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[57] ABSTRACT
A metal detector arrangement for detecting the pres-

ence of a metal object in proximity thereto. A case
means is provided in which there is a cavity. An electri-
cally operated detector circuit is positioned within the
cavity and the detector circuit generally comprises a
search coil connected to an oscillator. The oscillator
has a tank circuit and the inductor of the tank circuit
is connected to the primary of the transformer. The
search coil is connected to the secondary of the trans-
former. The oscillator generates an output at a preset
frequency. When a metal object is in proximity to the
metal detector the impedance to the signal radiated by
the search coil is changed thereby changing the induc-
tance of the tank circuit. The change in inductance of
the tank circuit in the presence of a metal object raises
the frequency of the oscillator output signal. A receiver
coil is positioned within the search coil and receives the
radiated signal from the search coil. The receiver coil
is connected to an amplifier and the response of the
amplifier is such that the increase in frequency of the
radiated oscillator output signal changes the magnitude
of the amplifier output signal. An indicator, such as a
light bulb, is coupled to the amplifier through a switch
means and the light bulb changes in intensity in propor-
tion to the change in the magnitude of the amplifier
output signal. The switch means turns off the indicator
for the amplifier output having a preselected magni-
tude. A sensitivity control means is also provided to in-
crease the magnitude of the amplifier output signal for
the condition of the presence of a given mass of metal
at a given distance from the detector and, thus, provide
a variable sensitivity to aid in the detection of very
small metal objects.

11 Claims, 14 Drawing Figures
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INDUCTIVELY COUPLED METAL DETECTOR
: ARRANGEMENT

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to the metal detector art and
more particularly, to an improved inexpensive metal
detector arrangement. '

2. Background of the Invention

Metal detectors utilized in the past have often been
comparatively expensive and complex devices. As
such, their utilization by large: numbers of the public
has been severely limited. For example, in addition to
the problem of finding lost metal objects at the beach
or in other outdoor areas, there is also an industrial
need for detecting the presence of metal objects in
walls of buildings, or the like. If it is desired to drive a
nail into a wall it is often desired to have the nail hit a
stud rather than merely be secured in the plaster or dry
wall covering. Since the studs in a wall are generally
nailed to various cross members, detecting the pres-
ence of the nails will detect the location of the studs
and/or the cross members. Additionally, it is often de-
sirable to locate the presence of pipes or other conduits
that are sealed in walls, floors or ceilings of a building.
Conventional metal detectors have often been too ex-
pensive an/or complicated to operate to allow utiliza-
tion thereof by a large number of people who could
profitably utilize same.

It is also often desirable to detect metal objects lo-
cated beneath a body of water. For example, skin and-
for scuba divers are often searching for treasure or
other metallic remnants that may be at the bottom of
lakes, rivers, streams or oceans. Completely waterproof
metal detectors are even more expensive than those
utilized in dry areas only. Further, a visual light source
such as visual electromagnetic radiation is often de-
sired as the indicating signal to indicate the presence of
a metal object in proximity to the metal detector as op-

_posed to the more commonly utilized meter. In under-
water metal detection such a visual signal has been long
desired as the most utilitarian type of indicator.

Accordingly, it has long been desirable to provide an
inexpensive and reliable metal detector that may be uti-
lized equally well on land as well as underwater.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide an improved metal detector arrangement.

It is another object of the present invention to pro-
vide an improved metal detector arrangement that is
comparatively inexpensive to fabricate and compara-
tively easily operated.

It is another object of this invention to provide a
comparatively lightweight metal detector arrangement
that may be easily held by one hand in all positions
around the utilizer.

It is yet another object of the present invention to
~ provide an improved, inexpensive and lightweight
‘metal detector arrangement that may be conveniently
encapsulated in a substantially waterproof package to
allow utilization underwater.

The above and other objects of the present invention
are achieved, according to a preferred embodiment of
the present invention, by providing a case means that
has walls defining a cavity. In the preferred embodi-
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2

ment of the invention, the walls divide the cavity into
a coil portion and a circuit portion.

An electrically operated detector circuit is mounted
in the cavity of the case means and is preferably electri-
cally operated by a source of electrical energy such as
battery or the like. This is preferred to allow complete
mobility of utilization of the metal detector arrange-
ment. The electrically operated detector circuit gener-
ally comprises an oscillator for generating output sig-
nals having a frequency in a preselected bandwidth.
The frequency of the output signal is controlled by a
tank circuit. A search coil means is connected to the
oscillator and radiates the output signal to regions ex-
ternal the case means. The search coil means is con-
nected to the inductor of the tank circuit and in the
presence of a metal object external the case means
there is an electromagnetic coupling between the
search coil and the metal object which changes the in-
ductance of the tank circuit and thereby changes the
frequency of the signal generated by the oscillator. In
general, the presence of a metal increases the fre-
quency of the oscillator output signal.

A receiver coil means is part of the electrically oper-
ated detector circuit and is positioned within the cavity
and, preferably, within the plane of the search coil. The
receiver coil means is generally wound on a high per-
meability core, such as a soft iron core. The receiver
coil means receives the signal radiated by the search
coil means and is connected to a tuned amplifier.
Changes in the frequency of the oscillator output signal
change the magnitude of the amplifier output signal
proportionally. Thus, the presence of a metal object in
proximity to the metal detector provides a changes in
the magnitude of the amplifier output signal.

