURE 40 
Murry loOP test. Test. cord key A,B.C.or O l.nrown forward. 
Keys 13 and 14 thrown forward or back. Key 16 Uv"Own back.~ 
1Sthrown !'Drward to connect oeivanomet.er in place of~volt.· 
met.er. 

I( 

Loop 

T 

FIGURE42 

PLANT BULLETIN N0.11& 
l(a-rch 1, 1921 

Page #44-A. 

F'IGURE 41 
Rewrwd murray loop t.est.. Test cord key A.B.C or D t.hrOWf' 
forward.Keys 13and14thn>wnforward or back.Key 16t.hro-. 
beck. Rr,,ers•nQ key6 thrown forward Key!Sthro,,,n f'or....S te 
cannect 991vanometer In pi,lce fl IIOltmeter. 

GK 

Metal lie murr-ay loop Lest. Test ,·ord key A,B,C orD thrown 
forward. Keys 13 and14 thrown forward or back. Key 16 thrown 
back. Varley and murray ICJP jack pet.chedto hne X. Key 15 Urown 
forwe,d to conner:+. 9a1vanometer ,n place of voltmeter. 

Thia reoult may be checked by throwing reversing key No. 6 forward. 
The value of d determined by formula (10) is then the distance from 
the testing station to the distant station and back to the ·rault. 
Thus in the above case if the reversing key is operated and a bal­
ance is obtained when R ::a J.,66? ohms acc:ording to f'ormul.& (lo). 

d = 40 x 2 x 1667 = 50 miles, the distance from the testing 
1,000 + 1667 

station to the distant station and back to the fault. Adding these 
two values of d, 50 + 30 = 80 miles, which ia twice the distance be­
tween testing stations. 

Formulo (10) applies when the two wires under test are or the sa.r.ie 
gauge and conductivity throughout their length. In such cases this 
formula. ie more convenient than formula (6) when the lineman ia 
working from the testing station toward the fault since it ia not 
necessary to know the loop resistance to locate the fault. 

(b) Single-Wire Resia1!!1ce with _H.u.rray Loop 

When two wires arc ave.ilable between testing station• 

Thia page supe.reedes page 44 dated September 19, 1919. 
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the resist~nce of either of them may be determined by measuring 
their loop resistance and then making a i.iurray loop test with both 
wires grounded at the distant station similar to the method des­
cribed above for Varley loop tests. vVhen a b~lance is obtained with 
key No. 16 thrown back and key Ho. 6 normal the resistance in the 
tip side of the line or the odd numbered wire of the pair will be 
given by the formula

1 

·where: 

Y -= R L 
·A+ R 

. ' 

y = the resistance of wire 
the testing station to 

L = loop resistance of the 

. (11) 

in the tip side of the line from 
the distant station. 
two wires 

R = resistance in the rheostat arm when a balance is obtained 
A = the rt:sistance in ratio arm A 

For example, suppose the loop resistance of the two wires is 2t10 ohms 
and when making the Uurray loop test with key No. 6 normal and ·beth 

wires grounded at the distant stntion a ba.l~nce is obte.inc d when A == 

l,f'.D8 ohms and R = ?14 ohms. Tr ... c.n substituting in for:·,m1a (11) -

Y = ?14: x 240 _ 100 ohms, the resi st-ance of the wire in the 
1000 + 714 -

tip side of th€ line. 

This value in2,y be chocked by throwing k oy ::To. 6 forward 2.nd 2.g ;:-,, in ob­
taining a:• balanc~. The v2.lue of y obtainE..:d from formula (11) will 
then be the resistance in the ring side of the line and this value 
added to the value obtained for the resistance in the tip side shoul d 
be equal to the loop resistance of the line under test. Thus 'in the 
example given above if a balance is obta i ned with key No. 6 thrown fc.:r .~ 

ward when A= 1,000 ohms and~= 1,400 ohm~, 

Y = 140G x 240 = 14t ehms, the resi~tance in the ring side 
1090 + 140ti 

sf the line. 

