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[57] ABSTRACT

A BFO metal detector includes a support for carrying
a search coil and plural compensating coils which pre-
vent ground effects from changing the beat frequency
output. The search coil forms part of a tuned circuit of
a first oscillator while plural compensating coils form
part of a tuned. circuit of a second oscillator, the fre-
quency -of which is far enough removed from that of
the first oscillator to prevent lock-in. The output of
one or both of the oscillators is suitably converted to a
frequency close enough to the remaining frequency to
provide an audible beat.

16 Claims, 9 Drawing Figures
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METAL DETECTING APPARATUS HAVING -
IMPROVED GROUND-EFFECT IMMUNITY

BACKGROUND OF THE INVENTION_

A typical BFO or beat frequency oscillator metal de-
tector includes a circularly shaped search coil con-
structed in 2 manner which permits its inductance to be
influenced by the electrical properties of its surround-
ings. Thus, a metal object within a predetermined dis-
tance from the search coil may provide a change in per-
meability and hence a change in the search coil’s induc-
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tance. The search coil is conventionally connected as -

a frequency determining element in an oscillator tuned
circuit, and therefore the oscillator’s output frequency
will change when the search coil is positioned in close
proximity to a metal object. The typical apparatus is
also provided with a reference oscillator including a
fixed inductance reference coil adapted to produce
operation at a fixed frequency. Thus the reference coil
is .conventionally constructed and mounted in such a
manner that prevents its inductance from being influ-
enced by its surroundings. The outputs of the two oscil-
lators are mixed in a nonlinear device producing a dif-
ference frequency or beat frequency output, with the
oscillator frequencies being chosen such that the differ-
ence frequency is within an audible range for reproduc-
tion in a loud speaker or headphone. In practice, the
user places a search coil in close proximity to the earth,
and by audibly detecting changes in frequency as he
moves the coil about, parallel to the earth’s surface, the
user is able to locate the presence of metal objects.

An operating problem is brought . about by the electri-
cal properties of the earth itself, such properties being
quite different from those of air. Thus, the device as de-
scribed becomes sensitive to the earth’s surface, i.e.,
sensitive to the distance between the search coil and
the earth’s surface as the operator moves the - coil
about. A false output indication is produced unless the
operator maintains the device at a fixed distance from
a level ground surface. .

SUMMARY OF THE INVENTION

" In accordance with the present invention, an appara-
tus for detecting metal objects includes first and second
oscillator means wherein a search coil is included in the
tuned circuit of the first oscillator means. Instead of
being isolated from the environment, the tuned circuit
coil of the second oscillator means comprises a' com-
pensating coil and is-adapted for concurrent movement
relative to-the ground or other environment with the
search.coil, resulting in a similar frequency shift for
both oscillators as-the said coils are moved toward and
away from the general ground surface. As a result, the
beat frequency remains substantially the same with
such general movement and a false indication is
avoided. However, when metal objects and the like are
located closer to the axis of one coil or the other, i.e.,
closer to the search coil, an audible change in beat fre-
quency output will result, ‘ o
In accordance withan embodiment of the present in-
vention, a plurality of compensating coils are employed
~ in circuit with the second oscillator, e.g., with one phys-
ically located on each side of the search coil, whereby
the problem: of  different -spacing between coils and
ground is avoided. Thus, a pair of compensating coils,
one on each side of the search coil, may be connected
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to the same reference oscillator whereby the effect of
ground spacing is averaged out should one coil on one
side of the supporting apparatus become more closely
spaced to the ground than the other. Therefore the op-
erator does not have to maintain search and compen-
sating “coils in substantially parallel relation to the
ground to achieve proper compensation.

In accordance with another feature of the present in-
vention, the frequencies of the search oscillator and the
reference or compensating oscillator are separated by
an amount sufficient to avoid the lock-in frequently en-
countered when two oscillators in the same proximity
are operated near the same frequency. The output of
one or both of the oscillators is then converted to a fre-
quency near enough to the remaining frequency to pro-
vide an audible beat note. '

It is accordingly an object of the present invention to
provide an improved apparatus for detecting metal ob-
jects, which apparatus is less sensitive to movements in
its general environment than metal detecting apparatus
of the prior art.

It is a further object of the present invention to pro-
vide an_ improved apparatus for detecting metal ob-
jects, which apparatus is rendered substantially im-
mune to ground effects.

