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TEST AND 1'ORSE BOARDS

Description and Overation of #4 Test Boards

DIVISION PLANT SUPSRINTINDENTS:

DISTRICT PLANT SUPTERINTENDENTS:

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

'l. 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,
the drawings under which the installation was made should be re-
ferred to.

Only the latest standard arrangement of equipment andé circuits are
described herein. The explanations and descriptions, 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 ZQUIPMENT

No. 4 testboard provides facilities for terminating and testing toll
line circuits, phantom sets, composite sets and simplex sets. It is

also used for terminating and testing duplex telegraph sets, tele-
graph.repeater sets, i.orse subscribers' loops, telephone loops and
liorse battery taps in offices where the amount of telephone equipe
ment is not sufficient to require a separate board.

a. Sections

No. 4 testboard is made uo in one-position and two-position
sections. The sections are so designed that they will line up with
each other end to end or with standard #4 liorseboard sections. The
sections are arranged so that they may be equipped either as test-
boards or as combined test and liorse boards. Where complete sec-
tions are equipped as separate liorse boards, thc general arrange-

ment of the equipment will be somevhat differont from the testboard.
This is described in a separate bulletin.

b. Face Equipment

The jacks for the toll lines, tr*unks, phantom sets, ccmposite
sets, simplex sets, polar cduplex circuits and nisccllaneous circuits
are mounted in strips of 10 or 20 in horizontal rows. These unit
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strips of jacks are arranged at the testboard, in such a manner
that the associated jacks of each circuit form a vertical line,

Ce gexahelf Equipment

A keyshelf is provided for 1 and 2 position testboard sece-
-tions on which are located cords and plugs, keys, testing instru-
ments and Morse testing eets,

FPigure 1 shows the arrangement of apparatus on the keyshelf of a
l-position section of testboard,
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FIGURE 1
Keyshelf equipment.Position section #4. Testboard.
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The keyshelf equipment of a 2-position section is made up of 2-
groups of equipment similar to the l-position section except that
only one Wheatstone Bridge is provided for the two keyshelves.

The bridge is located in the right hand keyshelf, and accordingly
Figure 1 may.b€ considered to represent also the right hand kecy-
shelf of a 2-position section. The location ¢f the bridge as shown
makes it convenient of access from both positions.

3. DESCRIPTION OF CIRCULTS AND APPARATUS

a. Testing Fauipment

The testing equipment asscciated with l-position testboard
consists of

1 Testing circuit made up of test cords, keys, voltmeter, Wheat-
stone Bridge, telephone set and Lorse set #1l.

1 Connccting cord circuit

1 Morse set #2

1 Morse set #3

The operation of each of thesec circuits is described in the same
order as listed above. '

(1) Testing Circuit

Figure #2 shows a schematic of the testing circuit,with
cords, keys, telephone sets, Wheatstone bridge, and lorse set #1l.
The letters F and B on this figure adjacent to the keys refer to
the position of the key with reference to the testboard operatons
"F" means the key is thrown toward the operator and "B" means the
key is thrown away from the operator. The words "forward! and
"back" arc used in the following explanation corresponding respect-
ively to the "F" and "B" positions of the keys.

(a) Test cords

Four test cords with twin plugs and four single
test eords are provided in connection with the testing circuit
shown on Figure #2. The shells of the twin plugs have the tip _
side knurled and the ring side plain to enable thc testboard operat-
or.to distinguish readily between 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. Bach of the four sets of cords is provided with a test
cord‘key so wired that when the kcys arc normal the tip and ring
terminals of the plug are connected to the busy test winding of the
telephone set, as shown in Figs. 3 and 4, ’
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FIGURE 2 Disgram of Testing Circuit.

This page supersedes page 4, dated Sept. 19, 1919,
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FIGURE 4
~usy Yest All keys normal. Phug not inserted in jacks Busy test with busy test relay. All keys normal Plug not inserted in jacks

This permits the operator to obtain a busy test in the usual manner
on either line, drop, or listening jacks without operating any keys.
If a test cord key is operated the busy test will not be odbtained
on the assosiated cord, »ut the dbusy test on the other cords will
not be affected, 8ingle plugs are provided im connection with test
cords *C®* and "D* to facilitate testing for crosses and to enable
the test board operator to test on split pairs when desired, The
single test cords are also used in making open=location tests de-
scribed later,

The test cords are arranged so that they may bde used independently
0f cach other, that is, cord "A" may be used for testing the line
while cord "B® is being used for talking and cords "C® and *"D* for
holding, When more than one test cord is in use care should de
taken to see that each key is in the proper position to preveant
connecting the different cords together. When the test board operat-
or is testing on cord "A* and talking on cord "B" the operation of
the telephone key No, 3 disconnects the telephoune set from cord *B*
and connests it to cord ®"A" as shown in Fig, 5, thus making it un-
noecessary to change cords or operate additional keys,

ZMF. " FIGURE 5
Talking. All kegl normal, Plug inserted in jacks. (Or key A.B.C
or D thrown forwerd or key 3 thrown beck.

In taking up a line for test, one of the regular test cords should
be used, the busy test being made before inserting the test plug.
The test plug should first be inserted in the line jacks in order
that tests may be made to determine the nature of the trouble on
the line and whether the trouble exists outeide or inside the
office, The battery on the sleeve of the test cord then operates
a relay in the toll circuit which disconnects the line relay and
operates the busy signals at the toll switchboard,

The insertion of the test plug in the lines jacks ogeratoo a rélay
in the sleeve of the test cord which connects the telsphone setis
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30 that the usual talking,
When the key associated

with the test cord is thrown, the telephone set is disconnected
from that paerticular cord but the connection to the other cord is

not affected,

When a test cord key is thrown the telephone set

may be disconnected frowm the other test cords and connected %o the
associated cord by throwing key No. 3 of the testing circuit fore

ward as described abvove,

Condensers are connected between the

telephone set and the testing circuit so that the telephone set may
be bridged across the line without interfering with the testing eir-

cuit, except when an open=location test or
voltmeter i® being made, This enables the
listen and test on a line at the same time

If in addition to inserting a test plug in
circuit, key No, 8 is thrown back, talking

to any of the test cords which aee up, as shown in Pig, 6,

a capacity test with the
test board operator to
if he desires.

the jacks of the line
battery may be supplied
This is

intended for supplying telking battery 10 linemen eguipped with
comxnon battery hand sets or telephone loops equipped with common bat-
tery subacribers' sets, but is not intended for supplying talking
battery to common battery subscribers' lines.

® 24 voit battery - °
used where 4B volt
is not available.

® For 24 voit batt-
erg this resistance
i« 2607 :

Teiephone Set -
induction Coil 125"

Repeat Col FIGURE 6
Talking battery common o ail cords. Test cord keys normal. Key 8 thrown back

cT ™
21 21”
48Vg gel
. 40782/ ¥21*
R @

FIGURE 7

Talking battery ontest cords. Test cord key
A.B.Cor D thrown forward.Key 8 thrown forward.

@ 24 volts used when
48 volt 1s not avall-
able.

@ This resistance 260~
for 24 voit battery

When a test cord key is thrown forward talking battery may be sup-
plied to the associated cord by throwing key No. 8 forward the cir-
cuit arrangement being as shown on figure 7,

Ringing current may be connected simultaneously to all of the test
cords which are up, provided the test cord keys are norwal, by
throwing key No, 4 forward, When a test cord key is thrown for-
ward, ringing current may be connected to the associated cord by
throwing key No. 3 forward, the circuit arrangement dbeing as shown
in Fig. 8e . '
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o FIGURE 8
Ru?m% Key 4 thrown for ward (or test cord key l\.B3
or D thrown forward and key 3 thrown forward
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FIGURE 9 _

Monitorina Kevd thrownback. Plug inserted in jacks
Yher key No. 4 of the testing circuit is thrown back the induction
coil of the telephone set is disconnected from the circuit and the
high fwpedance receiver in series with condensers, is bridged
across ithe circuit, as shown in Fig, 9. Thie gives a maximum re-
ceiving efficiency and eliminates such noise as way reach the cir-
cuit through the operatort's transmitter, It is intended to be
used when the operator desires to monitor on a line, or when it is
desired to eliminate the side tone in the operator's set when
listening on a line for noises, etc, It is not desirable to pro-
vide a battery cutout key at the testboard for opening the trans-=
mitter circuit to elirinate the side tone when making these listen-
ing tests,

It should be noted in regard to the use of the telephone set, that
while the circuit arrangement shown on Fig. 9 causes considerably
less transmission loss than the arrangement shown on Pig., 5, this
loss ie appreciable particularly on loaded circuits amounting to

as much as 3 miles of standard cable on such circuits, On non-
loaded circuits the loss is about one mile of standard cable, This
fact should bde carefully noted in order that connections will not
be monitored under the iupression that no appreciable transaission
loss occurs,

It is also important to note that telephone repeatered lines cannot
be monitored at the line jacks in the testboard when the telephonwe
set would be bridged on one side of the telephone repeater, Tele~
phone repeater monitoring jacks are provided where necessary for
monitoring on repeatered circuits,

When one of the gest cord keys is thrown back its associated cord

is disconnected from the other test cords and the tip and ring of

the plug are connected to a repeating coil, acroes the middle of which
& ring-up relay is connected, as shown in Pig.1l0, The other wind-
ing of the coil is connected to the interrupted trouble-tone cir-

cuit so that this tone may be sent out oa the line by inserting the
test plug in the line or listening jacks, The cord may then bde

used as a holding cord for the lineman to call in on, the tone wserve
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iag Lo indentify the circuit and the ring-up relay providing a
ringdown signal, When the test cord key is thrown back the sleeve

circuit is opensed so that the busy signals at the toll switchboard
will not be operated.

oI T
E 21
¢ T
s LTﬂmﬁLFrn
1 Busbars
_.m.o.d 21*
oR R
FIGURE 10 ‘

Holding. Test cordkey A,B.C or D thrown back.
(v) Telephone Sets

The telephone 3ot associated with the testing circuit is
wired as showninschematic on Figs, 2 and 3 or Fig. 4. The telephone
set in Figs, 2 and 3 and Fig, 4 differ in the method of wiring the
busy test feature, In Figse, 2 and 3 the tip and ring of the testing
plug is normally connected to ground through a repeating coil and re-
sistance in series, The combined resistance of the repeating coil
and the resistance is 90 ohms, The seccndary winding of the repeat-

ing coil is connected across the ternrinals 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 ground through
the repeating coil and resistance, This current will cause a noise
or "busy click" in the telephone receiver,

The busy test feature of the arrangement shown on Pig., 4, i8 obtain-
ed by connecting the tip and ring of plug to ground through a 1400
ohm relay. The operation of this relay when the tip or ring is cone
nected to a potential above ground, closes a circuit through the
repeating coil associated with the receiver, The closing of this
circuit gives the "busy click®™ in the receiver,

The arrangement shown in Fig, 4 is used on testboard positions where
outgoing call wire toll lines, or outgoing switching trunks appear
which may be connected to cord circuits having a marginal relay in
the sleeve circuit, The low resistance of the path from the tip and
to ground on Pig, 3 may cause the false opeoration of this relay.

