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METAL DETECTOR WITH PHASE RELATED
SELECTIVE DISCRIMINATION CIRCUIT

BACKGROUND OF THE INVENTION

This invention relates to metal and conductive min-
eral or electrically conductive object detectors in gen-
eral and to inductive metal detectors in particular of the
type having a transmission coil for radiatin g frequencies
of alternating electrical signals and a reception coil for
receiving the same.

Numerous metal detectors of the general type con-
templated in the present invention have been developed
and utilized in the past. These are comparatively expen-
sive and complex devices which have required a rela-
tively high degree of training and skill for effective
utilization. The transmit/receive metal detectors which
the prior art generally constitutes have not been easily
usable in highly mineralized soil since the detectors
became inoperative or difficult to use in that the pick-up
coil, when it was placed in close proximity to the
ground, would produce no usable signal. If the detector
was retuned, a capability present in some of the prior
art, then when the detector head was close to the
ground a signal from desired metal objects could be
detected but if the head was allowed to move up or
down in relationship to the ground, a signal would be
produced that would fluctuate with the head motion
which made the use of such detectors very difficult and
unsatisfactory.

The cause of this difficulty is that when magnetite
and other conductive minerals in the soil enter the radi-
ated electromagnetic field from the transmit coil two
things happen. First, the amplitude of the received sig-
nal in the received coil changes because of mutual cou-
pling between the coil and the conductive minerals,
Secondly, the phase of the signal in the received coil
changes. The resulting voltage in the received circuit
will be affected by both amplitude and phase changes
and the net voltage will either be greater or lesser than
that originally present due to the algebraic addition or
subtraction of the two components of change.

The prior art devices of the type known lack tuneable
ground rejection circuit means which can be adjusted to
provide the desired degree of ground coupling discrimi-
nation. Some ground discrimination circuits have been
utilized in the past, but these have generally been of the
sort in which the audio or other user signal is turned
down to a less objectional level. Alternatively, the
power supply voltage operating the transmit coil was
turned down to decrease the received signal level due to
ground coupling. Such circuits are delicate and require
continual adjustment in the field if any usable searching
for hidden metallic objects is to be achieved.

A related discrimination capability found in the prior
art deals with what is called “junk” discrimination. This
type of discrimination refers to a nullification of signals
coming from unwanted types of small metal objects.
These objects can, due to electrical and inductive char-
acteristics, be selectively excluded by returning the
transmit and receive coils in a manner which eliminates
signals being produced of sufficient magnitude in the
receive coil to alert the operator. By a selective feed-
back circuit from the transmit coil to the receive coil,
some prior art devices have produced a desirable so
called, “junk rejection” capability. This excludes signals
from unwanted objects within the given range of size
and electrical characteristics. Such prior art devices
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have, however, lacked tuneable ground rejection and
have been extremely difficult to use, especially when
the desirable metal objects may be found in mineralized
soils.

OBJECTS OF THE INVENTION

In light of the foregoing difficulties and short com-
ings in the known prior art, it is an object of this inven-
tion to provide an improved metal detector arrange-
ment in which ground discrimination circuits of an
improved type are utilized.

It is another object of the present invention to pro-
vide an improved metal detector control circuit which
may be operated in different modes of discrimination
and rejection for eliminating unwanted signals.

SUMMARY

The foregoing and still other objects. of the invention
are achieved, as will be described below with relation-
ship to an illustrative preferred embodiment of the in-
vention, by providing adjustable, phase related con-
trolled feedback between and transmitting coil and the
receive coil for off-setting the unwanted phase and
amplitude signals received in a manner which algebra-
ically adds sufficiently to these signals to eliminate un-
wanted signals coupled from the ground or from un-
wanted junk objects. A mode seléction switch deter-
mines whether unwanted metallic object rejection or
ground coupling rejection circuit elements will be ac-
tive at a given time.

BRIEF DESCRIPTION OF THE DRAWINGS

The preferred embodiment and some modifications of
the present invention may be more fully understood and
appreciated from the following detailed description
together with the accompanying drawings in which:’

FIG. 1a is an electrical schematic diagram of a typical
metal detector circuit embodying the improved features
of the invention.