It is another object of the present invention to pro-
vide an improved apparatus for detecting metal ob-
Jects, which apparatus employs search and compensat-
ing coils in close proximity for averaging out general
environmental effects, while avoiding frequency lock-
in between oscillators connected to the said.coils.

It is another object of the present invention to pro-
vide an improved. metal detector apparatus of the beat
frequency oscillator type wherein lock-in between os-
cillators is avoided.

It is a further object of the present invention to pro-
vide an improved metal detector apparatus including
search and compensating coils wherein angular dispo-
sition or differential location of the coils with respect
to the ground surface or other environment is averaged
to avoid an incorrect output indication.

The subject matter which I regard as my invention is
particularly pointed out and distinctly claimed in the
concluding portion of this specification. The invention,
however, both as to organization and method of opera-
tion, together with further advantages and objects
thereof, may' best be understood by reference to the
following description taken in connection with the ac-
companying drawings wherein like reference charac-
ters refer to like elements. v .

DRAWINGS

FIG. 1 is a side view of an apparatus according to the
present invention for detecting metal objects; :
FIG. 2 is a top view of a coil assembly housing em-

ployed in the aforesaid apparatus;

FIG. 3 is a plan view of a coil assembly according to
the present invention removed from its housing;
FIG. 4 is a cross-sectional view of a coil according to

 the present invention taken at 4—4 of FIG. 3;

FIG. § is a schematic diagram illustrating typical con-
nections between the coils of the FIG. 3 coil assembly;

FIG. 6 is a block diagram illustrating circuitry ac-

" cording to the present invention:

FIG. 7 is a.schematic diagram further illustrating

_principal portions of the FIG. 6 diagram;

_ . R — -
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FIG. 8 is a plan view of an alternative coil assembly
according to the present invention; and

FIG. 9 is a block diagram of alternative circuitry ac-
cording to the present invention.

DETAILED DESCRIPTION

Referring to the drawings.and particularly to FIG. 1,
metal detector apparatus according to the present in-
vention includes a support rod comprising a first pole
10 adapted to be telescoped within-a second hollow
pole 12, the latter including a lockout 14 for securing
the two poles together to provide a desired overall rod
length. An electronic circuit enclosure cabinet 16 is se-
cured to the upper end of pole 12 and is also provided
with a carrying handle 18 by means of which the whole
apparatus may be held and moved from place to place.
A coil assembly housing 20 is pivotably secured to bot-
tom pole 10 by means of a pin 22 extending between
- and through ears 24 mounted on the top.of housing 20.
The coil assembly housing 20 conveniently comprises
an elongated and substantially planar molded plastic
body, suitably approximately one inch in height by 14
inches long by seven inches wide, the assembly housing
being more clearly illustrated in FIG. 2.

Within the assembly housing are disposed a plurality
. of flat coils including a central or search coil 26 and a
pair of compensating coils or compensating coil parts
28 disposed on either side of the search coil in overlap-
ping relation therewith. Each of these coils is suitably
embedded within the coil assembly housing in parallel
relation to the flat upper and lower surfaces of the
housing and hence in parallel relation to one another.
The housing 20 is adapted to be supported from rod 10,
12 in a substantially horizontal position whereby all of
the coils 26 and 28 will be located in approximately
parallel relation to the ground. Thus the pivotal .con-
nection between elements 10 and 12 is relatively tight.

The search coil 26, which is primarily employed for

locating metal objects, forms part of an oscillator cir-
cuit producing a beat frequency output with an oscilla-
tor including coils 28 in its tuned circuit. The location
of coils 28 in the same housing with coil 26 compen-
sates for the general presence of the ground surface,
and as a result the instrument does not produce a false
output indication because of “‘detection” of the ground
by coil 26. Inasmuch as the ground surface is likely to
be irregular and inasmuch as the accurate manual dis-
position of the coil assembly housing in parallel relation
to the ground is difficult, the positioning of the com-
pensating coils 28 on opposite sides of the search coil
will also produce an advantageous balancing effect.

Thus, if the coil assembly housing 20 becomes tilted.

relative to the ground surface about a horizontal axis
parallel to the short sides of the housing, one of the
coils 28 will be closer to the ground than coil 26, but
the remaining coil 28 will be an equal distance farther
away from the ground. A ground-parallel system is
thereby simulated, to produce optimum compensation
for the presence of the ground surface.

