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ABSTRACT OF THE DISCLOSURE

An object detector and discriminator circuit including
first and second radio frequency oscillators and an in-
ductor probe forming the tuned circuit of the first oscilla-
tor. Electrical energy radiated from the inductor probe is
disturbed sufficiently when in proximity of an object to
be detected, to cause a shift in the radio frequency out-
put and the base or grid current of the first oscillator. The
second oscillator is fixed at a frequency adapted to beat
with the first oscillator radio frequency output to provide
a distinctive audio output which varies with the change
in the frequency of the first oscillator. The base or grid
current of the second oscillator is compared through a
voltage divider network to provide an error signal which
is amplified and indicated on a meter. The error signal
responds to changes in the first oscillator base current and
the beat frequency when properly adjusted so that a cur-
rent increase is indicated when an object having relatively
good electrical conductivity is passed, and a current de-
crease is indicated when an object having relatively poor
electrical conductivity is passed.

——— R ———

This invention relates to an object detector and dis-
criminator circuit and, in one of its aspects, to such a
circuit responding to the electrical conductivity character-
istics of objects to be detected to provide two distinctive
indications capable of being translated into location, size,
and qualitative information about the objects.

Object or metal detectors are generally employed by
treasure hunters or industrial metal locators to locate ob-
jects buried in the earth. Many such devices are available
which give the relative location and, in some cases, the
relative size of a buried object, but these devices provide
poor discrimination of objects into quality or type. This is
particularly true of metallic objects for which little in-
formation as to the type of metal object located is given.
As a result, many hours may be spent by the searcher in
digging up worthless objects, especially such things as tin
cans and tin foil which have become abundant waste
products of our society.

It is thus an object of this invention to provide an ob-
ject detector and discriminator circuit which provides an
indication of the location, size and quality of objects de-
tected.

It is another object of this invention to provide such a
circuit wherein discrimination between metallic and non-
metallic objects is provided.

Another object of this invention is to provide such a
circuit providing information whereby the type of metallic
object detected may be readily determined.

Another object of this invention is to provide such a
circuit wherein such determination may be made without
the necessity of expensive and complex equipment, or a
highly-skilled operator.

Still another object of this invention is to provide such
a circuit employing relatively inexpensive, reliable and
easily-obtainable components, and wherein the circuit
requires little space or power consumption so that it may
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be readily adapted to use in a light and portable object
detector.

Other and further objects of the present invention will
become apparent and the invention will be best under-
stood from the following description of an embodiment
thereof, reference being had to the drawing, wherein:

FIG. 1 is a schematic diagram of a preferred form of
the object detector and discriminator, and

FIG. 2 is a pictoral view of the type of portable metal
detector in which the present invention may be used.

In accordance with the present invention, electrical
energy is radiated from an inductor adapted to be placed in
a probe which is moved about close to the ground. Objects
buried in the surface of the earth disturb the field of
radiation and means are provided for detecting these
disturbances and translating them into information which
the operator can use to determine the location, size and
type of object detected. A means is employed for generat-
ing the radiation of energy from the inductor at a resonant
frequency.

The disturbances in the radiated energy cause a change
in the resonant frequency of the radiated energy and a
direct current voltage change in an element of the gener-
ating means and these changes provide two distinctive
indications which are measured and compared by the
aperator to provide the desired information.

Referring to the drawings, wherein a preferred em-
bodiment of the invention is shown, in FIG. 1, the field
of radiated electrical energy is established by a first radio
frequency oscillator 10, shown as including transistor T1
and associated components. Oscillator 10 includes an
inductor L1 and capacitor C12 which provide a tuned
circuit at a low radio frequency, for example, 400 kc. The
inductor L1 is preferably Faraday-shielded so that it is
not affected appreciably by stray capacitance. Inductor L1
may be wound to form a loop at the end of a probe, such
as illustrated in FIG. 2, so that it may be moved over
the surface of the earth.

Oscillator 10 generates a radio frequency signal at its
fundamental frequency at the emitter of transistor T1.
Any variation in the effective inductance of inductor L1,
such as is caused when the probe approaches objects
having certain electrical conductivity characteristics,
causes a shift in this output frequency.

Also, as hereinafter more fully explained, the effective
impedance of the inductor probe L1 is affected by the
proximity of objects in a manner to cause a change in
the base current of transistor T1. The base current of T1
provides a first direct current output which represents
changes in amplitude of the base current. This output is
shown as a direct current voltage at the base of T1 which
develops across base resistor R5 in response to the base _
current of T1. The voltage is obtained from a voltage
divider network including resistors R6, R7, R8 and R9
connected to a source of direct current voltage.