This false operation is avoided by the use of the high resistance re-
lay in Fig, 4.

The telephone set is nct previded with any direcv currvent holding
deature, condensers being wired between both the testing circuit and
connecting cord circuit and the telephone set, When a direct ocur-
rent holding feature is required, a trunk of the type which provide
this feature is employed,

(c) Voltmeter

The voltmeter used in the testing circdit is a No,12002
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voltmeter similar to the Weston portable voltmeter and has a cent-
ral zero scale with a full scale reading of 150 volts in each dir-
ection from the zero point. It has a resistance of 100,000 olms
and is provided with a shunt coil which when bridged across the in-
strument recduces its resistance to 1,000 chms and converts it to a
milammeter. %When the shunt key is thrown, the scale reading in
volts is equivalent to the current ‘lowlng in the circuit in milli-
amperces.

As it is desired to use the volimeter in all preliminary tests, it
is wired in the circuit so that it is used in place of the g“lvuno-
meter in moking "heatstone bridge tests when obtaining o prelimin~
ary bnlance. Vhen used in this monner, the 100,000 ohm winding is

cut out of the circuit ond the moving coil connected directly across
the bridge. The galvanometer is substituted for the voltmeter forxr
making the final adjustments by throwing key No. 15 forward.

on of keys in the testing
ribed under the heading

The use of the voltmeter and tla eperati
circuit for making various tesis is des
"WETHCD OF IIUT T3I8TINGY.

(¢ T

(d) Wheatstone bridge

meatstone bridge ¥0.12001 which is used in the testing
circuit is an inverted dicl type bridge with sliding contacts having
two ratio arms and four groups of adjustable re51stance in the rheo-
stat arm. The wiring of the bridge is shovmn on Fig. 11.

The brldne is made up of three ucgustwble resistances designated VA",
WB" and "R", The resistances "A" and "B" are Mnown as the ratio

arms and have four coils each, the resistonces of these coils being
1, 10,100 and 1,000 ohms resnpctlely. The resistance of the coils
in the ratio arms is accurate to within 1/20 of 1 per cent. arm "A"
veing measured from terminal posts (R) and (-) and arm "BY being
measured between the terminal posts [~) and (J). The resistance "R"
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 resistances of these coils are ac-
curate to within 1/10 of 1 per cent. when measured from the ter=
minal vosts (J) and (T). These resistances moy be adjusted to give
a total resistence in series of from 1 to 11,110 ohms.

ihe maximum allowable power consunpiion in any arm of the bridge is
watte.

The galvonometer is mounted in the bridsc and vrovided with a shunt
key for reducing the magnitude of the deflection =nd to srotect the
galvanometer against injury from excessive currents. In meking the
preliminary balance the shunt should first be se+ at .OOl and chonged
when a balance is obtained ~t this position to .01, then .1 fin: 11y
to "open". If the needle fiuctuotus the gglvwnomater should be shun-~
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ted sufficiently to keep the needle within a range of two positions
from the zero point,

The use of the Wheatstone dbridge is described under "METHOD OF LINRE
TESTING",

¥ Fox
L el

FIGURE 11

Wheat stone Bridge N°12001. Wiring and arrangement
of terminals.

(e) Morse test Set No,l

Morse test set No. 1 is arranged so that it can be
used in place of the voltmeter as shown in Fig. 12, in making con-
tinuity tests. To substitute liorse test set No,l for the voltmeter,
key No.2 is thrown back, which disconnects the voltmeter and bridges
Morse test set No, 1 across the circuit in series with two 400=ohm
resistencea, Morse test set No. 1l is also arranged 8o that it can
be used for continuity tests without employing the test cords or
testing battery, by using the cords associated with the test set and
connecting battery or ground to the test set or circuit under test,
a8 shown in Pig. 13, Drawing No. 137-A-56. In tests of this kind
the battery taps used should always be special testing taps,

morse Test

150V. - « Set Not
ol —oRARe-oAR o .
| E@Lf—w 1 =
I\ {20 150~ 24V T

R 400 )

o— 0
FIGURE 12 FIGURE 13

Morse test set N°1ontest cord. Test cord Morse test set N°1onMorse cords All keys normat
Key A.B8.C or D thrown forward.
Kev 2 thrown beck.
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(2) Connecting cord circuit

One connecting cord circuit wired as shown on Pig,i1a is
provided in each test board position for the purpose of connecting
toll lines together or with the various desk telerhones or other
terminel sets in the toll office, and like the testing circuit is
arranged to supply talking battery when required, The connecting
cord may also te used as a secondary cord for handling irncoming
and outgoing calles and is designed tc be used in conjunction with
the lineman's signaling circuit shown on Figure 15, for signaling
a linemants station,

The signaling circuit at the lineman's station, as shown on Figure
15, 18 wired to a toll line which is not equipped with composite,
sikxplex or phantom apparatus, To call the linemen's station, the
test board operator first makes the usual busy test on the toll
line to which the lineman's eignaling circuit is connected, 1If

the toll line is not busy, the test board operator inserts the
calling plug of the connecting cord into the listening jacks and
rings the linewant's station in the usual manner by throwing key
No.9 forward, If the toll line is busy, the calling plug is ine=
serted in the listening jescks but the ringing key is not operated,
The test board operator then takes up one of the test corde, se=
lects an idle lime which appears at the lineman'!s station, and in-
serts the test plug to hold it; the proper code signal is 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 upon which
the test board operator is waiting to talk to him,

When key No. § is thrown back, the telephone set of the testing
circuit is bridged across the connecting cord, If in addition key
No. 11 i8 thrown dack, talking battery may be supplied, the circuit
arrangement bveing similar to that shown in Fig. 10, This is in=-
terded for supplying battery to linemen eauipped with comwon bate
tery sets but is not intended for supplying talking battery to
common bettery subscribers'! lines,

Ringing currenv way de connected to either cord of the connecting
cord circuit by throwing key "E" forward, for the left or answer=
ing cord, and key No., 9 forward for the right or calling cord,

10-A Beli
or

'Lme <

West Line

( East

243-ASubs.
Set
Rinqing current
leads may be con

.
nectedté AandB A

13Dr
1 ry
g\e?':ce of ary Cells;

FIGURE 15

Signaing circuit at Linemans station
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(3) Morse Test Set #2.

Morse test set No, 2 is provided for testing Morse
lines and Morse subscribters! loops, When telegraph circuits are
terminated at the toll test board, a mil-ammeter is provided as
shown on Figure 17, Separate looping and single cords are pro-
vided in series with the mil~ammeter in addition to the Morse
test set cords and are arranged so that when the looping plug 1is
inserted in the looping Jjack of & Morse line terminal, the mile
amuetsr ies connected in series with the circuit, The mil-ammeter
used for this purpose is the No. 111076, and is similar to the Wes-
ton round pattern, Moael 24, having a central zero escale with a full
scale reading of 150 milliamperes in each direction from tne zero
point, The principal feature of the Morse set #2 when a mil-ammeter
i8 provided are similar to those on the testing circuit of the Morse
board which is described in the bulletin on the #4 Morseboard,

S

Plug #47-B

Cg?d 511
Plug 147-A (wmte cord wit
Cord#493\ Red Shell
ey ItA

Plugra7-B || ~
Cora 54 |1 -

White cords
with black shelis

Sounder £12519 Y
|

4

Lo Relay 122°A

U
Regis

na'p 24v -

130~ “—l

FIGURE 16
Morse test set Ho2 For use at position where mil-ammetsr
1S not required

Whcre a separate Morse boaerd is provided for temuinating telegraph
circuits, no mil-smmeter is provided at the test bvoard, and Morse
test set No, 2 is wired in accordance with Figure 16,
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F AIM ©
[ 12 B ¢ = ‘LD'F
°F ‘ E - 6——‘-} Yo Morse
l ] ‘_Q =. Battery
Sounder
n2519
20~
Key 11-A NOTES
The single Morsee cords shait be white with black sheils.
28V 8P The Morse loopingcord « =~ .- - ared shell.
D i g The single Mil-Ammeter cords shall be black with black shell.
30 j The Mil-Ammeter loopingcord ~ = = * ared-shells

.f If - Rel? $22:A
L }

FIGURE 17

Marse Test Set 22 For use at positions where Mil-Ammeter is required.

_Morse
Subscriber’s
Leop Cord

, pre———

Looping Jacks 2218

o }*\l I s " -
E ¥ To other Ioop"’:? Sounder #12519

jacks if require
20"‘E |

[ 2 4v N, B
j N~ r{lgll b 9100~
1 130*
-3 = Relay 21-A

i

Jack 2206 Spl.
J/
(= 1d
%QTelegraph Key.

FIGURE 18
Morse Test Set #3 For use with test wire.

(4) Morse Test Set $#3.

. Morse test set No, 3 is provided for use with the test
wire circuit and is arranged as shown on Figure 13,

This page supersedes Page 14 dated September 19, 1919,
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JPlug r47-8

wpe  Plug 5478,
A lug #47-8

Black Shells “F"
White Cord #637 Lo
- ) Plug #141-8
Used for crossing.grounding and “g
patchingngirggle wiregs. Red Shell

Used for opening both sides
of a circuit,or plugging out

composite,simplex or phan-
T R R T tom sets.
. i Plug #141-A B Plug :141-Ai [
Black Shells
e 5 o

éJs%d for mak t,mg p_at.t.;hes beft‘.;v;g: l'icnes,

rops, composites, simplexes,a ntom -

sgts..s‘l_'wo 'd’ cords may be used i~etsad of % gg;f’g‘ﬁe?.

one B cord. Used for connecting the trouble
tone acrossc}h_e tip and ring wires

T - circuits.
R 0 0t R
Plug #47-A "C” Plug#47-A
Rec Shell
-u,c
(formerl )
Used for patching Morse loops only. Wooden Plug 7165 \ #9434

Used for opening single wires
battery tgps.e%.c. ’

-
: ) ? R TT
Plug 2110 "D - Plug #110 Line Drop Dr
a Red Shell R Plug #152 Plugfzocﬁ%g
|
* "L’. R

(Green Cord #5145

Used only at Composite Ringer Jack rCord 4733
Box for patching. 3

3
3

T R Used for patching from mainframe to
main frame box only.
g
- "M"
Black Shell :

Used for plugging out composite, Plug £110
simplex or phantom sets andfor Used far short-circuiting com-
short-circuiting fines, drops,etc. posite ringers in Composite
Ringer Jack Box.
Supersedes page 15.dated Sept 19,1919

¥Indicates Revision.
FIGURE 19
Toll Test Board N°4 Patching Cords and Plugs.
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This circuit is wired to a lLiorse subscriberts loop plug at the
test or lorse board which is plugged into a loop jack of a liorse
line terminal for connection to a test wire. :

b. Lines and Associated Ecquivment

(1) Line circuits

The jacks of line circuits ot the testboard correspond
in order of arrangement to the normal pin positions of the wires
on the last line crossarm beforc entering the office, The normal
pin positions arswmderstood to be the pin positions of the wires
as they would cppear if no chonges in pin positions cccurrod.on
account of the existing transposition scheme. Phantom simplex and
composite sets normally associated with o line circuit are wired
to jocks which, together with the line jacks form a group known as
a "line circuit”.

