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This invention relates to improvements in alternating
current networks. It relates particularly to alternating
current bridge networks that are useful for detecting and
discriminating between metallic or nonmetallic objects in
media having different physical and electrical properties.

Alternating current bridge networks have been used
heretofore for the detection of metallic cbjects in the
earth, wood or in other similarly nonmetallic media. Usu-
ally such bridges include an csciilator for supplying a cur-
rent or signal of a desired frequency tc a transmiiting
coil that is adapted to be positioned adjacent a medium
being investigated. For mine detection, the coil is usuaily
swept or moved in an arc at a height slightly above the
surface of the earth. The device also includes a receiver
or pickup coil disposed adjacent to the transmitter coil,
an amplifier and an indicating or signalling device such
as a headphone or voltmeter for indicating the presence
of a mine.

Attempts have been made in the past to use such bridge
networks for detecting nonmetallic objects such as non-
metallic or plastic mines. However, such devices have
not been very successful inasmuch as, at the frequencies
used, the signal produced by a nonmetallic. mine is not
readily distinguishable. Moreover, it has not been pos-
sible to determine whether the signal is due to a metallic
or a nonmetallic object or mine.

An object of the invention is to provide an alternating
current network wherein signals of different frequencies
can be produced simultaneously to render the device ca-
pable of distinguishing between objects having different
electrical properties.

Another object of the present invention is to provide
an alternating current bridge network by means of which
both metallic and nonmetallic mines can be detected in
conductive earth or in water.

Another object of the invention is to provide an alter-
nating current bridge network wherein different frequen-
cies can be used simulianeously to render the device ca-
pable of detecting both metallic and nonmetallic objects.

An additional object cof the invention is to provide an
alternating current bridge network wherein signals of dif-
ferent frequencies can be produced simultanesusly to
render the device capable of distinguishing between, and
indicating- selectively the presence of, metallic and non-
‘metallic objects.

Other objects of the mventlon will: become apparent
from the following description of a typical form of net-
work embodying the present invention:

In a typical embodiment of the present invention, a
plurality of currents of different frequency are supplied to
the input circuit of anm alternating current network, for
example, to the transmitting ¢oil or system of coils of a
mutnal impedance bridge network. Signals are received
‘by the output circuit of the.network, which in a mine
detector may include a pickup or receiving coil or
system of coils, preferably arranged in such relation to the
transmitter coil or system of coils as to have substantially
no mutual inductance therewith. Hereinafter such coil
systems will be referred to as coils.

‘When the transmitting coil is energized with two alter-
nating currenis of the same magnitude, but different fre-
quencies, fields or eddy currents having the two frequen-
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cies are set up in the medium undergoing inspection. If
the frequencies are as high as 50 kilocycles, the magni-
tudes of the signals which are induced in the receiving
circuit due to the presence of a metallic object in the field
will be substantially in the ratic of these frequencies.

When the coils are adjacent a conductive medium, like
the ground, containing a nonmetailic object of appreci-
able dimensions, a different condition exists. The signal
produced by the nonmetallic object increases as the square
of the frequency. Therefore, when a nonmetallic object,
such as a mine, is encountered, the higher frequency sig-
nal in the receiving coil as a result of the nonmetallic
mine will be much stronger than the lower frequency
signal and more so than in the case of metallic objects.

In order to make use of these two signals, for indi-
cating the presence and the characteristics of the object,
the two signals induced in the receiving coil are separated
by suitable filtering means, are amplified separately, and
are used to actuate suitable indicating means such as
voltmeters or headphones. By comparing the amplitudes
of the signals at the two frequencies, it is possible to de-
termine whether the object is metallic or nonmetailic.

Thus, for example, the two signals may be supplied,
in opposition, to a single indicating device and matched in
such a ratio by providing amplifiers having different and
well determined gains that, in the presence of a metallic
object, the indicator will deflect in one direction, and in
the presence of a nonmetallic object, the indicator will
deflect in the opposite direction, thereby providing an in-
dication of the presence of a foreign object and classifying
it, Similar results may be obtained by supplying the
amplified signals at the different frequencies to separate
indicators and classifying the foreign object by compar-
ing the respective deflections of the two indicators.

For a better understanding of the present invention,
reference may be had to the accompanying drawing in
which the single figure illustrates diagrammatically a typi-
cal alternating current bridge neiwork embodying the
present invention.

