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METAL DETECTOR WITH VIBRATING 
TACTILE INDICATOR MOUNTED WITHIN A 

COMPACT HOUSING 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to metal detectors, and more 
particularly to a compact hand-held metal detector having a 
three dimensional detection region, and visual, audible, and 
tactile indication modes. 

2. Description of Related Art 
Concealed Weapons are a concern for laW enforcement 

personnel, emergency medical personnel, and others. 
Typically, laW enforcement personnel must frisk an appre 
hended suspect to search for Weapons, thereby risking 
punctures and/or cuts from sharp, and potentially 
contaminated, concealed objects. 

Emergency medical personnel may accidentally ?nd con 
cealed Weapons during physical examinations resulting in 
similar risks. Additionally, an unconscious or semi 
conscious patient may aWaken and attack the medical per 
sonnel With undiscovered concealed Weapons. 

Metal detectors are knoWn in the art, and can be utiliZed 
by laW enforcement and emergency medical personnel to 
locate concealed Weapons in the above circumstances. In 
addition, metal detectors are used in industrial and other 
applications for inspection and screening for metal in and on 
various objects, and other applications. For example, auto 
mobile manufacturers may Want to inspect the carpeted 
interiors of automobiles for metal contaminants prior to 
shipment. Hunters may Want to inspect game for bullets and 
shell fragments during dressing and prior to consuming the 
game. 

HoWever, due to the siZe of available metal detectors, they 
are typically inconvenient to carry and use. The large siZe of 
metal detectors is in part due to large transmit and receive 
coils needed increase sensitivity to detect small objects, and 
the requirement to keep the coils aWay from the receiver 
electronics to avoid interference and false alarms. 

In addition, to date, metal detector’s target acquisition 
indications have included audio oscillators that produce loud 
audible signals. If a suspect observes laW enforcement or 
medical personnel preparing to use a large metal detector 
that may locate a concealed Weapon, or realiZes that a metal 
detector has located a Weapon by hearing a loud audible 
alarm indication, the suspect may panic and pull the Weapon 
endangering the laW enforcement or medical personnel. In 
addition, audible alarms may be dif?cult to hear in very 
noisy environments. 
Some metal detectors have been equipped With earphones 

in an attempt to eliminate the loud audible alarm signal. 
HoWever, earphones are not practical for ?eld use because of 
the restrictions imposed by the earphone Wire possibly 
becoming tangled or broken. 

Most metal detectors knoWn in the art utiliZe a tuned 
oscillator incorporating a separate receive and transmit coil. 
Metal is detected by frequency changes or shifts in the 
oscillator that occur When the transmit and receive coils are 
brought near a metal object. HoWever, generally for 
detection, the detector must be moved in relation to the 
object. If the detector stops moving, even While in the 
vicinity of a metal object, the object Will no longer be 
detected. 

In addition, most detectors have a single active detection 
region requiring the detector to be held in a speci?c orien 
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2 
tation to position metal objects in the active detection region. 
The directional limitation of metal detectors increases the 
risk that a metal object could be missed by not properly 
orienting the detector’s active detection region in relation to 
the metal object. 
An example of a small metal detector is disclosed in US. 

Pat. No. 4,423,377 to Podhrasky (the ’377 patent). The 
device of the ’377 patent includes a transmit coil and a 
receive coil in planar relationship, and a planar circuit board 
adjacent and parallel the transmit and receive coils With 
electronic components strategically positioned thereon. The 
transmit coil radiates energy at approximately 90 khZ. A 
conductive target produces a change in the magnetic cou 
pling betWeen the transmit and receive coils. When the rate 
of change of magnetic coupling exceeds a threshold value, 
a visual and audible signal is produced. HoWever, if the 
detector remains motionless relative to the conductive 
object, the rate of change of magnetic coupling drops beloW 
the threshold value, and the alarm signal(s) stop. 
The positioning of the electronic components on the 

circuit board reduces magnetic coupling betWeen the trans 
mit and receive coils and the electronic circuit of the device. 
Because of the con?guration of the coils and placement of 
the circuit board, the scan area is inherently directional. The 
scan area is essentially perpendicular to a plane containing 
the coils and circuit board, and points in the direction aWay 
from the coils opposite the circuit board. The scan area is 
disclosed as covering about 80% of the length of the case. 
Therefore, objects in the active scan area must be directly 
beloW the unit’s housing. 