A switch means is connected to the amplifier for re-
ceiving the amplifier output signal and the switch
means controls an indicator means which, in a pre-
ferred embodiment of the invention, is a light bulb. The
switch means is designed to block the amplifier output
signal from the light bulb for the oscillator signal at or
below a preselected magnitude thereof to prevent ener-
gizing thereof but allows the indicator to be energized
when the amplifier output signal changes from the pre-
selected magnitude to greater magnitudes. The greater
the deviation of the amplifier output signal from the
preselected value, the greater the indicator is energized
and, consequently, the more intense the light.

A sensitivity control means is provided adjacent to
the receiver coil. The sensitivity control means, in the
preferred embodiment of the invention, allows cou-
pling of more of the search coil signal radiated energy
into the core of the receiver coil in its most sensitive
position and decreases the coupling of the energy into
the core of the receiver coil in the least sensitive posi-
tion.

The search coil, the receiver coil and core, and the
sensitivity control are preferably positioned in the coil
portion of the cavity and the rest of the circuitry associ-
ated with operation of the electrically operated detec-
tor circuit, including the source of electrical energy
such as the batteries, is preferably positioned within the
circuit portion of the cavity.

A handle means is coupled to the case means and, in
the preferred embodiment of the invention, the handle
mearis comprises a palm grippable portion coupled to
the case means and an elongated rod-like member that
is detachably coupled to the case means. For operating
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the metal detector at a close position, the rod-like
member may be removed and the unit gripped by the
palm grip. For providing operation of the unit at further
distances away from the utilizer, the rod-like handle
may be detachably coupled to the case and, thus, the
metal detector may be supported at positions corre-
sponding to the length of the rod-like member.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other embodiments of the present in-
vention may be more fully understood from the follow-
ing detailed description taken together with the accom-
panying drawings wherein similar reference characters
refer to similar elements throughout and in which:

FIG. 1 is a top view of a preferred embodiment of the
present invention;

FIG. 2 is a side view taken along the line 2—2 of FIG.
L
FIG. 3 is a sectional view taken along the line 3—3
of FIG. 1;

FIG. 4 is a top view of the embodiment shown in FIG.
1 illustrating the internal structure of the present inven-
tion;

FIG. § is a section view along the line 5—5 of FIG.
4,

FIG. 6 is a block diagram of a preferred electrically
operated detector circuit useful in the practice of the
present invention;

FIG. 7 is a schematic diagram of the preferred elec-
trically operated detector circuit useful in the practice
of the present invention;

FIG. 8 is a graphical representation of the response
curve of the amplifier of the present invention;

FIGS. 9 and 10 illustrate the structure associated
with the preferred form of sensitivity control useful in
the practice of the present invention;

FIGS. 11 and 12 illustrate another embodiment of
the present invention; and

FIGS. 13 and 14 illustrate another embodiment of
the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawings, and in particular
FIGS. 1, 2 and 3, there is illustrated the structure asso-
ciated with a preferred embodiment of the present in-
vention, generally designated 10. As shown, there is
case means 12 having peripheral walls 14, top walls 16
and 18 and a bottom wall 20, all defining a cavity 22.
The peripheral wall 14, top walls 16 and 18 and bottom
wall 20 are all transparent to electromagnetic radiation
in at least a preselected bandwidth.

A handle means 24 is coupled to the top wall 18 and,
in preferred embodiments of the present invention, it
is detachably coupled thereto. As shown in greater de-
tail on FIG. 3, the handle means 24 generaly comprises
a palm grip member 26 and an elongated rod-like mem-
ber 28 that, in preferred embodiments of the present
invention, is detachably coupled to the palm grip mem-
ber 26. The palm grip member 26 is generally U-shaped
in cross-section and has a forward leg 30 extending
through a corresponding slot 32 in the top wall- 18 and
the forward leg 30 has tab portions 34 extending
through the bottom wall 20. The palm grip member 26
also has a rear leg 36 extending through a correspond-
ing slot 38 in top wall 18 and the rear leg 36 is provided
with a tab portion 40 for retention therein. In the pre-
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ferred embodiment of the present invention, as illus-
trated in the drawing, the palm grip portion 26 is de-
tachably coupled to the case means 12 and may be
withdrawn by resiliently depressing the forward leg 30
and rear leg 36 so that the tabs 34 and 40, respectively,
may be withdrawn through the bottom wall 20 and top
wall 18, as required. In utilizing the palm grip member
26 it will be appreciated that the center section 26/
thereof may be gripped by the nand and the metal de-
tector 10 supported in close proximity to the utilizer
thereof.

However, when it is desired to utilize the metal detec-
tor 10 at positions remote from the utilizer, the rod-like
member 28 may be installed. As shown, the rod-like
member 28 is comprised of a base portion 42 that may
generally comprise a box section and be provided with
a tab 44 extending through a slot 46 in the forward leg
30 of the palm grip member 26 in regions above the top
wall 18 of the case means 12. The base portion 42 is
provided with a tubular extension 48 at the upper end
50 thereof and a tubular rod 52 may be frictionally re-
tained thereon and be provided with a gripping portion
54 at the remote end thereof. Thus, when it is desired
to support the metal detector 10 in position remote
from the utilizer, the base portion 42 of the elongated
rod-like member 28 may be inserted in the palm grip
member 26 and the tubular rod 52 inserted thereon.
The length of the tubular rod 52 may be selected as de-
sired by any given application.