A means is provided which responds to the alteration
of frequency at the emitter of T1 and the alteration in the
transistor base current in response to disturbances in the
radiated energy to provide two distinctive signals corre-
sponding to the electrical conductivity characteristics of
objects to be detected. This means preferably includes a
second radio frequency oscillator 11 at a fixed frequency
sufficiently close to the frequency of oscillator 10 so that
a beat audio frequency output is produced when the oscil-
lators 10 and 11 beat together. In FIG. 2, oscillator 11
includes transistor T2 and associated components, includ-
ing a tuned circuit composed of inductor L2 and capaci-
tors C1 and C2, connected to the collector of T2.

The radio frequency outputs of T1 and T2 are con-
ducted from their respective collectors through resistors

R2 and R3 and capacitors C3 and C4 to provide a beat
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frequency signal corresponding to the difference in the
frequencies of the outputs. The beat frequency signal thus
produced is passed to a variable capacitor C5 and thus is
subjected to the capacitive reactance of C3, C4 and CS5.
The beat frequency signal is then passed through a RF
choke which is preferably shielded L3 and C10 to an
audio amplifier 12 which converts the beat frequency sig-
nal to an audio output tone equal to the beat frequency
through a speaker 13. This amplified tone varies with the
frequency of the oscillator 10 as the inductor L1 is passed
by objects to provide the first distinctive indication of
the presence of an object.

The base of T2 is connected to the wiper arm of R8
which forms part of the base supply voltage divider net-
work. Base voltage for transistor T2 is thus derived
through this network, and by adjustment of R8 a desired
potential difference or balance between the base voltages
of T1 and T2 can be established. The base voltages are
a function of the base current in each transistor and this
current has been found to vary slightly with the varia-
tions in frequency of oscillator 10 when certain objects
are passed. When the beat frequency is low and the capaci-
tive reactance of C5 has been adjusted to a point at which
changes in frequency cause corresponding change in the
reactance of the oscillator circuits, these reactance
changes cause a slight change in the balance between the
base currents of T1 and T2.

Thus, a means is provided for comparing the relative
base voltages of T1 and T2 to generate an error signal
corresponding to changes between these voltages. This
means includes the voltage divider network composed of
resistors R6, R7, R8 and R9 and a microampere meter
M1 connected across the bases. Preferably, this meter has
a zero mid-scale and the potential between the bases can
be adjusted to this value by potentiometer R8. A second
potentiometer, R4, is connected across the meter M1 to
adjust the sensitivity of the meter.

The variation of the base currents when objects are
passed is usually slight, although detectable. To aid in de-
tection it is preferred that a conventional balanced D.C.
amplifier 14 be employed for amplifying the error signal.
A gain of 50 or 100 is usually sufficient. The input of the
amplifier is connected to the bases of T1 and T2 and the
output to a microampere or milliampere meter M2. Since
the amplifier 14 and meter M2 are generally necessary
to provide sufficient indications of current changes in bases
of T1 and T2, the meter M1 is shown in dotted lines.

FIG. 2 shows an example of a hand-carried portable
detector 15 using the circuit described above. Also, solely
as an example, the following values of components are
suitable for use in the circuit described (oscillator 10
tuned at approximately 400 kc.):

C1—365 mmf.; main tuner with vernier control

C2—600 mmf{.; 400 v. mica

C3, C4—82 mmf.; 400 v. mica; 5% tol.

C5—880 mmf. to 2330 mmf. padder (adj. metal selec-
tivity by meter)

C6, C9—5000 mmf; 400 v. mica; 5% tol.

C7, C8, C10—.1 mmfd.; 10 v.

C11, C12—.001 mfd.

R1-—0 to 5,000 ohm linear potentiometer

R2, R3—2,100 ohms, ¥4 w., 5% tol.

R4—0 to 50,000 ohms (for meter safety percent sensi-
tivity on mainswitch)

RS5, R6—10,000 ohms, ¥4 w., 5% tol.

R7, R9—8,200 ohms, ¥4 w.