The audible signal can be turned off, leaving only the 
visual signal to alert the operator of an acquired conductive 
target. Because the directional requirements of the active 
detection region requires the unit to be held in a speci?c 
orientation for detection, a visual only alarm could be 
dif?cult to monitor While conducting a search. A detection 
indication could be missed if the visual indicator Were held 
in a position that prevented or restricted vieWing. 
The device disclosed in the ’377 patent clearly exhibits 

several of the limitations discussed above. 

Therefore, there is a need for a metal detector that is 
sensitive enough to detect small ferrous and non-ferrous 
metal objects, but is compact to be easily carried and used. 
The metal detector should include an alarm indication that 
prevents the suspect from being alerted to the discovery of 
a concealed Weapon, but is easy to use Without missing 
detection indications. In addition, there is a need for the 
active detection region of the metal detector to be active in 
all planes to ease operation of the detector. 

SUMMARY OF THE INVENTION 

The present invention provides a compact metal detector 
that can be hand-held, that can be sensitive enough to detect 
small ferrous and non-ferrous metal objects, that has a 
detection pattern in three planes, and that can include a 
plurality of detection alarm indications including visual, 
audio, and tactile detection alarm indications. 
The invention includes a single small coil con?guration 

combined With an electronic control circuit that permits the 
coil and associated electronic components to be mounted 
adjacent each other in a compact enclosure. The coil pro 
vides a spherical detection region (active in all three planes) 
that detects ferrous and non-ferrous metal objects that can be 
in any orientation With respect to the coil. (Ferrous and 
non-ferrous metal objects are hereinafter referred to as metal 
objects). 
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The coil can be made of a predetermined size of non 
linear ferrite core material With a preselected number of 
Wraps or turns of a preselected siZe Wire providing equal 
sensitivity on all sides of the coil. 

The electronic control circuit includes an oscillator 
section, a detection section, an alarm driver section, and 
voltage regulation to maintain sensitivity as battery voltage 
declines. For example, for operation on a 9 volt battery, 
sensitivity is not effected by voltages as loW as 4 volts. The 
electronic control circuit has extremely loW battery 
consumption, and can provide an estimated 200 or more 
hours of use from a conventional 9 volt battery. 

PoWer can be applied by a manual poWer sWitch prefer 
ably located on the exterior of the enclosure. The battery 
condition can be checked each time poWer is applied to the 
electronic control circuit. 

The oscillator, Which utiliZes the coil described above, is 
self-oscillating at a preselected frequency Which is prefer 
ably in the range of approximately 340 khZ to 380 khZ. The 
high frequency of operation for the present invention, in 
comparison to conventional metal detectors, increases sen 
sitivity and detection speed. 

The oscillator is activated Whenever detection is desired 
by the operator. The oscillator can be activated by an 
operator controlled manual detection sWitch preferably 
located on the exterior of the enclosure. The detection sWitch 
is preferably a momentary push-button sWitch, and can 
activate the oscillator, detection circuit, and the other elec 
tronic control circuitry needed for detection. 

Instead of detecting frequency shifts as in conventional 
metal detectors, the detection circuit of the present invention 
detects changes in the “Q” of the oscillator circuit, and 
triggers the alarm driver circuit When a comparator set-point 
is exceeded. The comparator set-point can be initially set by 
a ?rst potentiometer, preferably internal to the enclosure, to 
a sensitivity that provides detection, at the minimum, of a 
metal object substantially equivalent to a small .22 cal. 
handgun. A second potentiometer, preferably external to the 
enclosure, can then be adjusted to a preselected sensitivity 
level to detect metal objects as small as a hat pin at a 
detection distance of one inch. 

Once the ?rst potentiometer has been preset, Whenever 
the invention is turned-on or activated, detection of a mini 
mum of the equivalent of a .22 cal. handgun is immediately 
available. Further adjustment of the second potentiometer is 
not required unless additional sensitivity is required. 
Therefore, the invention is preferably immediately operable 
upon poWer-up, Without the necessity of pre-use adjustment. 
Upon detection of a metal object, the alarm driver portion 

of the circuit can be activated, providing a visual and audio 
or tactile alarm indication, as described herein beloW. 

The electronic control circuit’s alarm driver can provide 
a dual color visual indicator, such as high intensity LED that 
is visible in daylight, and Which can gloW a ?rst color to 
indicate poWer is on, and a second color to indicate that 
metal has been detected. In one embodiment, the ?rst color 
of the visual indicator can be green and the second color can 
be red. Alternately, multiple single indication lights or 
LEDs, as knoWn in the art, can be provided to indicate 
poWer-on and detection modes. In addition to the visual 
alarm indication, an audible alarm can be sounded upon 
detection of metal. 
A tactile mode can also be selected, preferably by an 

operator controlled manual sWitch located on the exterior of 
the enclosure. Preferably, if the tactile indication mode is 
selected, the audio mode can be disabled to provide an alarm 
indication solely for the operator of the invention. 
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4 
In one embodiment, the tactile indication is provided by 

vibration. The vibration mode is tactually felt by the opera 
tor of the invention holding the enclosure, thus preventing 
others from overhearing the alarm indication. The tactile 
indication can also be useful for noisy environments Where 
the audible alarm might not be heard. 