FIG. 3 illustrates the coil assembly as normally dis-
posed within the coil assembly housing. It will be seen
the coils are suitably disposed in overlapping relation
with coil 26 located slightly above or below coils 28.
An ideal arrangement would comprise coplanar coils,
but the arrangement in FIG. 3 has been found advanta-
geous with respect to coil size and overall compactness
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of the apparatus. Each of the coils suitably comprises
a flat spiral, in a particular instance wound with No. 24
enamel covered copper wire, the coil having 10 to 20
turns. Individual turns are indicated at 31 in the FIG.
4 cross section. Each of the coils is embedded in a body

‘of insulating material 30, this insulating material suit-

ably comprising polyviny! chrloride, polyester fiber
glass or mineral filled polyester insulation. The insulat-
ing body 30 is suitably approximately % inch thick by
approximately 0.55 inches between inside diameter
and outside diameter as illustrated in FIG. 4. Body 30
may be covered with a conductive RF shield coating,
suitably approximately 0.003 inches in thickness indi-
cated by reference numeral 32. This RF shield coating
electrostatically shields the coil from the changing stray
capacitance effects of nearby objects. As illustrated in
FIG. 3, the shield is broken at 34 to avoid a “shorted
turn” which would degrade the Q of the tuned circuits
in which the coils are connected. '

Each of the overall coil bodies suitably has an outside
diameter of approximately 5.8 inches, with the spacing
between the center of coil 26 and the centers of each
of the coils 28 suitably being approximately 3.6 inches.
The coil bodies, even though overlapping, are insulated
from one another. Thus, the RF shield coatings are suit-
ably separated by a very thin layer of insulating mate-
rial such as provided by a sheet of paper.

The interconnection of the coils is illustrated in FIG.
5 wherein one turn, wide spaced coils are illustrated
merely as a matter of convenience. The center coil is
connected by means of a coaxial cable 36 to terminals
38, while compensating coils 28 are disposed in series
by means of coaxial cable 40 and connected to termi-
nals 42 via a coaxial cable indicated at 44. As will here-
inafter more fully appear, the coils 28 are employed as
part of the same tuned circuit and therefore really com-
prise parts of the same overall coil connected in series.
Hence, the number of turns on each of the coils 28 can
be less and their individual inductance suitably less
than that of search coil 26. As a result, each of the coils
28 is less sensitive to the detection of searched-for ob-
jects, thus rendering search coil 26 relatively more sen-
sitive. Although the coils are illustrated in series, it is
equally possible to connect coils 28 in parallel, provid-
ing the number of turns thereof is arranged to achieve
a desired tuned circuit inductance.

FIG. 6 is a block diagram of a preferred circuit ac-
cording to the present invention. Search coil 26 is con-
nected via terminal leads 38 to a search oscillator 46,
coil 26 comprising part of the frequency-determining
tuned circuit of such oscillator. Coils 28, illustrated in
simplified fashion, are coupled via terminal leads 42 to
compensating oscillator 48, coils 28 forming part of the
frequency-determining tuned circuit of oscillator 48. In
the usual beat frequency metal detector, the search os-
cillator output is heterodyned with an output of a refer-
ence oscillator having a constant output frequency, and
the frequencies of the search and reference oscillators
are close enough to result in an audible output signal.
In the present system, oscillator 48 is employed as the
reference oscillator. In the FIG. 6 embodiment, the
normal operating frequency of oscillator 48 is suitably
half that of oscillator 46 such that'lock-in between the
two oscillators is avoided despite the proximity of coils
26 and 28 in the same physical assembly. Then, the out-
put of oscillator 48 is coupled via frequency doubler 50
to mixer and low-pass filter 52, to which the output of
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oscillator 46 is also applied. The mixer is a nonlinear
device, and produces amoung other things an output
having a frequency equaling the difference of the fre-
quencies of its input signals. A low-pass filter then se-
lects only this difference signal which is provided as an
output of block 52. Assuming the frequency of oscilla-
tor 48 is exactly half that of oscillator 46, a “zero-beat”
situation will occur, and no difference frequency will
be produced in mixer 52. However, location of coil 26
proximate a sought-after metal object, for example -a
coin or other object in the ground, will affect the fre-
quency of the tuned circuit of which coil 26 forms a
part, causing the output frequency of oscillator 46 to
change, and producing a beat frequency output from
mixer 52. Actually, oscillators 46 and 48 are adjustable
in frequency and the operator of the apparatus may de-
sire an initial offset in the frequency of one or the other
of the oscillators so that a low beat frequency is pro-
duced even though an object is not detected. Then,
when a metal object is detected, a change in the beat
frequency output is produced. However, as assembly
20 is moved. closer and farther away from the ground,
a similar change in the operating frequencies of both
oscillators will take place, resulting in no change in the
beat frequency output.

