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ING BETWEEN DETECTED DIAMAGNETIC AND
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Phoenix, Ariz. 85013
Filed Dec. 6, 1965, Ser. No. 512,595
4 Claims. (Cl, 324—3)

ABSTRACT OF THE DISCLOSURE

A pair of oscillators utilizing series resonant tank cir-
cuits- tuned to oscillate at less than 15,000 cycles per sec-
ond and tuned to frequencies different from each other;
one tank circuit is coupled to a search coil and both oscil-
lators are connected to a mixer for developing a difference
frequency indicative of the presence and type of detected
object.

The present invention pertains to metal detectors, and
more specifically, to a unique circuit for providing a means
to distinguish between ferrous and non-ferrous metals.

The generation of a magnetic field for the detection
of metals is well known; the utilization of a portable de-
vice having a coil for generating the magnetic field is also
well known in the art. In those instances where attempts
have been made to provide a metal detector for differen-
tiating between non-ferrous and ferrous metals, the de-
tectors have become exceedingly cumbersome, expensive,
complicated, and very unreliable. The dissatisfaction with
prior art metal detectors usually stems from one of two
principal difficulties. The first is the inability of the de-
tector to accurately distingnish between ferromagnetic
metals, paramagnetic materials, and diamagnetic sub-
stances. The inability to distinguish diamagnetic substances
from other metals results from the required utilization of
high frequencies. The eddy currents induced by high fre-
quencies result in a loss in the detected metal that shrouds
the phenomena enabling the distinction between diamag-
netic and non-diamagnetic metals, viz, magnetic suscepti-
bility. The higher frequencies induce such eddy current
losses that the permeability change in the magupetic cir-
cuit including the detection coil is overshadowed by the
high #R loss in the metal. To reduce the eddy current
losses attributable to the higher frequencies, prior art
detectors have attempted to use low frequencies and there-
by encountered the second major area of difficulty.

To obtain stable generation of frequencies enabling
the distinction between diamagnetic and non-diamagnetic
metals, the prior art resorted to exceedingly complicated
circuitry and apparatus. The complication involved by the
prior art reduced reliability and increased the power re-
quirements to the extent that portable power supplies to
supply the required magnitude of power became infeasible.
Adjusting the oscillators for stable operation became a
problem so insurmountable as to have caused the prior
art to abandon attempts to provide a low frequency de-
tector and resort to high frequency (in the range of 100
kilocycles to 2 megacycles).

It is therefore an object of the present invention to pro-
vide an improved metal detector capable of distinguishing
between diamagnetic and nondiamagnetic metals.

It is still another object of the present invention to pro-
vide a metal detector utilizing oscillators operating in a
frequency range of less than 15,000 cycles per second.

It is a further object of the present invention to provide
a metal detector constructed of readily available com-
ponents to provide a stable, reliable and high performance
metal detector.
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Briefly, in accordance with one embodiment of the pres-
ent invention, a pair of oscillators are provided each hav-
ing a series resonant tank circuit tuned to oscillate at less
than 15,000 cycles per second and at a frequency different
from each other. A search coil is coupled to the resonant
tank of one of the oscillators and the two oscillators are
then adjusted to provide a predetermined difference fre-
quency. The difference frequency is derived through the
utilization of a mixer connected to each of the oscillators,
the output of which is amplified and supplied to a fre-
quency sensitive amplifier. The frequency-sensitive am-
plifier is also tuned to the predetermined difference fre-
quency; the output of the amplifier is applied to a fre-
quency-sensitive bridge circuit (also tuned to the prede-
termined difference frequency). The output of the bridge
circuit is amplified and supplied to an indicator such as
a meter to indicate the amplitude of the signal being sup-
plied by the tuned amplifier and tuned bridge. The detec-
tion of a metal by the search coil will change the fre-
quency of oscillation of the oscillator to which it is con-
nected such that the frequency difference between the
two oscillators will be changed and the deviation from
the existing difference frequency from the predetermined
difference frequency will result in a change in the ampli-
tude of signal provided by the tuned amplifier and tuned
bridge circuit and consequently a change in the meter in-
dication.

The present invention may more completely be de-
scribed by reference to the accompanying drawing which
shows a schematic circiut diagram of a metal detector
constructed in accordance with the teachings of the pres-
ent invention.

Referring to the figure, a search coil 16 is shown in-
ductively coupled to a series resonant circuit including
inductance 11 and capacitor 12. The search coil may
take a variety of forms but it has been found that an
air coil suitable for locating objects beneath the surface
of the ground may readily be constructed using one turn
of % inch aluminum tubing formed into a circle of ap-
proximately three feet in diameter. The one turn “coil”
may be mounted on some non-magnetic supporting ap-
paratus, such as wood, for convenient attachment of a
handle to hold the coil above the ground. The inductive
coupling from the one turn search coil 18 into the series
resonant circuit 11 and 12 may be accomplished through
the utilization of a transformer 13 having a turns ratio
of 1 to 100. It will be obvious to those skilled in the art
that a variety of turns ratios and specific physical arrange-
ments may be used to couple the search coil 16 into the
circuit, The series resonant circuit including inductance 11
and capacitor 12 forms one arm of a four-arm bridge.
Resistances 15, 16 and 17 form the remaining three arms
of the bridge. The resistance 17 may take the form of
a lamp filament to thereby act as a limiter to limit the
amplitude of oscillation. The bridge is connected to the

