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[57] : ABSTRACT

A metal detector (10) is disclosed which has a transmit
coil (48) and a receive coil (150) for detecting a metal
object due to a change in the magnetic coupling be-
tween the coils (48, 150). The metal detector (10) has a
plurality of operating modes and for each mode an
operating parameter is selected and stored. Each oper-
ating parameter is used to generate a demodulation
signal. A multiposition switch (36) is manipulated by an
operator to select one of the operating modes. A logic
circuit (191) is provided to route the demodulation
signals to a demodulation cifcuit (110) to operate on a
receive signal from the receive coil (150). An audible
signal produced by the metal detector (10) is inhibited
when operating modes are changed. An automatic tun-
ing circuit (228) has selectable slewing rates for nulling
the output from the metal detector (10).

2 Claims, 4 Drawing Figures
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METAL DETECTOR CIRCUIT HAVING
AUTOMATIC TUNING WITH MULTIPLE RATES

This is a division of application Ser. No. 7,311 filed
Jan. 29, 1979, now U.S. Pat. No. 4,303,879.

FIELD OF THE INVENTION

The present invention pertains to a metal detector
and more particularly to circuit apparatus for selecting
a mode of operation and automatically adjusting circuit
parameters for operation in the selected mode.

BACKGROUND ART

A metal detector operates by measuring the change in
an electromagnetic field when a target object enters the
field. In one type of metal detector, the electromagnetic
field is established by an alternating current flowing
through a transmit coil. A receive coil which resides
within this field is employed to measure a change in the
field thus producing a detection‘signal. A circuit in the
metal detector is preset to a threshold level and any
increase in the detection signal causes the generation of
an audible and visual signal for alerting the operator.
Although there are various types of circuits used in
metal detectors, there are two modes of operation
which are frequently employed. In a ground cancella-
tion mode, the detector is adjusted so as to ignore the
response generated by layers of permeable ferrous ma-
terial within the soil. This eliminates spurious responses
which are generated by wide ranging ferrous deposits
that are generally of no interest to the operator. In the
second mode, the discrimination mode, the metal detec-
tor circuit. is adjusted to discriminate between various
types of target objects.

As an operator is tonducting a search he selects the
mode which is most appropriate for the conditions and
the objectives of his search. However, the circuits uti-
lized by the metal detectors must be tuned to different
settings for each of the operating modes. Therefore it is
difficult and time consuming for an operator to switch
from one mode to the other, an operation often requir-
ing the use of two hands. But, for the most effective
search procedure, it is frequently necessary that the
operator make such mode changes. .

Therefore, a need exists for a metal detector having
conveniently located control apparatus wherein the
operator can easily and rapidly select the desired mode
of operation while at the same time having a circuit
automatically tune the metal detector for optimum op-
eration in that mode. Further, rapid mode selection
should not create interference with the audio response
monitored by the operator nor should the automatic
tuning respond too fast and cause a target to be missed
or too slow and waste the operator’s time.

DISCLOSURE OF THE INVENTION

A metal detector has a transmit and a receive coil to
detect metal objects by a change in the magnetic cou-
pling between the coils. The metal detector has various
modes of operation, including ground cancellation, to
eliminate the response caused by ferrous mineralization
deposits and discrimination to limit responses to only
certain types of objects. For each of the various modes
of operation a parameter is selected, stored and used to
generate a demodulation signal. A switch mechanism
and circuit is provided for selecting the mode of opera-
tion for the metal detector. The demodulation signal
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2

associated with the selected mode is then utilized to
demodulate a receive signal produced by the receive
coil. During the transition from one mode to another,
the audio output generated by the metal detector is
inhibited while the detector circuit stabilizes. Further,
an automatic tuning circuit can be operated either con-
tinuously or only during the time of mode transition.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is'a perspective view of a metal detector in
accordance with the present invention,

FIGS. 2A and 2B are a schematic diagram of a metal
detector circuit having a mode selection feature, vari-
able rate tuning control and audio disable; and

FIG. 3 is a schematic diagram of a power supply and
voltage regulator for the metal detector circuit of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

Referring to FIG. 1 a metal detector shown generally
as 10 has a body 12 that is supported by a handle 14. An
arm 16 is connected to the body 12 and has mounted at
the opposite end thereof a search coil 18. The search
coil is connected to the electronic circuitry within the
detector 10 by a cable 20.

The signals generated by the metal detector 10 are
visually displayed by a meter 22 and aurally produced
by a speaker 24. The detector 10 can be manually tuned
in its various operating modes by use of control potenti-
ometer 26, 28 and 30. The sensitivity of the instrument
is adjusted by operation of control potentiometer 32.