This arrangement avoids the use of patching cords under normal con-
ditions.

Typical line circuits are shown on Figures 20 and 21.
(2) Busy Test

The slecves of the line, drop, and listening jocks
are wired to the slceves of the corrcsponding jocks at the toll
switchboard to enable the test board opcrator to obtoin o busy
tast when the circuit is in usc at the toll switchboard anc to op-
erate the busy signals at the toll switchboard when o plug is in-
sertcd in the jacks at the toll board. The sleceves of phanton,
sipplex and composite jocks are not wired to the corresponding line
jacks cnd o busy test, therefore, cannot be obuoined on thesc Jocks.

The sleeves of the line jocks are wired through the contacts of o
jack on the drop side, sSo that when the drop is patched to cnother
linc circuit the wire commecting the line ond drop slceves 1S open.
This feature enables the testboard cperstor to make the usuad tests
fror: the line jacks, if the corresponding drop jacks have been
patched to o good circuit, without maoking the potched circuit busy.
“When a drop is patched to another linc, the key associated with the
bes5t cord must be thrown forward, when-the test plug is inscrted in
the corresponding line jacks, otherwise the tclephone circult is
oncen becausc there is no ground to operaxtc the busy test reloy.

“hen toll linc circuvits are conncected through an office to another

1011 linc the busy test features will not be uscd. 1In this casc

the sleeve circuit will be connected through o 100 ohm resistonce
>

to rround so o8 to operate the slecve reloys of the testing ond con-
naocting cord cireunit.
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Cxx. Jack Box .

Cx l D

Set Cxx $et
Drop
' Jack
Line
k , Jack
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line jacks,

FIGURE 20

O o} Arrangement when mounted above
O Q| nterposition trunk jack

O o Arrangement when mounted below
O S| nterposition trunk jack

Arrangement of Morse

Typical toll line circuit in testboard. 10 Jack-composite circuit. (showing
Cx and Cxx patching jacks and Morse line jacks)

This page supersedes page 17 dated September 19, 1919,
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FIGURE 21

Typical toil line circuit in Testboard 14 Jack compos;te
and phantom circuit.

This page supersedes page 18 dated September 19, 1919,
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(v) Trouble Tone

he toll lines are wired so that a mectallic in-

terrupted trouble tone may be connccted to the tip and ring wires
of thc toll line by inserting a short-circuiting plug in the tip

istening jack, in order that the toll operator may know when the
line is out of order. The trouble tonc may also be connected tc
the tip and ring wires by mcans of the test cords, provided the key
associatcd with the tcest cord is throwm back. The tene nray be con-
nected to cither the lirne or drop jecks separatcly by neans of the
test cords or it may be connected to the entire circuit by insert-
ing thc plug in the listening jacks.

In ordcr to prevent the toll operator from reperting as busy a linc
which is out of ordcr, the circuits are arranged so that the busy
signals will not be operatcd when a treuble tone is connccted to the
linc, either by the inscrtion ¢f a short circuiting plug in the tip
listening jack, or by mecans of thec test cords. The operators at

each cnd of the line will be ablc to hear thc trouble tonc 1if the
naturc of thc trouble docs not interferc with its transmission. Where
a line is short-circuitcd ncar the testing station, it will be ncces-
sary to open the linc sidc of the circuit in ordcr to obtain a satis-
factory tonc at the toll switchboard.

(c) =Patching Lincs and issociated Apparatus

To rcmove a composite, simplex, or phantom sct from
a line and cut the line throuzh to thc switchboard insert the cord-
less nlugs "FY shovn on Tigurc 19 in the line and dérop jacks of the
set to be rcmoved. The local contacts on the jacks are so wircd that
the line will be cut tlirough with the sct rcmoved.

To transfer a phantomed, simplexed, or composited line from one drop-
terminal to another, insert horirontally with the knurled edze to

the left onc plug of the cord "B", Figure 1¢, in the drop jacks of
the phantom, simplex or composite sct and thc other pluz in the drop
jacks of the new drop terminal.

Tc substitute a new line for onc normally phantomed, simplexcd or

composited, insert horizontally with the knurled edgc to the left

one of the cords "BY,¥igurc 19, in the line jacks of the phanton,

simplex, or composite set, and the other plug in the line jacks of
the new line.

To composite a line normally composited or to substitute another
composite set for one normally composited or to substitute another
composite set for one normally connected to & line, insert horizon-
tally with the knurled edge to the left onc of the cords "B", Figure
19, in the line jacks of the spare composite set, and one pluz of
another sinilar cord into the drop jacks of the spare set; then conncct
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in a similar manner the other plug of the cord connected to the Line
jacks of the composite sct to the line jacks of the line circult
and the other plug of the cord connected to the drop jacks of the
composite set to the drop jacks of the line circuit. 3Both cnds

of the linc should be changed simultancously. In substituting a
composite set for the onc regularly uscd, the korsc legs of the
spare sct should be patched to the iorsc line terminal normally
wired to the szt to be removed, using the single patching cords "A",
Figurc 19. Phantom scts and simplex scts may be patched in the

samc way as compositc scts.

(d) Patching Composite Ringers

In ordcr to provide means so that all composite
ringers in an office may be casily interchangeablce between the
various circuits to which they arc regularly connccted, cach set is
wired through four jacks in thce composite ringer jack box, as shown
on Figures 20 and 21, and patching cords and plugs "D" and "M", Fig=-
ure 19 arc provided,

If onc of the patching cords "o%, Tigurc 19 is inscrted in cach of’
the composite ringcr drop jacks of any sct, that sct may be connect-
cd directly to any linc by plugging the other cnds of those cords
into the composite ringer lince jacks of that line,-

If it is desired to remove a composite ringer from a linc it is only
nacessary to insert onc of the short-circuiting plugs "u" into cach
of the linc jacks of the composite ringer set.

“then the sidc cirecuits of a phantom arc composited, the compesite
ringer scts normally associated with the composite scts must be
shifted to the drop side of the phantom repeating coil, otherwise
the phantom line will be opcned when cither of the composite ring-
ors is operated. This arrangement may be offected at ths freme if
the assignment is permancnt. This is the casc shown or Tigure 21,
If the assignment is temporary, the composite ringer will bce associ-
ated with the composite scet shown on Figure 20 which it is desired
to patch to thce phantom side, and thoe change may be made by inscrt-
ing short circuiting plug 1}, Fig. 19 in the line Jjacks of thc com-
posite ringer seots and then connceting the composite ringer drop
jacks be mcans of patching cord D, Fig. 19 to looping Jjacks on the
side of the pnentom set. The=ss jacks are locetad in the composite
ringer jack box and are part of the cquipment of phantorad lingcs
which are not regularly compesitced but which may be compositcd for
temporary changes in layout.

(2) Intervosition Trunks

Interposition trunks are provided for patching purposes
between test board positions and betwecn test board and jjorse .boarad
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positions so that circuits terminating in one position may be
patched to circuits terminating in another position, They are ar-
ranged to provide a busy test through the operator's telephone set,

Interposition trunks are used between (a) test board positions for
patching Morse lines, telephones, composite sets, etc (b) test
board snd morse board positions for pstching Morse lines (c) test
boerd positions for patching Morse subscriber's loops when a sepa~
rate Morse board position is not provided (d) test board poeitions
and cable test board positions for patching line circuits, etc,

(3) Talking Trunks

Direct talking trunks between the test board and points
to which frequent comrunication from the test board is required,
are provided, Several different arrangements may be specified such
as one-way or two-way trunks and automatic or ringdown signalling,
The trunk terminatee in the test voard in Jacks and lamps .in mount-
ings lccated beneath the other jack panel units, These jacks 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 Distributing Frame

This circuit ie used where all of the circuite enter-
ing the office are not looped through the test board and it is de-
sired to gain access of these circuite at the distributing frame,
Figure 22 shows the wiring of the circuit, The connection between
the jacks at the distributing frame and the toll line is made by
means of cord and plug L, Pigure 19, The jacks at the distribut-
ing frame are mounted in a jack box,

Jacks at foll
Test Board No.4

f"’——‘v‘ T
Jks #223| Listermng
~T—u|R
Jacks at Main Distributing Lo ™~yT
Frame jack Box Jks /8| Line
Line - Y. TR
\ Jacks nﬁ\\
Bt o R
ggoo- i' T
29‘ Jacks/N8| Orop
Agsembly of Jacks R
at Toll TestyBoard N®4 ::,u
RTRT
To other £223 Jacks 1007 S $119-K
in Main Frame Jagk
Boxes
FIGURE 22

Testing Circut to Distributing Frame.
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(8) liorse Line Circuit

The Morse legs of composite and simplex sets are wired
to Morse line jacks at the test board. These jacks are shown on
Figure 30. This arrangement permits patching between the lorse
lines and the various circuits at the test board or lorse board.

(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
lMorse 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 #& Morse
board.

C. Miscellaneous Circuits

(1) Auxiliary Signal and Buzzer Circuits

An auxiliary 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
cordlamp.

* 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 unbalancing the circuit, Figure 33
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 inserting a durmy 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 cub out,

* Indicates revision
This Page supersedes Page a3
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FIGURE 23

Through line telephone repeater monitoring jacks.

