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This invention relates to testing systems. 
More particularly this invention relates to 
arrangements for locating a fault in a con- 
ductor. 
When making Varley loop measurements 

for the location of a fault ina conductor, gal- 
vanometer fluctuations which. may be pro- 
duced by potentials induced from telegraph 
circuits, particularly those of the simplex 
and composite variety, and from other. cir- 
cuits, are often very troublesome, especially 
if the fault resistance is high. All of these 
extraneous effects greatly affect the speed as 
well as the accuracy required in the location 

* of the fault. 
One of the objects of this invention is to 

provide, in addition to the apparatus em- 
ployed for making Varley loop measure- 
ments, means for neutralizing fluctuations in 
the galvanometer caused by foreign, induced, 
or other extraneous currents. 

Another object of this invention resides in 
the provision of an arrangement such that 
extraneous potentials or induced currents 

; tending to cause galvanometer fluctuation 
may be neutralized by similar potentials or 
currents induced-in a neutralizing conduc- 
tor or circuit connected or otherwise coupled 
to the galvanometer. 

This invention will be better understood 
from the detailed. description hereinafter 

following, when read in connection with the 
accompanying drawing showing one embodi- 

ment of the invention merely for the purpose 
of illustration. 

The drawing shows. an arrangement for 

substantially neutralizing the effects of ex- 
traneous voltages often known as “ground po- 

tentials”. The reference characters A and B 

represent equal elements of resistance one 

end of each of which is connected to the other 

and to ground through a resistance P anda 

source of direct current which may be a bat- 

tery designated D. The other ends of the 

resistances A and B are interconnected by a 

galvanometer. G which may be of any well 
known type. <A faulty wire is designated 

W,, and one end of this wire is connected to 

the junction of the galvanometer G and the 

resistance B through a rheostat R. A good 

conductor designated W, is connected to the 
junction of the galvanometer G and the re- 
sistance A. The other ends of the conductors 
W,. and W, are connected to each other. The 
elements just described represent those which 55 
are frequently used for making Varley loop 
measurements to determine the location of a 
fault which may be present in the conductor 
W,, some point of which is grounded through 
resistance shown by dotted lines and desig- 6¢ 
nated F. 

When the fault is at the extreme end of 
the conductor Wy), then both conductors W, 
and W, will be equally aitfected by induced 
voltages or other extraneous effects, and the 65 
pointer of the galvanometer G will not be 
fluctuated on account of these effects. When 
the fault does not occur at the extreme end 
of a conductor, a fault seldom occurring at 
that point, then the etfective voltages result- 70 
ing from extraneous potentials will differ- 
ently affect conductors W, and W, and con- 
sequently the pointer of the galvanometer 
will be fluctuated. In that event, it will be 
difficult, if not impossible, to make an accu- 75 
rate determination of the distance to the 
fault. . . 

In accordance with this invention, all of 
the resistance of a potentiometer 8 is bridged 
across the galvanometer G. A neutralizing 80 
conductor W, is connected in series with a 
condenser C to the moving contact or element 
of the potentiometer S. The junction of the 
conductor W, and the condenser C is con- 
nected to the junction of the resistances A 
and B through a resistance Q. With this ar- 
rangement the resistance Q represents a low 
impedance for direct current as compared 
with. the insulation resistance of the con- 
denser C. Yet, resistance Q interposes a high 
impedance for alternating currents. The con- 
denser © is of large capacity and presents 
low impedance for alternating currents, yet 
its impedance is practically infinite for di- 
rect current.. With. this arrangement, any 
leakage current from battery D to conduc- 
tor W, flows through the resistance Q rather 
than through the relatively high resistances 
presented by the arms A and B of the bridge 
and the upper and lower portions of potenti- # 
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ometer 8, respectively, and condenser ©, and 
therefore such current will not affect the gal- 
vanometer G. Only so much of the current 
from battery D as flows over the good and 
bad conductors W, and W), respectively, will 
be effective in causing the moving element of 
the galvanometer to become deflected. 