The output of mixer and low-pass filter 52 is ampli-
fied by means of amplifier 54 and provided as an input
to Schmitt trigger circuit 56 which in turn operates
monostable multivibrator 58. The output of monosta-
ble multivibrator 58 is applied to a sound transducer 60
such as a load speaker or earphone by way of audio am-
plifier 62. The Schmitt trigger circuit and multivibrator
are employed for changing the beat frequency output
to a series of clicks at loud speaker 60. Thus, it may be
desirable to set the oscillator frequencies initially so
that a frequency difference of a few cycles per second
occurs at mixer 52, i.e., below the normal audible fre-
quency range. The Schmitt trigger suitably operates on
- rising waveforms, for instance, to provide an operating
signal for setting monostable multivibrator 58 which
resets itself at a predétermined short time thereafter.
The result will be a click in the sound transducer for

6

midpoint of the capacitance voltage divider in a Col-
pitts circuit. Resistance 74 provides a DC path for the
field effect . transistor current and also partly deter-
mines the amplitude of oscillations. The output of the
oscillator is taken across resistor 74.

The output of oscillator 48 is coupled to frequency
doubler 50 via capacitor 76, wherein the capacitor 76,
and resistor 78 coupled from the output terminal of ca-
pacitor 76 to ground, form a self-regulating base cur-
rent biasing circuit for NPN transistor 80. Transistor 80
has its base connected to the junction between capaci-
tor 76 and resistor 78,'its emitter grounded, and its col-
lector returned to a positive voltage source via a paral-
lel tuned circuit comprising inductance 82 and capaci-
tor 84. The parallel tuned: circuit 82; 84 is tuned to
twice the input frequency, i.e., approximately twice the

" frequency generated by oscillator 48.
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each cycle of the beat frequency signal, Of course, as

the beat frequency signal increases in frequency, an au-
dible tone will eventually result. Alternatively, the out-
put of mixer and low-pass filter 52 or amplifier 54 can
be applied directly to amplifier 62, ‘ ‘
FIG. 7 illustrates the oscillators, frequency doubler,
and mixer and low-pass filter of FIG. 6 in schematic di-
agram form. The oscillators are substantially identical,
so oscillator 46 will be described in detail, while primed
reference numerals, employed with respect to oscilla-

45

tor 48, refer to corresponding components. Coil 26 of

oscillator 46 forms a part of a parallel tuned resonant
circuit, while capacitors 62, 64 and 66 in parallel per-
form the function of the tank circuit capacitance. Ca-
pacitor 62 represents the stray capacitance of the coil,
which is principally capacitance between the conduc-
tors of the coil and its RF shield as well as the capaci-
tance of the interconnecting cable 36. The capacitor 64

is a small variable unit for fine tuning adjustment, while
" capacitor 66 is a small fixed capacitor. Capacitors 68
and 70 provide a capacitive voltage divider across the
tuned circuit, while the tuned circuit terminal coupled
to capacitor 68 is also connected to the gate of field ef-

55
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fect transistor 72, the latter having source and drain

terminals connected between a voltage source and the

The collector of transistor 80 is connected to mixer
and low-pass filter circuit 52 by way of coupling capaci-
tor 86 interposed between transistor 80 and the anode
of mixer or detector diode 88. Similarly, the output of
oscillator 46 is coupled to the anode of diode 88 via ca-
pacitor 90. Capacitors 86 and 9¢ act as a capacitive
voltage divider and summing circuit, and essentially the
sum of the input voltages is present at the junction of
the. two capacitors. Diode 88 provides a detecting or
mixing function, while the parallel combination of re-
sistor 92 and capacitor 94 interposed between the cath-
ode of diode 88 and ground forms a low-pass filter cir-
cuit across which a positive envelope is developed of
the: algebraically summed input voltages. On output

lead 96 is supplied the beat frequency or difference fre-

quency output signal for coupling to amplifier 54. The
remainder of the circuitry, illustrated in block diagram
form in FIG. 6, is well understood in the art and will not
be described in detail. )