One group of jacks 1is provided at each position where the telephone
repeatered lines terminate, The circuit is so arranged that when
the repeater attendant 1is 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 monitoring 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 thet the repeater operation is teing
supervised by the repeater attendant and that it will not be neces-
sary for him to take any further action with respect to it. This
circuit 18 intended for use when the repeaters are located some dis-
tance from the test bvoard and their operation is not supervised by
the test board operator,

(3) Hetwork Circuits,

Lines equipped with telephone repeaters require balanc=
ing equipment on the network side of the repeaters, Balancing
equipment is terminated on jacks in order that any changes made in
the line equipment may 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 Tap Jacks,

Battery tap jacke terminating Morse battery taps arve
provided for testing and the use of Morse circuits,

(5) Ground Jacks,.

Grounded jacks are provided for testing and other
miscellaneous purgposes,

This page supersedes page 23 dated September 19, 1919,
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(6) Spare Test Wire,
Spare test wires are provided for looping test wires

through & position which are normally connected to Morse sets at
other positions,

(7) Comwbination Composite leg Jacks,

Jacks are provided for changing combination composite
sets from sets normelly terminel to intermediate or vice versa,
Yigures 24 and 25 show both arrangements,

Cx Sst Cx Set
| et |

I e -

hj ! mn m o

H -I!I!n ] ¥ "o
- : I — b

..'
{
|
i
i
|
|
|
|

b |
|

J

-
-——

| +
L
oot l[“ [—* e €3 o
i .’ll —ﬁ':ﬁ it =3 ( —rt'—'l. ?’._ '.r-v o—-b"a
¥ | B D Wb W\ B G U
Arrangement L | ] Arrangement
of jacks n panel - = of jacks in panel
-FIGURE 24 FIGURE 25
Combination composite set jack Combination comgosn.e set jack
Normaily terminal. Normally intermediate.

The change from terminal type set to intermediate type set is made

by inserting a plug "1I" Fig. 19 in the jack ascoclated with the set
it is desired to change,

d, Power Equipment
(1) General

Standard central office storage battery having a nor-
mal potential of 24 volte is used for operating test board circuits
unless otherwise specified, 48-volt battery is used for supplying
talking battery to the testing circuit and connecting cord whenever
evailable, Ringing and Tone Test Leads are obtained from standard
ringing machines,

(2) Testing Battery

The tecsting battery consists of dry cells, connected
in series to give a working potertial of 150 volte, The dry cells
are mounted outside the section and should te arranged in such a
way that additionel cells may be added to keep the potential normale
ly at 150 volts, One testing battery which is used for both volt-

moter and Wheatstone bridge tests, is furnished for each test board
position,

4, METHODS OF LINE TESTING.

a, Erecautions ir the Use of Testing Equipment,

In order to prevent giving shocks to linemen or cablemen care

This page supersedes page 24 dated September 19, 1919,
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should be taken not to connéct testing battery or ringing currcnt
to the line before notifying them. vwhen inscrting the test plugs
21l keys should be normal and the test cord key should not be
thrown before notifying the lincman if he is on the lime. Shunt
key Wo., 2 should be operated only long cnough to make the nccessary
tests and should never be left in an operated position.

Provision must be made to keep thc line current below 100 milli=-
amperes when the line accidentally bccomes'groundod or short-circuite
ad ncar the officc where the battery is located.,  For this rgason
cach battery or gencrator tap wired to the test board for usc as a
testing tap ‘or sparc tap must have a resistance of at lcast 10 ohms
per volt inscrted in the lead.

b, Classes of Line Tests

The testing circuit is provided at the ;#4 testboard for the
purpose of determining the nature and location of troubles occur-
ring on toll lines outside the office and in the apparatus associa-
ted with them inside the office. Thc tcsting circuit is provided
with a voltmceter and VWheatstone bridge as shown on Figure 2. The
voltmeter is uscd in preliminary tcsts for detcormining the nature of
the trouble on the cdircuit and the Wheatstone bridge is used in
locating faul ts after the neature of the fault has bcen determinecd by
means of the voltmeter. For convenicnce, therefore, the tests des-
cribed below are divided into two general classces: .

Voltmetcr tosts, or tests for determining the
nature of a fault,

Whecatstone bridge tests, or tests for detormining
the location of the fault on the linec.

Tor reference purposes the formulas uscd in the voltmeter and Wheat-
stone bridge tests are numbercd consecutively. :

c. Voltmeter Tecsts

As mentioned above, the voltmeter is used to determine the
naturce of the trouble existing on the line, that is, whcther the
line is open, grounded, short-circuited, or crossed with another
line or with a2 source of forcign or earth pozentlul The different
tcsts which may be made with a voltmeter are further classificd as
follows: ' : : ‘

Continuity tests

Bridzed apparatus tests

Tests for grounds

Rough resistance measurenments

Tests for 1nsulat10n resistance and leakage
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Tests for crosses
Tests for foreign or earth potentials
Morse subscribers

(1) Continuity Tests

The operator in taking up the line for test first makes
the usual busy test using one of the regular test cords, and if the
line is not dbusy 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 is outside or inside the office,
If there is no one on the line the test cord key associated with the
test cord used is thrown forward which connects 150=volt metallic
battery to the tip and ring wires of the cirocuit in series with the
voltmeter, as shown in Fgiure 26, 1In testing a toll line the circuit
will normally be closed at the distant end if the line is 0.X,, and a
deflection will be obtained on the voltmeter indicating that the line
is continuous, the magnitude of the deflection being & measure of the
resistance of the line and the apparatus at the distant end, If the
circuit is open, a momentary throw of the voltmeter pointer will soue-
times be obtained, expecially if the line is long and its insulation
resistance high, In making continuity tests, non-grounded battery is
used and therefore, other tests with a grounded dattery may be re-
quired,

Voltmeter

_Voltmeter . Voltmetor

T- 150"" 500

7 4+,J50%

Test c:rcurt reversed Battery reversed. Test Voltmeter test. Test
Test cord key A.B.C or cord key A .B.C or Dthrown cordkey ABCor D
D thrown forward Key forward. Hey 5 thrown back thrown forward.

6 trrown forward.

FIGURE 26
Voitmeter Connections

(2) Bridged Apparatus

In testing toll lines which have drops connected to them
at the distant end, the presence of this apparatue will be indicated
by a steady deflaction of the voltmeter as soon as the test cerd key
is thrown if the line is continuous, However, if the apparatus at
the distant end should include a series condenser, the voltmeter
needie will be deflected only temporarily, The presence of a bridge
of this type can always be determined by operating reversing key No,
6 which will cause the voltmeter to be deflected by the discharge of
the condenser at the distant end, the magnitude of the deflection be-
ing a rough measure of the capacity bridged across the line., On
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lines having more than one dbridge of this type or on long cable cir=
cuite, the deflection may be too large to be read accurately on the
voltumeter, 1In such cases shunt key No, 2 18 thrown forward to re=
duce the deflection, The telephone key must not be thrown while
making these tests since the bridge condensers in the telephone set
will cause a momentary throw of the voltmeter needle similar to the
bridged apparatus at the distant end,

(3) Testse for Grounds

To test for grounds Key No, 1 is first thrown forward
which opens the tip side of the circuit and comnects the voltmeter
to the ring side in series with the testing bvattery, as shown in
Pig. 27, The voltmeter deflection will then be an approximate in-

dication of the resistance between the ring side of the circuit and
the ground,

If tha bridged apparatus at the distant end includes a series con-
denser, the above test would not indicate a grcund existing on the
tip side of this circuit, Therefore, Key No, 4 should be thrown
back to test the tip side of the circuit, the arrangement being as
shown in FPig. 28, 1f the voltmeter reading is in excess of the one
previously obtained, it would indicate that a ground or leak existed
on the tip side of the line,

Voitmeter voltmeter

ot
100,000~
150V
R i
FIGURE 27 FIGURE 28

Test ring Test cord key A B.Cor D Test tip Test cord key A.8,Cor D thrown
thrown forward and key i thrown for- for ward. Key 1 thrown back

If the bridged égéaratus or repeating coil at the distant end does
not include any series condensers, the reading obtained when Key

No. 1 is thrown forward will be approximately equal to the reading
obtained when key No. 1 is thrown back, However, if the line is
long and the resistance of the fault is low, the reading will gener-
ally bYe larger in the former case than in the latter 1f the ring
side is grounded nsar the testing station, and smaller if the tip
eide 18 grounded near the testing station, If the two readings are
approximately equal and large enough to indicate that a ground ex-
ists, the fault is presumably near the distant station,

{4) Resistance Measurements with Voltmeter

The voltueter may be used to make rough resistance meas=
urements, An approximete figure for the resistance may be odbtained
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quickly by remembering that the scale divisions from the zero point
to the needle represent the resistance of the voltmeter and that
the scale divisions from the needle to the battery voltage (150 volts)

represents the resistance under test. This may be expressed by the
following formula;

X:I"'—%-r-rl‘........'_'...._....(l)
Where: X = the resistance under test
r = the voltmeter resistance
E = the test battery voltage
D = the voltmeter reading when in series with
resistance X and the testing battery
r'= The resistance in series with the testing

battery.

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

Since the resistance of the voltmeter will be cither 1,000 or 100,000
ohms the value of X usually may be determincd mentally. For examplce,
if when the circuit is closed and the shunt key No. 2 is thrown for-
ward making the voltmeter resistance 1,000 ohms as shown on Figure
29, the deflection is 75 volts and when Key No. 6 is thrown forward
the deflection is 150 volts, from formula (1)

X =1,000 x 222 - 1,000 - 500 Or

X = 500 ohms which is thc resistance of the circuit under
test. The same mcthod and formula apply when the voltmeter is used
without the shunt except that the voltmeter resistance r is 100,000
ohms instead of 1,000 ohms and the 500 ohm rcsistance r' may be neg-
lccted as described later.

When making resistance measurcments with the vol tmetsr the battery
voltage should he noted carcfully at the time of making the test. If
thc shunt key is used in making a resistance measurement, the battery
veltaze should be read while the shunt key No. 6 is thrownback which
connects the tip and ring wires together and has the cffect of conncct-
ing the voltmecter directly across the testing battery, @s shown in

Fig. 30. The voltmeter reading then indicates the potential of the
testing battery.