This value added to the value previously obtained. for the ti) s i d. e 

gives 240 ohms, th e 100:p resistance of tLe line un::"ter test. 

(5) Tests w.ith Either Varley or ?'Jlurray roop 

(a) Varley and ~,iurray Tests when a Good Wire of t :::e 
Same Gauge as the Bad \Vir e i s not Available. 

When 2.. go c d wire of tt.e sn;;1c g E'..uge as the bad wire 

ia not available it is necessary to know the resistance of the bad 

wire frcm the testing station t0 the distant station befo re an accur­
ate location can be made. If the bad wire is grounded the sing J_e 
wire resistance mea.sure:.:1cnts described a bove cannot be employed fe r 

This page supers~des pag6 q5 dated Sept. 19, 191 9 . 
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determining the resistance of the single wire. In such cases, the 
bad wire and good wire should be strapped at the distant end and 
their loop resistances measured. If ·a third wire of any gauge or 
conductivity which is free from · crosses or gro~ds is available, 
the three wires should be strapped at the distant station and the 
line jack of the third wire at the testing station patched to" the 
Varley loop jack of the testing circuit. A Varley or Murray loo? 
test may then be made in exactly the same way as described above 
for measuring single-wire resistances and the same formulas apply in 
calculating the resiste..nce of the bad wire. If a third wire which 
is free from crosses or grounds is not available, the goo cl vvire 
should be grounded at the distant station and its resistance to 
ground measured as previously described under 11Single Wire Re­
sistance 1vreasurements 11 • This resistance subtracted ·from the loop 
resistance of the good and bad wires will then be equal to the re­
sistance of the bad wire between two testing stati~~s. 

Having determined the resistance of the bad wire between the two 
testing stations, the Varley and Hurray loop tests should then be 
made for locating t}1e fault. rt · will so:netimes be found when the 
good wire is of a s,ii..::~11er gauge th2.n the bad wire that a b2.lance 
cannot be obtained when the bP.d wire is connected to the tip side 
of the bridge. In such cases reversing key No. 6 should be thrown 
forwe.rd which reverses the connections of the tip ?,nd ring wires 
at the bridge. 

In making the Varley loop test with key No. 6 normnl 2.nd the ratio 
arms A and E equal the resistance in the bad vii re between the test­
ing station and the fnult is given by the formula. 

X L - R . . . • . . . . . . • . . . . . . . . .( 12) = 2 

yv.hen key Ho. 6 is thrown forward the resistance to the f Rul t is ex-~ 
pressed by the formula. 

X:"L+R ... 
2 

. . . . . . • ( 13) 

Vv'here: X = the resistance of the bc1.d wire froH1 tlle testing station 
to the fault. 

L = loop resistance of the pair consisting of the good and 
b~d wire of different gauges. 

R = the resistance in the rheostat arm R when a balRnce is 
obtnined. 

Having determined the resistance to the fault and the resistance of 
the bad wire between the two testing stations, the distance to the 
f~ult can be cclculated by means of the formula -

d = X D ., •• · 
r 

This page supersedes page 46 dated Sept. 19, 1919. 
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testing station to the fault. 
bad wire from the testing station 

the bad wire from the testing station 
to the distant station. 
distance between the two testing stations. 

If the ~Jiurray loop test is used in making the location test and 2 . 

balance is obtained with key No. 6 normal the resistance to th~ faul ~­
is given by the formula -

X _ R L • • •• 
- A+ll 

(15) 

Where: X = resistance of the bad wire from the testing station to 
the fault, 

L = loop resistance of the pair consisting of the good and 
bad wires of different gauges. 

R = the resistance in rheostat arm R when a balance is 
obtained. 

A= resistance in ratio arm A. 