FIG. 1b illustrates an alternative control circuit ac-
cording to the present invention for inclusion in the
circuit of FIG. 1a.

FIGS. 2a and 2b constitute an electrical schematic
circuit including certain modifications for improved
operation of the metal detector.

FIG. 3 is an alternative wiring diagram for a non-cen-
ter tapped reception coil.

DETAILED DESCRIPTION

Turning now to FIG. 1g, the preferred embodiment
of the present invention will be described in greater
detail. In FIG. 1q, a negative grounded nine volt battery
power supply 1 is connected in series with an on-off
power switch 2 to supply electrical DC power to a
variety of functional circuit units. Various electrical
components illustrated have their preferred values for a
specific embodiment, but the values are, as is well
known in the art, matters of choice and design which do
not affect the spirit or mode of operation of the present
invention. The values illustrated of the present inven-
tion are illustrative only of a specific embodiment and
are not intended to limit the general invention. The
circuitry in FIG. 1a, with the exception of the mode
control and special phase feedback circuits for junk and
ground signal elimination are typical circuits of the sort
well known in the art for transmit/receive metal detec-
tors of the present type. Therefore, the basic functional
blocks of the transmit/receive metal detector circuit
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will be described only in broad terms as they do not
require any other special properties for utilization in the
present invention.

In FIG. 1aq, positive voltage is supplied to the input
side of the transmission oscillator and transmission coil
circuit within the dotted box 4. Oscillator and transmis-
sion coil 4 comprise a current switching transistor 5, the
transmission coil 6, operating in a tank circuit with the
power switching transistor 5, and feedback capacitance
and resistance elements 7 and 8 which vary the base
current to transistor § to turn it on and off at the reso-
nant frequency of the circuit as established by the tank
circuit coil 6, the RC circuit of capacitor 7 and resistor
8, and by the load capacitance 9 connected across the
transmit coil L1. The specifics of transmission coil,
other than the fact that it is a typical center tapped and
grounded coil, will be described in a table below at a
later time.

Electromagnetic signals radiated by coil 6 when it is
operating interact with the metallic objects and ore and
with the receive coil 10 (which may be shielded with a
Faraday Shield 11). Coil 10 may be of either the center
tapped type as shown, or an end tapped design shown in
FIG. 3. Pick-up coil 10 has specific characteristics to be
given later. Pick-up coil 10 (or receive coil 10 as it may
be called) is connected to, and forms a part of, the over-
all detector circuit and is utilized for providing an
unamplified input signal to the input of a RF preampli-
fier circuit indicated within dotted box 12 of FIG. 1a.
The RF preamplifier illustrated in box 12 is a typical
two-stage transistor amplifier having its output at the
collector of the second stage transistor as shown. The
specific details of the RF preamplifier in box 12 need
not be described in greater detail than that given by
FIG. 1a since its construction and operation will be
matters well known to those skilled in the art. The
output of the RF preamplifier is applied to the input of
a threshold detection circuit within dotted box 13
which comprises a triggering detector transistor 14
whose turn on level is set through the audio setting
potentiometer 15 to set the amount of signal required
before transistor 14 will turn on. The output of transis-
tor 14, as adjusted by the audio level set potentiometer
15, is applied at the input of a high gain amplifier circuit
within dotted box 16 as shown. The preferred output
indicator utilized in the present invention, and in much
of the prior art, comprises an 8-ohm speaker or ear-
phone connected to receive the output from the high
gain amplifier after further amplification in an audio
amplifier. The audio amplifier is schematically illus-
trated in dotted box 17 and includes the output speaker
or earphone 18 as shown. Again, the specific details of
audio amplifier 17, high gain amplifier 16 and various
components included in the circuit are well known and
are of typical design utilized in the prior art and, there-
fore, need no further description.

So much of the circuit as has been described in FIG.
1a up until now is generally within the prior art, with
certain exceptions to be noted below, and the circuit
will operate, although in a cumbersome and difficult to
use fashion, but it constitutes a completed transmit/-
receive metal detector circuit of the type generally
utilized in the prior art. Specific additions and modifica-
tions to the circuit are contemplated in the preferred
embodiment of the present invention as will now be
described in further detail.

