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. - .... ■ KETHQD OF ■OtJR.'.TlW, • -
VGSBhTST -PE -RRIRGB . CIRGJ IT- 

L ocal T est Desk -  F u ll  HochanicoL lo n e r  Driven System.

GEPEH.X DESCRIPTION' ; • -•

1 . T h is  c i r c u i t  i s  used  with, th e  prim ary a id  secondary t e s t in g  cord c i r ­
cu it a t a lo c a l  t e s t  desk , f o r  lo c a t in g  and determ ining th e  ea:ten t of tro u b le  
on a l i n e .  I t  i s  p rov ided  w ith  keys to  enab le  the  testing ., o p e ra to r to  make 
tiio Varloy ana M urray loop t e s t s  in  a d d itio n  to  the  u su a l 'b a tte ry  and galvanom eter
Key* . . . . . .

2., In o rder to  -increase- the.’u s e fu ln e s s  o f th e  V arloy anc. Murray lo o p  t e s t s  
i t  i s  o ften  d e s ira b le  to  ex tend  th e  grounded side of th e  b a tto iy  w  a u e  p o in t 
o u ts id e  of ti.e  o f f i c e ,  f o r  in s tan ce  in  lo c a t in g  a sh o rt c i r c u i t .  T h is  i s  
accom plished by moans of the  Wheat stone b rid g e  cord and th e  re v e rse  (REV) key.

3. The p r in c ip a l  measurements and t e s t s  which can bo made w ith  t h i s  c i r ­
c u i t  are  as fo l lo w s j-

..{4). 3IH2LE RESISTANCE IISAaBBISNTS. ., . a ‘ • - ;•;
(Bl GROUND RE 31 ST .-'-XT G£ lEASOREx^T S. . . ■ -e - -
(C) VARLBY LOOP TEST
( D) MJRRY. LOOP TEST . y • - a
(E) LOCATiuF OF SHORT CIRCUIT3 OR CROSSES.

■< . 4 .  From - th e  re s is ta n c e  v a lu es  o b ta in ed  by the  a b o v e - te s ts , the  lo c a t io n  
of 'a  tro u b le  .may bo .determ ined from ta b u la te d  data  of d is ta n c e s  o r by comparison 
w ith .tn e  r e s is ta n c e  of a  good l in o  of known s iz e  .and le n g th . . /  P '.

DETAILED, IB SCRIPT ICB ... .. .' - . ' . v ' a. .

ODER AT IGF ' ... ‘ , ■ . ;

(i*) 31- xL E RE o X of A3N, GB i • En 3UR  ̂- ~ul ■ T s*.

5 , To measure the  loop  re s is ta n c e  of a  l i n e ,  the  plug of . th e  t e s t i n g  cord  
(not shown) i s  in s e r te d  in  a  ja c k  connected to  the l in e  under t e s t '  end th e  t i r  
and r in g  of the  l in o  a re  sho rt c i r c u i te d  a t the  d is ta n t  end . The "T/.B, A V-L. M 
and "L*' keys a re  then  o p e ra ted  and tile  r a t io n  d ia l  s e t .  The o p e ra tio n  of th e  
i«7,b. A V.L. •* key d is c o n n e c ts ' the v o l t  iaillam m oter from th e  t e s t  c i r c u i t  and con­
n e c ts  th e  t e s t  c i r c u i t ,  and th e  100’ v o l t  b e s t in g  b a tte ry  to  th e  B rid g e . The oper­
a tio n  of the  " ! u key d isco n n ec ts  th e  ground from th e  t e s t in g  b a t te r y  and connects 
th e  fo rm erly  grounded s ide  of th e  b a t te r y  to  th e  t i p  side of th e  t e s t  c i r c u i t .
The ”B &GU key of th e  B ridge i s  then  dep ressed  and the rh e o s ta t  arms v a r ie d  u n t i l  
a  balance i s  o b ta in ed  and th e  galvanom eter shows no d e f le c t io n .  The " . I "  and 
f,B A G‘* keys a re  then  o p e ra ted  ( in c re a s in g  the  r e s is ta n c e  of th e  galvanom eter shunt) 
u n t i l  a -b a lan ce  , i s  o b ta in ed  by m an ipu la ting , th e . rh e o s ta t  .surms a s  b e fo re . The 
“OPEN” and »B A G,! keys a re  now dep ressed  u n t i l  a .balance %s again  o b ta in ed  by
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1. This circuit is us3d nith the. '2'rim:try md s0con<!~•.ry tt'Jting cord cir­
cuit 3t a loc:u test d:3s:~, for loc~ting :ind dotormining tho e:.:tont of troublo 
on a. lino - It is ·t)r'hvidi.ld with keys to en3.°Qlo .tJ10 testing, o!_X:rstor to rr..akt> 
tho V:arloy ~1i1u Mur:!"a·.Q' l.oop t~st s in ~.ddition to the usus.l b:-,.tt..Jry !:!rid g.:ilvE'.no.rr.-..;ter 
key. 

