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[57] - ABSTRACT 

The ground-wire detector of the invention is a portable 
device used to locate buried ground-wires of an ener 
gized very low frequency/low frequency antenna sys 
tem operating within the frequency range of 15 kHz to 

200 kHz. This ground-wire detector has an oscillator 
section that is tunable by a dial located on the detector. 
Because of this feature, an operator can change the 
oscillator‘s frequency without the need for component 
replacement. 
The detector of the invention includes two series-con 
nected oppositely-wound coplaner coils spaced approx 
imately 15 inches apart. The coils are oppositely wound 
to generate a maximum detection signal when centered 
over an energized ground-wire. The coils generate a 
detection signal when placed within the vertical mag 
netic ?elds formed by energized antenna ground-wires 
and are designed to incur minimal interference from the 
large horizontal magnetic field radiating from an adja 
cent transmitting antenna station. 

In the ground-wire detector of the invention, the trans 
mitter station frequency radiated by the buried ground 
wires and detected by the instrument‘s coils, is mixed 
with a tuning frequency selected by a device operator 
and generated from a continuously tunable oscillator 
made a part of the ground-wire detector. The difference 
between the tuning frequency and that ofthe energized 
ground-wires is audio ampli?ed and routed to a set of 
monaural headphones. 

6 Claims, 1 Drawing Sheet 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. .\'o article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more speci?c information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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EASILY TUNABLE DETECTOR FOR COVERING 
DISCONTINUITIES IN BURIED ENERGIZED 

ANTENNA GROUND WIPES 

STATEMENT OF GOVERNMENT INTEREST 

The invention described herein may be manufactured 
and used by or for the Government of the United States 
or America for governmental purposes without the 
payment of any royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention pertains broadly to the ?eld of mag 

netic detection devices. More particularly, the inven 
tion pertains to a device for locating energized antenna 
ground-wires in the presence of a transmitting antenna. 

2. Description of the Related Art 
The US. Navy is interested in identifying causes of 

ef?ciency loss in its low frequency and very low fre 
quency shore transmitters. It is known that some of 
these losses occur in a transmitter‘s antenna and, speci? 
cally, are due to breakage in conductors that compose a 
radially spreading ground-wire system for the antenna. 
As the number of ground-wire breaks increase, the 
radiation ef?ciency of a transmitter drops, adversely 
affecting the antennas communication range. 
The radiation ef?ciency of an antenna. and therefore 

2 
ence from the large horizontal magnetic ?eld radiating 
from an adjacent transmitting antenna station. 

In the ground-wire detector of the invention. the 
transmitter station frequency radiated by the buried 
ground-wires and detected by the instrument‘s coils, is 
mixed with a tuning frequency selected by a device 
operator and generated from a continuously tunable 
oscillator made a part of the ground-wire detector. The 

0 difference between the tuning frequency and that ofthe 

of the entire transmitter, is dependent upon the electri- . 
cal contact between the plane of buried antenna 
ground-wires and the earth. These ground planes are 
composed of hundreds of bare copper wires placed in 
the area around the antenna. The wires are often broken 
by subsequent earth work such as farming, utility con 
nections, and landscaping. 
A ground-wire detector can be used to locate the 

subterranean ground-wires before excavation work in 
the area is underway. In addition. a ground-wire detec 
tor can serve to identify where breaks in the buried 
ground-wires are located. 

In the past, a portable instrument for detecting and 
locating ground-wires and their breaks was developed 
by the Navy. This unit worked on an autodyne principle 
and contained an oscillator section whose frequency 
was dependent in part upon two capacitors that had to 
be interchanged according to the frequency of the an 
tenna system being studied. The need to alter this oscil 
lator by way of component replacement posed ?eld 
logistics problems that were considered undesirable. 

SUMMARY OF THE INVENTION 

The ground-wire detector of the invention is a porta 
ble device used to locate buried ground-wires of an 
energized very low frequency/low frequency antenna 
system operating within the frequency range of 15 kHz 
to 200 Khz. This ground-wire detector has an oscillator 
section that is tunable by a dial located on the detector. 
Because of this feature, an operator can change the 
oscillator‘s frequency without the need for component 
replacement. 
The detector of the invention includes two series 

connected oppositely-wound coplaner coils spaced ap 
proximately 15 inches apart. The coils are oppositely 
wound to generate a maximum detection signal when 
centered over an energizedv ground-wire. The coils 
generate a detection signal when placed within the 
vertical magnetic ?eld formed by an energized antenna 
ground-wire and are designed to incur minimal interfer 
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energized ground-wires is audio ampli?ed and routed to 
a set of monaural headphones for operator perception. 

OBJECTS OF THE INVENTION 

It is an objective of this invention to provide an im 
proved magnetic ?eld detector. 
Another object of this invention is to provide a mag 

netic ?eld detector that detects and locates an energized 
wire buried in the ground. 