R8—3,500 ohm pot. (adjust midscale on meter or D.C.
bias into amplifier)

M1—15 microamp., 1960 ohm

T1, T2—TR-17 transistors

12—100 microhys., 4 chms, powdered iron core

1.3—2.5 mh. RF choke peak audio output

L1—21 turns of #26 stranded, insulated (Belden 8505)
wire; bunch wound to 6" dia.; close shielded with .005"
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4
thick aluminum foil or lead foil, then molded or en-
cased in reinforced Fiberglas or plastic resin

For best results, matched transistor oscillators (or tubes,
if used), and associated components should be used. They
should be incapsulated and insulated against thermal and
humidity effects. Also, the diameter of inductor probe
L1 can be varied depending on the depth and size of
the objects to be located, however, better discrimination
of small objects is obtained with a small inductor. A
larger probe (for example, 10”) would work better in
detecting larger and deeper objects. Also, other frequen-
cies other than 400 kc. may be used, and, in fact, a lower
frequency would probably give better results over min-
eralized ground or salt water.

Capacitors C3, C4 and CS5 can be omitted (and C8 or
R1 made variable), but with these three capacitors used
in conjunction, better selective signals are realized. The
padder condenser C5 offers a relatively simple and stable
means of capacitive reactance adjustment for correct se-
lection between metals at the given beat frequency.

Also, it is not imperative to beat the oscillators if
minor circuit changes are made. For example, the two
radio frequency outputs could be carried to a conven-
tional mixer-detector stage. Also, a D.C. metal selective
signal can be obtained by connecting two isolating audio
chokes and meter M1 between the emitters. Other circuit
changes could obviously be made of this nature without
detracting from the principles and operation of this
invention.

In operation, oscillator 10 is tuned near the same fre-
quency as oscillator 11 so as to cause a reactive potential
balance to exist between them. In the embodiment illus-
trated, this balance is especially between the bases of
transistors T1 and T2 and, of course, their base bias sup-
plies, although the reactive balance may be obtained be-
tween other transistor elements (or, for example, between
the control grids of vacuum tube oscillators). However,
since the take-off points for the distinctive signals are from
each of the identically-biased and bypassed transistor
bases, there is very little oscillator circuit impairment.

Thus, when the capacitive reactance of C5 is adjusted
with R8 so that a few microamperes of current is passing
through meter M1, there will be a very distinct reversal
of the meter M1 pointer when the inductor probe L1
moves from a poor-conducting metal and approaches a
good-conducting metal, thus providing a useful indication
of the type of metal passed. Of course, if the D.C. am-
plifier 14 and meter M2 are employed, the reversal will
show on meter M2.

In tests so far conducted, best results were obtained
with the two oscillators tuned to beat together to form
a low-frequency audio growl or motorboating through the
audio frequency amplifier and speaker.

The electrical resistance or RF impedance of such
metals as iron, steel, tinfoil, etc., is greater than that of
others such as silver, gold or copper. If the two similar
oscillators 10 and 11 are beating together, forming a low-
frequency audio pitch and the radiation field of the in-
ductor probe L1 approaches metal or objects of high elec-
trical resistance, eddy current or hysteresis losses occur
in the radiated field. These losses cause the transistor T1
current to incease, tending to make up for the load or
energy loss. The transistor T1 collector-emitter current
increase causes a slightly increased voltage drop through
the transistor and resistors R1 and R2, and a slight de-
crease in base bias current, which causes a slight base
voltage increase. This base voltage increase changes the
balance between the direct current signals between the
bases of T1 and T2 to produce an error signal which
is amplified by DC amplifier 14 and read on meter M2.
Also, the resonant frequency of the inductor probe L1
will, for most metallic objects, increase to cause a change
in the beat audio frequency.

When inductor probe L1 approaches a good electrical
conductor, such as silver, gold or copper, a definite fre-



3,467,855

5

quency increase at the oscillator output occurs, causing an
increase in the beat frequency. However, in this case,
the eddy resistance loss is relatively small and would
cause only a small shift in the balance of the DC bias
between the bases of T1 and T2. However, this effect is
overcome by the changes in the beat frequency and the
corresponding reactive changes in the frequency responsive
components, and the shift caused by the meter pointer
is in the opposite direction from that caused when higher-
resistant metals are detected. Therefore, a distinctive in-
dication of the lower-resistance metals is provided. Should
the inductor probe L1 be swung in too close to the good-
conducting metal, the increase in base current of T1 will
be overcome and reversed, apparently by the loss factors
mentioned with reference to the higher impedance objects.

For proper selective action on larger pieces of metal,
the beat frequency should be tuned by C1 to a higher
pitch. This higher frequency sharpens the distinguishing
factor.