In mecasuring rcsistances with the voltmeter the results are more

accurate when the resistance of the voltmcter is nearly cgqual  to the
rcsistance being measurcd. For this rcecason shunt Key Mo. 2 should be
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150"_ Voitmeter . ,v__ Voltmeter

T o+ " 500"

Total Shunt
1010~ Resistance
2 1000~

of

FIGURE 29 ~ FIGURE 30
Voltmeter shunt. Test cord key A, Measuring rattery voitage Test cord
B.C or D thrownforward. Key 2 thrown key A B.Cor D thrown forward. Key 6
forward. thrown back

operated when measuring resisiance 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 te taken
to determine vhether any foreign or earth rotentials are present,
since resistance measurements, &s a general rule, are not very accur=-
ete when foreign or earth potentials exist,

(5) Insulation Resistance and Leakage

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 ohms shunt key No, 2 should not be used in making these
measurements, The voltmeter resistance is them 100,000 ohms and as=
cuming that the resistance being measured is above 10,000 ohms, the
500 ohm resistance r!' may be neglected with small error so that for-
mula (1) may be simplified as follows:

I=(%-l)x100,0000....................(3)

V¥here X = the resistance being measured

E = the testing battery voltage

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

100, 000

the resistance of the voltmeter in ohms,

For example, if in measuring the insulation resistance of a line &
deflection of 5 scale divisions representing 10 volts is obtained
and when key No, 6 is thrown back the reading is 150 volts, substi-
tuting these values in formula (2) gives

X = (150 - 1) x 100,000 or

X= (15 =1) x 100,000 = 1,400,000 ohms, which is the in=-
sulation resistance of the entire line,

This page supersedes page 29 dated September 19, 1919,
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Generally when line insulation resistance mcasurcments arc made
the interpretation of results requires that the insulation resis-
tance be expressed in mer~onms per mile. This may be done by
multiplying the resistonce obtained by (2) into the lensth of line
expressed in miles.

A more convenient method is to usc a formula similer to (2) which
mives the resistance in mejohms per mile directly as follows:

B - 1)
X : (‘an‘ L - - - - t - . * - L3 -~ - - -
(e ) RIJ ) . - - ™ - . ' (3)
Where
X = Insulation recsistance in
mesohms poer mile
E = Battery voltame
e = NDeflcciion in volts
R = Voltuzter resistarcs in

e, 0kus
= Lenstihh of Jive in milos.

. .

To measure the insuletion rcosistance between the wires of a pair

the circuit should be opencd «t the distont end =2nd the test cord
key throwm forward to zive the circuit arrenscments shown in Fir. 26.
The voltmeter reading will then indicote the insulation resistance
between the two wires and its opproximate valuc in mcsgonms may be
determined if desired by substituting the values in formula (3).

The insulation resistance between each wire of the pair and ~round
nay be determined by throwin~ key Wo. 1 forward to test the tip

side and back tc test the rins side rs described above in making
tests for =zrounds.

In meking measurements of insulation resicstnnce shunt key Xo. 2 should
be used unless the volimeter readineg is in excess of 135 wolts with
the shunt key normel and o test battery voltase ncar normel. However,
if the rcadins is in excess of this valuc it will indicate that the
insulation resistance is about 10,000 ohms or loss and oetter rosults
may be cbtained by operating the shunt key and substitutin~g in for-
mula (1) when determininsg the resistance.

(6) Tests for Crosses.

Crosses may be divided into two classcs, (1) crosscs be-
twcen the wires of a vpair, commonly known as “short circuits™, and
(2) crosses botween either wire of & poir and another circuit. The
other circuit may or may not have bettery or ground connected to it.
Crosses between the wires of a pair, or "short circuits®, will al-
ways be determined by tue low resistancc obituined when measuring
the insulation between the wires as described 2bove.

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



PLANT BULLETIN NO, 116
September 19; 1919
Page #31.

When it 'is not known what wire the circuit under test is crossed
with, the line should be opencd at the distont cnd wand tests made

to determine, ecither by listening on each wire or by the kick of

the voltmeter ncedle on ‘testins endh wire to sround, which wire of
the poir is ‘crossed with another line. The presence of the cross

is usually indicated by a srecter volumce of noise when the test-
board operator listens on the wire thrt is crossed. This may be
done by throwins key Mo. 1 cither forwnrd or back dependin~ on
which wire of the circuit is crossed ond throwin- tclcephone key Mo,
3 back. This combinction jrounds one sidc of the teldphone sct nnd
connects the other side to the line. The cross may 2lso be dcter-
mined by thie voltmeter 'as follows: Key Yo. 1 is thrown in the pro-
per diréction to connect thé wire under test to the voltmetiter. Bat-
tery rcversing kéy Mo. 5 is then operated to reverse the direction
of current throush the voltmetcr. Xoch time the boattery reversing
key 1is opernted o momentonyy deflection of the voltmeter will be ob-
taincd. On comparin-~ the deflection obvtained on the wire under

test and the deflection obtained. cn the tood wire of the circuit it
will be found th.t the deflection in the formoer casc is considerably
larzer than the latter. In mokin this test telephone key No. 3
should be normnl. If it is not possible to determine conclusively
which wire of the pair is c¢rosscd cither by the voltmeter or by
listening tests, the capacity of ecch wire to ;round may be measured
by means of the open-location test featurc os described later. The
capacity of the faulty wire to -round will ;encrally be considerably
larser than the capncity of the 00d wire to -round.

After determininz which wire of the peir is crossed the test plus
should be recmovaed from the circuit and one of the sinjle plu s in-
serted in the line jack of the faulty wire. The other sinsle pluy
should then be inserted momentorily in such circuits as may be sus-
pected of beinz crossed with the defective wirz. As soon as the
test plur is inscrted in the wirce which is crossed with the wire
under test, the voltmecticr needle will be deflected. By throwing key
Fo. 2 back the llorse rclay may be uscd in place of the voltmeter or
the Horse relay may be used independently of the teostin~s sct. When
it is not possible to detcermine which wire of the pnair is crossed
with ~nother circuit these tests should be made with the pair short-
circuited ot the distant end. '

If the wires of the pair arc not crossed with cach other, cither
one may be crossed with some other circuit which is not rounded
and does not apperr ot the officc where the test is beinz made.
Frequently, crosses of this kind caon be detormined by rinsing on
the defective circuit, sufficient of the rin~in~ current passing
throuzh the cross to operate the relay conn:cted with the drop on
the outside circuits. The answerin~z op:rator on the outside cir-
cuit will Le able to define the circuit. Crousscs of tunis kind can
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FIGURE 31
Battery off Test cord ke&A.B.
Cor D'thrown forward. KeyS
thrown forward

usually dbe located between two test stations and the line records
should show the location of circuits with which crosses might occur,
If possible, these tests should be repeated with grounded battery
and the circuits with which a cross is suspected grounded momentari-
ly at the test station, A deflection of the voltmeter needle will
be obtalned when the wire with which the circuit under test is cross-
ed is grounded at the test station,

(7) Tests for Foreign or Rarth Potentials

This test is made in a manner similar to that employed
in the test for leakage or insulation resistance to ground with the
exception that key No. 5 is thrown forward to disconnect the test-
ing battery from the circuit, With key No, 1 in its normal posttion
the operation of key No. 5 connects the voltmeter directly across
the circuit as shown in Fig, 31, so that any deflection would indi-
cate the presence of a foreign potential on the circuit, When key
No. 1 is operated the negative side of the voltmeter is connected
to ground and the positive side is connected to either the tip or
ring wires of the test plug, (to the tip wire when the key is
thrown back and to the ring wire when the key is thrown forward) so
that any ground pctential on either of these wires would be indi-
cated by a deflection of the voltmeter needles. This test is parti-
cularly useful on toll lines that are likely to becowe crossed with
common battery subscriber's lines, since the potentisl of the common
battery subscriber's lines is always known, If the testboard opera-
tor in testing for foreign potentials finds that the toll line is
crossed with a circuit having a potential of 24 volts, &n attewpt
should be made to identify the subscribver's line, This may be done
by throwing shunt xey No, 2 forward, reducing the voltmeter resis-
tance to 1,000 ohms and operating the line relay in the usbscrider's
line circuit, Key Ro, 3 should be thrown back soc that the test-
board operator may identify the line when the subscriberts operator
answer the line signal,

(8) Jesting Morse Subscribers' ILoops

Where Morse subsorider's loops are terminated at the
testboard, a special jack is provided at the test board for testing
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the loops as shown on Fig., 2, the tip spring of the jack being cone-
nected directly to the tip side of the testing circuit and slceve
of the jack connected to the ring side of the testing circuit. To
test a forse subscriber's loop, it is plugzged into this special
jack, "and the usual voltmeter and Whectstone bridge tests may then
be made on the loop. " In using this jack care should be taken to
see that the test cords "A", "B", "C" and "D" are in their normal
position, otherwise the test will not be made accurately.

d. Location of Faults

In making measurements for the purpose of locating crosses,
grounds or other troubles, it is essential to know whethcr the cir-
cuit contains conductors of diffcrent gauzes and how many feet or
miles of the various conductors are in the circuit. It is also de-
sirable to know the resistances of the vorious sections of dissimi-
lar conductors. For these rcasons it is necessary thoat records be
kept showing the length, zouse and kind of conductors in each cir-
cuit, tosether with their resistarce under different atmospheric
conditions, and also the locction of test poles, cable boxes, test
stations and junction points or cny other irregularities in construct-
ion which may aid in locating the fault. It is porticulerly im-
portant that all the connections involved in the circuit be perfect,
otherwise the locations will be inaccurste., Linemen and testboard
opcrators should be impressed with the importance of wmeking reliable
connections.

(1) Bffect of Temperature

In making locations on opén wire lines, it should be re-
membered that the resistance will vary considerably with the tem-
perature. In bright, sunshiny weather the wires are several dezrces
warmer than the air, somctimes s much aos 30 degrees. During cloudy
weather or at night, the temperature of the line wires will be the
same as the surroundinz air. It hes been found that the resistance
of No. 12 copper wire may very from 8.2 ohms per mile loop at 30
degrces below zero, to 11.3 ohms ot 100 desrecs abuve zero, At 52
desrees Fahrenheit, the resistance of No. 12 N. B. S. jauje copper
wire is about 10 ohms pcr mile loop.

(2) Correction for Tempcraturs

On occount of the chanze in resistance, due to varia=-
tion in atmospheric conditions, it is important that ot the time
it is desired to meke a Verley or iurray loop test a resistance
meosurement be made on the linc in trouble. This resistonce, divi-
ded by the distance between the testing stotion and the distant ste-
tion, will give the average loop resistonce per mile of the line
under test under the atmosphceric conditions existing ot the time the
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fault is to be located. This value of the average loop resis-
tance per mile should always be used, when obtainable, in the cal=-
culations involved in Murray and Varley loop tests, For example,
on a cold day the loop resistance of a line 100 miles long may be
900 ohms making 9 ohms the proper average resistance per loop mile
to be usecd in calculating the distance to a fault on that line un-
der the existing weather conditions. On a hot day, the resistance
of the same line may be 1200 ohms, thus making 12 ohms the proper
average resistance per mile loop to be used in calculating the
distance to a fault then existing.