A grip 34 is mounted on handle 14 to provide easy
handling by an operator. At the extreme end of handle
14 there is mounted a multiple position switch 36 which
the operator manipulates to select the desired operating
mode for the detector 10.

To use the metal detector 10 the operator grasps the
grip 34 with his hand and supports the detector so that
the search coil 18 is pesitioned a short distance above
the earth’s surface. After completing initial tuning oper-
ations the operator scans the search coil 18 over the
search area while monitoring a detection signal by ob-
serving the meter 22 or listening to the speaker 24. By
operating switch 36 the operator selects the mode of
operation of the detector 10 which is most appropriate
for th&terrain and the type of search targets. Switch 36
is spring actuated and is normally in the center position.
The desired mode is selected by pushing the switch to
either the right or left hand position. In a ground can-
cellation mode the detector 10 rejects ferrous mineral-
ization deposits in the search area to eliminate spurious
responses which such ground minerals produce. When
a signal’response is generated the operator can then
manipulate switch 36 and operate the detector 10 in a
discrimination mode to determine to some extent the
type of target which has been detected. Based on this
information the operator can then determine whether or
not to dig up the target object. If in the discriminate
mode the detector 10 does not produce the desired
response the operator can then switch back by means of
switch 36 to the ground cancellation mode and continue
his search. The operator is thus able to make a broad
general search and to specifically examine each re-
sponse without the need to retune the detector. This
feature substantially reduces the time required for the
operator to examine a given search area while permit-
ting him to search for a particular type of target.
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The metal detector circuit of the present invention is
shown in FIGS. 2A and 2B. An oscillator 44 includes a
transistor 46 and a tank circuit consisting of a transmit
coil 48 together with capacitors 50 and 51. An emitter
resistor 52 and a base resistor 54 are connected to a
voltage source Vj. The remaining componets within
oscillator 44 are utilized to maintain a constant ampli-
tude for the signal which drives transmit coil 48. The
output of an operational amplifier 56 is connected
through a resistor 58 to the base of transister 46. A
capacitor 60 is connected as a feedback element be-
tween the output of operational amplifier 56 and the
inverting inputs thereof. The inverting input is also
connected to the voltage source Vi through voltage
divider resistors 62 and 64. The signal produced by
oscillator 44 is peak detected using diode 70 and capaci-
tor 68 which are connected to the noninverting input of
operational amplifier 56, to which a bleed resistor 66 is
also connected.

Oscillator 44 generates a constant amplitude signal,
which is an exemplar embodiment is 5.5 khz, the signal
being passed through coil 48 to generate an electromag-
netic field which is directed into the search area.

The signal generated by the oscillator 44 is also trans-
mitted through a capacitor 72 to a phase shift circuit 74.
In the phase shift circuit the signal generated by oscilla-
tor 44 is provided to separate phase shift controls corre-
sponding to the ground cancellation mode of operation
and the discrimination mode of operation. After the
oscillator signal passes through capacitor 72 it is trans-
ferred through resistor 76 and through the potentiome-
ter 28 which is connected to a capacitor 80. A ground
cancellation signal is produced at the wiper connection
to potentiometer 28 by adjusting the position of the
wiper to change the RC value of the circuit and there-
fore produce different degrees of phase shift. The phase
shift produced by this circuit is generally in the range of
about 10° to 20° depending upon the degree of iron
mineralization present in the search area.

A phase shift for the discrimination mode is provided
by transferring the oscillator signal through a capacitor
82 to the base of a transistor 84. A resistor 86 is con-
nected between a voltage source V3 and the junction of
resistor 76 with capacitor 82. Resistors 88 and 90 are
connected between voltage source V1 and ground and
are joined to the base of resistor 84 to bias the transistor.
The transistor circuit further includes a collector resis-
tor 92 connected to voltage source Vy and an emitter
resistor 94 which is connected to ground. Transistor 84
serves to invert the signal produced by oscillator 44 and
thereby produce a signal which is approximately 180°
out of phase with the oscillator signal. This out-of-phase
signal is passed through a capacitor 96 to a potentiome-
ter control 26. The second terminal of potentiometer 26
is connected through a resistor 100 to receive the signal
produced by oscillator 44. By moving the wiper of
potentiometer 26 from one end to the other a variable
phase signal is produced. The signal produced at the
wiper of potentiometer 26 is utilized by the metal detec-
tor in the discriminate mode, as described below. The
ground cancellation signal produced at the wiper of
potentiometer 28 is passed to a mode selection switch
102. The discrimate mode signal produced at the wiper
of potentiometer 26 is carried to a mode selection
switch 104. Switch 106 is driven by the same control
logic as switch 104 to connect line 108 to voltage source
Vs.
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The ground cancellation signal and discrimate mode
signal are selectively passed through switches 102 and
104 and carried by a line 111 to a synchronous demodu-
lator 110.