The case means 12 may also be provided with a first
intermediate wall 56 that divides the cavity 22 into a
coil portion 58 and a circuit portion 60. Additionally,
as shown on FIG. 3, a second intermediate wall 62 may
be provided to divide the circuit portion 60 into a com-
ponents section 64 and a battery section 66. A door
member 68 may be detachably coupled to the bottom
wall 20 by tab 68’ thereon engaging the bottom wall 20
and by tab 70 on peripheral wall 14. The door 68 is
preferably detachably coupled in the case means 12 to
allow easy replacement of a source of electrical energy,
such as a battery means 72, that is positioned in the bat-
tery section 66 of the circuit portion 60 of the cavity
22.

The top wall 18 may be retained on the case means
12 by a plurality of screws 74 extending therethrough
and threadingly engaging posts 76 coupled to the bot-
tom wall 20 of the case means 12, Thus, the entire top
wall 18 may be removed from the case 12 by removing
the four screws 74. An ON-OFF switch 80 is coupled
to external surface 18’ of top wall 18 of the case means
12 to allow operation thereof from regions external the
cavity 22 and an indicator means 84 is also coupled to
the top wall 18 on the external surface 18’ thereof to
allow viewing thereof from regions external the cavity
22. The ON-OFF switch 80 and indicator means 84 are
described in greater detail below.

The top wall 16 is, in the preferred embodiments of
the present invention, detachably secured within the
case means 12 by tabs 86 that frictionally engage corre-
sponding indentations in the peripheral walls 14 and
have flanges 88 that frictionally engage the bottom wall
20. In the preferred embodiment of the present inven-
tion the bottom wall 20, peripheral wall 14, first inter-
mediate wall 56 and second intermediate wall 62 are
unitary construction and preferably a molded plastic.
The top wall 16 and top wall 18 as well as the handle
means 24 are also preferably fabricated from a plastic
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and, where required, are provided with the needed de-
gree of flexibility and resiliency to allow the detachable
coupling of the palm grip 26, rod-like means 28 and top
wall 16 in the case means 12.

The metal detector 10 is also provided with a sensi-
tivity control means 90 having a knob portion that is
rotatably mounted on the top wall 16 for rotation about
an axis 94. Operation of the sensitivity control 90 is de-
scribed below in greater detail.

FIGS. 4 and § illustrate the internal structure of the
preferred embodiment 10 of the present invention. For
clarity, the top wall 16 has been removed and the top
wall 18 has been partially broken away.

In the coil portion 58 of the cavity 22, there may be
provided tapered ribs 100 and 102 extending outwardly
from the intermediate wall 56 and, if desired, may be
formed integral with the bottom wall 20. The ribs 100
and 102 provide additional structural rigidity to the coil
portion 58 of the cavity 22. Indentations 104 are pro-
vided around the peripheral walls 14 of the coil portion
58 of the cavity 22 for accepting the tabs 88 of the top
wall 16. Thus, the top wall 16 snaps into place and is
retained in the case means 12 by the mutual engage-
ment of the tabs 88 with the indentations 104.

A search coil 106 is positioned adjacent the interior
of peripheral walls 14 in the coil portion 58 of the cav-
ity 22 and, in the preferred embodiment of the present
invention, it is retained in place by a generally U-
shaped channel member 108 extending around the in-
terior of the peripheral wall 14. The search coil 106 is
preferably comprised of one or more turns of a shielded
wire wherein the shield is grounded, as shown at 112.
The search coil 106 is connected to a circuit board 114
upon which are mounted the components of the electri-
cally operated detector circuit (omitted in FIG. 4 for
clarity). As shown on FIG. 4, the search coil 106 may
be generally considered as a loop antenna having an
axis 94.

A receiver coil means 116 is positioned within the
coil portion 58 of the cavity 22 and is generally com-
prised of an electrically conductive core 118, having a
first permeability for electromagnetic radiation in the
preselected bandwidth, upon which is wound the re-
ceiver coil 120 that is grounded at 122 and connected
into the circuit board 114. The core 118 may be fabri-
cated of, for example, soft iron and has a first end 118/
and a second end 118'’. The receiver coil is wound on
the core 118 intermediate the first end 118’ and the
second end 118''. The receiver coil means 116 is
aligned along a second axis 122 that, in the preferred
embodiment of the present invention, is perpendicular
to the first axis 94 and lies substantially in the plane of
the search coil 106. The axis 94 of the search coil 106
is, in the preferred embodiment of the present inven-
tion, equidistant from the first end 118’ and the second
end 118’ of the coil 118. The receiver coil means 116
may be supported in the cavity 22 by means of supports
124 that may be fabricated integrally with the bottom
wall 20.

The circuit board 114 is preferably positioned in the
circuit portion 60 of the cavity 22. Slots 126 may be
provided in the bottom wall 20 in the circuit portion 60
of the cavity 22 to accept the tabs 34 of forward legs
30 of the palm grip 26 of the handle means 24 in order
to provide a more secure attachment thereof.