(3) Preliminary Location

In making tests for locating trouble, it is first nceces-
sary to determine between what two test stations the fault existse.
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 stotion to dotermine whether or not the trouble exists
in that portion of the circuit between the test board and the first
test station. This should be repcated at consecutive stations until
the fault is located between the two stations. Generally the test-
voard operator ncarest the fault should then proceed with the
accurate location of the trouble.

e, Wheatstone Bridse Tests

After the naturc of the fault and its approximate location
on the line have been determined by the voltmeter tests described
above, the fault may be located accurately ©y the Vheatstone bridge.
The Wheatstone bridge tests which may be employed are classified as
follows:

Loop resistance reasurements

Single wire resistance measurements
Insulation resistance measurcments
Varley loop tests

Iurray loop tests

Opcen-location tests.

One¢ Wneatstone bridzge is provided for cach two positions, and keys
¥o. 13 and ¥o. 14 arc provided so that the bridje may be connected
to the test cords in either position. When these keys arc thrown
forward the bridze is connscted to the test cords in the right-hand
position and when thrown back the bridge is comnected to the test
cords in the lcft-hand position. When key No. 13 only is thrown,
the ratio arms "A" and "B" and the rheostat arm "R" are connected
in scries to the test cords, os shown in Fig. 32, so that they may
be used as a variable resistance in adjusting relays, etc.
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FIGURE 32 ot
Wheatstone Bridge used as adju: e re~
{X Test cord A.B.C or D thrown

fst:r’w:nr&em thrwl:r‘rvardorback.

(1) ZLoop Resistance

Assuming that the nature of the trouble hes been de=-
termined, and it has been found between what two test stations the
trouble exists, a loop resistance measurewment should then be made,
ir order to determine the loop resistance per wile to use in cal-
culating the distance tc the fault, To do this the wires should
be "shortecircuited® at the first test station beyond the fault,
As soon as the voltmeter reading indicstes that the "short=circuit
has been connected, keys Nos., 12 and 14 should be thrown forward
or back, leaving all other keys normal, These keye throw the
bridge to the left position if thrown back and to the right posi~
tion if thrown forward,

The circuit arrangements are then as shown in Fig. 33,

Voitmeter
Moving Coil

Loop
Loop

FIGURE 33 N FIGU@rE 34 8
Loop resistance measurement Test cord key A,B.C or D thrown 00p resistance measurement. Test cord key A B.C or D thrown
for ,‘;m Keys 13310 14 thrown forward or back K{y15 normal using forward.Keys 13 and !4 thrown forwara or back Key 15 thrown for -
voit meter moving coit and shunt reay inplace of Galvanometer. ward to substitute for voitmeter

It is always desirable, in odtaining the preliminary balance, to
have the ratio arms equal, Loop resistances are usually made with
ratio arms "A" and "B" set at 1,000 ohus, The resistance messure-
ments will then be correct to within 1 ohm, 1If a balance cannot be
obtained with equel ratio arms or if a very accuraté measurement {s
desired, unequal values should be used with the ratio arms as in-
dicated in the table belows
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If resistance Resistance R
neasured is ' A B should be;
Lcss than 10 ohms 1 1,000 DlVldud by 1,000
10 to 100 ohms 10 1,000 100
100 to 1,000 ohms 100 1,000 " " 10
1,000 to 10,000 ohas 1000 1,000 Bqual to Linec Re=-

sistance
10,000 to 100,000
ohus 1,000 100 Mllltlpl\.d by 10
100,000 to 1,000,000 1,000 10 " 100
ohms
Ovar 1,000,000 ohus 1,000 1 " " 1,000

Resistance meosurenents of cable circuits are usually made with
uncqual ratio arms, &s a grecaoter accuraey ray be obtained in this

way when measuring resistance less than 1,000 ohms. When cqual ratio
arms arc used, the roesistance in "A"™ and "B" should Lc as ncar in
value as possiblc to the resistonce teins mcasurcd.

after the tridse has Loon adjustad the tottery key is locked down.
The galvanomctexy kecy on the brid:zc is then closed long cnough to
determine the direction and megnitude of the deflcecction of the volt-
meter ncedle. The resistance in the rheostat arm "R" is then ad-
justced until there is no moveiment of the voltmoter nccedlce when the
walvanomcter key is opcencd.and closcd, The gsrlvanomcter shunt is thon
set at .00l and kcy No,. 15 is th :n thrown forward, which disconnects
the voltmeter and connects the jolvanometer in 1ts place as shown on
Fig. 34. The resistance in "R" is then adjusted until there is no
movement of the ~alvanometer ncedle when the zalvanometer key is
open and closed. This adjustment is then repeated with the lvano=-
mcecter shunt set consccutively at positions ,01, ,1 and finally "open'".
The value of the rosistance in "L" may then be determined by the for-
mula-

AR _ _
L B - - - - - - - - - . - L d - - - - L3 - L 3 - -» - . ( 4 )
Where L = the loop rcsistance of the circuit under test
A = the valuc 0f rcsistance in arm "A"
B - " " " " 14 11} "B "
R = " n " [ "” L Rheo stat orm

If the rotio arms arc equeal the resistance in "L" will then be

equal to the resistence in the rheostat arm. If the ratio arms are
not cqual the value of resistence in "L" will be the sum indicated
on the dials in the rheostat arm, multipled or diviicd Ly the fiz-
ures, indicated in the akove taltle.

This page supcrsedes Page 36 dated Sept. 19, 1919,
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(2) Sinsle Wire Resistance lleasurements

If threce single wires are available between two test-
ing stations, the resistance of any one of them may be detcrmined
as follows: Let the three wires be represented by a¢ b, and c.
Wires a and b arc strapped at the distant end and their loop resis-
tance measured. In a similar way measure the loop resistance of
wires a and ¢, and b and ¢c. As each of the wires has now been
measured twice, evidently one«half the sum of the three loop rcsis-
tances equals the sum of the resistances of the three wires and the
resistance of any one wire is the difference betwecen its resistance
and the loop rcsistance of the other two. This may be cxuressed in
a formula as follows:

a=fatb)+ (a ; e) + (b + c) _ (b+¢) v « = « - . -(5)

where, a, b, and ¢ represent the resistonces of the respective wires.
The resistonces of the other two wires may then be readily deter-
mined from the rclation

b
c

(a4 b) - a
(2 + c) -~ a

|

For example, suppose the loop resistance of wires a+b = 210 ohms,
a+c = 240 ohms and b+c = 250 ohms. Thc sum of thesc resistonces
equeals 700 ohms, which divided bty 2 to obtain one-half the loop re-
sistances, cquals 350 ohms. Then

a = 350 - 250 = 100 ohms
b = 210 - 100 = 110 ohms
¢ = 240 - 100 = 140 ohms

When two wires are available between two test stations, the resis~
tance of cither of them may be determincd by mecasuring their loop
resistance and then makingz a Varley or Murray loop test as described
later with the two wires srounded ot the distant station.

It is possible under fovorable conditions to measure the resistonce
of a single wire to zround by means of the bridze. However, the re-
sults obtainable by this method cre not sufficiently reliable to
warrant their use when more than one wire is cvailable Letween the
test stations. This test is made in the same way =s loop rusis-
tance measurcments, except that the single wire is connccted to the
tip side of the bridge and the ring sidec of the bridze connacted to
ground by throwing key No. 1 forward or back to test the tip or
ring side, as shown in Figs. 35 and 36. Befare attempting to meas-
ure the resistance, the rheostat arm "R™ should be sct at approxi-
mately the resistance previously determined by the voltmeter tusts.
If 2 foreign or earth potential is prescent, it will causc the gal-
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vanometer needle to be deflected when the §alvanometor key is closed
and the battery key open., If this reading"is largar than the full
scale reading when the galvanometer shunt is open and the resistance
in the rheostat arm is approximately equal to the line resistance,
the voltmeter should be used in the bridge in place of the galvano-
meter, In balancing the bridge when a foreign or earth potential is
present, the rheostat should be adjusted until opening and closing
the battery key with the galvanometer key closed does not change the
deflection of the needle, When a resistance is measured in thise way,
it includes the resistance in the ground and ground comnections at
each end of the line,

“ BT\ A Ei A
. ‘1& 7, )Gav p . '—‘  150%. ? ([ Ostv
8 ?CK

R R

’Gx

FIGURE 38 FIGURE 36
Single g'oud-d wire resistance measurement Test cordkey A 8CorD Single grounces wire recistance messurement Test cord key ABCor O
orwerd. Kuygand 14 Uwrown forward or back Key! (Krcnn for ward Lhrown for werd Key 13 and 14 thrown forwardarback Key 1thrown back 1o
‘nlt,{\ rng Sude. Key 15 thrown forwenrd Lo connect Galvanometer in place Lest L1p sde. Key 15 Lhrown for werd to connect Gatvancmeter in place of
meter .,,,‘,,J',

(3) Yarley loop Test

The Varley test is particularly desirable in locating
trouble as it is independent of the resistance of the fault, In
making a Varley test a good wire ie necessary and preferably this
should be the mate of the bad wire, If, however, the two wires of
& 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 practicable, a non-loaded #12 gauge circuit in
order not to interrupt eervice 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 as the bad wire shouid be
taken from the same layer of conductors, eince 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 groups the use of a high grade
conductor for trouble locations is not so objectionable as in the
case of open wire lines, The circuit arrangements for making Varley
loop tests are shown in figures 37, 38 and 39,

(a) Method #$1

After the loop resistance has been determined as des=
cribed above, key #16 is thrown forward to give the Varley loop con=
nection, The ratioc arms should be equal and set at 100 or 1000 ohms,
preferable the latter, If the trouble is on the ring side or even
numbered wire of the pair, a balance cannot be obtained until revers=

This page supersedes page 38 dated Septemdber 19, 1919,
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ing key #6 is thrown forward. This connects the bad wire to the

tip side of the bridge. If the trouble is on the tip side or odd
numbered wire of the pair, it will not be necessary to operatec key
#6 to obtain a balance. After the proper connections have been
made, the battery key is .then locked down and the rhecostat adjusted
until no deflection of the gzalvonometer necdle is obtained under the
most sensitive conditions, i.e., with the zalvonometer shunt open.
The distance from the testinzg station to the fault can then be ob-
tained by the formula

d:l‘-;-li : (6)

NI Ad -> - [ 4 - L - - o - - . » *» . L] . L . . L -

where

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

R = Varley reading, i.e., the resistance in the
rheostat arm when a bzlance is obtained
an a Varley test.

L = The loop resistance of the lince under test

M = the loop resistance per mile of the line
under test.