• • • • I•• 

2.. ln ord.3r_._tp in crca.3e• .tii~· u sGfulno i:lS -Of tl;,.o V:.>:ri;;y .:Jic • ·,Yl.1.rr~J: loop t1:)!lt s 
it is often d8sirabl~ to e:xtend. the ground:id sid;; of th·:} b:1.tt('.1:., ·"-- ..:.,m:o !)()int 
outsido of tiao offico, :for. inst~~cu ln loc::i.ting a ·short circuit. This is 
::i.ccomplished by mo3ns of tpe ,7he.'.:'..tstano br·iclg~ cord mid the r.::vors:} (R.:..~) k'Jy. 

3. Tho princip3l mac.5ttr:Jm:ntc 3,nd t:::a.ts • .. -hich ~ bo mad~ r:ith tl1is cir­
cuit .n-e 3.3 follo\~·s:-

~ · . 
.. {-4,). SU:?LE RE3IST.bNC:l: :.~.i .. ffi?..:J1:BX'T:5._ 
(B} • GROJ"l-:D RL3IS~.,I;C£ :.':E; ... SUR.i-:r~~TS. 
( C} V liRI-EY 100? TEST 
( D) NJRB_,', LOOP TB~- I .. 

(E) LOCt .. T.11Jl~ OF .3HORr CffiCTJITS OR C:R03SE3. 
' .. ~ .~. ' ., 

. .. .', ·' ·.:,. , 

'. 
. 4;., Frpm the resis~a.npe _v:uuos ob~a1.n,~d-by ~.h-~ 'above• t0sts, ·tho loc.s._ti911•, 

9f s. trouble ,m~y bo .dutermincd from tabui~ted. d.£:.ta_ pf ~st~ces or-b-:,,:-conv~.r.ison 
-qit-h,ta~e rc,s;$t=m.co of ~ go~d lin9 o~ knovm ~iz~ :W.4 le_ngth. •• • 

• • •, I 

• Di.'l' m.z D. IZ SC RI ?I' l ~~ ... .·, ; : , 

. . : .... • !'• 
# ••• ·,. 

OPE.RATION : .... 

. ' ... 
5. To :rreasuro th9 loop rosL1t::::uc~ ·of ~ lin~, th~- plug -of. tr-,e tcsti1;g cord. 

(not .;ho·;m) is insortecl ir. .'.l. jJ.Ck ccrru:.ect::d to th0 lin2 under tJ:Jt· .-md· the. tir 
:.mdring of tL:?,lino 3.l'e sho:r:t.~ir:..:.iitad, 3.t ttic distcnt end. Th'J 11~1.B. &V.1,. 11 

and 11v! k'.!ys ar~ ·-t.him opsratvd ,:md t1ie r:.t.~on tl.i::l s~t. Tho oper3.tion of t!JG 

"'.7.B. & v.L. 11 lcey •• dis-;onne'g_ts • the volt mili.~l!JO~!.lr from the test circuit 321d con­
nects the to-,t circuit . .:?l~d t~,:, ,10:>. vo~t ·te.st.ing b:ittery to thJ Bridge. The o::_:>or­
~tion of the "1:" key disco11.a0cts t"b.e ground fr-om tJ.;] t3stine; b!:'.ttery :md connects 
the forrr.erly grounded side of the ,_b·~:t~..:ry to tuo- tip side of th~ tost ci~c-1-lit •. 
Tho "B &31, key of th:3 Bridge is tilcn de\'.)1'0 S35d ~d the rheostat 3.rms varied unt 1.l 

a b:u~co is obt:.:.in,:;d. Md the g:::l~:-.noeet0r 3h0\7.s no d!:fl;;ction. Th~ 11
• l" ::md 