FIGS. 6 illustrates a block diagram of the electrically
operated detector circuit 140 for the preferred embodi-
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6

ment of the present invention. As shown, there is an os-
cillator 130 that generates a signal at a preset fre-
quency, to, for the condition of no metal object in prox-
imity to the metal detector arrangement 10, within a
preselected bandwidth. For example, the frequency of
the oscillator 130 output signal, in the absence of a
metal object in close proximity to the metal detector
arrangement 10, may be 24 kHz. The oscillator output
signal is fed into the search coil 106 and the search coil
106 radiates, as an antenna, the oscillator 130 output
signal. The receiver coil 116 receives the oscillator out-
put signal as radiated by the search coil 106 and feeds
it into an amplifier 132. The amplifier 132 is preferably
a tuned amplifier having a known response curve for
signals having frequencies within the preselected band-
width and close to the preset frequency, f,, of the oscil-
lator 130. The amplifier 132 output information signal
is fed into a rectifier, which, in the preferred embodi-
ment of the present invention, is a half-wave voltage
doubler-type rectifier for converting the AC signal
from the amplifier output into a DC information signal.
The rectifier 134 is connected to a switch 136 that con-
trols the operation of the indicator 84. Thus, the ampli-
fier 132 generates the information signal as its output
and it is fed into the rectifier which rectifies the infor-
mation signal and transmits the rectified information
signal to the switch means 136.

The switch means 136 receives the rectified informa-
tion signal and, as described below in greater detail, has
a closed position for blocking the rectified information
signal when the rectified information signal has a first
magnitude. When the rectified information signal has
a second magnitude, different from the first magnitude,
the switch 136 opens allowing the power supply 72 to
power the indicator 84. '

As described in greater detail, the particular operat-
ing point on the response curve of the amplifier 132
that is selected controls whether the second magnitude
of the rectified information signal is greater or less than
the first magnitude. For example, the first magnitude of
the rectified information signal may correspond to the
condition when the oscillator 130 is generating its pre-
set frequency, f,, when there is no metal object in close
proximity. The second magnitude of the rectified infor-
mation signal may correspond to the condition where
the frequency generated by the oscillator 130 has
changed due to the presence of the metal object in
close proximity thereto. This change may either be an
increase or a decrease in the frequency in which case
there may be either an increase or a decrease in the
magnitude of the rectifier information signal. Further,
in the preferred embodiment of the present invention,
the indicator 84 generates a detectable signal that
changes in proportion to the difference between the
first magnitude of the rectified information signal and
the second magnitude of the information signal. If the
indicator 84 is a light bulb, the intensity of the visual
electromagnetic radiation emitted therefrom increases
in proportion to the difference between the first magni-
tude of the information signal and the second magni-
tude of the information signal increases.

FIG. 7 is a schematic diagram of the electrically oper-
ated detector circuit 140 that is shown in block dia-
gram in FIG. 6. As shown, the oscillator 130 is com-
prised of a transistor 142, resistors 144 and 146 and ca-
pacitor 148. Additionally, a tank circuit 150 is part of
the oscillator 130 and the tank circuit 150 is generally
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comprised of capacitor 152 and inductor 154. The in-
ductor 154 may, in the preferred embodiment of the
present invention, be a primary of transformer 156.
The secondary 158 of the transformer 156 is connected
to the search coil 106.

If a metal object is brought in proximity to the search
coil 106 there is an electromagnetic coupling between
the coil and the metal object which changes the output
impedance of of the search coil 106 and, through the
transformer action of transformer 156, changes the in-
ductance of inductor 154. The change in the induc-
tance of inductor 154 of the tank circuit 150 changes
the frequency generated by the oscillator 130. In gen-
eral, there is a slight increase in the frequency from the
preset frequency, f,, of the oscillator 130 to a fre-
quency f, for the condition of the metal object in prox-
imity to the detector arrangement 10. The amount of
frequency shift depends, of course, on the change of
impedance as seen by the search coil 106 and, there-
fore, depends upon both the mass of metal and the dis-
tance from the search coil 106 to the mass of metal.
Generally, the larger the mass and/or the closer the
metal object is to the search coil 106 the greater will be
the change in the frequency from the preset frequency
[, of the oscillator 130.

As noted above, the signal radiated by the search coil
106 is received by the receiver coil 116 that is con-
nected through resistor 160 and 162 and capacitor 164
to the amplifier 132. The amplifier 132 is, in the pre-
ferred embodiment of the present invention, a two
stage amplifier generally comprises of transistors 166
and 168. It will be appreciated, however, that many
forms of amplifiers may be utilized. The amplifier 132
has a preselected response curve for signals in the
range of the preset frequency f; of the oscillator 130
and generates an information signal at its output in re-
sponse thereto.

The amplifier response curve as a function of fre-
quency is shown in FIG. 8 as curve b. Curve b illustrates
the response curve of the amplifier 132 for the condi-
tion where the influence of the sensitivity control
means, discussed below in greater detail, is minimal. As
shown on FIG. 8, the amplifier 132 generates an infor-
mation signal having an amplitude b, for the condition
of the oscillator 130 generating a signal having the pre-
set value, f;. In the preferred embodiment of the pres-
ent invention, the amplitude b, of the information sig-
nal generated by the amplifier 132, as rectified by recti-
fier 134, is insufficient to activate the switch 136 and
therefore the indicator 84 is off. The magnitude of the
amplifier 132 information signal necessary to cause
switch 136 to conduct and thus, turn on the indicator
84 is indicated by curve d on FIG. 8. However, when
a metal object if brought in proximity to the search coil
106 there is generally an increase in frequency, indi-
cated on FIG. 8 by A fto the frequency f;. The response
curve of the amplifier 132 provides a magnitude b, of
the information signal for the condition of the oscillator
130 generating a signal having a frequency of f,. This
condition occurs, as noted, when a metal object is in
proximity to the search coil 106. The magnitude b, is
sufficient to activate the switch 136 to cause the indica-
tor 84 to be energized. As can be seen from FIG. 8,
when the point b, is selected as the operating point for
the amplifier 132 at the condition of the oscillator 130
generating the preset frequency f,, it is on the increas-
ing side of the amplitude response curve b. That is, an
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increase in the frequency to f; of the oscillator output
signal increases the magnitude of the amplifier 132 in-
formation signal output. The increase in frequency, Af,
is, of course, a function of both the mass of the metal
object and the proximity thereof the metal detector ar-
rangement 10.