The indications of the effect on objects passed on the
transistor-base currents and on the resonant frequency of
the oscillator 10 are compared by the operator by visual
inspection of the microammeter M2 (or M1) and careful
detection of change in tone of the audio output from the
speaker. The following chart is an example of typical
readings taken with a detector employing the circuit of this
invention. The tests were made using a Faraday-shielded
6" inductor probe and a one-stage D.C. amplifier with
an approximate current gain of 50. The oscillators were
tuned to about 400 kcs. The meter M2 was set at approxi-
mately midscale as a zero reference point and the oscilla-
tors were beat to give a low-frequency growl. The change
in audio pitch due to change in resonant frequency of
oscillation is noted as relative change from the set beat
frequency.

Meter Relative change in audio
Item . reading pitch
(microamp.)
(A) Beer can buried 6".....__ —12 Very noticeable change

(increase).

(B) %’ sq. tinfoil buried 1”/_. —12 Radieal change (increase).
(Cg Ma(gi:nagtl;ite pebbles -8 N(()glceable)change
urie . ecrease).
(D) %mall screw or nail on —5 TFaint change (increase).
surface.
(E) Rusted-out metal remains. ~3.5 Sli(%htly no)ticeable change
ecrease).,
(F) 3" fron ore buried 3'/____. —3 Noticeable change.
(G) Spot change of earth —2.5 None.
makeup. X
(H) 1" steel washer burfed 3. —4 Véiyy noticeable change
inerease).
(I) 10" steel plate buried 107 -1  Do. ’
(J) Five-cent piece buried 5. 0 Faint change (increase).
(K) Penny buried 4"/ ......__. +0.2 Sli(ghtly no)ticeable change
increase).
(L) Penny buried 2”......._. +1 N oticeag)le change (in-
crease).
(M) Silver dollar buried 4”.__. +1 Do.
(N) Five-cent piece buried 1. +1 Vegy notm()aable change
. inerease).
(0) Penny buried 1"/_.______. +2 Do.
(P) Penny at 1" inair_ ... 46 Radical change (increase).
(Q) Silver Quarter at 134" in -7 Radical change.
air.
(R) Gold ring buried 2"/_..._. +1

Noticeable change (in-
crease.)

The chart illustrates that some discrimination is pro-
vided between different objects likely to be detected,
especially between the non-precious and precious metals.
After a period of use, and with the aid of such a chart,
an operator can become quite skilled in recognizing the
meter readings and audio changes of the different objects
passed by the probe. Also, non-metallic land mines and
explosives could be detected by this circuit. Of course,
more sophisticated equipment could be used to provide a
direct reading of the beat frequency, with some sacrifice
of the portability of the detector. Experience has shown,
however, that the method described with reference to the
chart is satisfactory.

From the foregoing, it will be seen that this invention
is one well adapted to attain all of the ends and objects
hereinabove set forth, together with other advantages
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which are obvious and which are inherent to the appara-
tus.

It will be understood that certain features and sub-
combinations are of utility and may be employed without
reference to other features and subcombinations. This is
contemplated by and is within the scope of the claims.

As many possible embodiments may be made of the
invention without departing from the scope thereof, it is
to be understood that all matter herein set forth or shown
in the accompanying drawings is to be interpreted as il-
lustrative and not in a limiting sense.

I claim:

1. An object detector and discriminator circuit respond-
ing to the electrical conductivity characteristics of objects
to be detected to provide two distinctive indications ca-
pable of being translated in location, size and qualitative
information about said objects, comprising, in combina-
tion: means establishing a field of radiated radio fre-
quency energy including an inductor radiating such en-
ergy and adapted to be passed in proximity to an object
to be detected, said means having a radio frequency out-
put and a direct current output each altered by disturb-
ances in said radiated field when the inductor is in prox-
imity to such object, and means responding to the altera-
tion of said radio frequency output to provide a first dis-
tinctive signal corresponding thereto, and responding to
the alteration of said direct current output to provide a
second distinctive signal corresponding thereto, said last-
mentioned means includes means for generating a second
radio frequency output at a substantially constant fre-
quency and a second direct current output at substantially
constant amplitude; means for beating said radio fre-
quency outputs to produce an alternating current signal
at a beat frequency varying in response to the frequency
changes in said first radio frequency signal caused by said
disturbances to provide one of said distinctive indications;
and means for comparing said direct current outputs to
produce an error signal, the amplitude of said error sig-
nal varying in response to the amplitude changes in said
first direct current output caused by said disturbances to
provide the other distinctive indication.

2. The detector of claim 1 wherein said first mentioned
means and said second radio frequency output generating
means are first and second radio frequency oscillators,
respectively, and wherein said mixing and comparing
means are coupled together so that the amplitude of said
error signal responds to the frequency of said beat fre-
quency so as to cause a shift in said error signal current
in one direction when objects having good electrical con-
ductivity are passed, and to cause a shift in said error
signal current in the opposite direction when objects hav-~
ing poor electrical conductivity characteristics are passed.