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

same zausge and zrade, i,e., having the same rcsistance between the
testing point and the distant station. The L and R (loop and Varley}
readinzs should be corrected to ive the actual line wire resistance, -
i.e., by subtracting the rcsistance of the office wiring, arrcsters
and cablin,: between the test board line jacks and the line wires
proper at both the testinz point and the distant station. These re-
sistances will sencrally be known and recorded at all offices so as
to be immediately available when making; trouble locations. when

so corrected, the values L and R represent the loop and Varley rcad-
inz, respectively, of the line wires only, either cable or open wire,
25 the case may be. For example, undecr the conditions above noted
where the zood and bad wires are of the same sradc of loading, if

the corrected loop resistance L of a line 50 miles lon; is 550 ohms
at the time the test is made, the loop resistance per mile at that
time for the line under test will be ll.ohms. Then if the corrected
Varley rcading is 330 onms and the ratio arms are equal, we have by
Formula (6)

a = 550;230 = 20 miles, distance from the

testing station to the fault.

Similarly, the resistance between the fault and the distant station
may Ye obtained by the formula »

This pasze supersedes Pa<e 39 dated September 19, 1919,
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al = I&‘i » . . - . . - - 2] Y - 'b 3 - > - . . - - . (’7)
‘mere d3 is the distance in miles from the foult to the distant sta-
tion., Where R is the corrected Varley reading and w the loop resis-
tance per mile of the line wires under test.

Thus in the example given above:

‘ 330

dy = 11 = 30 miles, i.s., the distance from the fault to the
distant station.

It is usually better to usc Forrula (7) then working to a2 lineman's
cross beyond the fault or vhen tcsting to a distant station if the

- fault is near that station. In any casz, if time is oveailable it is
usually well to make the location by both formdlas using one as a
check against the other.

(b) wethod #2

l.ethod #2 described below is a simpler and more reli-
able method since it is independsnt cof tamperature ané is not sffected
By the use of 2 good mir: of differsnt gaugc and loading than the bad
wire. In this method the 1oop resistance of the good and bad wire
should be determined regardlsss of inequzlities in geuge and loading.
The Varley measurement should then be taken as above described in the
usual way, and both readings corrscted for office cabling, arresters,
etc. at both ends of the wires under test. Formula which then applies
is: 1 R
X = 5 e XD

and
d = S <D
B
where
X = resistance ,§ bad wire from testing point to the fault.
Y = resistancgg o¢+ bad wire from testing point to distant station.
K = the dist¥nce in miles from the testing station to the

, distant gtation.
d, I and R af defined above.

In the case of open wire lines, if the good and bad —ires are of the
same gauge and laading Y is ecual to 1/2 the corrected loop reading.
There the bad wire is not of the same gauge and loading as the good
wire a second loop reading should be taken between the good wire and
its mate. Correet this reading for office cabling, etc., at both ends
and subtract 1/2 of the result fror the corrected loop, reading 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 pcles between the test-
ing point and the distant station, the result being the number ohms

per pole or per span which may be divided into X to finé the number of
poles between the testing point and the fault. Then by knowing the

pole number at the testing point the pole number at the fault may be rezii-
"ly computed. A more accurate location may be obtained by computing d in
accorcance with formula (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 recordeéed distanceis nearest to d is selected. The difference be-
tween the recorded distance and 4 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 Le followed, tut
in the case of underground cable it is better to chanse the resistance
X to miles by dividing X by the number of ohms per mile for the wire
under test. Where necessary this can be corrected for temperature,

but normally underground cables do not chanse their resistance greatly
with reasonable changes in temperature. After detorminins the distance
in miles from the testing point to the fault, the nearest manhole can
be found by reference to underground cable records.

The following example is given showing the use of this acthod as ap-
plied to trouble on open wire lines:

Suppose . a loaded #8 zauze 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 undesiratie to take = second loaded #8 zauge
circuit out of service to make the test. Assume that there is on the
line a non-loaded #12 gauge 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 wires as above
outlined, correcting both readings for office cablins, etc. at both
ends. Assume that the corrected reading L is 550 ohms and the correct-
ed reading R 330 ohms, the calculation would then be

iiake a loop reading on wires 13 and 14 and assume that after subtract-
ing the resistance of the office cabling, ete. at both ends the resul™
is 735 ohms. One-half of this or 367 should then be subtracted frem
the corrected loop reading L giving

550-367«183 ohms the resistance of the bad wire from the
testing point to the distant station.

Assume that the office pole at the testinz 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 paze supersedes page 41 dated September 19, 1919.
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!%%%’ = ,0759 ohms per pole

The actual result is ,073587, but ,0759 is sufficiently accurate
for the purpose, This result divided into 330

hEs = 435

The actual result is 434,0, dbut 435 is sufficiently accurate for
the purpose,

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

142443520577

FIGURE 37 FIGURE 38
Varley loop test. Test cord key A,8,C or Dthrown forward. Reversed Variey loop tast. Test cord key A,B,CorDthrown for-
Keys ?13 and14 thrown forward or back. Key16 thrown for- ward.Key 13and 14 thrown forward or back. Key 16 thrown for-
ward. Key15 thrown forward to conréeaclzt G?th{‘ 'l‘n pl{asc:O orfmal ::':genfvéar;.m key 6 m:mﬁgr K gmrmw:?ag' J’o
3 e c . in place : .
:?:E:L;;’(For voltmeter used 3s Galv.w y bestiat saduley o by

ol \p!! O——
< ‘ ’ : v,

FIGURE 39
Metailic Varley test. Test cord key A,B,C or D thrown forward.
Keys 13 or 14 thrown forward or back. Key 16 thrown forward.
Variey and Murray loop jack &ched to line X. Key 1S thrown

forward to Connect Galv. in place of voitmeter (For voitmeter
used Galv. with key 15 normal see Fig.32)

(4) Murray Loop Test

When it 18 desired to locete a fault on a line in
which both conductors are of the same gauge and conductivity
throughout their length the Murray loop test may be used to ad-
vantage in determining the distance between the testing station and
the fault, as a location can be made in this case without a know=
ledge of the loop resistance of the pair under test, If it is des-
ired to determine the distance from the fault to the distant sta-
tion, the Murray loop test is not so convenient as the Varley test,
The circuit arrangements 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 making Varley loop tests, except that key No. 16
if thrown back to give the kiurray connection to the bridse.

(2) lacthod

To make a lJurray loop test key No. 16 is thrown
tack which short~circuits the ratio arm B and substitutes the rheo-
stat arm-R in its place. Arm 4 is usually set at 1,000 ohms and
the bridze adjusted in the usual way. If & more accurate result is
desired arm "A" should then ke adjusted as nearly as possille to a
value equal to one-half the loop resistance and another balance ov=-
tained. When a balance is ottained the location of the fault may be
determined Ly means of the formula - '

d = D' R e e w v e a & ¢ & a2 » 'n s @ e e 0 (10)
A+ R .

Where; d = distmnce from testins station to the fault
D= Twice the distance between the testing stotions
R = resistance in the rhcostat arm what a LSalance is
oktained.
A = the resistance of arm A.

Thus if the distance between testin- stations is 40 miles and if
a hralance is oYtained in makiny the Xurray loop tcst when 4 = 1,000
ohms and R = 600 ohms,

d = 40 x 2 x 600 = 30 milcs, the distance from the test-
1,000 + 600 ing station to the fault. "

This pasze supersedes page 43 dated September 19, 1919.
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R el
Loop
T O

jsx
FIGURE 41

FIGURE 40
Reversed loop tast.Test cord key A.B.C or D thrown
Murry loop Lest. T”%o“"d ey :gickf D‘é'm"“f""?rd‘ forwar. K;nyusr&'gnd thrown forward or pack Key 16 thrown
and 4 thrown forward or . thrown back.Key f :
mom forward to connect oahmome{cr npiace of voit - w.ﬂe\:'r‘mnq key & }?m“f"::o;wzg K?;'E'-""W" orward Lo

meter.

FIGURE 42
Metallic murray loop test. Test ~ord key A.B.C or-D thrown
for ward. Keys 13'and14 thrown forward or back. Key 16 thrown
back.Visrley and murray ioJp jack patchedto lineX. Key 15 thrown
forward to connect galvanometer in place of voitmeter,

This result 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 fault,
Trus in the above case if the reversing key is operated and a bal-
ance is obtained when R = 1,667 ohms according to formula (10),

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

000 + 67
station to the éistant station and back to the fault. Adding these
two values of d, 50 + 30 = 80 miles, which is twice the distance be=

tween testing stations,

Formula (10) applies when the two wires under test are of the sane
gauge and conductivity throughout their length, In such cases this
formula is more convenient than formula (6) when the lineman is
working from the testing station toward the fault since it is not
necessary to know the loop resistance to locate the fault,

(v) Single-Wire Resistance with Murray Loop

When tvo wires are aveilable between testing stations

This page supersedes page 44 dated September 19, 1919,
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the resistance of either of them may be determined by measuring
their loop resistance and then making a iiurray loop test with both
wires grounded at the distant station similar to the method des-
cribed above for Varley loop tests, When a balance is obtained with
key No. 16 thrown back and key o, 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,

D 5 S 7R &
A+ R
Where: Y = the resistance of wire in the tip side of the line from

the testing station to the distant station.

L = loop resistance of the two wires
R = resistance in the rheostat arm when a balance is obtainecd
A = the resistance in ratio arm A

For example, suppose the loop resistance of the two wires is 240 ohms
and when making the ijurray loop test with key No, 6 normal and beth
wires grounded at the distant station a balance is obtaincd when A =
1,600 ohms and R = 714 ohms. Trcn substituting in forimla (11) -
Y_ 714 x 240 _100 ohms, tht resiswance of the wire in the
1000 + 714 ~

tip side of the line.

This value m2y bc checked by throwing key o, 6 forward and agnin ob-
taining a‘balance, The volue of Y obtained from formula (11) will

then be the resistance in the ring side of the linec and this value
added to the value obtained for the resistance in the tip side should
be equal to the loop resistance of the line under tcst, Thus in the
example given above if a balance is obtained with key No. 6 thrown fcr-
ward when A = 1,000 shms and R = 1,400 ohms,

Y . 1400 x 240 _ 140 ehms, the resistance in the ring side
1060 + 1400

of the line,

This value added to the value previously obtained for the tip side
cives 240 ohms, the loop resistwance of tle line unier test.

(5) Tests w.ith Either Varley or iurray 100p

(a) varley and nurray Tests when a Good Wire of tre
Same Gcauge as the Bad Wirc is nct Availlable.