The phase shifted signal transmitted over line 111 is
provided to a noninverting input of an operational am-
plifier 114 which has a reference voltage V3 supplied to
the inverting input. Amplifier 114 serves as a voltage
comparator and generates a square wave demodulator
drive signal which is in phase with the input signal to
operational amplifier 114. The demodulator drive signal
is provided to the control terminal of a solid state
switch 116. A receive signal is transmitted over line 118
to the input terminal of switch 116 wherein the signal is
demodulated by the square wave input on the control
line. The control line terminal to switch 116 is con-
nected through a resistor 120 to the voltage source V.
The demodulated signal at the output terminal of switch
116 is transferred through a resistor 122 to a capacitor
124. The capacitor 124 is charged to a DC level which
is a function of the received signal on line 118 and the
demodulation drive signal input to switch 116.

The DC signal held on capacitor 124 is input to a DC
amplifier 126, the amplifier comprising an operational
amplifier 128 having a feedback resister 130 and a feed-
back capacitor 132 connected in parallel and tied to the
inverting input of the amplifier. The DC signal from
switch 116 is transmitted to the noninverting input of
operational amplifier 128. A resistor 133 is connected
between voltage source V; and the junction of resistor
130 with capacitor 132 at the inverting input to ampli-
fier 128. The output of operational amplifier 128 is
passed through control potentiometer 32 to the wiper
terminal thereof. The free terminal of potentiometer 32
is connected through a resistor 136 to voltage source
V. . :

The amount of electromagnetic energy generated by
the transmit coil 48 and passed to a receive coil 150
changes when a medium is encountered that alters the
character of the electromagnetic field. The electromag-
netic field induces a signal in the receive coil 150. This
receive signal is transferred through an impedance
matching transformer 152 having a capacitor 154 con-
nected across the output terminals thereof. The receive
signal is transferred to a preamplifier circuit 156. Pream-

“plifier 156 includes a transistor 158 which has the re-

ceived signal transferred through a parallel combination
of resistor 160 and capacitor 162 to the emitter terminal
thereof. The base terminal of transistor 158 is connected
through a capacitor 164 to ground and is also connected
through a resistor 166 to voltage source V;. The collec-
tor of transistor 158 is connected to voltage source V|
through resistor 174. Switch 106 provides a means of
selectively connecting voltage source V3 to resistor 168
which is in turn connected through capacitor 170 to the
collector of transistor 158. Activation of switch 106
lowers the gain of preamplifier 156. The collector ter-
minal of transistor 158 is also directly coupled to the
base of transistor 172 for transferring the received signal
thereto. The collector current of transistor 172 is sup-
plied through resistor 176 which is connected to
ground.

The received signal is amplified by transistor 172 and
transferred through a resistor 178 to a transistor 180
configured as an emitter follower with an emitter resis-
tor 179. A capacitor 182 is connected to the collecter
terminal of transistor 172 to filter out high frequency
components from the received signal. The emitter cir-
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cuit of transistor 172 comprises a resistor 184 in series
with a parallel combination of a resistor 186 and a ca-
“ pacitor 188. The emitter circuit components of transis-
tor 172 are connected to voltage source V.

The amplified received signal at the emitter terminal
of transistor 180 is connected through capacitor 189 and
line 118 to the input terminal of switch 116. A resistor
193 is connected between voltage source V3 and line
118.

Within a mode selection circuit 191, the mode selec-
tion switch 36 has three operating positions. The switch
arm is connected to ground, and in the center, resting,
position the arm is not connected to any terminal. When
the arm of switch 36 is connected to terminal 190 a
ground signal is applied to a first input of a NAND gate
192. When the arm of switch 36 is positioned in contact
with a terminal 194 a ground is applied to a first input of
NAND gate 196. The first input terminal of NAND
gate 192 is connected through a resistor 198 to voltage
source Vi while the first terminal of NAND gate 196 is
connected through a resistor 200 to voltage source V1.

The output of NAND gate 192 is connected to the
second input of NAND gate 196 and the output of
NAND gate 196.is connected to the second input of
NAND gate 192. This configuration of NAND gates
functions as a set/reset flip flop having two stable states.
The output of NAND gate 192 is connected to the
control terminal of switch 102 to transfer the signal used
in the ground cancelling mode from phase shift circuit
74 to the synchronous demodulator 110. The output of
NAND gate 196 is connected to the control terminals of
switches 104 and 106. When a control terminal of
switch 104 is activated the signal used in the discrimina-
tion mode is transferred from the phase shift circuit 74
to the demodulator 110. The output signals of NAND
gates 192 and 196 are the inverse of each other therefore
only one signal will be connected through switches 102
and 104 to line 111 at any one time. The output of
NAND gate 196 is also connected to switch 106 to
provide a connection line 108 and voltage source V3.