In a general way it will be evident that 
potentials induced in the conductor W, will 
be greater than those induced in the condue- 
tor W, because the latter conductor will be 
grounded through a resistance F at a point o 
somewhat distant from its extreme end. 
Those potentials induced in conductors W, 
and W, will therefore differently affect val 
vanometer G, and the difference between these 
potentials will be the one it will be neces- 
sary to neutralize. The neutralizing conduc- 
tor W, should be selected so that potentials 
induced therein will be approximately the 
game in magnitude and phase as those in- 
duced in the conductor W, when W, is free. 
The required amount of neutralization ma Ly 
be obtained by properly setting the potenti- 
ometer S. When the proper setting ob- 
tained, the potentials impressed on the two 
sides of the galvanometer will be equal and 
opposite to those caused by conductors W) 
and W,, and the net voltage f from the induc- 
ing sources will be zero. Tt will be apparent 
that the neutralizing conductor W,, should 
preferably be in the same quad as both con- 
ductors W, and W,, and moreover, it should 
have an insulation resistance to ground of the 
same order to.magnitude as that of the good 
conductor Ws. The condenser C has a suffi- 
ciently low impedance so as not to apprecia. 
bly affect the phase angie or magnitude of 
the neutralizing curr ent, 

It is to be noted that a pair of conductors 
may be substituted for the one designated 
W,, and one end of one of these may be con- 
nected to an end of the other and to con- 
denser C. The two conductors will then be 
open-circuited at their other ends, as is the 
conductor W, shown in the drawing. The 
pair of conductors should have an insulation 
resistance to ground: comparable with that 
of the conductor W;. 

In determining the location of a fault in 
conductor Wy, the brid ge will be balanced as 
closely as possible in the usual manner by the 
adjustment of the resistance R. Then the 
potentiometer S will be adjusted until the 
galvanometer indicates a minimum of flic- 
tuation. Under ordinary circumstances the 
pointer of the galvanometer will be practi- 
cally stationary. The position of the mov- 
able arm of the potentiometer will depend 
upon the location of the fault and the rela- 
tive insulation resistances of the conductors 
involved. Jt has been found that when the 
fault is at the distant end of the conductor 
W,, it will be necessary to set the potentiom- 
eter at its midpoint. When the fault is very 
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close to the rheostat R it will be necessary to 
move the variable element of the potentiom- 
eter to its lower terminal. In general, the 
potentiometer will require setting at an inter- 
mediate position for any other location of the 
fault. The actual location is made in the 
usual manner. 

In an arrangement actually « constructed in 
accordance with the layout of the drawing, 

‘the resistance G was 100,000 ohms, the total 
esistance of the potentiometer was 4000 

ohms, and the condenser C had a capacity of 
20 microfarads. Fluctuation of the gal- 
vanometer was neutralized to a very high 
degree. 

While this invention has been shown in one 
particular arrangement. merely for the pur- 
pose of illustration, it will be understood that 
the features of this invention may be applied 
to other and widely varied organizations 
without departing from the spirit of the in- 
vention and the scope of the appended claims. 
What is claimed is: 
i. The combination of apparatus inelud- 
ga galvanometer for making Varley loop 

measurements, and means capacitively cou- 
pled to the galvanometer supplying currents 
for neutr alizing the effects of extraneous po- 
tentials which fluctuate the pointer of the 
galvanometer. 

2. The combination of a Wheatstone bridge 
cireuit adapted to make Varley loop meas- 

ino on 

urements and including a galvanometer, 
a potentiometer in shunt across one diagonal 
of said Wheatstone bridge circuit, and means 
for transmitting ct urrents to the potentiom- 
eter for neutralizing the effect on the Wheat- 
stone bridge circuit of extraneous interfer- 
ing potentials. 

3. The combination of a Wheatstone 
bridge circuit, a potentiometer in shunt with 
one cliagonal of the bridge circuit, and ineans 
for transmitting currents to the potentiom- 
eter for neutralizing the effect on the Wheat- 
stone bridge circuit of extraneous interfer- 
ing potentials. 

4. The combination of a Wheatstone 
bridge circuit, one of the arms of which in. 
cludes a conductor to be tested, and means 
coupled to one diagonal of said circuit to neu 
tralize the effects of potentials superimposed 
on a conductor. 