In one embodiment, the vibration mode can be provided 
by a motor With a rotating offset counterWeight to generate 
vibration. A motor and counterWeight generate a varying 
electromagnetic ?eld, Which interferes With sensitivity and 
generates false alarms in conventional detection circuits, 
including those circuits that detect frequency shifts. This is 
one of the reasons Why conventional metal detectors have 
heretofore not included vibration as a mode of indication for 
detection. HoWever, the vibrating motor has no effect on the 
sensitivity, nor does it create false alarms, in the present 
invention. Hence, an effective tactile indication is provided 
to the operator of the present invention. 

In operation, for one embodiment, once the poWer sWitch 
is turned on and the detection sWitch is depressed, the 
invention can detect metal objects of a minimum of sub 
stantially the siZe of a small .22 cal. handgun, as described 
above. The poWer sWitch can be combined With the external 
potentiometer. When the poWer sWitch is turned on and the 
detection sWitch is depressed, the visual indicator, Which can 
be a bi-color LED, can gloW a ?rst color, such as green. 

To increase sensitivity, the external potentiometer can be 
rotated While the detection sWitch is depressed. At some 
point the LED Will sWitch from the ?rst color to the second 
color, Which can be red, at Which point the maximum 
sensitivity has been exceeded. The potentiometer is then 
turned back until the LED again gloWs the ?rst color (green), 
Which is the set-point for operation at maximum sensitivity. 
At maximum sensitivity, metal objects substantially the siZe 
of a hat pin can be detected at a distance of approximately 
one inch. 

The present invention Will detect metal objects Within the 
active detection region regardless Whether the invention is 
moving or stationary in relation to the target metal object. 
Furthermore, due in part to the preselected frequency of 
operation of the present invention, metal objects can be 
detected even if they are moving relative to the detection coil 
at a maximum rate of better than 2 feet per second. 

In addition, the present invention can operate over a Wide 
temperature range Without sensitivity or detection range 
degradation. 

Accordingly, it is an object of the present invention to 
provide a compact metal detector that has a spherical (active 
in all three planes) detection region utiliZing a single detec 
tion coil. 

It is another objective of the present invention to provide 
a compact metal detector that provides a plurality of detec 
tion alarm indications including visual, audio, and tactile 
detection alarm indications Without affecting sensitivity or 
inducing false alarms. 

It is still another objective of the present invention to 
provide a compact metal detector that provides high sensi 
tivity that detects both small ferrous and non-ferrous metal 
objects. 

It is a further objective of the present invention to provide 
a compact metal detector that has loW poWer consumption 
and includes voltage regulation that permits operation on 
degraded battery voltages Without effecting sensitivity, and 
is operable over a Wide temperature range. 

It is still a further objective of the present invention to 
provide a compact metal detector that detects changes in the 
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“Q” of the oscillator circuit, and can detect metal objects 
moving relative to the detector at a maximum rate of over 2 
feet per second. 

In accordance With these and other objects Which Will 
become apparent hereinafter, the instant invention Will noW 
be described With particular reference to the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of one embodiment of the 
present invention. 

FIG. 2 is a functional block diagram of one embodiment 
of the present invention. 

FIGS. 3a, 3b, and 3c illustrate the detection coil of the 
present invention in sequential stages of assembly. 

FIGS. 4a and 4b are schematic diagrams of one embodi 
ment of the present invention. 

FIG. 5 is a How diagram of the operation of one embodi 
ment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, the preferred embodiment of the 
present invention is illustrated generally as 10, Which 
includes a hand-held compact enclosure 12. Compact enclo 
sure 12 can include sensitivity adjustment potentiometer and 
combination poWer sWitch SW1, detection momentary push 
button sWitch SW2, dual color visual indicator 14, and 
detection alarm indication mode selection sWitch SW3, each 
of Which are fully described herein beloW. 