After the received signal is demodulated and con-
verted to a DC level in the synchronous demodulator

110 and amplified in the DC amplifier 126 the signal is-

transferred from the wiper terminal of potentiometer

32, which functions as a sensitivity control, through a-

resistor 208 to a variable rate tuning control circuit 210.
The signal applied to circuit 210 is adjusted by a DC
bias circuit comprising resistors 212, 214 and the control
potentiometer 30. Resistor 212 is connected to voltage
source V7 while resistor 214 is connected to the wiper
of potentiometer 30 which has its end terminals con-
nected between voltage source V1 and ground. Adjust-
ment of potentiometer 30 establishes the DC bias of the
signal input to variable rate tuning control circuit 210.

Circuit 210 comprises a resistor 218 in parallel with a
field effect transistor 220. The gate terminal of transis-
tor 220 is connected through a voltage divider made up
of resistor 222 and resistor 226 to the output of NAND
gate 224. The free terminal of resistor 226 is connected
to ground.

The variable rate tuning control circuit 210 provides

an input path to an automatic tuning circuit 228. Circuit
210 provides either a high impedance path or a low
impedance path depending ‘upon the state of NAND
gate 224. When the output of NAND gate 224 is high
the transistor 220 is activated and a low impedance path
is provided but when the transistor 220 is not activated
a high impedance path through resistor 218 is provided.
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When circuit 210 is in the high impedance state, tuning
circuit 228 has a slow slew rate, but when circuit 210 is
in a low impedance state, tuning circuit 228 has a rapid
slew rate toward a tuned condition.

Tuning circuit 228 has input thereto on line 236 the
DC signal which has been produced by demodulating
the received signal. The signal on line 236 is passed
through a resistor 238 to a field effect transistor 240
which is in turn connected to the inverting input of a
differential amplifier 242. Reference voltage V2 is sup-
plied to the noninverting input of amplifier 242. The
output of amplifier 242 is connected through a resistor
243 to line 118. A feedback circuit comprising a parallel
combination of capacitors 244 and 246 is connected
between the output of amplifier 242 and the inverting
input thereto. A control signal is generated by NAND
gate 224 and transmitted through resistor 245 to the gate
terminal of transistor 240. The received signal passed
through line 236 is transmitted to the inverting input of
amplifier 242 when transistor 240 is activated. The
power for amplifier 242 is supplied from voltage source
V| through resistor 247. A second power connection to
amplifier 242 is made by the connection through resis-
tor 248 to ground. The gate terminal of transistor 240 is
connected through a resistor 251 to ground. Tuning
circuit 228 varies the DC bias level of the received
signal carried on line 118 This bias level is adjusted by
operation of circuit 218 until the inputs to operational
amplfier 242 are balanced.

The tuning circuit 228 operates in one of two modes
as controlled by a switch 250. When switch 250 is set to
the auto position the switch arm thereof connects volt-
age source V3 to the gate terminal of transistor 240 to
cause the automatic tuning operation to be functioning
at all times regardless of the mode of operation of the
overall circuit. When the switch 250 is set to the manual
position the tuning operation occurs only when switch
36 is connected to either one of terminals 190 or 194.
This condition is carried out by the connection of termi-
nals 190 and 194 to the inputs of NAND gate 224. The
output of NAND gate 224 is connected through a resis-
tor 245 to the gate terminal of transistor 240. This con-
nection causes the automatic tuning circuit 228 to be
activated whenever switch 36 is not in the center resting
position. .

The DC level receive signal produced by DC ampli-
fier 126 is also provided to a second DC amplifier cir-
cuit 252. The received DC signal is provided to the
noninverting input of an operational amplifier 254
which has a feedback circuit connected to the inverting
input thereof. The feedback circuit consists of a parallel
combination of a resistor 256 and a capacitor 258. The
inverting input of amplifier 254 is connected through
resistor 260 to voltage source V2. The output of ampli-
fier 254 is a high level DC signal proportional to the
received signal produced by synchronous demodulator
110. This high level DC signal is provided to meter 22
through a series circuit comprising a resistor 262, a
diode 264 and a transistor 266. The junction of the resis-
tor 262 with diode 264 is connected through a resistor
268 to ground. The base terminal of transistor 266 is
connected to voltage source V.