‘While the present invention may be used in a wide
variety of alternating current networks in which two or
more currents of different frequencies are to be utilized,
the invention will be described in connection with an
alternating current, mutual impedance bridge suitable for
the detection and classification of metallic and nonmetal-
lic mines in ground or water or for the detection and
classification of other foreign objects in conductive media.

The form of alternating current bridge illustrated in-

cludes a first coil 10, referred to hereinafter as the trans-

mitter coil, and a second coil 11, referred to hereinafter

“as the receiver coil, these coils being adjacent to each

other and adapted to be mounted on a common support
or frame, not shown, so that the coils 10 and 11 can be
positioned in a desired place or may be moved together
relatively to the surface of the earth when being used for
mine detection. Preferably, one coil is placed per-
pendicular to the other coil and in a plane of symmetry
with respect to said other coil so as to render their mutual
impedance nil or substantially so, and both coils are ar-
ranged in symmetrical position with respect to the sur-
face of the ground to eliminate the ground effect in the
absence of mines and, therefore, facilitate the detection
of nonmetallic mines. If desired, one or both of the coils
can be divided into a plurality of coils as disclosed in
my ‘copending application Serial No. 595,573, filed May
24, 1945, for Coil Assembly for Geophysical Prospect—

"ing, and now Patent No. 2,807,777.

The transmitter coil 10 is connected in parallel between
a pair of inductances 12 and 13 which may form the
secondary windings of suitable transformers. The sec-

“ondary 12 is inductively coupled through the primary 14



3,012,180

of the transformer to an oscillator 15 which may be ad-
justed, for example, to produce a signal or current having
a frequency of 100 kilocycles although the oscillator may
be adjusted to any other desired frequency. For the best
rtesults in nonmetallic mine detection, the  frequency
should not be much less than 20 kilocycles.

A tuning condenser 16 is connected between one end
of the coil 18 and the secondary 12 in order to tune this
leg of the circuit to a frequency of the oscillator 15.
Also, a condenser 17 is connected across the secondary
12, the value of this condenser and its relationship to
‘the inductance 12 being such as to render this leg of the
circuit anti-resonant to the frequency of the oscillator 18
which is coupled inductively through the primary winding
19 to the secondary 13. The action of the inductance
12 and condenser 17 is to block or filter out the current
from the oscillator 18 in the portion of the circuit con-
necting the “oscillator 15 to the coil 10.

Similarly, the conductor 20 connecting one end of the
-coil 10 to the inductance 13 is connected through an
inductance 21 and a condenser 22, in parallel, which forms
a blocking or filtering circuit that is anti-resonant to a
current of the frequency produced by the oscillator 15.
A tuning condenser 23 is also connected in this leg of
the circuit to tune the leg to the frequency of the oscil-
lator 18. The oscillator 18 is adjusted to a frequency
different from the frequency of the oscillator 15 and in
a typical form of mine detecting apparatus may be tuned
to produce a 200 kilocycle current.

With both of the oscillators in operation, currents of
the two frequencies will flow in the transmitting coil 19
and will set up fields and, therefore, eddy currents in the
medium adjacent which the coil 10 is moved or positioned.
So long as the fields produced are symmetrical with re-
spect to the receiving coil 11, the receiving coil 11 will
not pick up any signal. When, however, a foreign object
in the medium, for example, a metallic mine is en-
countered in the earth, currents will be induced in the
metallic mine which in turn induce currents or signals at
100 kilocycles and 200 kilocycles frequency in the re-
ceiving coil 11. If a nonmetallic object such as a non-
metallic mine in the earth is encountered in an unsym-
metrical position with respect to the coils, the symmetry
of the eddy currents is disturbed by the presence of the
‘nonmetallic mine and signals at 100 kilocycles and 200
‘kilocycles frequency are induced in the coil 11.

For the following example of the operation of the
network, it will be assumed that the two currents flowing
in the transmitting coil 10 are of the same amplitude or
intensity. Under these conditions, and because of the
high value of the two frequencies, the amplitudes of the
two signals due o the metallic object and corresponding
respectively to each of the two frequencies, are in the
ratio of these frequencies. Therefore, the 200 kilocycle
signal will have about twice .the amplitude of the 100
kilocycle signal in the case of a metallic object.

Where the coils are brought near a nonmetallic mine -

in the earth, the signals in the receiving coils are produced
by dissymmetries in the eddy currents and, therefore, in
the secondary magnetic fields they produce, at each of
the two frequencies. The two signals corresponding re-
spectively to each of the two frequencies are in the ratio
of the squares of the two frequencies. Therefore, the
amplitude of the 200 kilocycle signal will, in the case
of nonmetallic mines, be about four times as great as the
amplitude of the 100 kilocycle signal.