The phase related feedback adjusting circuit illus-
trated within dotted box 19 and including the connec-
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tions at points A, B, C and D in FIG. 1a constitutes a
major modification required in the preferred embodi-
ment of the present invention. In dotted box 19 one
phase of the high frequency output signal of the trans-
mission oscillator in box 4 is connected from the input
to the transmission coil 6 by the line designated A to the
level setting adjustment potentiometers 20 and 21 as
well as to potentiometers 22 and 23. The other ends of
potentiometers 20 through 23 are connected to the op-
posite phase by a lead ending in designation B back to
the other end of transmission coil 6 as shown. It will
thus be seen that potentiometers 20 through 23 are ef-
fectively connected in parallel directly across the input
to transmission coil 6 and thus signals in them will be in
phase with the transmitted signal from one phase of coil
6. The resistance utilized in potentiometers 20 through
23 is quite large with relationship to the impedance of
the transmitting coil circuit and, therefore, very little
bleed off or dissipation of oscillator power occurs
through the potentiometers. The center tap or slider of
each of the potentiometers is adjustable as shown and
serves to pick off an adjustable voltage level portion of
the transmitted signal which is applied to one or another
of a set of contacts in the double pole double throw
mode control switch 24 as illustrated. The output from
the movable blades or center poles of mode control
switch 24 are applied, respectively, to a high resistance
or to a capacitance. The capacitance is chosen to pres-
ent an AC impedance approximately equal to the resis-
tance to the alternate ends of the signal receive coil 10.
The connections are through leads terminating in deisg-
nations C and D as shown. It will be observed that a
portion of one phase of the transmit oscillator output
signal can be applied through respective potentiometers
20 and 21 or 22 and 23 through a resistance 25 and a
capacitance 26 directly into the input of the receive coil
10. As will be immediately appreciated by those skilled
in the art, the use of a RC input to both ends of the
reception coil 10 makes it possible to adjust both phase
and amplitude of the voltage generated in coil 10 from
the feedback path coming from the transmit oscillator
through leads A and B. The particular set of potentiom-
eters 20 and or first occurrence 21 or 22 and 23 which
may be connected operatively into the inputs C and D
of the RF pick-up coil 10 are selected by the movable
blades of the mode control switch 24. By this means, the
specific settings of potentiometers 20 and 21, for exam-
ple, may be utilized to select levels of feedback in one
phase and amplitude which will effectively nullify junk
or trash metal objects in the soil in a manner known in
the art, and the settings of the potentiometers 20 and 21
may be preserved unchanged. Mode control switch 24
can be flipped to its opposite position and feed back
signals of the opposite phase can be connected directly
to the circuit potentiometers 22 and 23 which may be
adjusted according to the present invention, to elimi-
nate unwanted signals coupled into the transmit coil by
magnetite or other mineral content in the soil.

As will be instantly appreciated, the control circuitry
within dotted box 19 enables an instantaneous readjust-
ment of the receive circuit to account for either junk
and trash metal discrimination of iron ore and mineral
discrimination at preset levels determined by the setting
of the respective potentiometers. Typically, a given
potentiometer, for example, a junk set potentiometer 20,
will be turned up range with the mode control switch 24
switched to connect the potentiometer to either resis-
tance 25 or capacitance 26. It is irrelevant whether the



4,099,116

5

resistance or capacitance is connected to the specific
potentiometer 20 or 21. The control on potentiometer
20 will be turned until an audio signal is generated in
input 18. Then the rejection level potentiometer 21 will
be turned up scale to at or near the desired level of
phase shift to account for junk material which is desired
to discriminate against. This will also have the effect of
producing an extremely loud audio signal so that it will
be necessary to turn the junk set potentiometer 20
slightly down scale until the input signal falls in ampli-
tude below the threshold in the threshold detector cir-
cuit 13. Having made these adjustment, potentiometers
20 and 21 may be left set at their levels and mode con-
trol switch 24 can be flipped to the ground rejection
mode which will connect potentiometers 22 and 23 into
the circuit. Potentiometers 22 and 23 may be adjusted in
a manner analogous to that of potentiometers 20 and 21,
but for the purpose of nullifying the signals produced by
ore bearing soils. For normal operation, all of the poten-
tiometers can be set at or near their center range. For
purposes of description, the controls can be set, in the
normal mode, for a 135° phase shift with reference to
the cold end of transmit coil 6. The junk and trash metal
detector discrimination controls 20 and 21 can be set for
a 200° approximate phase shift in the pick-up coil 10
with reference to the cold end of the transmit coil 6. For
ground effect discrimination, the control potentiome-
ters 22 and 23 can be set for a 55° phase shift with refer-
ence to the cold end of the transmit coil 6.