"B & Gn ksys or') then op~ra.ted {1ncr<J:...sing the N.3istancc of tho g::lvsnorrotor shunt) 
until a·b.:tl.a-:ice.is .obts,i.nod by ro:~1ipul2.ti.P,g,t11~ rheo~at.arC;1s :-.3 before. Th3 
"OP:EJP! .:111d. 11.3 ~ -~" lroy;, :.ir3 no-.-, .cL.,:1?',3Sdo_a:··l.llltil • 3.-.~~l(µl~O h ~sin qbtG-inE?,d by . . . . - ,.._ . . . 
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v a ry in g  th e  rh e o s ta t  arms r s  before* The unknown r e s is ta n c e  "X" may then be 
c a lc u la te d  by means o f the  fo llo w in g  fo rm u la ;-

where ,*H,J = rh e o s ta t  re s is ta n c e *  
51 "X" m re s is ta n c e  of loop
M ’’A*1 = r a t i o  d ia l  s e t t in g  

X ss AR

(B) GROUP®HP) RESISTANCE MEASURMENT3

6* T his to s t  i s  made in  a. s im ila r  manner to  th a t  desc rib ed  fo r  (A ), w ith  
th e  "G" hey (shown in  the  t e s t in g  cord c i r c u i t )  o p e ra te d . A fte r o b ta in in g  a 
b a lan c e , th e  unknown re s is ta n c e  "X" may be c a lc u la te d  from th e  fo llo w in g  formula.

Where "A" A r a t io  d i a l  s e t t in g  
" "R" w rh e o s ta t  r e s is ta n c e
" "X" ss r e s is ta n c e  to  ground

X ~ AR

ROTE;- This t e s t  should  be made on ly  under fav o rab le  c ircum stances as i t  
i s  no t r e l i a b le  i f  e a r th  p o te n t ia l  e x is t s  o r i f  ground has any a p p re c ia b le  r e ­
s i s ta n c e .

(C) VARLEY LOOP TEST (LOCATION OF GROUNDS) *

7 , To make a V arley loop t e s t  the f a u l ty  and good w ires a re  jo in ed  a t  the  
d i s ta n t  end o f  th e  l in e  and the  loop re s is ta n c e  measured as d e sc rib ed  u n d e r'tA )*  
The "L" key i s  then re le a s e d , th e  & V .L." hoy being  h e ld  o p e ra ted , and the
r a t io n  d ia l  i s  s e t  and th e  rh e o s ta t  d ia ls  o f th e  ’’Bridge v a r ie d  u n t i l  a ga lvan­
ometer ba lance  i s  o b ta in e d . The "B & G" and " .1 "  keys o f  the Bridge a re  then 
depressed  and the rh e o s ta t  d ia ls  v a r ie d  u n t i l  a galvanom eter balance  i s  again  ob 
ta in e d . A fte r  o b ta in in g  a galvanom eter ba lance  w ith  the  ”B & G" and " .1 "  keys 
d ep ressed , the  "B & G" and "OPEN” keys a re  dep ressed  and a balance  o b ta in ed  by 
v a ry in g  the rh e o s ta t  d ia ls  as b e fo re .

8* The re s is ta n c e  "X" in  ohms to  
the fo llo w in g  form ula

liihere "L»
it "X"
it MA"
it "R"

X

th e  f a u l t  may be c a lc u la te d  by means of

e t o t a l  re s is ta n c e  of lo o p . 
« r e s is ta n c e  to  th e  f a u l t  
-  r a t i o  d ia l  re a d in g  
» rh e o s ta t  re a d in g  
55 b -AR 

A + 1

(P i MURRAY LOOP TEST (LOCATION OF (SOUNDS)

9* To determ ine the  r e s is ta n c e  in  ohms to  a f a u l t  by means of the M urray 
Loop t e s t ,  th e  loop r e s is ta n c e  o f the  p a i r  o f w ires under t e s t  i s  determ ined  as 
exp la ined  under (A). The "L" key is  then  re le a s e d , and the  ra .tio  d i a l  is  s e t  
a t  M-1,000 w ith  th e  "W. B, & Y .L ." , "ML" and "B & G" keys o p era ted  and th e  
r h e o s ta t  arms a re  v a r ie d  u n t i l  a ba lance  is  o b ta in e d . •:
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varying tbe rheostat ::-rms rs before~ The unk1own 1•esistance 11X'' mr-y then be 
cclculeted by m9ens of the follo,13.ng formulC':-