By way of particular example, the normal operating
frequency of oscillator 46 is suitably 1.000010 mega-
hertz while the normal operating frequency of oscilla-
tor 48 is suitably 0.500 megahertz. Consequently, the
output of frequency doubler 50 will be 1 megahertz and
the beat frequency output of mixer and low-pass filter
52 will be 0.010 kilohertz. Then, when the detector is
employed for detecting metal objects, the beat fre-
quency will audibly change in response to the proximity
between such an object and the search coil 26.

Briefly reviewing the overall operation of the present
system it will be seen that as the apparatus as illustrated
in overall fashion in FIG. 1 is moved closer to and far-
ther away from the earth, the earth effects upon the
search coil and the compensating coil will be the same
and consequently the beat frequency output will re-
main substantially the same until a metal object or the
like is detected. Such metal object will differentially af-
fect the inductance of the coils, with the major effect
being felt by search coil 26. Thus, the user can move
the detector above in close proximity with the earth,
and by audibly detecting changes in the frequency as he
moves the coil about, he is able to locate metal objects
and the like. However, merely moving the apparatus
closer to and farther away from the surface of the earth
will not affect the audible output frequency, due to the
compensating effect of coils 28. ‘

It is clear that a similar compensating effect can be -
accomplished by a single compensating coil, for exam-
ple one compensating coil along side of the search coil
26, and it is understood that such embodiment is read-
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ily possible according to the present invention. How-
ever, the embodiment illustrated, employing more than
one compensating coil, is preferred because of the an-
gular error which may take place when only one com-
pensating coil is used. Thus, when only one compensat-
ing-coil 28 is employed, its compensating effect may be
dependent upon the “tilt” of the device relative to the
surface of the earth, i.e., whether a coil 28 or a coil 26
is closer to the ground. However, with two coils 28 em-
ployed, angular displacéement relative to the ground is
of no effect since one coil 28 becomes closely spaced
to the ground while the other coil 28 becomes farther
spaced from the ground and the net inductance of coils
28 remains the same. This, of course, assumes angular
rotation about an axis bisecting the assembly housing
20 along an axis between ears 24, this being the most
common axis of tilt which may occur in operating the
apparatus. Moreover, each of the compensating coils
can be made less sensitive to the detection of searched-
for objects than if ohly one compensating coil were to
be employed, as hereinbefore indicated.

Even though the search and compensation coils are
thus relatively closely located to achieve the desired
compensating effect, lock-in is avoided since the reso-
nant frequencies of the oscillators are widely separated,
with the output of one (or both) of the oscillators being
converted such that a small frequency difference is sub-
sequently generated to produce an audible output.

The construction illustrated for the preferred em-
bodiment as hereinbefore set out can be varied within
the scope of the present invention. Clearly the coils
need not be of any particular shape although flat spiral
coils are preferred. The coils need not be round but can
‘be square, triangular, hexagonal, or the like. Two com-
pensating coils and a search coil are preferred, but as
hereinbefore indicated, only one search coil and one
compensating coil may be employed, or alternatively
one search coil may be employed with more than two
compensating coils. A possible alternative configura-
tion is illustrated by way of example in FIG. 8 wherein
one search coil 26’ is employed, with three compensat-
_ing coils 28’ being disposed in overlapping relation and
equi-spaced around search coil 26. This particular con-
figuration has the advantage of being less sensitive to
tilt in various directions. :