The difference in the relation of signals to frequency
for the two.cases of metal objects and nonmetallic mines
in conductive ground is due to the fact that, for the fre-
quencies used, the metal object is almost equivalent to
a pure inductance, whereas the conductive ground sur-
rounding the nonmetallic mine is almost equivalent to a
pure resistance.

" The difference in the ratios of the amplitudes of the
signals corresponding respectively to the two frequencies,
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depending upon whether a metallic or a nonmetallic ob-
ject is detected, makes it possible to distinguish between
these two categories of objects.

In order to take advantage of and obtain interpretable
indications of the presence of such nonmetallic and metal-
lic mines, -.the receiving coil 11 is connected in parallel
with filtering circuits 24 and 235 which are similar to the
anti-resonant circuits described above. The ends of the
coil 11 are connected by means of the conductors 26 and
264 to the ends of the primaries 27 and 28 of coupling
transformers. ‘The secondaries 29 and 30 of the coupling
transformers are connected to the amplifiers 31 and 32
which are tuned respectively to the frequencies of the
oscillators 15 and 18. The conductor 26 is provided with
tuning condensers 33 and 34 between the-coil 11 and the
primaries 27 and 28, respectively, for tuning the two
legs of the circuit to the frequencies of the amplifier
connected therewith. The circuit 24 is provided with a
capacitance 35 connected across the primary 27 to render
this leg of the circuit anti-resonant to signals having
the frequency of the oscillator 18, Omne end of the coil
11 is connected to one end of the primary 28 through a
capacitance 36 and an inductance 37 in parallel to render
the circuit 25 anti-resonant to signals having the fre-
quency of the oscillator 15.

The circuit 24, therefore, filters out or blocks the pas-
sage of signals of 200 kilocycle frequency and passes the
100 kilocycle frequency signal from the coil 11 to the
amplifier 31. Similarly, the circuit 25 blocks the pas-
sage of signals of 100 kilocycle frequency and permits
the passage of the 200 kilocycle signal from the coil 11
to the amplifier 32. .

As illustrated, the amplifier 31 may be connected to a
suitable indicator 38, such as a voltmeter. The ampli-
fier 32 is similarly connected to an indicator 39, where-
by these indicators can give visual indication of the pres-
ence of a metallic mine or a nonmetallic mine, as de-
scribed above. Thus, for example, if the ratio of the
amplitude of 200 kilocycle signal to amplitude of the
100 kilocycle signal is about 2 to 1, the presence of a
metallic object is indicated. . If, on the other hand, the
ratio of the amplitude of 200 kilocycle signal to the
amplitude of the 100 kilocycle signal is about 4 to 1, the
presence of a nonmetallic object is indicated.

If desired, the amplified signals can be rectified and
applied in opposition to a single indicator and so matched
that a signal from the amplifier 31 will cause deflection
of the indicator pointer in one direction and. a signal
from the amplifier 32 causes deflection of the indicator
pointer in the other direction. For example, the two am-
plifiers 31 and 32 can be constructed to have different
gains having a constant relationship to each other so that
the reference or zero point on the indicator corresponds
to a 3 to 1 ratio between the 200 kilocycle and 100 kilo-
cycle signals, for example, Therefore, when a metallic
mine is detected, and the ratio is 2 to 1, the indicator
will be deflected to one side of the reference point.
When a nonmetallic mine is detected, and the ratio of
the 200 kilocycle signal to the 100 kilocycle signal is 4
to 1, the indicator will be deflected to the other side of
the reference point. With this arrangement, by observ-
ing the deflection of the pointer, it is possible to- detect
the presence of a foreign object and to determine whether
the object is metallic or nonmetallic. o

While in the operation described above, the ampli-
tudes of the currents introduced by the oscillators were
assumed to be equal, it will be understood that currents
of unequal amplitudes may be used and compensation
may be made by using amplifiers having suitable gains,

Devices of the type described above can be rendered

even more efficient by rendering them phase selective or

discriminating in the manner disclosed, for example, in
my copending application Serial No. 656,574, filed March

75 23, 1946, Methods and Systems for Maintaining Alternat-



8,012,190

ing Current Networks in a Reference Condition, now
Patent No. 2,753,520.