The degree of shift generated in pick-up coil 10 by
the feedback path through potentiometers 20 and 21 or
22 and 23 as just described is an approximate shift only
intended for the normal levels of discrimination for
bottle caps, aluminum foil, bobby pins, etc., and low
level iron ore bearing soil typically encountered. It will,
of course, be obvious that different settings will be re-
quired in different locales according to the makeup of
the soil and the type of trash or junk materials against
which discrimination is desired. The phase of the re-
ceived signal in the feedback path will be adjusted, in a
typical example, to balance out the expected contribu-
tion from minerals in the soil. The phase of current in
the receive coil 10 will change in proportion to the
amplitude change of the signal actually received. By
changing the phase by a small degree utilizing feedback
from the transmission oscillator, the resulting net volt-
age in the receive coil will be zero or no change when-
ever electrically conductive mineral enters the mag-
netic field of coils 6 and 10. In similar manners, the
degree of phase shift necessary to account for the levels
to be anticipated when junk metal enters the field of
coils 6 and 10 can also be set.

Turning to FIG. 15, an alternative control circuit to
be connected by leads at terminals A, B, C and D as
shown into FIG. 1« is illustrated. The control circuit in
FIG. 15 also includes two new potentiometers 27 and 28
which may be preset to initial levels and sealed within
the housing or box utilized for housing the electronic
components so that they may not be tampered with.
The purpose of the circuit in FIG. 15, in which it will be
noted that potentiometers 20 through 23 have one end
grounded, is to set the range of adjustment provided by
potentiometers 20 through 23 to be operative over the
full range of each potentiometer. It will be seen that in
this manner, signal coming from lead A may be coupled
from zero to 100 percent instead of from 100 percent of
the difference between A and B as was previously illus-
trated in FIG. 1a. This yields a wider range of setting
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latitude in potentiometers 20 through 23 and is a more
convenient circuit for overall utilization. It also estab-
lishes a base level of feedback for normal balancing of
the system. The principles of operation are the same,
however, since direct feedback from the output oscilla-
tor is coupled into the inputs of the receive coil 10 via
connections C and D as shown.

In FIGS. 22 and 2b, an audio phase shift oscillator
within dotted box 29 and a regulated power supply
within dotted box 30 have been added (or substituted
for similar elements where they exist) in FIG. 1a. The
300 hertz audio oscillator 29 produces a 300 hertz mod-
ulation on the basic 20 kilohertz carrier signal generated
in transmit oscillator 4. The reason for this is that a 20
kilohertz oscillator signal is much more effective in
detecting metal objects far beneath the ground surface
but does not generate a desirable audio output signal in
the audio amplifier 17. Therefore, a 300 hertz audio
signal generated in the oscillator 29 is impressed on the
carrier signal for modulation with a 20 kilohertz trans-
mission oscillator signal. Component values are modi-
fied in the RC circuit of the transmission oscillator by
changing capacitance 7 and changes to component val-
ues in the RF preamplifier 12, threshold detector 13 and
high gain amplifier 16 are also contemplated as shown
to accommodate the 300 hertz audio signal which will
be connected into the level detection circuit to bias the
audio setting potentiometer 15 as shown.