If an operating point were chosen on the decreasing
side of the amplifier response curve 132, then an in-
crease in frequency of the oscillator 130 output signal
would cause a decrease in the magnitude of the ampli-
tude of the amplifier 132 output information signal.
Therefore, the circuitry utilized in the present inven-
tion may provide for either an increase or a decrease
in the magnitude of the amplifier 130 output informa-
tion signal corresponding to an increase in the fre-
quency of the oscillator 130 output signal and the cir-
cuitry can be suitably designed, by those skilled in the
art, to provide activation of the indicator 84 depending
upon which particular change occurs.

The rectified 134 shown on FIG. 7 is generally com-
prised of capacitor 170, diodes 172 and 174, resistor
176 and capacitor 178. While many forms of rectifiers
may be utilized for receiving the information signal
from the amplifier 132, the half-wave voltage doubler
rectifier 134 is preferred because of the increase in sig-
nal strength obtained thereby. The rectifier 134 rectifi-
ers the AC information signal received from the ampli-
fier 132 and converts it into a rectified DC information
signal proportional in magnitude to the magnitude of
the information signal generated by the amplifier 132.

The switch means 136 is generally comprised of the
two Darlington connected transistors 180 and 182 and
resistor 184. As can be seen, the two Darlington con-
nected transistors 180 and 182 control the energization
of the indicator 84 by blocking the flow of the rectified
information signal for the condition of a rectified infor-
mation signal having a magnitude less than a prese-
lected magnitude such as that corresponding to the
magnitude d shown on FIG. 8, and allowing the energi-
zation of the indicator means 84 when that magnitude
is exceeded.

The indicator 84 may be any type of desired indicator
providing a detectable signal such as a buzzer, light
source, a meter or the like. In many applications it is
preferred that the indicator 84 be a light source emit-
ting, as a detectable signal, electromagnetic radiation
in the visual portion of the electromagnetic radiation
spectrum. Further, it is desired that the detectable
characteristic change in response to changes in the
magnitude of the rectified information signal. That is,
if, for example, the indicator means 84 is a light bulb,
it is preferred that the intensity thereof increase as the
magnitude of the rectified information signal increases
above the magnitude corresponding to the magnitude
d shown on FIG. 8. Therefore, the detectable signal,
comprising the visual electromagnetic radiation, in-
creases in intensity as the frequency of the oscillator
106 output signal increases, up to the maximum value
obtainable as determined by the amplifier 132. It will
be appreciated, of course, that the selection of compo-
nents for the circuitry preferably provide that for a
large mass of metal in very close proximity to the detec-
tor arrangement 10, the frequency of the oscillator 130
output signal does not increase beyond the maximum
point of response curve of the amplifier 132.

If the indicator 84 in a buzzer, or other audible signal
generator, then it is desired that the detectable signal
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emitted therefrom, for example, an audible signal,
change in either intensity or frequency depending upon
the magnitude of the amplifier output information sig-
nal 132 above the magnitude d.

As noted above, from the description of the preferred
electrically operated detector circuit 140, shown sche-
matically in FIG. 7, there is no ‘““hard wire’’ between the
oscillator 130 and the amplifier 132. That is, the oscil-
lator output signal is emitted from the search coil 106,
which radiates as an antenna, and is picked up by the
receiver coil means 116. This feature, in the preferred
embodiment of the present invention, allows for the
unique inclusion of a sensitivity control means for vary-
ing the magnitude of the amplifier 132 information sig-
nal output without direct electrical connection there-
between.

Referring now to FIGS. 9 and 10 there is shown a
preferred embodiment of a sensitivity control means,
generally designated 200, useful in the practice of the
present invention. Sensitivity control means 200 gener-
ally comprises the knob 92 having a projection 202 ex-
tending through an aperture 204 in the top member 16
of the case means 12. An arm means 206 is coupled to
the projection 202 and has ends 206’ and 206''. The
knob means 92, as noted above, rotates about the axis
94 and the arm means 206 has a length a little greater
than the length of the core 118 of the receiver coil
means 116. An electrically conductive member 208 is
coupled to the end 206’ of the arm means 206. Thus,
the electrically conductive member 208 is positionable
by rotation of the knob 92 about the axis 94 from re-
gions adjacent the first end 118’ or second end 118"’
of the core means 118 as the arm 206 is rotated into po-
sitions wherein the long dimension thereof is parallel to
- the axis 122 of the core means 118. This position is il-
lustrated in FIG. 9. For the sensitivity control means
200 in this position a greater amount of the oscillator
output signal radiated by the search coil 106 is concen-
trated in the core 118, due to the permeability and di-
mensions of the electrically conductive member 208.