,·,nere ''R11 = rheostr-c 1·esistr-11c&e 
11 "X" = res is tr-nee of loop 
11 

"},." == rntio dial setting 
X = .llR 

{ B) GROUNDED HES IGTJ~NCE MEASUfilMEUTS 

s. Thio ~est ig m~do in~ similar manner to thct described for {A), uith 
the "G" key ( shown iu the tE1sting cord circuit) opert>.tod. After obtnining v 
on.lance, ~he Ul'!.v.l.'lv'.'7ll ref,~.etonoe "X" may be colcuiated from the follo'iling £ormul~:.,;, 

Where "A" = rntio dia'.1. sett.:i.ng 
11 i:uu "" :eheostot resistC'nce 
" "X" = resistn11ce to ground 

X = AR 

NOTE:• rr11is ~;ear, !:·.!lculd be mc:de only uuder fcvorable oircumstl'nces ~s it 
is not r9l1ri.hl<'l :!.f saith potenti~l exi-sts or if groUild hnc on~r nppreciable re­
eist&Dde. 

( C) VARLEY LOOP TEST ( LOO.AT ION OF GROUNDS) 

7, To make ::i. Verley loop test the fo::1lty and good r1irea ar0 rioined ct the 
distant end of the line ond the loop resistance mensured as described under· tA)·. • 
The "L'' key 19 then released, the ''W.B., & V.L." key beiv.g held operr-ted, rnd the 
r~tion dial is set u.nd the rheostat dials of the "Bridge varied until e gc-.lvl;.Il­
ometer bt!lance 1s obtained. 'l'he "B & G" and ".l" keys of the Bridge llre tben. 
depressed o.nd the rheostat di::)ts varied w1t1l e i:':,alvanometer b~l~nce. is Dgllin ob­
tcine~. After obtaining a galvnnometer b~l~noe .ui th the 11B & G" end ".l" keys 
dei:·ressed, the "B 8: G" end "OPEN" keys are depressed c.nd n bnlonce obtrined by 
V3rying the rheostc t dials cs bef·ore·e 

8, The restst!'!nca ''X" in ohms to the fz:oult mr-.y be cclculoted by met>ns of 
the follo:wing formuln:-

Whore "L" = totnl resistance of loop. 
" "X" -:.i re? istunce to the f::•ul t 
11 

•
11.A11 == ratio divl reDding 

11 "R" a rheostat rec.ding 
X z L -AR 

A+ 1 

(1') MURRAY LOOP TEm lLOCA'l'ION OF GROONDS) 

9.. To determine the re'3ist~noe 1n ohms to o fnult by meons of the Murrv.y 
Loop test, the ·1oop resistcnce of the pt'ir of wiros undef test is determined ·~s 
explcined under {A). The "L'-' 1cey is then releDsed, rnd the r~tio dio.l is set . 
ct M-1,000 with tl1e "Vi-. B. & v.1. 11

, ''ML" l!nd "B e: G" keys opertted end the 
rheostot ems nre vo.rled ui1til c. bi:-l~nce is obt::-ined. 

., 

4' 

'I 

• 
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10 . A fte r  a  galvanom eter b a lan ce  i s  o b ta in ed  w ith  th e  "B & G” and tn e  
uOpEM” keys dep ressed , th e  r e s is ta n c e  112?1 to  th e  f a u l t  may be calcu  a  y 
means of th e  fo llow ing  fo rm u la :-

Where "X** -  r e s is ta n c e  to  th e  f a u l t  
!» **X," » r e s is ta n c e  of loop
*» H-1000 ® r a t i o  d ia l  read in g  
« mrw = rh e o s ta t  read in g  
M X -  _ R _______  r

1000 + B

(2) LOCATCT OF SHORT CIRCUITS OR CROSSES (VWELEY OR MJHRAY L OOP TEST)

11* To determ ine th e  r e s is ta n c e  in  ohms to  a  sh o rt c i r c u i t  or c ro ss  
between a  o a ir  o f w ire s , ( r e g a rd le s s  o f th e  r e s i s t a n c e ) . a  good w ire  o f equal 
r e s is ta n c e  i s  connected  to  one of th e  f a u l ty  w iro s  a t tn e  d is ta n t  ena o f t e e  
l in e  and th e  loop  r e s is ta n c e  o f  th e  good and f a u l ty  w ire 3 i s  determ ine 
d e sc rib ed  nnder (A). „