- base electrode of transistor 28 which includes a feedback

transformer 21 connected in the collector circuit thereof.
The oscillator is tuned to a frequency of less than 15,000
cycles per second. It has been found that a frequency in
the range of 750 to 1500 cycles per second is optimum but
that the system will function properly at frequencies up
to 15,000 cycles per second. A fixed oscillator is also pro-
vided including a series resonant arm having variable
capacitor 25 and inductance 26 therein. The series reso-
nant arm together with resistances 27, 28 and 29 form a
bridge similar to the bridge discussed in connection with
the first osciliator. The bridge is connected to transistor
30 having a feedback transformer 31 in the collector cir-
cuit thereof. The bridge-type oscillator including transis-
tor 3¢ is tuned to oscillate at a frequency less than 15,000
cycles per second and at a frequency approximately 40
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cycles greater than the oscillator including transistor 29.
The choice of the 40 cycles per second difference between
the oscillating frequencies of the two osciilators may be
varied; the particular choice of 40 cycles per second hav-
ing been found to operate satisfactorily. The output of
the oscillator including the transistor 20 is provided to a
amplifier-buffer-mixer including transistor 40 having its
base electrode connected to the collector electrode of
transistor 20. The transistor 48, and associated circuitry,
serve to buffer or isolate the oscillator from the remainder
of the system while providing an amplifying function and
operating as part of a mixer. The oscillator including tran-
sistor 39 is connected to a similar amplifier-buffer-mixer
including transistor 50 which performs the same function
as transistor 40. The output of transistor 40 and transistor
50 are combined to yield a beat frequency equal to the
predetermined difference frequency between the fre-
guencies of oscillations of the oscillators, The beat fre-
quency is coupled through capacitor 51 to the base elec-
trode of a transistor 68. The transistor 60 acts as a detec-
tor amplifier which amplifies the beat frequency and cou-
ples the amplified signal through capacitor 61 to the base
electrode of transistor 7€. The transistor 78, with its as-
sociated circuitry, forms a tuned amplifier which is tuned
to the predetermined difference frequency (49 cycles per
second in the embodiment chosen for illustration). The
collector electrode of the transistor 70 is connected to a
tank circuit 71 which is frequency selected as described
above.

The output of the tuned amplifier is taken from the
amplifier through transformer 72 and is applied to a
tuned bridge. The bridge comprises tuned circuit 73 as one
arm and resistances 74, 75, and 76 as the remaining
arms. The bridge provides a null output when the input
frequency is equal to the frequency for which it was de-
signed (40 cycles). Resistor 76 may be adjusted to bal-
ance the bridge to its optimum (null) output, The output
of the bridge circuit is applied to a conventional two-
stage amplifier including transistors 80 and 81, the latter
having a meter 82 in the collector circuit thereof. The
tuned bridge is, as mentioned previously, tuned to the
predetermined difference frequency. Any deviation from
the predetermined difference frequency applied to the
bridge results in a substantial increase in the amplitude of
the output signal. Thus, the tuned bridge renders the
system exceedingly sensitive to slight changes in frequency
differences between the oscillators. The meter 82 may
readily be replaced by an audio system including head
phones or by a recording meter. It has been found that
for practical field use, the meter or head phones are best.

The operation of the circuit of the figure may be de-
scribed as follows. With the device in its normal operating
condition (no metal being detected), the oscillator con-
nected to the search coil is oscillating typically at a fre-
quency of 1,000 cycles per second; the second oscillator
is oscillating at approximately 1,040 cycles per second.
The resulting predetermined difference frequency of 40
cycles per second is applied to the amplifier-buffer-mixer
transistors 49 and 50, the outputs of which are applied
through capacitor 51 to the transistor 60. The resulting
“beat frequency” equal to the predetermined difference
frequency is amplified by the tuned amplifier 7¢ and
applied to the tuned bridge. The tuned bridge has
been tuned to a frequency of 40 cycles per second
and since the frequency of the signal being applied
to the bridge is 40 cycles per second, a “null” is achieved
and the bridge provides no output to the amplifying tran-
sistors 80 and 81. The variable capacitor 25 of the second
oscillator may then be adjusted to provide a predetermined
difference frequency slightly less than the frequency to
which the bridge has been tuned. The predetermined dif-
ference frequency may then be adjusted to provide an
output from the tuned bridge to the amplifying transistors
83 and 81 and ultimately resulting in a meter deflection.
The predetermined difference frequency will be adjusted
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until the meter is approximately half scale. The system
is then ready to be used to detect metallic objects. As the
search coil 10 is passed over the surface of the ground.
the alternating magnetic field generated thereby pierces
the surface of the ground and, upon detection of a dia-
magnetic material such as gold or silver, the frequency of
oscillation of the first oscillator will increase. The increase
in the oscillating frequency of the oscillator including
transistor 20 will result in a difference frequency that is
less than the previously adjusted predetermined difference
frequency. This new difference frequency will be applied
through the mixer transistors, the detector amplifier, tuned
amplifier to the tuned bridge. Since the frequency now
being applied to the tuned bridge is less than the frequen-
cy previously applied to the bridge and is also further
from the 40 cycles per second to which the bridge is
tuned, the output from the bridge will increase and the
reading of the meter will increase. If the metal being de-
tected is a non-diamagnetic metal such as iron, the fre-
quency of the oscillator including the search coil wiil go
down and the difference frequency will become larger.
As a result, the amplitude of the signal provided by the
tuned bridge will decrease since the applied frequency
will approach more closely 40 cycles per second. The
meter reading will decrease thus indicating that the ob-
ject detected is a non-diamagnetic material. In this man-
ner, the metal detector may be used to detect the presence
of metal objects and may also be utilized to differentiate
between diamagnetic and non-diamagnetic materials by
observing the direction of the meter deflection. It will
be obvious that the direction of meter deflection will vary
in accordance with the oscillating frequencies of the two
oscillators; for example, if the oscillator including the
transistor 30 were made to oscillate at a higher frequency
than the oscillator including the search coil 10, the meter
deflection would have an opposite sense, Further, while
the oscillator including transistor 3@ is shown as being
adjustable by adjusting the resonance of the series tank
via variable capacitor 25, several octher metheds for chang-
ing the frequency of oscillation are equally applicable.