As shown on FIG. 1, with the receiver coil means 116
aligned along the axis 122 there is a lobe-type detection
pattern by the metal detector arrangement 10. That is,
the lobes 210 and 212 define the areas wherein the
metal detector arrangement 10 is most sensitive for de-
tecting the presence of a metal object. Thus, these
lobes 210 and 212 correspond to a position adjacent
the ends 118’ and 118"’ respectively, of the core means
118 of the receiver coil means 116. By positioning the
electrically conductive member 208 of the sensitivity
control means 200 adjacent one or the other of the
ends 118’ and 118'’ of the core means 118, there is fo-
cused therein a greater amount of the radiated oscilla-
tor output signal than occurs when the sensitivity con-
trol means is rotated 90° so that the long dimension
thereof extends along the axis 214, shown in FIG. 1.
This concentration of a greater amount of the radiated
energy into the receiver coil means 116 increases the
signal strength transmitted to the amplifier 132 by the

receiver coil 120 thereby increasing the signal strength -

of the amplifier output information signal. This condi-
tion is illustrated as curve a in FIG. 8.

As shown, on FIG. 8, for the position of the electri-
cally conductive member 208 adjacent either the end
118’ or the end 118'' of the core 118 and for the condi-
tion of no metal object within the lobe 210 or 212
wherein the oscillator 130 is generating the preset fre-
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quency fo, the amplifier 132 output information signal,
has a magnitude of a,. Since this magnitude g, is above
the magnitude indicated by the curve d, the indicator
in ON even in the presence of no metal object being
present in proximity to the metal detector arrange-
ment. However, as a metal object is brought into prox-
imity of the metal detector 10, particularly in one of the
lobes 210 or 212, there is an increase in the frequency
to f; of the oscillator 130 output signal which results in
an increase in the magnitude of the amplifier 132 out-
put information signal to a value of a,. Since the magni-
tude of the amplifier output information signal has in-
creased to the value a,, the indicator 84, for example,
a bulb, glows more brightly indicating the presence of
the metal. Thus, the preferred embodiment of the sen-
sitivity control 200 shown in FIGS. 9 and 10 increases
the amplitude of the amplifier output information sig-
nal for the most sensitive position.

When the arm means 206 lies along the axis 214 the
response of the amplifier 132 drops back to that shown
by the curve b on FIG. 8, since the electrically conduc-
tive member 208 does not couple more energy into the
core 118 of the receiver coil means 116. For positions
between the maximum and minimum sensitivity, the
amplifier 132 information output signal will have a re-
sponse curve falling between curves a and b. It has been
found that for the configuration illustrated in FIGS. 9
and 10, positioning the electrically conductive member
208 in regions of approximately 15° on either side of
the axis 122 provides the most sensitivity control. It will
be appreciated that, depending on the permeability,
size and proximity of the electrically conductive mem-
ber 208 to the ends 118’ or 118"’ of the core 118 the
point a, may be selected to fall either above or below
the magpnitude d.

A sensitivity control means may also be provided, ac-
cording to the principles of the present invention, in
which the sensitivity is decreased. That is, in the sensi-
tivity control 200 shown in FIGS. 9 and 16, the sensitiv-
ity is increased to provide a stronger amplifier 132 out-
put information signal compared with the strength of
the signal occurring with minimum effect of the sensi-
tivity control 200.

FIGS. 11 and 12, however, illustrate a sensitivity con-
trol, generally designated 220, useful in the practice of
the present invention in which the sensitivity control is
decreased and thereby decreases the magnitude of the

~amplifier 132 output signal compared with the magni-

tude of the amplifier output signal occurring with the
minimum influence of the sensitivity control.

As shown in FIGS. 11 and 12, the knob means 92 has
a projection 202 extending through aperture 204 in the
top wall 16 of the case means 12. An electrically con-
ductive member 222 is connected to the projection 202
and is rotated by the knob 92. In a preferred embodi-
ment of a present invention in which the sensitivity
control 220 is utilized the permeability and cross-
sectional area of the electrically conductive member-
222 is selected so that, for example, it may be greater
than the core 118 of the receiver coil means 116. As
shown on FIGS. 11 and 12, the electrically conductive
member 222 has a length substantially equal to the
length of the core 118 and is an elongated member gen-
erally rectangular in cross-section. It will be appreci-
ated, though, that an desired cross-sectional area may
be selected. For the electrically conductive member
222 in the position shown in FIGS. 11 and 12, that is,
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parallel to the axis 122, part of the oscillator 130 out-
put signal that is radiated by the search coil 106 goes
through the electrically conductive member 222 rather
than through the core 118. This decreases the strength
of the signal transmitted by the receiver coil 122 to the
amplifier 132 thereby decreasing the magnitude of the
amplifier 132 output information signal. Curve ¢ of
FIG. 8 illustrates the amplifier 132 output information
signat for the condition of the elongated electrically
conductive member 222 in the position shown in FIGS.
11 and 12. As shown, the magnitude of the amplifier
132 output information signal, for the condition of no
metal object in proximity to the detector arrangement
10, is a magnitude c,, corresponding to the oscillator
130 generating an output signal having the preset fre-
quency fo. The magnitude ¢, is less than the magnitude
indicated by curve d and therefore the indicator is OFF.
However, when a metal object is placed in proximity to
the detector arrangement 10, particularly within the
lobes 210 or 212, there is an increase in the frequency
of the oscillator 130 output signal to the value f; and
this provides a magnitude ¢, in the amplifier 132 output
information signal. Since the value c, is above the mag-
nitude indicated by the curve d the indicator is ON al-
though the intensity of the detectable characteristic
emitted thereby is comparatively low. As the electri-
cally conductive member 222 is rotated 90°, until the
long axis thereof is substantially parallel to the axis 214,
there is virtually no coupling of flux into the electrically
conductive member 222 and thus, there is provided the
most sensitive position. For the sensitivity control
means 220, the most sensitive position provides an am-
plifier 132 output information signal corresponding to
the curve b shown on FIG. 8.