Hand-held compact enclosure 12 can be made of an ABS 
high impact plastic or equivalent material that can Withstand 
the abuses of everyday use of the invention in the ?eld. The 
physical siZe of enclosure 12 can be preselected to be 
comfortably held in the hand of a user, While housing the 
coil, battery, electronic control circuit, and detection alarm 
indicators, as described herein beloW. For example, one 
embodiment for enclosure 12 can be approximately seven 
inches long by three inches Wide by one inch deep (7“><3“>< 
1")' 
The present invention includes a detection coil and elec 

tronic circuitry as fully described herein beloW, and Which in 
the preferred embodiment can be housed internally Within 
enclosure 12. The folloWing description is provided for the 
preferred embodiment of the present invention, but it should 
be understood that many of the parameters are design 
choices and can be altered to produce other embodiments 
that are considered Within the scope of the invention. 

Referring to FIG. 2, a block diagram illustrates the 
functional ?oW for operation of the preferred embodiment of 
the present invention. As fully described herein beloW, 
operation of the system commences at control function 
block 20 by turning poWer on, such as by SW1 (FIG. 1). 
Detection sWitch SW2, starts oscillator circuit 22 and detec 
tor circuit 24. Once oscillator 22 is oscillating, sensitivity 
can be set. Sensitivity can be initially set such that imme 
diately upon activation of SW2, the detector 24 Will alWays 
detect ferrous or non-ferrous metal objects to a minimum 
siZe equivalent to approximately a small .22 cal. handgun. 
To increase sensitivity to detect smaller objects, a 
potentiometer, that can be physically combined With SW1 
on enclosure 12, can be adjusted, as fully described herein 
beloW. 

Once activated, When the detection coil comes near fer 
rous or non-ferrous metal 24, small changes in the oscillator 
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6 
circuit’s quality factor or “Q” are detected. If the change in 
“Q” is larger than a preset comparator set-point, a visual 
alarm indicator 26 is activated and can change color from a 
“ready” color to an “alarm” color. The “ready” color comes 
on With detection sWitch SW2. The “ready” color can be 
green, and the “alarm” color can be red, or the colors can be 
preselected to any tWo suitable colors. 

Simultaneous With activation of visual alarm 26, an 
audible alarm 30 or a tactile alarm 32 can be activated 
depending upon the selection of a sWitch 28, such as SW3 
on enclosure 12. Tactile alarm 32 can be any alarm mode 
capable of tactile sensing by a user, such as vibration. If no 
metal is detected, the unit remains in the ready state With the 
visual indicator gloWing the “ready” color as long as sWitch 
SW2 is depressed. A detailed description of hoW the above 
operation of the present invention is implemented in the 
preferred embodiment folloWs. 

Referring to FIGS. 3a—3c, the detection coil L1 is illus 
trated in sequential stages of assembly. Referring ?rst to 
FIG. 3a, coil L1 includes core 40 Which can be a preselected 
siZe of a conventional non-linear ferrite material. The siZe of 
core 40 is predetermined according to various design param 
eters such as the desired ?nal siZe of the enclosure 12 the 
desired ?eld strength and siZe of the detection region. For 
example, in one embodiment the core 40 can be a rectan 
gular rod of approximately 2.18 inches in length by approxi 
mately 0.82 inches in height and 0.35 inches in Width. 

Core 40 is Wrapped With double stick tape 42. The ends 
of tape 42 meet at non-overlapping seam 44, Which is 
preferably located on a ?at side of core 40, as illustrated in 
FIG. 3a. 

Referring to FIG. 3b, core 40 is next Wrapped With a 
preselected number of turns of a preselected gauge (aWg) 
Wire 46. The number of turns and gauge Wire are predeter 
mined according to various design parameters to determine 
the detection region siZe and strength, and the like. For 
example, in one embodiment 26 turns of #26 aWg Wire 46 is 
Wrapped onto core 40. The Windings of Wire 46 are evenly 
spaced and Wrapped upon double stick tape 42. 

Referring to FIG. 3c, the ?nal step is to Wrap transformer 
tape 48 around Wire 46 such that tape end 50 overlaps tape 
end 52 by a suitable amount such as least one inch. Tape 48 
secures Wire 46 to ?nish assembly of coil L1. 

Coil L1 forms part of the oscillator, Which preferably 
oscillates in the range of approximately 340 khZ to 380 khZ, 
Which is utiliZed for detection of ferrous and non-ferrous 
metal objects. The preferred embodiment of coil L1 
described herein above electrically has a value of approxi 
mately 100 MH. 