When & gocd wire of the sanc gouge as the bad wire
is nct available it is necessary to know the resistance of the bad
wire from the testing station to the distant station before an accur-
ate location can be made. If the bad wire is grounded thc single
wire rcsistance measurements described above cannot be employed for

This page supersedes Page 45 dated Sept. 19, 1€16.
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determining the resistance of the single wire. 1In 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 grounds 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 ilurray loop
test may then be made in exactly the same way as described above
for measuring single-wire resistances and the sane formulas apply in
calculating the resistance of the bad wire., If a third wire which
is free from crosses or grounds is not available, the good wire
should be grounded at the distant station and its resistance to
ground measured as previously described under "Single Wire Re~
sistance lMeasurements%, 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 statiouns.

Having determined the resistance of the bad wire between the two
testing stations, the Varley and Murray loop tests should then be
made for locating tire fault. It will sometimes be found when the
good wire is of a suzller gauge than the bad wire that a balance
cannot be obtained when the b~nd wire is connected to the tip side
of the bridge., 1In such cases reversing key No. 6 should be thrown
forward which reverses the conncctions of the tip and ring wires
at the bridge.

In making the Varley loop test with key No. 6 normal and the ratio
arms A and B equal the resistance in the bad wire between the test-
ing station and the fault is given by the formula,

X L =R v v v v v e e e e e e e e e e e e e e (1)
- 2

When key 1o, 6 is thrown forward the resistance to the fault is ex-
pressed by the foriaula,

5O 35 I T ; S U & §<
2 |

Wnere: X = the resistance of the vbad wire frou the testing statioa
" to the fault.
I = loop resistance of the pair consisting of the good and
" bad wire of different gauges, = '
R = the resistance in the rheostat arm R when a balance is
obtained.

Héving deternined the resistance to the fault and the resistance of
the bad wire between the two testing stations, the distance to the
fault can be calculated by means of the formula -

A XDoe v v e e e e e e e e e e (19)
-
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Where: d = distance from the testing station to the fault,
X = resistance of the bad wire from the testing station
to the fault, ' o
r = the resistance of the bad wire from the testing station

to the distant station,
D = distance between the two testing stations,

If the llurray loop test is used in making the location test and 2
balance is obtained with key No. 6 normal the resistance to the fault
is given by the formula -

D S i P (18)
A+ R

where: X = resistance of the bad wire from the testing station to

" the fault, g .

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

A

obtained.
= resistance in ratio arm A,

- If it is necessary to throw key No, 6 forward toc obtain a\balance
the resistance to the fault is obtained by the formula =-

Ko AL « - v v v v i e e e e e e e . (1)
A+ R

Where: A, I and R have the same values as above,

When the resistance from the testing station to tke fault has been
determined the distance to the fault may be determined by means of
formula (13) which applies to both Varley and Murray loop tests.

(v) swinging Faults

In making Varley or ilurray loop tests on a line w.ere
the ground or cross is intermittent it is always desirable to inser?
a Morse relay in the grounded side of the testing battery. This way
be done by inserting the looping plug of iorse test set No. 1 in the
Varley loop jack, This arrangement causes the ilorse relay ts operato
each time the battery key on the bridge is closed if the circuit is
grounded or crossed,K 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 tkre .
eross itself which.may vary in amount during tiie test due te corrosioen
of the wires or poor contact between them, the measurement of the locp
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resistance through the cross itself does not afford a reliable means
for loceting 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 considecrable leakage in the line, the accuracy of the Varley or
Murray loop tests will not be affccted by the rcsistance 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 pcod
wire, preferably its mate and the loop resistance of the two mecagcuresd
The other faulty wire which is crossed with the faulty wire of the
loop being measured is then connccted to ground at the testing ste-
tion., If, for example, wircs 2 and 3 are crosscd and wire 1 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 conncctcd %o ground at ths
testing station. The Varley and Murray loop tests may then be made
in the usual way and the distancc to the fault calculated by mcans of
formula (8) or (10).

If thc crossed wires arc of thc same gauge and conductivity a check
test may be made by opening both wires at the distant station and
measuring the locp resistance through the cross and then making Varley
loop tests with one of the wires grounded at the distant end. The re-
sistance determined by the Varley mcasurcment will then be the resis-
tance of the cross itself and this resistance subtracted from the loop
resistance through the cross will be thc loop rcsistance of the two
wires to the fault.

(d) Location of Crosses with Metallic Battery

During bad weather the accuracy of the Varley or Murray
loop tests made with grounded battery will be affectcd by the line
leakage to ground. A morc accurate location of a cross may bc made
under thesec conditions by employing metallic instead of grounded bati-
tery. This may be accomplished by employing the method describved
above excecpt $hat wire 3 should be patched to the Varley loop jack ac
shown in Figs: 39 and 42 instead of being conncctesd to ground. The
insertion of a patching cord in the Varlcy loop jack and the line
Jack of wire 3 will disconnect the positive side of the battery fro:.
ground and connect it to wire 3. The Varley or Murray loop tests wxav
e then made in the usual way.

(6) Open-location Test

This test is essentially a capacity measurement, the Wheat
stone bridge being used with low frequency alternating currcnt as a
means for comparing the capacity of the onen wire to ground with tha.
of an accuratec l-mocrofarad condenser at the test board. In making
open-location tests the Murray loop conncction 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 R are inversely
proportional to the capacities of the line and condenser or

A_Cx ... A S 1D
R €2 ‘

Where.01 equals the capacity of the grounded condenser in the test-
ing circuit, Y5 1s the distributed capacity between the open wire
and ground and A and R the resistances in the bridge arms A and R.

In xaking open-location tests arm A should always be set at 1,000

ohms, then since Cl is 1 microfarad, formula (16) may be 31mp11f1ed
to the form,

Co._R O =)
1000

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

Since the distributed capacity of a line to ground for a short line
is nearly proportional to its length, this measurement affords a
simple means for determining the distanceé to the point where the
line is open, This relation 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 40 mil&s in length, The measurements are 1ess
useful when the open is further away from the testing stationsince
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 measuve-
ing thie capacity of the condensers in circuits other than line cizr.
cuits, the testing circuit being connected to the circult or appara-
tus to be measured in tne same way--as to an open wire. Vhen a bal -
_ance is obtained formula (18) may be used forpsalculating capa01tu,

This method may be employed in measurlng capacity up to 11.1 micro-
farads,

The open-location test may also be used to advantage to determine
which wire of a pair is crossed with another circuit when this fact
cannot be determined conclusively by voltmeter or listening tests,
since the capacity of the wire which is crossed will generally be
considerably larger than the capacity of the good wire,

(2) Method of wWaking ifeasurenments

After determining which wire of the pailr is open, )
‘the single test plug connected to the (R) terminal of the bridge 1is
plugzed into the line jack of the open wire and the_single plug con-
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nected to the (T) terminal of the dbridge is plugged into the open=
location test jack shown on Fig., 2, Plugging into the open=location
test Jack operates a relay in the Wheatstone dridge circuit which
connects alternating current through the repeating coil to the junc-
tion of the bridge arms and starts the operation of the galvanometer-
reversing relay. By making and breaking only once per cycle the
galvanometer=-reversing relay serves to reverse the connection to the
voltmeter or galvanometer in such a way that the current will pass
through it in one direction only, Ratio arm A should then be set at
1,000 ohms and keys Nos, 13 and 14 thrown forward or back to connect
the bridge to the desired position and key No. 16 thrown back to
give the Murray connection of the bridge, The circuit arrangements
are then as shown in Fig, 43, The rheostat arm R is then adjusted
until no deflection of the voltmeter is obtained when the galvano-
meter key is closed, The galvanometer shunt should then be placed at
o1l and kxey No, 15 thrown forward to connect the galvanometer in place
of the voltmeter for making the final balance, It is important that
the galvanometer be used in place of the voltmeter in making the final
adjustuent since the results obtained with the galvanometer are soxe-
what different from those obtained with the voltmeter, When a dale
ance is obtained with the shunt at .1 a more accurate balance may
sometimes be obtained on short lines with the shunt open, The capa=
city of the open wire to ground may then be obtained from formula (17)
and from this value the distance to the open can be determined,
Galvanometer ’

Rever si
Relay I Z
- Lb Galv

500"

83

24v.

oK

217
Repeating Coil

ihd

FIGUREA43
Open location test_Test cord key A.B.C or O thrown forward. Key 13 or 4 thrown
forward or back. Tip test cord inserted in open location test jack. Key6thrown
forward Lo connect 6

back Key15 thrown slvanometer 1n place of Voit er.(For
Volt meter used as Gsivanometer and key 15 normal see Fig.22)

(v) Jocation of Opens
In locating an open the best results can be obtained

when open-location measurements have been made previocusly on the line
in question to points on doth sides of the fault, This can be accom~
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plished by making and recording such measurements on all lines 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 to 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 testing station con-
cerned. The number of ohms per mile to use in the open-location
test can then be determined for the various sections of all lines
entering the office and the distance between the fault and the points
nearest it where previous readings have been obtained may be readily
ealculated., At the time when the open octurs 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 mate 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 ohms, the proper value in ohms per mile
to use in calculating the distance to the fault, assuming that the
wire is in the same gauge and character throughout its length., Then,
if on making an open-location test on the vad wire a balance is obtaine:
when R = 345 ohms, 345 _ 23 miles, the distance between the testing
15
station and the fault.

Where a line is made up of sections of different character, such as
open wire and underground cable previous data permit accurate loca-
tions to be made, and also to increase the length of uniform line
cver which accurate locations can be made., For 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 and a
total reading of 1,200 ohms to the end of the line., The ohms per
mile of the cable is then 450 or 90 ohms and 1,200 - 450 ohms pe:

5 50
mile for the open wire, If when making an open-location test on {m.o
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
ennd of the cable to the open is 150 or 10 miles, so that the fault is

15

located 15 miles from the testing station,

Wnen 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

Tt is desirable for the satisfactory operation of
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the open~location test that the specified electrical and mechani-
cal adjustments of the galvanometer-reversing relay be maintained
2s nearly as practicable, since these adjustments affect the’ re=
sults obtained more than any other factor in tre testing circuit.
The voltage of the battery used to polarize the galvanometer-
reversing relay, the speed and voltage of the generator and the
1qad 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-
reéversing relay 1is maintained, The repeating coil which supplies
a}te?natlng current to the relay and the resistance lamps in the
ringing leads are important factors in the accuracy of the opera-
tlon.and should be maintained at all times as indicated on the
drawlngs. ‘The accuracy of the condenser is of considerable im-
portance since its capacity directly affects the results to tie
Same extent as the bridge arm. The condenser being parallel with
the galvanometer-reversing relay also affects its operation, and,
for these reasons, it is desirabhle to use only the condenser
specified,

T. G. MILLER

General Plant ilanager.

APPROVED:
A, W. DRAKE

Engineer

Fnclosure:
Appendix #l
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