Thus, each of the sensitivity control means 200 and
220 provides means for varying the amplitude of the
amplifier 132 output information signal.

In operation in detecting a metal object, the sensitiv-
ity control may be placed in the maximum sensitive po-
sition so that even comparatively small objects rela-
tively far away, will be detected. The sensitivity may
then be decreased by rotating the knob 92 as the detec-
tor arrangement 10 is brought closer to the metal ob-
ject so that the metal detector arrangement 10 must be
closer to the object before it is detected by means of
the intensity of the detectable signal emitted by the in-
dicator 84. This process may be repeated, continually
decreasing the sensitivity until the minimum sensitivity
position wherein the detectable signal from the indica-
tor 84 indicates a very close proximity of the metal ob-
ject to the detector arrangement 10.

It will be appreciated that other embodiments of the
present invention may incorporate other structure for
providing sensitivity control. For example, FIGS. 13
and 14 illustrate a metal detector arrangement, gener-
ally designated 250, that is generally similar to the
metal detector arrangement 10, and is provided with a
case means 252 having a top wall 254, The case means
252 and top wall 254 are generally similar to the case
means 12 and top wall 16 shown in FIG. 1. However,
in this embodiment of the invention there is provided
walls 256 in top wall 254 defining a slot 258 in which
there is mounted a knob 260 of a sensitivity control
means 262. The knob 260 moves in the slot 258 at
about the axis 264.

Interior the case means 252 there is mounted a re-
ceiver coil 266 having an axis 267 that is generally simi-
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lar to the receiver coil means 116 described above and
is mounted on a bottom wall 268 of the case means
252. An electrically conductive member 270 is con-
nected to the knob 260 interior the case means 262 and
is moveable therewith as the knob 260 moves in the slot
258. The electrically conductive member 270 has a
preselected permeability and cross-sectional area.
When it is positioned adjacent the end 272’ of a core
270 of the receiver coil 266 it exerts the same influence
as the electrically conductive member 208 described in
connection with FIGS. 9 and 10 above. Thus, the sensi-
tivity control 260 provides an increase in the magni-
tude of the amplifier output information signal, such as
that shown by curve b of FIG. 8.

The unique structure of the present invention allows
utilization of the metal detector arrangement 10 even
in underwater applications. As shown on FIG. 2, the
entire case means 12, either with or without the rod-
like member 28, may be enclosed in, for example, a
flexible transparent envelope 300, sealed at the open-
ing 302 thereof. The flexibility of the envelope 300 al-
lows operation of the ON-OFF switch 80 and sensitivity
control knob 92. The transparency thereof allows view-
ing of the indicator 84 which, in such underwater appli-
cations, is a light bulb.

This concludes a description of the preferred em-
bodiments of the present invention. It will be appreci-
ated that those skilled in the art may find many varia-
tions and adaptations thereof. For example, the operat-
ing point on the amplifier response curve correspond-
ing to the preset frequency f, of the oscillator may be
selected on either the increasing or decreasing side
thereof. The size and material of the electrically con-
ductive member of the sensitivity control can be se-
lected to provide any desired sensitivity variation with
position. Further, both the sensitivity control means
200 and the sensitivity control means 220 could be
combined in one metal detector arrangement, and in-
dependently operable, to provide sensitivity control
corresponding to both curves a and ¢ of FIG. 8 in one
unit. Additionally, for example, a very low permeability
material, such as a non-conductor could be utilized in
place of the members 208 or 270 to shield the ends of

‘the receiver coil means and thus decrease the sensitiv-

ity for the positions shown in FIGS. 9 and 13. Also, the
values of the components in the detector circuit can be
selected to provide variations in the response curve of
the amplifier, the magnitude of the information signal
necessary to activate the switch 136 to cause energiza-
tion of the indicator 84, the strength of the oscillator
output signal and the variations in frequency thereof in
the presence of a metal object. If the magnitude of the
amplifier output information signal decreases with the
change in frequency of the oscillator output signal the
switch 136 and/or rectifier 134 may be constructed to
cause energization of the indicator 84 with decreasing
signal strength. Therefore, the following claims are in-
tended to cover all structure falling within the true
scope and spirit thereof.