The collector of transistor 266 is connected through a
connector board 267 to meter 22. Resistors 269 and 271
are connected to terminals on board 267.

The high level DC signal is also transferred through
a resistor 270, a diode 272 and a capacitor 274 to an
audio amplifier 276.
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The high level DC signal is converted to a chopped
DC signal by operation of a tone generator circuit 278.
Circuit 278 is essentially an oscillator which produces a
square wave signal at a frequency of approximately 400
cycles per second. The oscillator includes an amplifier
280 having feedback resistors 282 and 284 connected
respectively to the noninverting and inverting input
terminals of amplifier 280. The voltage source V3 is
connected through a resistor 286 to the noninverting
input of amplifier 280 while the same voltage source is
connected through a capacitor 288 to the inverting
input thereof. The output of tone generator circuit 278
is a square wave signal which is transferred through a
diode 290 that is forward biased when the square wave
is of a low amplitude and reversed biased when the
square wave is at a high amplitude. The effect of the
tone generator circuit 278 is to apply a low signal level
to the junction point of resistor 270 and diode 272
whenever the signal produced by the circuit is at the
low level. This acts to chop the high level DC signal
produced by DC amplifier circuit 252. The result is that
the high level DC signal passed through diode 272 is an
alternating signal. The junction of diode 272 with capa-
citer 274 is connected through a resistor 292 to voltage
source V.

An audio disable circuit 294 momentarily interrupts
the audio tone provided to the operator at the time a
mode of operation is selected by operation of switch 36.
Without such a tone interruption the operator would be
subjected to a loud and meaningless tone at the time of
mode transition. The audio disable circuit 294 operates
in response to NAND gate 224 which goes to a high
level whenever switch 36 is activated. The signal output
by NAND gate 224 is provided as a first input to a
NAND gate 296. The momentary time delay provided
by audio disable circuit 294 is accomplished by opera-
tion of a time delay circuit which includes a capacitor
298 that is connected in series between the first and
second inputs to NAND gate 296. A diode 300 has its
anode terminal grounded and its cathode terminal con-
nected to the second input of NAND gate 296. A resis-
tor 302 is connected in parallel with diode 300 and has
one terminal thereof connected to ground. A diode 304
has the cathode terminal thereof connected to the out-
put of NAND gate 296 with the anode terminal con-
nected to the noninverting input of amplifier 280. In a
first condition the output of NAND gate 296 is high
because both inputs are at a low level. But when a high
level signal is generated by NAND gate 224 this signal
immediately begins to charge capacitor 298 through
resistor 302. While the capacitor 298 is charging the
output of NAND gate 296 is made low which in turn
forward biases diode 304 and deactivates the tone gen-
erator circuit 278. This action terminates the audio sig-
nal which is provided to the audio amplifier 276. But
when capacitor 298 becomes charged, the level on the
second input of NAND gate 296 will become low and
the output will transition to a high level to reverse bias
diode 304 which allows tone generator circuit 278 to
again oscillate and produce the audio output provided
to amplifier 276. '

The audio amplifier 276 receives the chopped DC
receive signal through capacitor 274 and amiplifies the
signal to drive speaker 24. The signal is provided
through a first driver transistor 310 which has a base
resistor 312 connected to a voltage source V. A resis-
tor 314 is connected between the collector terminal of
transistor 310 and voltage source V4 while a resistor 316
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is connected between.the emitter terminal thereof and

-ground. The audio signal is coupled from transistor 310

through a resistor 318 to the base terminal of a transistor
320 which has the collector terminal thereof connected
directly to voltage source V4. Speaker 24 is driven from
the emitter terminal of transistor 320. An earphone jack
and switch 322 are provided along with a resistor 324 to
enable the operator to monitor the audio output of the
circuit through head phones in place of the speaker 24
which is disabled when an earphone plug is inserted. A
capacitor 326 is connected between the voltage source
V4 and ground to filter the power supplied to audio
amplifier 276.

FIG. 3 shows a schematic diagram of the power
supply and voltage regulator circuit that generates the
voltages necessary to drive the circuit of the present
invention. A battery package includes a plurality of
batteries 328, 330 and 332 which generate voltages V3
and V4 as shown. The batteries are connected to the
remainder of this circuit by means of switches 334 and
336. '

A voltage regulator circuit 338 receives voltage V3
through resistors 340 and 342 which are connected
respectively to the collector and base terminals of a
transistor 344. The output of an operational amplifier
346 is connected through a resistor 348 to the base ter-
minal of transistor 344. The power for operational am-
plifier 346 is supplied by a first connection to the emitter
terminal of transistor 344 and a second connection to
ground. The inverting input of amplifier 346 is con-
nected through a resistor 350 which is in a series combi-
nation with a resistor 352 with the series combination
connected between the emitter of transistor 344 and
ground. The noninverting input to amplifier 346 is pro-
vided by the series combination of a resistor 354 and
zener diode 356, the series combination being connected
between the emitter of transistor 344 and ground.