12 , The plug of th e  W heatstone b rid g e  cord  i s  then  in s e r te d  in  a ^ ^ t  
ja c k  connected"to  th e  f a u l ty  w ire , o p e ra tin g  the  S184 r e la y .  Tne oper^t
of th e  E l84 r e la y ,  th e  ’’REV", key be ing  norm al, d isco n n ec ts  ground fi^m  t  
t e s t in g  b a t te r y  and connects th e  t e s t in g  b a t te ry  to  th e  r in g  of * e , ^ 
b rid g e  co rd . The proper keys are then  o p e ra ted  fo r  making the  V arley 
H urray lo o p  t e s t  and th e  lo c a tio n  of th e  f a u l t  determ ined a s  d e sc rib e  -  
fo r  g rounds. I f  th e  r in g  side of th e  f a u l ty  w ire  has been connected - 
good conductor a t th e  d is ta n t  end of th e  l i n e ,  i t  w il l  be n ecessa ry  t o  oper ^  
th e  "REV” key . The "REV" ksy i s  a s s o c ia te d  w ith  th e  Wheat s t ^ e  b r i^ e ^ c o rw  
enab le  th e  t e s t in g  o p era to r to  connect th e  t e s t in g  b a t te r y  o o V  x
or r in g  side of th e  W heatstone b rid g e  cord .

1 3 . When th e  plug of th e  Wheat stone b rid g e  *td * to ° n o r r £ .
ja c k , th e  E l84 re la y  r e le a s e s  and th e  c i r c u i t  i s  r^ o to r -

, 
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10. After a. galvanometer balanc9 is obt:c.inod 11ith the 11B & 0" snd the 

"OP.EN" keys depressed, the rosi stsnce 11X'' to the feu.1 t may be eeJ. 0.1latod bf 

n:s~ s of the follm1ing for1IU.la:-

~ Wiere "X" = resist8!loo to the fault 
11 "L" = resist~ca of loop 

• 
• . 

• 

" l~-1000 = raqo dial re~ciing 
u "R" • rhoostG.t res.ding 

II X = _ ___,R~---
1000 + R 

L 

(E) LOC.:.!rICN OF SHORT C1RCO'ITS OR CROSSES (v;..a.::c..,y OR WRHb.Y l OOP '1S31') 

ll. To c.etermino the rosistsnc.a in o~s to a short circuit or cross 

between a ?Sir of wires, (regardless of tho resistan~e) • a good wiro of equal 

resistance is connected to one of tho f3Ul ty wires ~t the dist3nt end of tr.e 

lino and the loop rosist:mce of the good end fsulty mrus 1s d.etorn:ined as 

described under (A.). 

12. The plug of the '\fheG.tstor.o bridgJ corG. is tho:. inS:3rtad in a test 

jeck connected to tho faulty wir-3, o"?(3ra.ting the El.84 r-:-l~y. Tho o~r~tian 

of the El84 l"Gl ay, tho "REV". key being normal• di sconn~ct s ground from tha 

testing battery and connects th:3 testing battery to tho ring of the W}loatstono 

bridge cord. The pi•cper mys are thoo operatsd for making the V3.rley or 

i,Iurray loop test and the loca.titm of the f::ult daterminod as ~scribed above 

fer grounds. If the ring sida of the fBUl ty wiro l:a.s be;:m connected to ths 

good conductor at the distant end of the 11nu, it will bo nocessa.ry to operate 

. the "REV" key. The ''REV'' key is associated with the Whos.tstone bridge cord to 

enable tb9 testing opsretor to connect the testing battery to either the tip 

or ring side of the -;:'hea.tstone bridge cord. 

13. \Tu.on the pl:1g of the \7h~atstone bridge cord is removed from the test 

jack, the El84 reley releases and the circu.it is rcstor~d to normal. 
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CIH QJ IT BE IT I3ET.3TT 3

OPERATE RON-OPERATE RELEASE

El 84 T est o0?0 amp* T est .020 amp.
R oad j, .030 amp. R oadj. .022 amp.

k»

t
BIG, —CAL-VL. 
8 /1 5 /2 2 .

CHK* D.-WHL, APPROVE!)- C.L.SLUYT3R, 6.K .L .

-

r 

MZRATE 

~I El84 TeRt 
Ra..:1dj • 

.070 ~­

. oro rur.p .. 

.. 
I 

• 

• 

t 

ENG. --CJ.L-VL. 
8/15/2~. 

CIR aJ IT Rt].U IREl2NT S 

Tost 
Ro.:ldj • 

.020 :lli,p, 

.022 ~-

ifPPROVE!> - C.L.SLUYT3R. G.r:.I .• 