3. The circuit of claim 1 further including means for
converting said first distinctive indication to an audible
indication, and the second distinctive indication to a visual
indication.

4. The circuit of claim 1 further including an audio
frequency amplifier for amplifying said alternating cur-
rent signal, and wherein said first distinctive indication
is an audible output, and including a D.C. amplifier for
amplifying said error signal, and a meter for providing
a visual indication of said second distinctive indication.

5. The circuit of claim 2 wherein said oscillators are
transistor oscillators, each having a base element and a
base resistor through which said direct current outputs
are respectively developed, and further including a volt-
age divider coupling said bases to provide said error signal
In response to variations in the base current of either
oscillator.

6. A method of determining the relative size, location
and quality of a buried object, comprising the steps of:
radiating electrical energy from an inductor probe; pass-
ing said inductor probe in proximity to objects to be
detected whereby the electrical conductivity of said object
disturbs said radiated energy; utilizing the disturbance in
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said radiated energy to produce an alternating current
signal of frequency varying in response to said disturb-
ance, and to produce a direct current voltage of intensity
varying in response to said disturbance; generating a sub-
stantially constant alternating current signal adaptable to
beat with said variable alternating current signal at a beat
frequency to produce a beat frequency signal, generating
a substantially constant direct current voltage, comparing
said direct current voltages to produce an error voltage,
and measuring and comparing said beat frequency and
error voltage, whereby the relative frequency of the beat
frequency signal and intensity of the error voltage pro-
vides information of the relative size, location and quality
of said object.

7. The method of claim 6 wherein said signals and
voltages are generated by transistor oscillators beating
together to produce said beat frequency and having their
bases coupled together through a voltage divider network
to produce said error voltage, and further including the
steps of balancing said alternating current signals to sub-
stantially the same frequency to produce a low-beat fre-
quency, and balancing said base currents to produce sub-
stantially zero error voltage whereby the presence of an
object having poor electrical conductivity characteristics
will cause a shift in said error signal current in one direc-
tion and the presence of an object having good electrical
conductivity characteristics will cause a shift in said error
signal current in the opposite direction.

8. The method of claim § further including the step
of establishing a reactive potential balance responsive to
said beat frequency between the bases of said transistors.

9. An object detector and discriminator circuit respond-
ing to the electrical conductivity characteristics of ob-
jects to be detected to provide two distinctive indications
capable of being translated in location, size and qualita-
tive information about said objects, comprising, in com-
bination: radiating means establishing a field of radiated
alternating current energy including an inductor radiating
such energy and adapted to be passed in proximity to an
object to be detected, said radiating means having an al-
ternating current output and a direct current output each
altered by disturbances in said radiated field when the
inductor is in proximity to such object; first distinctive
signal generating means responding to the alterations of
said alternating current output to provide a first distinc-
tive signal corresponding thereto; and second distinctive
signal generating means including an electrically reactive
component connected to said first distinctive signal gen-
erating means and responding to the alteration of said
direct current output and the electrical reactance of said
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component in response to said first distinctive signal to
provide a second distinctive signal having one value in
response to said alteration of said direct current output
when said objects have relatively poor electrical conduct-
ing characteristics, and another value readily distinguish-
able from said one value in response to the electrical
reaction between said first distinctive signal and said di-
rect current output when said object has relatively good
electrical conducting characteristics.

10. The detector of claim 9 wherein an electrical cur-
rent meter is connected between said direct current output
and said second distinctive signal generating means to
provide said second distinctive signal, the deflection of
said meter being in one direction to provide said one
value, and in the opposite direction to provide said an-
other value.

11. A method of determining the relative size, location
and quality of a buried object, comprising the steps of:
radiating electrical energy from an inductor probe; pass-
ing said inductor probe in proximity to objects to be de-
tected whereby the electrical conductivity of said object
disturbs said radiated energy; utilizing the disturbance in
said radiated energy to produce an alternating current
signal of frequency varying in response to said disturb-
ance, and to produce a direct current signal of intensity
varying in response to said disturbance, establishing an
electrical reaction, to said alternating current signal to
generate a reactive signal; combining said reactive signal
and said direct current signal; and measuring and com-
paring said alternating current signal and said combined
direct current signal and reactive signal whereby the rela-
tive frequency of the alternating current signal and in-
tensity of said combined signal provides information of
the relative size, location and quality of said object.
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