The writing configuration in FIG. 3 illustrates the use
of a noncenter tapped receive coil 10 as is well known
in the prior art for some types of metal detectors. FIG.
3 is illustrated only to show the mode of connecting the
phase and amplitude adjusting portions of the feedback
path from mode switch 24 in FIG. 1a in such a circuit
configuration. :

Returning now to a general description of the pre-
ferred embodiment, it is necessary to describe the trans-
mit and receive coils, 6 and 10, respectively, in greater
detail. The specific transmit and receive coils are con-
structed as follows:

L1 42 KILOHERTZ 20 KILOHERTZ

Taps 1 to 2 16 turns #26 single 40 turns #26 single
coated wire coated wire

Taps 2 to 3 5 turns 10 turns

Taps 3 to 4 5 turns 10 turns

Taps4to 5 16 turns 40 turns

L2 42 KILOHERTZ 20 KILOHERTZ

Taps 1 to 2 59 turns #32 single 136 turns #32 single
coated wire coated wire

Taps 2 to 3 59 turns 136 turns

The transmit coil 6 (L1) in the preferred embodiment
has an operative average diameter of 12.45 inches and
the receive coil 10 (L2) has a diameter of 4.05 inches.
The coils are wound and tapped as described in the
winding tables above and are then concentrically ar-
ranged with relationship to one another in €poxy ce-
ment. During the time the cement is hardening, the coils
are adjusted for a zero degree phase shift of an im-
pressed test signal from the transmit coil as received in
the receive coil. When the initial epoxy has hardened
one adjustment may be made by bending or shaping the
transmit coil to maintain a zero degree phase shift in the
received coil of an impressed test signal. Then the entire
assembly of coils 6 and 10 may be cast in hard epoxy of
a slow curing type to rigidly cement the coils in zero
degree phase relationship with one another. This pro-
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duces an extremely ruggy and durable unit which may
be occasionally impacted with objects when the unit is
in service without adverse results. Lower frequency
can, of course, be used with the detector of the present
invention and in fact have been found to operate satis-
factorily up to 100 kilohertz but the lower frequency is
below 50 kilohertz and lower appear to be preferable.

Having just described my invention with reference to
preferred embodiments thereof in a specific and detailed
example, what is claimed is:

1. In a metal detector apparatus having inductively
coupled and electrically phase and amplitude balanced
transmission and reception coils and having a high fre-
quency oscillator connected to said transmission coil
and a detector amplifier and high gain and audio ampli-
fiers, respectively, connected in series to one another
and to said reception coil for amplifying radiated signals
received therein from said transmission coil, the im-
provement comprising:

a plurality of pairs of first variable electrical resistors
connected in parallel across the inputs from said
high frequency oscillator to said transmission coil
to receive signals of opposite phase therefrom;

a double pole double throw electrical switch means
having its fixed contacts connected to the variable
resistance taps of said pairs of first variable electri-
cal resistors and having the movable blade contacts
being switchable between at least two positions to
selectively connect feedback signals of one or the
other phase from two of said fixed contacts to the
movable blade contacts of said switch;

a second electrical resistance means connected to one
of said movable blade contacts of said switch
means and to one end input of said reception coil in
a series connection;

electrical capacitance means connected to the other
of said movable blade contacts of said switch
means and to the other end input of said reception
coil in an electrical series connection,;

said pairs of first variable resistance providing,
through said switch means for selecting the phase
of said feedback selected to be fed said resistance
and capacitance means, respectively, variable elec-
trical feedback input signals of opposite and vari-
able phase and magnitude from said high frequency
oscllator to said reception coil for electrically un-
balancing said transmission and reception coils by a
phase and magnitude amount sufficient to algebra-
ically cancel out unwanted signals of similar but
algebraically opposite phase and magnitude which
may be received by said reception coil.

2. Apparatus as described in claim 1, wherein:

said first variable resistances are switchable in pairs
by said switch to be connected to said second resis-
tance means and to said capacitance means individ-
ually, said resistance and capacitance means each
being connectable to only one of said variable resis-
tances through said switch means; and

the effective electrical impedances of said second
resistance and capacitance means are selected to
present approximately equal AC impedances to
incoming signals.

3. Apparatus as described in claim 2, wherein:

pairs of said first variable resistances are individually
adjustable to different settings to account for differ-
ent phases and magnitudes of undesired signals
which are to be cancelled out algebraically in said
reception coil; and
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said pairs of first variable resistances are adjusted to
electrically cancel unwanted signals from small
metal objects or electrically conductive materials
generally distributed in the soil, respectively, said
switch means being capable of selecting which
phase feedback signals and which of said pairs of
said first variable resistance is actively connected
through said second resistance and capacitance
means, respectively, to said reception coil.

