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Patented May 7, 1940 2,199,846 

UNITED STATES PATENT OFFICE 
2,199,846 

TRACER, CURRENT DETECTOR 

Stephen W. Borden, Summit, N. J. 
Original application April 2, 1938, Serial No. 

199,628. Divided and this application Septem 
ber 22, 1939, Serial No. 296,049 

4. Claims. (C. 15-183) 
This application is a division of my copending 

application Serial No. 199,628 which matured into 
Patent No. 2,176,757 on October 17, 1939. 
This invention pertains to means for detect 

ing the presence or absence of a tracer current 
in an insulated and lead-encased conductor, 
regardless of the amount or the relative polarity 
of such tracer current which may, at the same 
time, be flowing in the lead sheath. Surrounding 
the conductor. The device is essentially a con 
bination of the cable sheath current detecting 
device of my Patent No. 2,176,757 with a con 
ductor current pickup device and additional 
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equipment for combining the functions of the 
two mentioned devices. 
In the drawing, which is Schematic Only, Fig. 

1 represents the sheath current detector attached 
to a cable and arranged for independent opera 
tion, and Fig. 2 shows the sheath current detec 
tor arranged for cooperative operation with a 
conductor pickup coil. Fig. 3 illustrates the wave 
form of the test current used in Fig. 1. 

Referring to the drawing, Fig. 1. 24 is an iron 
core having means, as 2, for suspending it from 
a cable sheath. Wound on this core is a coil 25 
consisting of Several turns which are insulated 
from each other. For simplicity's sake, the turns 
are here shown as air insulated but in actual 
construction they are insulated with Ordinary 
insulating paper or cloth. The Winding consists 
of a flat braided copper conductor, the size which 
I generally use being about 42' Wide by 6' thick 
and having a conductivity Substantially equal to 
that of No. 6 A. W. G. copper wire. This braided 
conductor extends beyond the ends of the coil, 
in one continuous piece, to whatever length may 
be desired, a length of approximately 4 ft. on each 
side of the coil being about the maximum desir 
able. One end of the coil is attached to core 
24, as by fastener 54 which need not be insulated, 
While the other end of the coil is Secured by 
fastener 53 to a strip of the insulating material 52 
which, in turn, is secured to the core 24. 

Also mounted on the core 24 is a high-resist 
ance, high-voltage coil 28, the terminals of which 
are connected to posts 29 and 30 mounted on the 
strip of insulating material 52. 2 is an insulated 
conductor contained Within a lead Sheath and 
which is grounded to sheath by a fault indicated 
by 3. Binding posts 8 and 9 are connected to a 
Source of Swing current. 4 is a transformer 
having a primary winding 5 and a secondary 
winding 6; is a buzzer and 3 a one-way recti 
fier element. 46 is a swing meter, 45 a choke coil 

in Series with the meter, 48 a volume control, 44 
a condenser, and 8 a telephone receiver. 
The equipment is shown connected up for the 

purpose of detecting tracer current flowing in the 
sheath and determining its relative polarity. 
For the purpose, I employ a swing current which, 
Starting from post 8, flows to conductor 2 via 
rheostat 57, thence through the conductor to 
fault 3, thence through the lead sheath to bond 
connections 4 and 6 and thence through the 
earth to coil f, and thence to post 9. I prefer 
a tracer current of about 1.2 cycles per second 
and wave form similar to that shown in Fig. 3. 
The braided conductor is attached to the lead 

, sheath. Substantially as shown, the space between 
26 and 27 being as great as may be feasible. The 
result of this connection is to shunt a portion of 
any sheath current which may be flowing in the 
Sheath through coil 25, which produces a flux 
in core 24, which in turn produces a potential 
in coil 28, which in turn causes swing meter 26 
to swing back and forth in step with the swing 
current. Volume control 48 is used for keeping 
the current flow through the meter within proper 
limits. So far, We have equipment for detecting 
a flow of current in the cable sheath; but not for 
determining its relative polarity. 

Coil 6 of transformer 4 is in Series with buz 
Zer and rectifier 3, the whole being connected 
across posts 8 and 9. When the Swing current 
polarity on post 8 is positive, current flows 
through rectifier 3, buzzer f. and winding 3 
which causes the buzzer to operate, which in turn 
produces an alternating current in coil f5 having 
a frequency determined by the speed of the buz 
Zer, and the potential from coil 5 superimposes 
the ripple 58 on the positive half of the swing 
current cycle. When the Swing current polarity 
reverses, the current will not flow through the 
rectifier 3 and consequently the buzzer does not 
operate and there is no ripple Superimposed in the 
negative half cycle. By connecting a telephone 
receiver 8 via condenser 44 across the coil 28, 
this ripple is distinctly heard in the phone; and 
if it is heard when the needle on 46 is swinging 
toward the plus sign, it indicates that terminal 
53 is positive for that half of the cycle, which 
indicates, in turn, that the sheath current is flow 
ing in the direction from 27 to 26 when post 8 
is positive whereas if the ripple is heard on the 
negative side of the meter Swing it indicates that 
53 is negative and the flow is from 26 toward 27. 