The combination of a Wheatstone 
bridge circuit, a potentiometer connected as 
a dia wonal of said cirenit, an open-ended 
conductor connected to the adjustable arm 
of said potentiometer, and means to bypass 
leakage currents over said conductor from 
said circuit. 

6. The combination of a Wheatstone 
bridge circuit, an open-ended conductor con- 
nected to said circuit, and means to substan. 
tially ‘suppress the effects of leakage current 
over said conductor from said circuit: 

7. The combination of a conductor, testing 
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apparatus for locating a fault on the conduc- 
tor, means for neutralizing the effects upon 
said. apparatus of currents induced in said 
conductor, and means for substantially elimi- 
nating the effect upon said apparatus of leak. 
age current through said conductor. 

8. The method of locating a fault in a con- 
ductor with Wheatstone bridge apparatus, 
which consists in making the ordinary 
Varley loop measurements. and supplying 
currents to the Wheatstone bridge apparatus 
from a parallel conductor which is open- 
ended for neutralizing the effect of ground 
potentials on these measurements, 

_ 9. ‘The method of locating a fault in a con- 
ductor with Varley loop. apparatus which 
includes'a galvanometer, which consists in 
receiving over a parallel opened-ended con- 
ductor extraneous potentials which interfere 
with the measurements and impressing these 
potentials on the galvanometer for neutraliz- 
ing the effects of these potentials. 

10. The combination of testing apparatus 
including a galvanometer to locate a fault on 
a conductor, and means including a parallel 
open-ended conductor which supplies cur- 
rent to neutralize the effects of extraneous 
induced potentials impressed upon the gal- 
vanoimeter of said. apparatus. 

11. The combination of a potentiometer, 
indicating means electricaily coupled to said 
potentiometer, and an open-ended, current 
carrying conductor capacitively connected to 
the movable arm of the potentiometer, said 
couductor being exposed to extraneous poten- 
tials and supplying currents for neutralizing 
the effects on the indicating means of these 
extraneous potentials. 

12. The combination of apparatus for 
making Varley loop measurements and in- 
cluding a galvanometer, a potentiometer 
bridging the galvanometer, and a wire capac- 
itively connected to the movable arm of the 
potentiometer, said wire being exposed to 
extraneous potentials and supplying the cur- 
vents required for neutralizing the effects of 
these extraneous potentials which may 
fluctuate the pointer of the galvanometer. 

13. The combination of a measuring in- 
strument forming a part of a testing system, 
a resistance shunting said instrument, .an 
open-ended wire exposed to extraneous 
voltages and carrying currents produced by 
these voltages, anc a condenser interconnect- 
ing that wire with some point on said re- 
sistance, the current carried by said wire 
neutralizing the effects of these extraneous 
potentials which may disturb the measuring 
instrument. ; 

14. The combination of apparatus includ- 
ing a gelvanometer for testing purposes, a 
loop embodying conductors to be tested and 
connected in series with the galvanometer, a 
potentiometer shunting said galvanometer, 
and a wire one end of which is capacitively 

3 

connected to the movable arm of said poten- 
tiometer, said wire being. exposed to ex- 
traneous potentials and supplying currents 
for neutralizing the effects of these ex- 
traneous potentials which may fluctuate the: 
pointer of the galvanometer. 

15. ‘The combination of testing apparatus 
including a galvanometer, a good wire, a 
bad wire in series with the good wire and the 
galvanometer, a potentiometer shunting the 
galvanometer, a neutralizing wire, and a con- 
denser connecting one end of said neutraliz- 
ing wire to the movable arm of the poten- 
tiometer, the other end of the neutralizing 
wire remaining open, said neutralizing wire 
being exposed to extraneous potentials and 
supplying currents to overcome the effects of 
these extraneous potentials. which may 
fluctuate the pointer of the galvanometer. 