Although the frequency doubling circuit of FIG. 6 is
preferred because of its simplicity in separating the os-
cillator frequencies, other circuits may be substituted
therefor, with one example being illustrated in FIG. 9.
In this figure similar elements are referred to employing
primed reference numerals corresponding to compo-
nents in the FIG. 7 block diagram. In the FIG. 9 circuit,
a reference oscillator 98 provides an output for mixing
with the output of oscillator 46" in a mixer and low-pass
filter 52'. Also, a reference oscillator 160 is utilized for
providing an output for mixing with the output of oscil-
lator 48’ in mixer and low-pass filter 52’'. The refer-
ence oscillators 98 and 100 may be substantially identi-
cal to the oscillator circuit hereinbefore described, ex-
cept for employing tuned circuit reference coils 102
and 104 respectively which are substantially isolated

from the rest of the system, i.e., not located within the
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coil assembly housing. The mixer and low-pass filter

circuits 52" and 52"’ are identical to this type of circuit
previously described, and provide outputs for mixing in
mixer and low-pass filier circuit 52"’ which is also sub-
stantially- similar in circuit construction to the mixer
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and filter circuitry hereinbefore described. In the par-
ticular example, the search oscillator 46 is designed to
have an operating frequency of 1.1 megahertz while
reference oscillator 98 has an operating frequency of
1.06 megahertz. It will be seen that the output of mixer
and low-pass filter 52" will be a difference frequency
equaling 40 kilohertz. Furthermore, the oscillator 48’
is suitably designed to have an operating frequency of
1 megahertz while reference oscillator 160 has an oper-
ating frequency of 0.960010 megahertz. Mixing these
two mg)als in mixer and low pass filter circuit 52'' re-
sults in an output signal having a frequency of 39.990
kilohertz. Then, a mixture of the outputs from circuits
52" and 52" in circuit 52""' will produce a signal having
an output frequency of 0.010 kilohertz on lead 106,
i.e., a frequency difference in the audio range. How-
ever, the frequencies of the search oscillator 46’ and
the compensating oscillator 48’ are sufficiently widely
separated in frequency to avoid lock-in..

While 1 have shown and described several embodi-
ments of my invention, it will be apparent to those
skilled in the art that many other changes and modifica-
tions may be made without déeparting from my inven-
tion in its broader aspects. I therefore intend the ap-
pended claims to cover all such changes and modifica-
tions as fall within the true spirit and scope of my mven-
tion.

I claim:

1. Apparatus for detecting metal objects comprising:

first oscillator means provided with a first tuned cir-
cuit- adapted for determining the resonant fre-
quency of operation of said first oscillator means,
said first tuned circuit including a first coil,

second oscillator means provided with a second
tuned circuit adapted for determining the resonant
frequency of operation of said second oscillator
means, said second tuned circuit including a a plu-
rality of second coils, the frequency of the second
oscillator means being separated by a sufficient
amount from the frequency of the first oscillator
means to avoid lock-in to the same frequency,

means for receiving an output from said.first oscilla-
tor means and from said second oscillator means
and for combining the two to provide a beat fre-
quency output component which varies in accor-
dance with changes in the output frequency of one
of said oscillators relative to the other,

and manually movable common support means for
supporting said first coil and said second coils in
close proximity but on offset axes while similarly
orienting said coils for concurrent movement
toward and away from the ground, and relative to
a region where metal is to be detected so that both
of said coils and therefore the frequencies of both
of said oscillators are similarly affected by surface
effects and overall environmental factors in the re-
gion where metal is to be detected while being dif-
ferentially affected by metal objects in closer prox-
imity to one of said coils,

said coils being of comparable diameter while being
located in relatively close proximity to and substan-
tially parallel to the same plane by said support
means.

2. The apparatus according to claim 1 wherein the

axes of said coils are substantially parallel to one an-
other.




3,823,365

9

3. The apparatus according to claim 1 wherein said
coils are substantially flat. »

4. The apparatus according to claim 3 wherein said
coils are disposed in overlapping relation and in closely
-spaced substantially parallel planes.

5. The apparatus according to claim 1 wherein one
of said coils comprises two interconnected coil parts
having separate axes with said coil parts being located
on either side of the remaining of said coils such that
angular orientation of said common support means
with respect to.a horizontal surface disposes one of said
coil parts in closer relation to said horizontal surface
than the other coil part for balancing the effect of the
angular orientation of said common support means rel-
ative to said horizontal surface. '

6. The apparatus according to claim. 1 whetein the
normal frequencies of operation of said oscillators are
widely separated to prevent interaction between said
coils on said common support means which would
cause an interrelation between the frequencies of oper-
ation of said oscillator means due to the coupling be-
tween said coils,

and 'means interposed between at least one of said os-
cillator means and said means for receiving the os-
cillator means outputs for changing the frequency
of the output of said one of said oscillator means to
a signal having a relatively small frequency differ-
ence from the output of the remaining oscillator
means, adapting said means for receiving oscillator
means outputs to provide a beat frequency output
in a predetermined frequency range.