A second operational amplifier 358 has the noninvert-
ing input thereof connected at the junction of a series
combination of resistors 360 and 362, the combination
being connected between the emitter of transistor 344
and ground. The output of amplifier 358 is connected
directly to the inverting input thereof as a feedback
circuit. The output of amplifier 358 is further connected
to the junction of capacitors'364 and 366 which are
connected at the remaining terminals thereof respec-
tively to the terminal providing voltage V; and ground.
The direct output of amplifier 358 supplies voltage V.
The voltage regulator circuit 338 receives power from
batteries 328, 330 and 332 and produces stable voltages
V1 and V; for driving the remainder of the metal detec-
tor circuit.

In an exemplary embodiment of the present invention
switches 102, 104, 106 and 116 are field effect transistor
switches. ,

Operation of the circuit of the present invention is
now described in reference to FIG. 2. Transmit coil 48
produces an electromagnetic signal at a frequency of
approximately 5 khz. Receive coil 150 is physically
located in the vicinity of transmit coil 48 such that in a
non-conductivity region with magnetic permeability of
unity, the magnetic coupling between the transmit and
receive coils approaches zero. An open air space has
such a character and can thus be used to initially tune
the metal detector circuit. When thus exposed only to
open air there will be no signal induced in the received
coil 150 due to the transmit coil 48. However, when a
target is located in the vicinity of the transmit and re-
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ceive coils and the target is conductive and/or has per-
meability other than unity, there will be a coupling of
energy from the transmit coil 48 into the receive coil
150. The received signal is passed through an impe-
dance matching transformer 152 which couples the
receive coil 150 to the preamplifier circuit 156. After
amplification the receive signal is transferred to the
synchronous demodulator 110. ‘

Synchronous demodulator 110 is driven by either one
of the two signals generated by phase shift circuit 74.
The signal produced by oscillator 44 and provided to
transmit coil 48 is also conveyed to phase shift circuit 74
which has a ground cancelling section and a target
discrimination section. These two sections correspond
to the two possible modes of operation for the metal
detector circuit of the present invention. The phase
reference signal produced by oscillator 44 is input to an
RC combination comprising potentiometer 28 and ca-
pacitor 80. The phase shifted signal for ground cancella-
tion is tapped at the potentiometer 28 wiper and the
degree of phase shift is manually adjusted by movement
of the wiper along the resistive body of the potentiome-
ter.

The discrimination phase shift signal is produced at
the wiper of potentiometer 26 which has the phase
reference signal input at one terminal of the resistive
element and the inverse of the phase reference signal
provided to the remaining terminal. The wiper arm of
potentiometer 26 is shifted along the resistive body to
select the desired phase shift for the discrimination
mode. The two phase shift signals are stored by adjust-
ing the respective potentiometers and are selectively
applied to the synchronous demodulator 110 by opera-
tion of the mode selection switches 102 and 104.

Within the synchronous demodulator 110 the phase
shift signals are transformed into a square wave drive
signal which operates the solid state switch 116. Switch
116 is turned on and off by operation of the drive signal
to pass certain portions of the received signal. The por-
tions thus passed are used to charge capacitor 124
which averages the DC level of the signal transferred
through switch 116. Note that the charge level on ca-
pacitor 124 will be a function of the phase difference
between the demodulator drive signal produced by
phase shift circuit 74 and the received signal, the ampli-
tude of the receive signal and the DC offset signal pro-
vided by the tuning circuit 228.

The received signal comprises essentially two com-
ponents which are displaced by 90°. These are the reac-
tive component and the resistive component, each of
which is produced due to the reactive or resistive nature
of the material in the field of the transmit and receive
coils. Ground mineralization due to ferrous material in
the seal produces a signal which is primarily reactive.
Target objects on the other hand produce receive sig-
nals which have various ratios of reactive and resistive
components.

Ground mineralization produces a reactive signal
component that tends to interfere with the signals pro-
duced by desired target objects. The reduction of the

interfering effects due to ground mineralization is pro--

duced by operation of the metal detector circuit in the
ground cancellation mode. In this mode the demodula-
tor drive signal is set to have a phase relationship to the
received signal such that the demodulator passes equal
positive and negative portions of the received wave-
form component which is produced due to the reactive
nature of material in the field of the transmit and receive
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coils. This equalization tends to substantially eliminate
the reactive component due to ground mineralization.
It, however, does not eliminate the resistive component
of the received signal which is generated by other ob-
jects in the search field.