If it is necessary to throw key No. 6 forward to obtain a.. balance 
the resistance to the fault is obtained by the formula - 1 

X _ AL • 
-A+R 

. . . . . . • ( 16) 

Where: A, Land R have the same values as above, 

When the resistance from the testing station to the fault . ha.s been 
determined the distance to the fault may be determined by means of 
formula (13) which applies to both Varley and .M:urray loop tests , 

(b) Swinging Faults 

In making varley or iJiurray loop tests on a 1 ine wl.ere 
the ground or cross is intermittent it is always desirable to h1ser : 
a Morse rela.y in the grounded side of the testing battery. This 11"3.!T 

be done by inserting the looping plug of j,Jorse test set No. 1 in the 
Varley loop jack. This arrangement causes the Morse relay t:, operat -:., 
each lime the battery key on the bridge is closed if the circuit is 
grounded or crossed,thereby indicating to the test board operator 
that the trouble is present and that he may proceed to balance the 
bridge. 

(c) Location of Crosses 

As there is usually an appreciable resistance in tLe 
cross itself which.may vary ip amount during the test due ti) corrosion 
of the wires or poor contact between them, the measurement of the loop 

This page supersedes page 47 dnted Sept. 19, 1919. 
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resistance through the cross itself does not afford a reliable means 
for locating the fault. For this reason a Varley or Murray loop test 
should always be used when attempting to locate a cross. Unless there 
is a considerable leakage in the line, the accuracy of the Varley or 
Murray loop tests will not be affected by the resistance in the cross 
itself. 

In locating a cross by either the Varley or Murray loop tests one of 
the faulty wires should be strapped at the distant station to a p:c:Yi. 
wire, preferably its mate and the loop resistance of the two mcar: t...rs-1 
The other faulty -~'ire which is crossed with the faulty wire of -che 
loop being measured is then connect0d to ground at the testing s·~e_­
tion. If, for example, wires 2 and 3 are crossed and wire l is free 
from faults and the same gauge as wire 2, wires 1 and 2 should be 
strapped at the distant station and wire 3 connected to ground at th::; 
testing station. The Varley and Murray loop tests may then be made 
in the usual way and the dista~cc to the fault calculated by means Ji 
formula (6) or (10). 

If the crossed v:ires are of the sar.ie gauge and conductivity a check 
test may be made by opening bot~ wires at the distant station and 
measuring the loop :-csistance thI·ough the cross and then making Varley 
loop tests with one of the wires gro1.u1ded at tho distant end. Tho re­
sistance determined by the VaTley measurement will then be the resis­
tance of the cross itsGlf and this resistance subtracted from the loop 
resistance through the cross will be the loop resistance of the tvro 
wires to the fault. 

(d) Location of Crosses with Metallic Battery 

During bad weather the accuracy of the Varley or Murray 
loop te.sts made 'Ni th grounded battery will be affected by the line 
leakage to ground. A more accurate 'location of a cross may be made 
under these conditions by employing metallic instead of grounded ba·~-­
tery. This may be accomplished by employing the method described 
abov~ except j;hat vvire 3 should be patched to the Varley loop jack n..r 
show~ in Figs: 39 and 42 instead of being connected to ground. Th2 
insertion of a patching cord in the Varley loop jack and the lin~ 
jack of wire 3 will disconnect the positive side of the battery fru: . 
ground and connect it to wire 3. The Varley or Murray loop tests ::r.uy 
be then made in the usual way. 

(6) Open-Location Test 

~his test is essentially a capacity measurement, the Wheat 
stone bridge being used with lov1 frequency al tcrnating currcn t as a 
means for comparing the capacity of the O:)en wire to ground with tha_ 
of an accurate 1-mocrofarad condenser at the test board. In making 
open-location tests the Murr~y loop connection is employed, the ratio 
arm A and the rheostat arm R forming two arms of the bridge and the 
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open wire and the grounded condenser forming the other two arms. 
When the rheostat arm R is adjusted-until no current flows through 
the galvanometer, the resistances in the armsA and Rare inversely 
proportional to the capacities of the line and cond.enser or 

A - Cl. 
R - C2 

. . . . . • • ( 1 7) 

where Cl equals the capacity of the grounded condenser in the test­
ing circuit, C2 is the distributed capacity bet\veen the open wire 
and ground and A and R the resistances in the_ bridge arms A and ~ .. 