In locating a fault, as 3, a tracer current is 
introduced into conductor 2 usually at the end 
Where the conductor ordinarily receives its oper 
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2 
ating current, that is, at the Supply end of the 
conductor, and the tracer current is considered to 
be flowing from the supply and toward the fault, 
regardless of the fact that it may be an alter 
nating current; and since tracer current which 
returns by way of the lead sheath of the cable 
always fiows away from the fault 3, then if the 
points 26 and 27 are on a part of the Sheath 
which is between the end where the tracer cur 
rent is applied and the fault, 53 will be positive 
whereas if 26 and 27 are beyond the fault, as 
between 3 and 4, then 53 will be negative. 

If, instead of swing current, plain direct cur 
rent is used and a millivoltmeter be connected 
between points 26 and 27, the same information 
may be obtained but there may be flowing in 
sheath f, direct current such as railway return 
current, whose magnitude may be many times 
that of the tracer current, with the result that the 
readings are rendered useless or there may be 
alternating current flowing in the sheath which 
might have the same effect. As fully set forth 
in my Patent No. 2,176,755 issued on Oct. 17, 1939 
the swing current test is not Subject to inter 
ference by either direct or alternating Stray cur 
rent in the cable sheath; and the equipment as a 
whole is much more sensitive than any other type 
of portable equipment having sufficent ruggedness 
for the purpose. 
The transforming device 24 is used for the dou 

ble purpose of increased sensitivity and for pre 
venting a flow of direct current from the cable 
sheath into meter 46. However, if the Swing 
current in the cable sheath , or in any other 
conductor, is of sufficient magnitude, its presence 
and polarity may be detected by connecting me 
ter 46 directly across a portion of the conductor, 
as shown in the dotted enclosure 50'. When con 
nected in this manner, a condenser 44 is insert 
ed to block out direct current and the telephone 
8 may be shunted across the choke coil 45. 
The resistance of fault 3 varies greatly in dif 

ferent instances and may be anything from a few 
ohms to several hundred thousand ohms; and, 
furthermore, it may vary greatly even during the 
test period; and this, in turn, means that the 
amount of tracer current foWing may vary Over 
rather wide limits and also that it is convenient 
to make the tracer circuit voltage Variable. 
These variables introduce considerable difficulties 
in the way of superimposing a ripple current on 
one-half of the swing current wave, and for this 
and other reasons the equipment shown in Fig. 2 
is sometimes more desirable for the purpose of 
locating a cable fault. 

Referring now to Fig. 2. 5 is a portable nineter 
device Which includes the swing meter 46 With 
its choke coil 35 in Series. There are three bind 
ing posts, 49, 4, and 42. Post 40 is connected to 
one side of meter is 6 via choke coil 45, and con 
nected between 40 and 4 is a volume control 4. 
Post 42 is connected to the other side of meter 46, 
and between 4 and 42 a second volume control 
48 is connected. A single pole, double throW 
Switch 50 is arranged to Short-circuit either 
posts 40 and 4 or 4 and 42. Posts 4 and 42 
are connected via flexible leads 33 and 34 to the 
terminals 29 and 30 of the coil 28 of a sheath 
current transformer 24, and posts 40 and 4 are 
connected via flexible leads 3 and 32 to ter 
minals 22 and 23 of coil 2 Which is mounted. On 
a flexible iron core 2 which encircles the lead 
sheath . A detailed description of the construc 
tion and operation of devices 20 and 2 f will be 

2,199,846 
found in my Patent No. 2,176,756 dated Oct. 17, 
1939. 
For locating the fault 3, tracer current from 

terminal 8 flows from the conductor 2 to the 
fault 3 from which it passes into lead sheath . 5 
We will assume that a 2-ampere tracer current is 
used and that one ampere flows through the lead. 
sheath from 3 to the bond connection 6 from 
which it returns to post 9 via ground 7. The bal 
ance of the current flows from 3 to 4, thence 
through the ground 5 back to post 9. 
The test is made as follows. Switch. 5) is first 