16. The combination of two equal resist- 
ances having a common junction, a galvanom- 
eter. connected between the other ends of 
said resistances, said resistances and said 
galvanometer forming part of a testing sys- 
tem, a first conductor one end of which is 
connected to one terminal of the galvanom- 
eter, a second conductor one end of which 
is connected to the other terminal of. the 
galvanometer, the other ends of said first 
and second conductors having a common 
junction, a potentiometer shunting the gal- 
vanometer, a third conductor, and a con- 
denser interconnecting one end of the third 
conductor with the movable arm of the poten- 
tiometer, the third conductor being exposed 

‘to extraneous potentials and supplying cur- 
rents for neutralizing the effects of these 
extraneous potentials which may fluctuate the 
pointer of the galvanometer. 

17. The combination of two equal resist- 
ances which have a common junction, a gal- 
vanometer interconnecting the other ends of 
said resistances, said resistances and said gal- 
vanometer forming part of a testing system, 
a first conductor one end of which is con- 
nected to one terminal of the galvanometer, 
a second conductor one end of which is con- 
nected to the other terminal of the galvanom- 
eter, the distant ends of said first and second 
conductors having a common junction, a po- 
tentiometer shunting the galvanometer, a 
third conductor, a condenser interconnecting 
one end of the third conductor with the mov- 
able arm of the potentiometer, and a third 
resistance interconnecting the same end. of 
the third conductor with the junction of said 
first and second resistances, the third conduc- 
tor being exposed to extraneous potentials 
and supplying currents for neutralizing the 
effects of these extraneous potentials which 
may fluctuate the pointer of the galvanom- 
eter,  - 

18. The combination of two equal resist- 
ances which have a common junction, a gal- 
vanometer interconnecting the other ends of 
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said resistances, a first conductor one end of 
which is connected to one terminal of the gal- 
yanometer, a second conductor one end of 
which is connected to the other terminal of 
the galvanometer, the distant ends of said 
first and second conductors having a common 
junction, a potentiometer shunting the gal- 
yanometer, a third conductor, a condenser 
interconnecting one end of the third conduc- 
tor with the movable arm of the potenti- 
ometer, a third resistance interconnecting 
the same end of the third conductor with 
the junction of said first and second resist- 
ances, and a grounded battery connect- 
ed to the junction of said equal resistances, 
the third conductor being exposed to extran- 
eous potentials and supplying currents for 
neutralizing the effects of these extraneous 
potentials which may fluctuate the pointer of 
the galvanometer. 

19. The combination of two equal resist- 
ances which have a common junction, a gal- 
vanometer connected to the other terminals 
of said resistances, a good conductor one end 

& of which is connected to one terminal of the 

galvanometer, a bad conductor, a rheostat 
interconnecting one end of the bad conductor 
with the other terminal of the galvanometer, 
the distant ends of the good and bad conduc- 
tors having a common junction, a potentiom- 
eter shunting the galvanometer, a neutraliz- 
ing conductor, a condenser interconnecting 
one end of the neutralizing conductor with 

1,916,304 

the movable arm of the potentiometer, a third 
resistance interconnecting the same end of 
the neutralizing conductor with the junction 
of the two equal resistances, and a grounded 
battery connected to the junction of said two 
equal resistances, the neutralizing conductor 
being exposed to extraneous potentials and 
supplying currents for neutralizing the 
effects of these extraneous potentials which 
may fluctuate the pointer of the galvanom- 
eter. 

20. The combination of a Wheatstone 
bridge circuit, a potentiometer connected as 
a diagonal of said circuit, and an open-ended 
conductor connected to the movable arm of 
said potentiometer, said conductor being ex- 
posed to extraneous potentials and supplying 
currents for neutralizing the effects of these 
extraneous potentials which may reach the 
Wheatstone bridge circuit. 

21. The method of locating a fault with 
apparatus including a galvanometer for 
making Varley loop measurements, which in- 
cludes exposing an open-ended conductor to 
undesired effects and simultancously sending 
through the galvanometer currents derived 
from the open-ended conductor to overcome 
these undesired effects ‘on the galvanometer. 

In testimeny whereof, I have signed my 
name to this specification this 20th day of 
February, 1930. 

PAUL G. EDWARDS. 
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