When using the metal detector 10 the operator often
wishes to distinguish a certain class of targets. In partic-
ular the operator generally desires to concentrate his
search efforts on metal objects such as coins rather than
metal objects such as pull-tabs and metallic fragments.
Selectivity of this nature is provided by operating the
circuit of the present invention in the discrimination
mode. Each type of metal object in the search field
produces both a reactive and a resistive component in
the received signal with the ratio of the components
being related to the size, shape and nature of the target
material. The potentiometer 26 within the discrimina-
tion section of phase shift circuit 74 is adjusted to pro-
vide a given phase relationship between the demodula-
tor drive signal and the received signal. The phase rela-
tionship is set such that a threshold is established to
produce an appropriate response only when the re-
ceived signal reactive and resistive components exceed
a given ratio. Desired targets generate a positive re-
sponse while undesired targets generate a negative re-
sponse.

The detected signal comprises a DC level at the out-
put of synchronous demodulator 110. This DC level
signal is amplified in DC amplifier 126 and transferred
to a second DC amplifier 252. The tone generator cir-
cuit 278 operates at a frequency of approximately 400
hertz and furictions to chop the DC level signal to pro-
duce an alternating signal. Although the signal is
chopped the amplitude is maintained. The chopped DC
signal is coupled into the audio amplifier 276 which in
turn drives the speaker 24.

When using the metal detector the operator generally
desires to search in the ground cancellation mode and
when a signal is produced the operator then transfers to
the discrimination mode to determine whether the ob-
ject generating the received signal is within the class
selected by the tuning of the discrimination circuit. In
order to cover a large search area the operator must
frequently shift from the ground cancellation mode to
the discrimination mode. In previous metal detectors
the ability to retune instantaneously and automatically
at each mode change does not exist. The circuit of the
present invention incorporates an automatic tuning
circuit together with a selection switch and stored tun-
ing parameters which makes it possible for the operator
to rapidly shift from one mode to the other by operating
a single switch and without the need for retuning the
detector.

The mode selection is accomplished by operation of
mode selection circuit 191 wherein there is the switch
36 which has a center rest position and is deflected to
the side positions to connect to either terminal 190 or
194. Switch 36 operates a mode selection flip flop which
consists of NAND gates 192 and 196. When the switch
arm is connected to terminal 190 the output of NAND
gate 192 is set to a high level which in turn activates
switch 102 and dpplies the ground cancellation phase
shift signal to the synchronous demodulator 110. This
sets the metal detector circuit to operate in the ground
cancellation mode. But when the switch arm of switch
36 is connected to terminal 194, NAND gate 196 is set
to have a high level output which activates switch 104
and applies the discrimination mode phase shift signal to
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the synchronous demodulator 110. The outputs of
NAND gates 192 and 196 are inverses so that only a
single signal is applied to the synchronous demodulator.
Thus, the operator need operate only switch 36 to
change from one mode of operation to the other.

A further degree of automatic tuning is provided by
circuit 228 which can be operated in both the ground
cancellation and discrimination modes. Circuit 228 acts
to tune out residual resistive or reactive components
which are present in the search field. Further, circuit
228 tends to compensate for circuit drifts or component
value changes due to temperature variations. The cir-
cuit is operated in either of two modes as controlled by
switch 250. When in the automatic mode the tuning
circuit 228 operates at all times but in the manual mode
the circuit provides tuning only while the switch 36 is
connected to either terminal 190 or 194. Circuit 228 acts
to apply a bias to the received signal provided by pre-
amplifier 156 so that the applied bias offsets the DC
level produced by synchronous demodulator 118. The
tuning circuit ‘utilizes operational amplifier 242 along
with capacitors 244 and 246 to equalize the signals input
to the amplifier which in turn reduces the output of the
synchronous demodulator 110 to a preset level. In the
automatic mode this action however takes place over an
extended predetermined time interval so that the tuning
operation does not counteract the signal generated by
objects in the search field. When switch 250 is actuated,
the speed of the tuning operation is increased. This
electronic control circuit responding to switch 250 pro-
vides the operator with the ability to operate the metal
detector in a continuous tuning mode, whose tuning
rate is selected for optimum performances over the soil
while not tuning out or eliminating responses from de-
tected targets.

The circuit further provides a second tuning rate
which allows, on demand, the circuit to adjust at the
desired near instantaneous rate. The need for such an
adjustment results from a mode change operation or a
change in operating environment (i.e. when the search
coil is lowered to the ground).