In such case, principal reliance might be had upon the
use of a permanent signal of resistive phase to cause the
system to discriminate strongly against signals of the in-
ductive phase whereby, in the case of metallic objects,
only the resistive component of their signal will be de-
tected. Under these conditions, and for the relatively
high frequencies mentioned above, the intensities of the
two signals, as detected respectively from the two fre-
geuncies from a metallic object, are substantially equal.

Conversely, the signals due to a nonmetallic mine
buried in the ground, being of resistive phase, have not
been affected by the phase selection and, therefore, re-
main in the ratio equal to the ratio of the square of the
two frequencies. It is seen, therefore, that when phase
selection is used the contrast between metallic objects
and nonmetallic objects is substantially increased.

A bridge of the type described above is not restricted
to use in the detection of mines, but instead, it is useful
for other purposes, such as, for example, the inspection
of objects, for example, metal castings or metal products
for flaws therein and the inspection of lumber or other
materials fo determine whether there are foreign ob-
jects such as nails or rocks therein. Moreover, the in-
vention may be applied to any alternating current bridge
in which a component to be analyzed can be inserted,
or in the magnetic field of which, an object to be analyzed
can be placed whereby the ratio of the indication ob-
tained at one frequency to the indication obtained at a
second frequency is-a useful characteristic to be deter-
mined. Moreover, the system is susceptible to consid-
erable modification; for example, it may include variable
resistances, inductances and capacitances for obtaining
an initial balance in the bridge which initial balance might
or might not include a permanent signal of predetermined
phase for phase selectivity. Different frequencies than
those referred to above may be used. Moreover, the
circuit may be stabilized as to phase and as to level of
the permanent signal as described in my application Se-
rial No. 656,574, filed March 23, 1946.

Therefore, the form of the invention described above
should be considered as illustrative only and not as limit-
ing the scope of the following claims.

I claim:

1. A multiple frequency alternating current network
comprising a first coil, a second coil adjacent thereto, said
coils having substantially nil mutual impedance, a pair
of oscillators for supplying currents at two different fre-
quencies simultaneously to said first coil, a pair of ampli-
fiers each tuned to a different one of said two frequencies
connected to said second coil, thereby rendering each am-
plifier insensitive to the frequency to which it is not tuned,
and at least one indicator connected to the outputs of
said amplifiers, the two frequencies supplied by said os-
cillators lying in a range for which a conducting object
in a nonconducting medium near said coils produces sig-
nals in said second coil that are functions of the first
power of said frequencies, respectively, whereas a non-
conducting object in a conducting medium near said coils
produces signals that are functions of the second power
of said frequencies, respectively.

2. A multiple frequency alternating current network
comprising a first coil, a second coil adjacent thereto,
said coils having substantially nil mutual impedance, a
pair of oscillators for energizing said first coil simul-
tanecusly with currents at two different frequencies, a
pair of amplifiers connected to said second coil, means
for blocking the flow of current having one of said fre-
quencies through one of said amplifiers, means for block-
ing the flow of current having the other of said two fre-
quencies through the other amplifier, and at least one
indicating means connected to the outputs of said ampli-
fiers, the two frequencies supplied by said oscillators
lying in a range for which a conducting object in a non-
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conducting medium near said coils produces signals in
said second coil that are functions of the first power of
said frequencies, respectively, whereas a nonconducting
object in a conducting medium near said coils produces
signals that are functions of the second power of said
frequencies, respectively.

3. A multiple frequency alternating current network
comprising a transmitting coil, a receiving coil adjacent
thereto, a first oscillator for supplying a current at one
frequency to said transmitting coil, a second oscillator
for supplying a current at a different frequency simul-
taneously to said tranmsmitting coil, filter means anti-
resonant to the frequency of the current of said second
oscillator connected between said transmitter coil and
said first oscillator, filter means anti-resonant to the fre-
quency of the current of said first oscillator, connected
between said second oscillator and said transmitter coil,
a pair of amplifiers connected to said receiving coils,
means for rendering each of said amplifiers sensitive {o
only a different one of the two frequencies, and at least
one indicator connected to said ampiifiers, the two fre-
quencies supplied by said oscillators lying in a range for
which a conducting object in a nonconducting medium
near said coils produces signals in said second coil that
are functions of the first power of said frequencies, re-
spectively, whereas a nonconducting object in a con-
ducting medium near said coils produces signals that are
functions of the second power of said frequencies, re-
spectively.