In making open-location tests arm A should always be set at 1,000 
ohms, then since C1 is 1 microfaradJ formula (16} may be simplified 
to the form. 

c2 _ R • • • . • • . • • • • • • • 
_, 1000 

(18) 

which is. the distributed capacity between the open wire and ground 
when a balapc€ is obtained. 

Since the (ti,:.stributed capacity of a line to ground for a short line 
is nearly pr9p9rtiona1 to its length, this measurement affords a 
·simple mean:s· for deter:mining the distance to the point where the 
line is open. · This relat_ion holds sufficiently well for all practi..­
cal purposes in locating opens in loaded or non-loaded open ·wire 
lines up to 200 miles in length or on loaded or non-loaded under-

·ground cable up to llO mills in length. The measurements are less 
useful when the open is further away from the testing station since 
the resistance and inductance in the line cause the relation between 
the capacity and length to vary. 

The open-location test also affords a convenient means for measu":"e• 
ing the capacity of the condensers in circuits other than line ci:c­
cui ts, the testing circuit being connected to the circuit or~ app2v ~c, 

tus to be measureci in t:ne same way .as to an open wir:e. \"J11en a· ba~ ,-­
ance is obtained formu.,1a (18) ma·y be used fo~lculating capacitj--, 
This method may be employed in mea_suring capacity up to 11.1 micru ·-· 
farads. 

The open-location test may also be used to advantage to determine 
which wire of a pn.ir is crossed with an.other circuit when this fact 
cannot be determined conclusively by voltmeter or listening tests, 
since the cape,ci ty o"f the wire which is crossed will generally be 
cons.iderably larger than the capacity of the good wire. 

(a) Method of iwiaking :;,reasurements 

After determining which wire of tr;e p2.ir is open, 
· the single test plug connected to the (R) terminal of the bridge is 
plugged into the line jack of the open wire and the single plug con-

This page supersedes page 49 dated Sept. 19, 1919. 
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nected to the (T) terminal ot the bridge 1• plugged into the open• 
location test jack shown on Pig. 2. Plugging into the open•location 
test jack operate• a relay in the Wheatstone bridge circuit which 
connects alternating current through the r91>eating coil to the June• 
tlon ot the bridge arm• and start• the operation ot the galvanometer• 
reveraing relay. By making and breaking only once per cycle t~• 
galvanometer-reversing relay ■ erTea to reverse the connection to the 
voltmeter or galvanometer in auch a way that the current will paaa 
through it in one direction only. Ratio arm A should then be eet at 
1,000 ohm• and key• Noa. 13 end 14 thrown torward or back to connect 
the bridge to the desired poaition and key Bo. 16 thrown back to 
give the Murray connection ot the bridge. The circuit arrangement■ 
are then as shown in Pig. 43. The rheostat arm Ria then adJueted 
11Dtil no deflection of the voltmeter ia obtained when the galvano• 
■eter key ie closed. The galvanometer shunt should then be placed at 
.1 aJ>d key Bo. 15 thrown forward to connect the galTanometer in place 
o:r the voltmeter for making the tinal balance. It 1• important that 
the galvanometer be used in place ot the vol\lleter ln making the final 
adjustment ■ince the result• obtained with the galvanometer are eome• 
what different trom those obtained with the voltmeter. When a bal• 
ance ia obtained w1 th the ehunt at .1 a more accurate balance mq 
aometimee be obtained on abort linee with the ahWlt open. The capa• 
city of the Opell wire to ground aq then be obtained fro■ formula (1') 
and from thia value the diatanoe to the open can be detel'IDined. 