The differing rates of operation for the automatic
tuning circuit 228 are provided by the variable rate
tuning control circuit 210. In the automatic mode the
control circuit 210 supplies a high impedance path be-
tween the output of DC amplifier 126 and the input to
the tuning circuit 228. This causes the tuning circuit to
operate slowly over an extended time interval. But in
the manual mode the variable rate tuning control circuit
216 in response to operation of NAND gate 224 supplies
a low impedance path to the tuning circuit 228. This
provides for a very rapid adjustment of the tuning cir-
cuit 228 during the time that the operator holds the
switch arm of switch 36 against either terminal 190 or
194.

During a mode change operation as described above,
the circuits in the detector are momentarily unbalanced,
until the tuning operation is complete. This unbalance
causes an audio output which is not related to the detec-
tion of an object in the target field. This signal can cause
a distraction to the operator so audio disable circuit 294
is provided to temporarily disable the audio output
during the tuning operation. During the manual tuning
operation the output of NAND gate 224 generates a
signal which is transferred to NAND gate 296. Due to
the RC network connected to the input terminals of
gate 296 the output of this gate will momentarily drop
to a low level. The period of time at the low level is a
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function of the time constant of the RC elemenis at the
input of NAND gate 296. When the ouput of NAND
gate 296 is at the low level, diode 304 is forward biused
and the operation of tone generator circuit 278 is
stopped. This in turn eliminates the chopping action
provided to the DC level receive signal and removes
the audio signal provided to amplifier 276. Thus, during

a preselected time interval, which in this embodiment is

set to be approximately one half second, the audio out-

put provided through speaker 24 is eliminated. The
variable rate tuning control circuit 210 is set to essen-
tially complete the tuning operation during the disable

time interval established by audio disable circuit 294.
Thus the present invention provides a single switch

manipulated by the operator for selecting either of two

modes of operation wherein the circuit is preset to oper-
ate in both of these modes. A circuit is provided to
automatically tune the receive signal to eliminate resid-
ual components with the tuning rate variable as selected
by the operator. When a rapid tuning rate is selected an
audio disable circuit removes the audio signal provided
to the operator until the tuning operation is completed.

Although an embodiment of the invention has been
illustrated in the accompanying drawings and described
in the foregoing Detailed Description, it will be under-
stood that the invention is not limited to the embodi-
ment disclosed, but is capable of numerous rearrange-
ments, modifications and substitutions without depart-
ing from the scope of the invention.

I claim:

1. A metal detector circuit having automatic tuning
with multiple rates, comprising:

an oscillator for generating a transmit signal;

a transmit coil connected to receive said transmit signal
and generate an electromagnetic field;

a receive coil in said electromagnetic field for generat-
ing a receive signal therefrom;

phase shift means connected to receive said transmit
signal or said receive signal for providing a first or a
second relative phase shift therebetween;

first switch means connected to said phase shift means
and having first and second positions for respectively
selecting said first or said second relative phase shift
between said transmit and said receive signals;

a synchronous demodulator connected to receive said
transmit and receive signals after provision of said
first or said second relative phase shift therebetween,
said synchronous demodulator generating an output
signal to indicate detection of an object within said
electromagnetic field;

means for generating a tuning signal which corresponds
to a selected state of said output signal;

second switch means for selecting a first or a second
automatic tuning mode; and

automatic tuning means connected to said first switch
means and to said second switch means, connected to
receive said output signal, and connected to the input
or output of said synchronous detector for driving
said output signal toward said selected state at a first
slew rate when said second switch means is set for
said first automatic tuning mode and for driving said
output signal toward said selected state at a second
slew rate, faster than said first slew rate, when said
first switch means is engaged in said first or said sec-
ond position.

2. The metal detector circuit recited in claim 1
wherein said automatic tuning means comprises:

a variable impedance circuit including:
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(i) a first resistor having a first terminal thereof cou-
pled to the output of said synchronous demodula-
tor;

(ii) a first field effect transistor connected in parallel
with said first resistor and having the control termi-
nal thereof coupled to said second switch means;
and

a tuning circuit having:
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(i) an operational amplifier having the output thereof
coupled to the imput of said synchronous demodu-
lator and having first and second inputs;’
(if) capacitance means connected between said output
and said first input of said operational amplifier;
(iii) a second field effect transistor connected between
the first input of said operational amplifier and the
second terminal of said first resistor and having the
control terminal thereof connected to said first and
second switch means; and

(iv) a reference terminal connected to the second

input of said operational amplifier.
* % ¥ ok %
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