Yet a further object of this invention is to provide an 
improved antenna ground-wire detector that may be 
tuned without the need for detector component replace 
ment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of the ground 
wire detector of the invention. 
FIG. 2 is a perspective diagrammatic view of the 

inventions detector coils disposed within a magnetic 
?eld radiated by a buried energized antenna ground 
wire. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to FIG. 1 there is shown a ground 
wire detector 10 according to the invention. As can be 
seen, ground-wire detector 10 incorporates the use of 
two series-connected oppositely-wound coplaner coils 
I2 and 14. In the implementation of the invention used, 
each of these coils contained about 200 turns of scram 
bled wound wire on a solenoid form. each making a 
pancake solenoid. As no two coils can be made identi 
cally the same, the dissimilar voltage generating charac 
teristics of the coils are balanced by way of potentiome 
ter 16. 

Referring now to both FIGS. 1 and 2 when coils l2 
and 14 are centered above a buried current-carrying 
horizontal antenna ground-wire 18. the coils receive a 
maximum detection signal from the polarized vertical 
magnetic ?eld 20 that surrounds energized wire 18. For 
the geometry shown in FIG. 2, the magnetic ?eld com 
ponents induce a voltage within coils 12 and 14 shown 
by the vectors 22 and 24, respectively. Vectors 22 and 
24 take this orientation if it is assumed that current-car 
rying ground-wire 18 is carrying current into the plane 
of the paper this ?gure is drawn upon. 
The horizontally disposed coils prefer sensing verti 

cal magnetic ?elds, such as those from buried horizontal 
ground-wires. as opposed to horizontally arranged 
?elds such as those from an adjacent transmitting an 
tenna connected to the ground wires. If any part of the 
transmitting antenna magnetic ?eld is induced into the 
coils, it is further cancelled by the out-of-phase coil 
arrangement. By this arrangement it is possible to detect 
small ground-wire currents in the presence of the large 
magnetic ?eld caused by an adjacent adjoining antenna. 
As the presence of ground.wire l8‘s magnetic ?eld 

will induce signals to be generated in coils 12 and 14, a 
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break in ground-wire 18 can also be detected as a sud 
den decrease in the strength of these induced signals. 

Referring once again to FIGS. 1 and 2. the transmit 
ter station frequency that is radiated by ground-wire l8 
and embodied by induced voltages 22 and 24 is applied 
to pin 6 of a mixer 26. The frequency of the signals 
induced within coils 12 and 14. here named the detected 
frequency, is mixed within balance mixer 26 with an 
offset frequency generated by a continuously tunable 
oscillator section 28. Oscillator section 28 includes a 
local oscillator chip 30 that produces a ?xed preselected 
oscillator frequency. This oscillator frequency is tuned 
by way of potentiometer 32 so as to produce an offset 
frequency that corresponds to the frequency of an adja 
cent transmitting antenna connected to the ground 
wires. This offset frequency is derived by a device oper 
ator adjusting the potentiometer until a pleasant tone 
produced by the ?ltered mixing of the detected and 
offset frequency, is heard over the device's loudspeaker. 

In FIG. 1, serially connected 1000 picofarad capaci 
tors 34 serve to set the range of frequency of oscillator 
30. Resistor 36 functions as a current limiter and capaci 
tor 38 is part of the reset circuit for the internal oscilla 
tor of oscillator chip 30. Oscillator chip 30‘s output at 
pin 3 is current limited by resistor 40 to prevent diode 
damage within balance mixer 26. 

Within balance mixer 26 the detected frequency of 
the induced signals from coils 12 and 14 is mixed with 
the offset frequency provided by continuously tunable 
oscillator section 28. Sum and difference frequencies are 
produced of which capacitor 42 is used to ?lter out the 
sum of the mixed offset and detected frequencies. The 
output at pin 4 of balance mixer 26 passes through resis 
tor 44 that attenuates overpowering signals. 
Though the difference frequency signal from balance 

mixer 26 is at a signal strength equal to the signal 
strength of the signals induced within coils l2 and 14, 
this signal strength may actually be relatively low, such 
as. for example, where the ground~wire detector is used 
on antenna ground-wires located a great distance from 
an adjoining antenna. Because of this. a 50 k0 gain 
adjustment 46 is provided. The gain adjusted signal then 
passes through a coupling capacitor 48 that in turn feeds. 
its output to an audio ampli?er 50. 
Audio ampli?er 50 is used to enhance sensitivity of 

the ground-wire detector. Capacitor 52 is used for sig 
nal bypassing. In addition. resistor 54 and capacitor 56 
serve as a stabilizing network to prevent signal oscilla 
tion. The output of audio ampli?er is passed through 
coupling capacitor 58 whose output is then passed to an 
audio headphone 60 for operator listening. 
A 6-volt power supply 62 supplies circuit power 

through a protecting diode 64 and an anti-oscillation 
capacitor 66. ' 