Galv 

iill , T ._,..T_u.. 
~ 1Mf "-

Gt< 

Repeating Coll 

f'IGURE4J 
Open locat.ion tut. Test. COrd key A.8.C or D thrown forward. Key 13 or M thrown 
f'tlrward or back. Tip test CllrCI mterted in open location test jack. Key1'\hrclwll 
bKk Key 15 \hrowri tbrwanl t.o connect. Gelvanome\cr ,n ptece or llollrneter.(F'or 
Vol\met.er ulld as Gal-ter and key1S normal see f19.llJ 

(b) Je U,1 OD of 0,pp■ 

In locating 1111 open the beet reaulta can be obtained 
when open-location meaaur-nt■ haTe been made preTioual7 on the line 
in question to point■ on both aidu ot the fault. ~hi• can be aoooa-
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plished by rnaking and recording such measurements on all line·s enter­
ing the office at times when no trouble exists. The measurements on 
each line should include all points where appreciable electrical ir­
regularity occurs due t·o any cause, such as a change in gauge or- the 
character of the line or the occurrence of intermediate apparatus 
and should extend throughout the limits of the t:esting station con­
cerned. The number of ohms per mile to use in the open-1o·cation 
test can then be determined for the various sections of all lines 
entering the office and the distance between the fault and the points 
heare·st it where previous readings have been obtained may be readily 
calculated. At the time when the open occurs a measurement should 
be made on the other wire of the pair, · if not in trouble, or on some 
other wire of the same gauge and character and in the same lead, in 
orderto determine the number of ohms per mile to use · in calculating 
the distance · to the fault. For example, suppose no previous data 
available but the · rtiate of the open wire is free from crosses or 
grounds and that the distance to the distant station is 40 miles, and 
in making an open-location test on the good wire with the pair open 
at the distant station a balance is obtained when R = 600 ohms. This 
value divided by 40 equals 15 ohrii.S, the proper value in ohms per mile 
to use in calculating· the distance to the fault, assuming that the 
wire is in the same ga.uge and character throughout its length. Then, 
if on making an open-location test on the bad :wire a balance is obt=Lil'!e, 
when R = 345 ohms, 34·5 _ 23 miles, the ·distance between the testing 

15 -
station and the fault~ 

Wh_ere a line is made up of sections of different character, such as 
op.en wire and underground cable previous data permit accurate loca­
tions to be made, and also to increase the length of uniforrn line· 
over which accurate locations can be made. Ji'or example, a line 55 
miles long consists of 5 miles of underground cable and a previous 
reading of 450 ohms has been obtained to the end of the cable an~ a 
total reading of 1., 200 ohms to the end of the 1 ine ., The ohms per 
mile of the cable is then 4-50 or 90 ohms and 1,200 - 450 ohms per 

~ 50 
mile for the open wire. If when making an open-location test on 'l':. L:~: 
line a balance is obtained when R = 600 ohms, the fault is 600 •· 450 
or 150 ohms from the end of the cable. Since the previous reading 
has given 15 ohms per mile for the open wire, the distance from the 
end of the cable to the open is 150 or 10 miles, so that the fault is 

15 
located 15 miles from the testing station. 

When neither previous data nor a good wire are available for compari­
son, an approximate location of the fault can be obtained by assum­
ing a value in the open-location test of 15 ohms per mile for open­
wire lines and 90 ohms per mile for underground cable. 

(c) Conditions Affecting Accuracy of Results 

It is desirable for the satisfactory operation of 
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the open-1ocation test tho.t the specified electrical and mechani­
cal ndj ustments of the galvanometer-reversing relay be maintained 
as nearly as pra.cticabl e, since these adjustments affect the· re;.. 
sul ts ·obtained more than any other factor in tr-~e testing circuit. 
The voltage ·of the battery used· to polarize t~e galvanometer­
reversing relay, the speed and voltage of the generator and the 
load on the generator also affect the results but the combined 
effect of these factors will not ordinarily amount to more than 
1 per cent. when the standard adjustment of the galvanometer­
reversing relay is maintained. The repeating coil which supplies alternating current to the relay and the resistance lamps in the 
ringing leads are important factors in the accuracy of the opera­
tion and should be maintained at all times as indicated on the 
drawings. The accuracy of the condenser is of considerable im-
p ortan·ce since its capacity directly· affects the results to L-~ 
same e·xtent as the bridge arm. The condenser being parallel with 
the galvanometer-reversing relay also affects its operation, e.nd, 
for these reasons, it is desirahle to use only the condenser 
specified. · 

T. G. MILLER 

General Plant Uanager. 
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~gine:er 
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