4, In a multiple frequency alternating current network,
the combination of a transmitting coil, a first oscillator
connected to said coil for energizing said coil with a
current of one frequency, a filter means interposed be-
tween said coil and said first oscillator for blocking a
current of a higher frequency than the oscillator fre-
quency, a second oscillator connected to said coil for
supplying a current at said higher frequency simultane-
ously to said coil, filter means between said coil and
said second oscillator for blocking a current having the
frequency of the first oscillator current, a receiving coil
adjacent to said transmitting coil, a pair of amplifiers
connected to said receiving coil, and filter means con-
nected between said receiving coil and said amplifiers for
separating the currenis having the two frequencies and
supplying them respectively to the different amplifiers,
the two frequencies supplied by said oscillators lying in
a range for which a conducting object in a nonconduct-
ing medium near said coils produces signals in said sec-
ond coil that are functions of the first power of said fre-
quencies, respectively, whereas a nonconducting object
in a conducting medium near said coils produces signals
that are functions of the second power of said frequen-
cies, respectively. .

5. A method of distinguishing between metallic and
nonmetallic objects in a conductive medium comprising
the steps of simultaneously energizing a first coil with
currents at different frequencies, moving said coil rela-
tively to said medium, moving a second coil with said
first coil, said coils having substantially nil mutual im-
pedance, separately amplifying currents induced in said
second coil having said different frequencies, and ob-
taining indications of the respective amplitudes of said
currents, the two frequencies supplied to said first coil
lying in a range for which a conducting object in a non-
conducting medium near said coils produces signals in
said second coil that are functions of the first power of
said frequencies, respectively, whereas a nonconducting
object in a conducting medium produces signals that
are functions of the second power of said frequencies,
respectively.

6. A method of distingushing between metallic and
nonmetallic objects in a conductive medium comprising -
the steps of simultaneously energizing a first coil with
currents at different frequencies, moving said coil rela-
tively to said medium, moving a second coil with said



3,012,190

first -coil, separately amplifying currents induced in said
second coil having said two different frequencies and ob-
taining indications of the ratio of the respective ampli-
tudes of said induced currents; the two frequencies sup-
plied to said first coil lying in a range for which a con-
ducting object in a nonconducting medium near said coils
produces -signals in said second coil that are functions
of the first power of said frequencies, respectively, where-
as a nonconducting object in a conducting medium pro-
duces signals that are functions of the second power of
said frequencies, respectively.

7. A method of distinguishing between metallic and
nonmetallic objects in a conductive medium comprising
the steps of simultaneously energizing a first coil with
currents at two different frequencies, moving said coil
relatively to said medium, moving a second coil with
said first coil, separately amplifying the two currents in-
duced in said second coil having respectively said two
different frequencies and obtaining indications of the
ratio of the respective amplitudes of said two currents
to determine whether the said ratio is lower or higher
than a predetermined reference ratio, the two frequen-
cies supplied to said first coil lying in a range for which
a conducting object in a noncoaducting medium near said
coils produces signals in said second coil that are func-
tions of the first power of said frequencies, respectively,
whereas a nonconducting object in a conducting medium
near said coils produces signals that are functions of the
second power of said frequencies, respectively..

8. A method:of classifying materials by comparing
their electrical characteristics at two different frequen-
cies, comprising placing a material in the magnetic field
of a mutual impedance bridge energized simultaneously
at two different frequencies, obtaining indications of the
respective amplitudes of the two signals respectively at
-each of the two frequencies produced in the output of

10

15

20

30

35

8

the bridge by the presence of the material, and compar-
ing the respective amplitudes of the said two signals, said
two different frequencies lying in a range for which a
conducting material in a nonconducting medium in the
magnetic field of said bridge produces signals in the
output of the bridge that are functions of the first power
of said frequencies, respectively, whereas a nonconduct-
ing material in a conducting medium in the magnetic field
of said bridge produces signals in the output of the
bridge that are functions of the second power of said
frequencies. )

9. A method of classifying electrical circuit compo-
nents by comparing their electrical characteristics at two
different frequencies, which comprises introducing an
electrical circuit component into an alternating current
bridge energized simultaneously at two different frequen-
cies, obtaining indications of the respective amplitudes
of the two signals at each of the two frequencies produced
in the output of the bridge by the presence of said com-
ponent, and comparing the respective amplitudes of the
said two signals, said two different frequencies resulting
in the production of signals in the output of the bridge
that are functions of the first power of the frequency for
an inductive electrical circuit component, and that are
functions of the second power of the frequency for a
resistive electrical circuit component.
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