In operation, tuning adjustment 32 is dialed to an 
appropriate frequency corresponding to the transmit 
ting frequency of an antenna system being diagnosed. 
This is done by an operator of the ground-wire detector 
listening through his headphones for a tone while the 
transmitter station is operating on-the-air. Tuning ad 
justment 32 is adjusted to create a comfortable listening 
tone and gain adjustment 46 is used for volume control. 
The use of the ground-wire detector is similar to that 

of a metal detector. The operator sweeps the detector 
back and forth with its coils roughly perpendicular to 
the ground in which the ground radials are buried. 
A maximum signal to the headphones will occur 

when the ground-wire detector is centered over an 
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4 
energized antenna ground-wire. Under these maximum 
signal conditions. the coils of the ground-wire detector 
will be equally distant from the ground-wire radial. The 
direction of the ground-wire can then be traced and 
mapped out using this method. In addition. changes in 
received signal strength will indicate that there is a 
break in the ground-wire or that the ground-wire has 
otherwise terminated. 
Those skilled in the applicable arts will realize that to 

further enhance operator perception of the presence of, 
or abscence of, buried energized ground wires, a meter 
giving a visual read-out of detected ground wire ?elds 
could be made a part of the ground wire detector of the 
invention. 

Obviously, many modi?cations and variations of the 
present invention are possible in the light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims, the invention may be 
practiced otherwise than as has been speci?cally de 
scribed. 7 

What is claimed is: 
1. An apparatus for locating an energized antenna 

ground-wire surrounded by a magnetic ?eld. said appa 
ratus comprising: 

continuously tunable oscillator means for generating 
a tuned offset frequency corresponding to a prese 
lected antenna transmitting frequency; 

detector means for detecting said magnetic ?eld by 
generating an induced signal when within said 
magnetic ?eld, said induced signal being at a de 
tected frequency equal to said preselected antenna 
transmitting frequency and having a signal strength 
that is greatest when said detector means is cen 
tered over said energized antenna ground-wire; 

frequency difference means for generating a detec 
tion signal at a frequency equal to the difference 
between said tuned offset frequency and said de— 
tected frequency and at a signal strength equal to 
said signal strength of said induced signal: and 

tone generator means for converting said detection 
signal into an audible tone so that a listener knows 
from the presence of said tone that an energized 
antenna ground-wire has been detected and knows 
from the strength of said tone the location of said 
energized antenna ground wire with respect to said 
apparatus. 

2. An apparatus according to claim 1 in which said 
continuously tunable oscillator means includes an oscil 
lator chip for producing a ?xed oscillator frequency and 
a potentiometer operably coupled to said oscillator chip 
so that said ?xed oscillator frequency may be tuned by 
way of said potentiometer to produce said tuned offset 
frequency. 

3. An apparatus according to claim 2 in which said 
detector means includes two series-connected opposite 
ly-wound coplanar coils that when disposed substan 
tially horizontally within said magnetic ?eld generate 
said induced signal. 

4. An apparatus according to claim 3 in which said 
frequency difference means includes 

a balanced mixer for producing sum and difference 
frequencies of said tuned offset frequency and said 
detected frequency, and a ?lter for ?ltering out 
said sum frequency. _ 

5. An apparatus according to claim 4 in which said 
tone generator means includes an adjustable audio am 
pli?er for amplifying said detection signal and a loud. 
speaker for making said detection signal audible. 
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6. An apparatus for locating an energized antenna 
ground-wire surrounded by a magnetic ?eld. said appa 
ratus comprising: 

continuously tunable oscillator means for generating 
a tuned offset frequency corresponding to a prese 
lected antenna transmitting frequency. said contin 
uously tunable oscillator means including an oscil' 
lator chip for producing a ?xed oscillator fre 
quency and a potentiometer operably coupled to 
said oscillator chip so that said ?xed oscillator 
frequency may be tuned by way of said potentiom 
eter to produce said tuned offset frequency; 

detector means for detecting said magnetic ?eld by 
generating an induced signal when within said 
magnetic ?eld, said induced signal being at a de 
tected frequency equal to said preselected antenna 
transmitting frequency and having a signal strength 
that is greatest when said detector means is cen 
tered over said energized antenna ground-wire, 
said detector means including two series-connected 
oppositely-wound coplanar coils that when dis 
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posed substantially horizontally within said mag 
netic ?eld generate said induced signal; 

frequency difference means for generating a detec 
tion signal at a frequency equal to the difference 
between said tuned offset frequency and said de 
tected frequency and at a signal strength equal to 
said signal strength of said induced signal. said 
frequency difference means including 

a balanced mixer for producing sum and difference 
frequencies of said tuned offset frequency and said 
detected frequency, and a ?lter for ?ltering out 
said sum frequency; and 

tone generator means for converting said detection 
signal into an audible tone so that a listener knows 
from the presence of said tone that an energized 
antenna ground-wire has been detected and knows 
from the strength of said tone the location of said 
energized antenna ground wire with respect to said 
apparatus, said tone generator means including an 
adjustable audio ‘ampli?er for amplifying said de 
tection signal and a loudspeaker for making said 
detection signal audible. 

it t * it it 