4. Apparatus as described in claim 1, wherein:

pairs of said first variable resistances are individually
adjustable to different settings to account for differ-
ent phases and magnitudes of undesired signals
which are to be cancelled out algebraically in said
reception coil; and

said pairs of first variable resistances are adjusted to
electrically cancel unwanted signals from small
metal objects or electrically conductive materials
generally distributed in the soil, respectively, said
switch means being capable of selecting which
phase feedback signals and which of said pairs of
said first variable resistances is actively connected
through said second resistance and capacitance
means, respectively, to said reception coil.

5. Apparatus as described in claim 1, wherein:

said reception coil in center tapped and grounded at
said center tap. :

6. Apparatus as described in claim 2, wherein:

said reception coil is center tapped and grounded at
said center tap.

7. Apparatus as described in claim 3, wherein:

said reception coil is center tapped and grounded at
said center tap.

8. Apparatus as described in claim 4, wherein:

said reception coil is center tapped and grounded at
said center tap.

9. Apparatus as described in claim 1, wherein:

said reception coil is end grounded and end tapped.

10. Apparatus as described in claim 2, wherein:

said reception coil is end grounded and end tapped.

11. Apparatus as described in claim 3, wherein:

said reception coil is end grounded and end tapped.

12. Apparatus as described in claim 4, wherein:

said reception coil is end grounded and end tapped.

13. Apparatus as described in claim 1, and further

comprising:

an additional pair of variable electrical resistances
connected in parallel across the inputs from said
oscillator to said transmission coil, the variable tap
outputs of said additional resistances being con-
nected through resistance and capacitance means,
individually and respectively, to the inputs of said
reception coil for establishing preset levels of feed-
back to said reception coil for establishing a base
level of rejection feedback which is in addition to
that provided by said first variable resistance.

14. Apparatus as described in claim 13, wherein:

said first variable resistances are switchable in pairs
by said switch to be connected to said second resis-
tance means and to said capacitor means individu-
ally, said second resistance and capacitance means
each being connectable to only one of said first
resistance through said switch means; and

the effective electrical impedances of said second
resistance and capacitance means are selected to
present approximately equal AC impedances to
incoming signals.

15. Apparatus as described in claim 13, wherein:
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pairs of said first variable resistances are individually
adjustable to different settings to account for differ-
ent phases and magnitudes of undesired signals
which are to be cancelled out algebraically in said
reception coil; and

said pairs of first resistances are adjusted to electri-
cally cancel unwanted signals from small metal
objects or electrically conductive material gener-
ally distributed in the soil, respectively, said switch
means being capable of selecting which phase feed-
back signals and which of said pairs is actively
connected through said second resistance and ca-
pacitance means, respectively, to said reception
coil, respectively.

16. Apparatus as described in claim 14, wherein:

pairs of said first variable resistances are individually
adjustable to different settings to account for differ-
ent phases and magnitudes of undesired signals
which are to be cancelled out algebraically in said
reception coil; and

said pairs of first resistances are adjusted to electri-
cally cancel unwanted signals from small metal
objects or electrically conductive materials gener-
ally distributed in the soil, respectively, said switch
means being capable of selecting which phase feed-
back signals and which of said pairs is actively
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connected through said resistance and capacitance
means, respectively, to said reception coil.

17. Apparatus as described in claim 13, wherein:

said reception coil is center tapped and grounded at
said center tap.

18. Apparatus as described in claim 14, wherein:

said reception coil is center tapped and grounded at
said center tap.

19. Apparatus as described in claim 15, wherein:

said reception coil is center tapped and grounded at
said center tap.

20. Apparatus as described in claim 16, wherein:

said reception coil is center tapped and grounded at
said center tap.

21. Apparatus as described in claim 13, wherein:

said reception coil is end tapped and grounded at said
end tap.

22. Apparatus as described in claim 14, wherein:

said reception coil is end tapped and grounded at said
end tap.

23. Apparatus as described in claim 15, wherein:

said reception coil is end tapped and grounded at said
end tap.

24. Apparatus as described in claim 16, wherein:

said reception coil is end tapped and grounded at said

end tap. * x Kk % %