thrown to position C which short-circuits coil 
28, leaving only coil 2 active. Rheostat 47 is 
adjusted so as to produce a swing on meter 46 of 
not more than half Scale. The SWitch is now 
throWn to position S Which short-circuits coil 
2, leaving coil 28 alone active, and rheostat 48 is 
adjusted to produce Substantially the same SWing 
on meter 46 as that previously produced by coil 
2. Switch 50 is now opened, and if the polarity 
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of coils 2 and 28 are the same, the resulting 
Swing on meter 46 Will be greater than the Swings 
on either of the coils individually, and if the 
polarities are opposite, the resuiting SWing will 
be approximately equal to the difference. An 
other method of determining whether the coils 
are adding or bucking is to make the adjust 
ments as previously outlined and then throw 
SWitch 50 quickly from one position to the other 
and note whether the hand merely continues to 
SWing or whether it comes to rest and reverses 
the direction of Swing, which latter effect will 
be present if the coils are bucking. This method 
Will be found very effective when the conditions 
of test are Such that it is possible to have only 
a very small deflection on meter A6. It will be 
understood that the magnitude and polarity of 
the potential of coil 2i is determined by the ef 
fective current threading coil 20 which current 
is the difference between the current in conductor 
2 and that flowing in the sheath. 
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The interpretation of the readings obtained 
from the meters is as follows, having in mind that 
the purpose of the test is to follow the tracer 
Current in conductor 2 from its point of origin 
8 along the cable to the fault 3 for the purpose 
of locating the fault, it being obvious that there 
Will be no current flowing in conductor 2 at any 
point beyond the fault. If neither coil produces 
a deflection on the meter, there is no current in 
conductor 2. If either coil produces a deflection 
and the other coil does not, there is current in 
Conductor 2. If each coil produces a deflection, 
then if the coil polarities are additive, there is 
no current in the conductor; and if the polarities 
are Opposed, there is current in the conductor. 
All the foregoing applies whether the point of 
test be ahead of the fault or beyond the fault, 
and it Will be clear that the current in the con 
ductor may be traced regardless of counterflow 
in the Cable sheath. 
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While I have described certain features more 
or less in detail, it will be, understood that the 
invention will employ various devices of differing 
forms and construction and it is to be understood 
that the invention is not to be limited except by 
the Scope of the appended claims taken in con 
junction With the state of the prior art. 
What I claim is: 
1. Tracer current equipment for tracing cur 

rent in a conductor enclosed in a lead sheath 
which includes a meter connected between two 
binding posts, as 40 and 42; a third post, as 4f; 
a rheostat connected between 48 and 4, a rheo 
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stat connected between 4 and 42, and a switch 
for selectively short-circuiting either posts 4C and 
4 or 4 and 42, a conductor pickup coil, as 2. 
mounted upon an iron core which encircles the 
sheath; a transformer having a primary winding 
for shunting across a length of the sheath and 
a secondary Winding, as 28, together with inter 
connecting leads for connecting post 40 to a se 
lected end of winding 2, for connecting post 42 
to a Selected end of Winding 28, and for connect 
ing the remaining ends of the coils to post 4. 

2. Tracer current equipment for tracing cur 
rent in a conductor enclosed in a lead sheath 
which includes a meter connected between two 
binding posts, as 40 and 42; a third post, as 4; 
a switch for selectively short-circuiting either 
posts 40 and 4f or 4 and 42; a conductor pickup 
coil, as 2i, mounted upon an iron core which en 
circles the sheath; a transformer having a pri 
mary winding for shunting across a length of the 
sheath and a secondary winding, as 28, together 
with interconnecting leads for connecting post. 
40. to a selected end of winding 2 f, for connect 
ing post 42 to a selected end of winding 28, and 
for connecting the remaining ends of the coils to 
post 4. 

3. Tracer current equipment for tracing cur 
rent in a conductor enclosed in a lead sheath 
which includes a conductor pickup coil, as 2, 
mounted upon an iron core which encircles the 
sheath; a transformer having a primary winding 
for shunting across a length of the sheath and a 
Secondary Winding, as 28; an interconnecting lead 
Connecting one terminal of the coil 2 to One 

3 
terminal of coil 28 and a meter connected be 
tween the remaining terminal of coil 2; and the 
remaining terminal of coil 28; a single pole, 
double throw switch having its center point con 
nected to the interconnecting lead and one of its 
terminals connected to each of the meter ter 
minals whereby the SWitch may be operated to 
selectively short-circuit coil 2 or 28. 

4. The method of determining the flow or ab 
sence of flow of a tracer current in a particular 
section of an insulated conductor encased in a 
metal sheath when a portion of the tracer cur 
rent, which is flowing in any section of the con 
ductor is flowing also in the metal sheath Sur 
rounding the particular section of conductor first 
mentioned, which consists in deriving from the 
said particular section of conductor a potential 
responsive to the magnitude and polarity of tracer. 
current flowing in said section and in the sheath 
surrounding said section and in deriving a poten 
tial from the metal sheath Surrounding said Sec 
tion, which potential is responsive to the mag 
nitude and polarity of any tracer current flowing 
in said sheath but non-responsive to any flow in 
the conductor and then determining from the 
relative magnitude and instantaneous polarities 
of the two potentials whether or not tracer cur 
rent is flowing in the conductor or in the sheath 
or both, and if in both whether the current in 
the sheath is flowing in the same or in the op 
posite direction from the current in the conduc 
tOr. 

STEPHEN W. BORDEN. 
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