We claim:

1. A metal detector arrangement of the type adapted
to detect the presence of a metal object and generate
detectable signals in response thereto, and comprising,
in combination;

a case means having peripheral walls, a top wall and

a bottom wall transparent to electromagnitic radia-
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tion in a preselected bandwith and defining a cav-
ity;

an zlectrically operated detector circuit mounted in
said case means, and said electrically operated de-
tector circuit comprising:

oscillator means for generating output signals having
a frequency within said preselected bandwith, and
said oscillator means having a metal responsive
means comprising a tank circuit, and said tank cir-
cuit having an inductor and a capacitor, and said
inductor comprising a primary of a transformer,
and said metal responsive means varying said out-
put signal frequency from a first frequency to other
frequencies in response to the presence of the
metal object in regions external said cavity;

search coil means comprising a loop antenna having
a first axis and extending around said peripheral
walls of said case means in said cavity and con-
nected to said oscillator means for radiating said
output signal to regions external said case means,
and said search coil means coupled to the second-
ary of said transformer for varying the inductance
of said inductor to vary the frequency of said oscil-
lator output signal for the condition of the metal
object in proximity thereto;

receiver coil means having a second axis substantially
perpendicular to said first axis and said second axis
substantially coplanar with said search coil, and
said receiver coil positioned within said loop of said
search coil means and spaced a preselected dis-
tance therefrom, said receiver coil means receiving
said radiated output signal from said search coil
mean;

tuned amplifier means connected to said receiver coil
means for generating an information signal having
a magnitude proportional to the difference be-
tween said first frequency and said other frequen-
cies;

switch means connected to said tuned amplifier
means for receiving said information signal and
having an open condition for blocking said infor-
mation signal for said information signal having a
first magnitude, and a closed condition for trans-
mitting said information signal for said information
signal having a second magnitude different from
said first magnitude;

indicator means connected to said switch means for
generating the detectable signal in response to said
information signal at said second magnitude;

sensitivity control' means mounted on said case
means in regions adjacent and spaced from said re-
ceiver coil means for varying the magnitude of said
information signal; and

a source of electrical energy for powering said elec-
trically operated detector circuit.

2. The arrangement defined in claim 1 wherein:

said receiver coil further comprises an electrically
conductive core means having a first permeability
for electromagnetic radiation in said preselected
bandwidth, and positioned along said second axis,
and having a first end and a second end, and said
receiver coil is wound on said core means interme-
diate said first end and said second end;

said first axis is substantially equidistant from said
first and said second ends of said core;

said sensitivity control means is free of contact with’

said receiver coil and said search coil;
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said case means further comprises divider walls for
separating said cavity into a coil portion and a cir-
cuit portion;

said search coil, said receiver coil, and said sensitivity
control means in said coil portion at said cavity;
and

said oscillator means, said tuned amplifier means,
said switch means and said source of electrical en-
ergy in said circuit portion of said cavity.

3. The arrangement defined in claim 2 wherein:

" the magnitude of said information signal increases in

response to an increase in frequency of said output
signal of said oscillator means.

4. The arrangement defined in claim 2 wherein:

the magnitude of said information signal decreases in
response to an increase in frequency of said output
signal of said oscillator means.

5. The arrangement defined in claim 2 wherein:

said search coil is a shielded electromagnetic radia-
tion conductor;

said sensitivity control means further comprises:

a knob means mounted on said case means and
manually operable from regions external said
case means;

an electrically conductive member interior said
case means and coupled to said knob means, and
moveable by said knob with respect to said re-
ceiver coil in regions adjacent thereto;

said handle means further comprises:

a palm grip member coupled to said case means;
and

an elongated rod-like member detachably coupled
to said case means.

6. The arrangement defined in claim 5 wherein:

said electrically conductive member of said sensitiv-
ity control means comprises an elongated member
having a second permeability greater than said first
permeability and having a length substantially
equal to the length of said core of said receiver coil
and rotatably mounted in said case means with re-
spect to said receiver coil about said first axis,
whereby said electrically conductive member de-
creases the magnitude of said information signal
for a first position substantially parallel to said core
and increases the magnitude of said information
signal for second positions substantially at right an-
gles to said core.

7. The arrangement defined in claim 2 wherein:

said search coil is a shielded electromagnetic radia-
tion conductor;

said sensitivity control means further comprises:

a knob means rotatably mounted on said case
means for rotation about said first axis;

a dielectric arm means coupled at the midpoint
thereof to said knob means in said cavity, and
said dielectric arm means having a length greater
than the length of said core of said receiver coil,;

an electrically conductive member coupled to least
one end of said arm means and moveably posi-
tionable in first positions comprising regions ad-
jacent one of said first and said second ends of
said core to second positions comprising regions
spaced therefrom, whereby said first positions
increase the magnitude of said information signal
and said second positions decrease the magni-
tude of said information signal;

said handle means further comprises:
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a palm grip member coupled to said case means;
and
an elongated rod-like member detachably coupled
to said case means.
8. The arrangement defined in claim 2 wherein:
said indicator means comprises a source of visual
electromagnetic radiation, and the detectable sig-
nal comprises visual electromagnetic radiation;
means for changing the intensity of said visual elec-
tromagnetic radiation in response to changes in
said magnitude of said information signal;
said handle means further comprises:
a palm grip member coupled to said case means;
and
an elongated rod-like member detachably coupled
to said case means.
9. The arrangement defined in claim 8 wherein:
said visual electromagnetic radiation increases in in-
tensity in response to increases in said magnitude
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in said information signal.
10. The arrangement defined in claim 2 wherein:
said indicator means comprises a source of audio en-
ergy and the detectable characteristic comprises an
audible signal;
means for changing the frequency of said audible sig-
nal in response to changes in said magnitude of said
information signal;
a handle means coupled to said case means and com-
prising:
a palm grip member coupled to said case means;
and
an elongated rod-like member detachably coupled
to said case means.
11. The arrangement defined in claim 10 wherein:
said audio signal increases in frequency in response
to increases in said magnitude of said information

signal.
* ok k% %