All of the electronic components utilized in the system
of the present invention are readily available; further, the
relatively few electronic elements of the system of the
present invention result in high performance and reliable
metal detection. It will be obvious to those skilled in the
art that many modifications may be made from these
specific embodiments chosen for illustration. It is there-
fore intended that the present invention be limited only
by the scope of the claims appended hereto.

I claim: .

1. A metal detector comprising: a first and a second os-
cillater, each having a series resonant tank circunit tuned
to oscillate at less than 15,000 cycles per second and at
a frequency different from each other; a mixer connected
to said oscillators for deriving a difference frequency
equal to the difference between the frequencies of oscilla-
tion of said oscillators; a tuned amplifier connected to said
mixer, said tuned amplifier including a tank circuit tuned
to a predetermined difference frequency for providing an
output signal having an amplitude proportional to the
deviation of said difference frequency from said predeter-
mined difference frequency; indicating means connected
to said tuned amplifier for indicating the amplitude of
said output signal; and a search coil coupled to the series
resonant tank circuit of said first oscillator.

2. A metal detector comprising: a first oscillator tuned
to oscillate at a frequency less than 15,000 cycles per sec-
ond, said oscillator including a bridge having a series res-
onant arm and three resistance arms, one of said resist-
ance arms being a lamp filament; a second oscillator tuned
to oscillate at a frequency of less than 15,000 cycles per
second and at a frequency different from the frequency of
said first oscillator; a mixer connected to said oscillators
for deriving a difference frequency equal to the difference
between the frequencies of oscillation of said oscillators;
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a tuned amplifier connected to said mixer, said tuned am-
plifier including a tank circuit tuned to a predetermined
difference frequency for providing an output signal having
an amplitude proportional to the deviation of said dif-
ference frequency from said predetermined difference fre-
quency; indicating means connected to said tuned ampli-
fier for indicating the amplitude of said output signal; and
a search coil coupled to the series resonant arm of the
bridge of said first oscillator.

3. A metal detector comprising: a first and a second
oscillator, each having a series resonant tank circuit tuned
to oscillate at less than 15,000 cycles per second and at a
frequency different from each other; a mixer connected to
said oscillators for deriving a difference frequency equal
to the difference between the frequencies of oscillation
of said oscillators; a tuned amplifier connected to said
mixer, said tuned amplifier including a tank circuit tuned
to a predetermined difference frequency for providing an
output signal having an amplitude proportional to the
deviation of said difference frequency from said predeter-
mined difference frequency; a tuned bridge connected to
said tuned amplifier; indicating means connected to said
tuned bridge for indicating the amplitude of said output
signal; and a search coil coupled to the series resonant
tank circuit of said first oscillator.

4. A metal detector comprising: a first oscillator tuned
to oscillate at a frequency less than 15,000 cycles per sec-
ond, said oscillator including a bridge having a series reso-
nant arm and three resistance arms, one of said resist-
ance arms being a lamp filament; a second oscillator tuned
to oscillate at a frequency of less than 15,000 cycles per
second and at a frequency different from the frequency of
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said first oscillator; a mixer connected to said oscillators
for deriving a difference frequency equal to the difference
between the frequencies of oscillation of said oscillators;
a tuned amplifier connected to said mixer, said tuned
amplifier including a tank circuit tuned to a predetermined
difference frequency for providing an output signal having
an amplitude proportional to the deviation of said dif-
ference frequency from said predetermined difference fre-
quency; a tuned bridge connected to said tuned amplifier;
indicating means connected to said tuned bridge for in-
dicating the amplitude of said output signal; and a search
coil coupled to the series resonant arm of the bridge of
said first oscillator.
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