7. The apparatus according to claim 6 wherein said
interposed means comprises a frequency multiplying
means for multiplying the frequency of one of said os-
cillator means to a frequency having said relatively
small frequency difference relative to the frequency of
the remaining oscillator means. ‘

8. The apparatus according to claim 6 wherein said
interposed means includes an additional oscillator hav-
ing an output mixed with the output of one of said oscil-
lator means. ‘ ‘

9. The apparatus according to claim 6 wherein said
interposed means includes additional oscillator means
for producing outputs mixed with the outputs of the
first-and second oscillator means. ‘ "

10. Apparatus for detecting metal comprising;

a first oscillator having a tuned circuit including a
search coil adapted to be influenced in its inductive
properties by the proximity of metal objects, -

a second oscillator ‘also having a tuned circuit,
wherein an output derived therefrom is used in
combination with an output derived from first os-
cillator for providing an audible indication, the fre-
quency of the second oscillator being separated by
a sufficient amount from the frequency of the first
oscillator to avoid lock-in to the same frequency,

manually movable support means for carrying said
_search coil so the search coil may be conveniently
moved relative to the ground or other environment
by the operator of the apparatus, :
and a plurality of second coils also supported by the
same support means and connected in the tuned
~ circuit of said second oscillator for causing said
second oscillator to be influenced in its frequency
in the same manner as the first oscillator is influ-
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10

enced in frequency by proximity of the search coil
to the ground surface or the like, :
 said search coil and said second coils being of compa-
rable diameter while being supported in relatively
close spaced relation to each other and to the same
plane by said support means.
11. The apparatus according to claim 10 wherein said
plurality. of second coils are symmetrically disposed
with respect to said search coil so that angular dispo-
sition of said support means with respect to the ground
is compensated by closer spacing of a second coil on
one side of said search coil with respect to the ground
and more remote spacing of a second coil on another
side of the search coil with respect to the ground.
12. The apparatus according to claim 10 wherein said
second coils are.connected in series in the tuned circuit
of said second oscillator.
13. The apparatus according to claim 10 wherein said
tuned circuits of said oscillators are more widely sepa-
rated in-the frequency to which they are normally
tuned than would produce an audible beat frequency
therebetween, and including means for converting the
output of at least one of said oscillators to a frequency
close enough to the frequency of an output derived
from the remaining. oscillator to produce an audible
beat frequency.:
14. Apparatus for detecting metal objects compris-
ing: »
first oscillator means provided with a first tuned cir-
cuit adapted; for determining the resonant fre-
quency of operation of said first oscillator means,
said first tuned circuit including a search coil,

second oscillator means provided with a second
tuned circuit adapted for determining the resonant
frequency of operation of said second oscillator
means, said second tuned circuit including an in- .
ductive frequency determining element,

wherein the tuned circuits of said oscillators are more

widely separated in the frequency to which they are
normally tuned than would produce an audible
beat frequency therebetween,

means for converting the output of at least one of

said oscillator means to a frequency close enough
to the frequency of an output derived from the re-
maining oscillator means to produce an audible
beat frequency therebetween,

means for receiving outputs derived from the first

and second oscillator means after said conversion
and for combining the two to provide an audible .
beat frequency output component which varies in
accordance with changes in the output frequency
of one of said oscillator means relative to the other,

and common support means for said search coil and
said inductive” frequency determining element
adapted for moving said search coil and said induc-
tive frequency determining element relative to a
region where metal is to be detected so that the fre-
quencies of both said oscillator means are similarly
-affected by surface effects and overall environmen-
tal factors in the region where metal is to be de-
tected while being differentially affected by metal
objects in closer proximity to said search coil, said
search coil and said inductive frequency determin-
ing element being supported in relatively close
spaced relation to each other and to the same plane
by said support means.
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15. The apparatus according to claim 14 wherein said
converting means comprises a frequency multiplying
means for multiplying the frequency of one of said os-
cillator means to a frequency having a relatively small

12
16. The apparatus according to claim 14 wherein said
converting means includes an additional oscillator hav-
ing an output mixed with the output of one of said oscil-

frequency difference relative to the frequency of the s lator means.

remaining oscillator means.
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