Coil L1 provides an active detection region that is sub 
stantially spherical, or that detects in all three planes, in 
relation to coil L1. This means that the detector enclosure 
12, Which houses coil L1, can be held in any position relative 
to a metal object and the metal object Will be in the active 
detection region. Detection of the metal object Will depend 
upon the siZe of the object, and the set-point of the detector’s 
sensitivity, as fully described herein beloW. 

Referring to FIG. 4a, coil L1 combines With a plurality of 
capacitors C1—C5, and R3, in an LC tank circuit, to provide 
the tuned oscillator portion of the detection circuit of the 
present invention. Capacitors C1—C5 can be a preselected 
number of capacitors having a predetermined valve. In the 
embodiment utiliZing the 100 pH coil L1 described above, 
the capacitors can have a value of 0.001 ME The oscillator 
can be tuned to oscillate at a predetermined frequency, 
preferably in the range of 340 khZ to 380 khZ, and preferably 
at approximately 350 khZ. 
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System operation is commenced by turning poWer on by 
SW1. Upon activation of SW1, battery B1 voltage is applied 
to the circuit. Battery B1 can be preselected to be nearly any 
voltage or siZe battery preferably in the range of approXi 
mately 4 volts to 25 volts, and preferably can be a 9 volt 
battery. 

Referring noW to FIGS. 4a and 4b. SWitch SW2 activates 
the oscillator and detection portion of the circuit. The 
oscillator includes coil L1 and capacitors C1—C5, and the 
detection portion of the circuit includes U1. SWitch SW2 
supplies poWer to pin 7 of U1 and causes the oscillator, 
Which is connected to pins 2 and 3 of U1, to oscillate at the 
frequency speci?ed herein above. 

SWitch SW2 also applies poWer through R4 to the anodes 
of D1 and D2. D1 and D2 can be light emitting diodes (LED) 
that form dual color visual indicator 14, on enclosure 12. 
When D1 is on, indicator 14 Will gloW a ?rst color, and When 
D2 is on indicator 14 Will gloW a second color. 

The cathode of D1 is connected to pin 4 of U1, the 
cathode of D2 is connected to pin 5 of U1. When sWitch 
SW2 supplies poWer to pin 7 of U1, the output at pin 5 Will 
be normally loW (NL). The output at pin 4, Which is the 
inverted output of pin 5, Will be normally high When 
sWitch SW2 supplies poWer to pin 7 of U1, poWer is 
simultaneously applied through R4 to the anodes of D1 and 
D2. The cathode of D2 is connected to pin 5 of U1 Which 
Will be at the normally loW (NL) state. Therefore D2 Will 
turn on causing indicator 14 to gloW the second color. The 
cathode of D1 is connected to pin 4 of U1, Which Will be NH, 
and D1 Will therefore be off, When D2 is on. 

The second color can be considered the “ready” color to 
indicate that the system is in the detection state With poWer 
on and the oscillator and detector circuit portions active. The 
ready color can be preselected to be any suitable color, such 
as green. 

When the detector detects metal, as fully described herein 
beloW, the outputs at pins 4 and 5 of U1 sWitch states. Pin 
5 Will sWitch from NL to high, turning off D1. Pin 4 Will 
sWitch from NH to loW turning on D1, thus causing indicator 
14 to sWitch from the second color to the ?rst color. The ?rst 
color can be considered the “alarm” color to indicate that the 
system has detected metal. The alarm color can be prese 
lected to be any suitable color, such as red. 
When pin 4 of U1 sWitches state from NH to loW upon 

metal detection, Q1 Will turn on activating a second alarm. 
A “second” alarm because the indicator 14 sWitching to the 
alarm color is a “?rst” alarm. The second alarm depends 
upon the position of sWitch SW3. If sWitch SW3 is in a ?rst 
position, speaker SP1 Will emit an audible alarm. If sWitch 
SW3 is in a second position, motor M1 Will turn on causing 
a tactually felt vibration. Motor M1 can be nearly any device 
that produces a tactually felt response. In one embodiment, 
motor M1 can be a motor With a rotating offset counter 
Weight that produces vibration. 

SWitch SW3 can include nearly any number of additional 
poles that can be utiliZed to activate nearly any number of 
additional alarm indications. All of the alarm indications are 
responsive to the sWitching states of pins 4 and 5 of U1 
Which change state in response to the detection of metal, as 
fully described beloW. 
As stated above, sWitch SW2 supplies poWer to pin 7 of 

U1 and causes the oscillator, Which is connected to pins 2 
and 3 of U1, to oscillate at the frequency speci?ed herein 
above. When sWitch SW2 initially activates the oscillator, 
coarse sensitivity can be preset to alloW the detector to detect 
an object of a preselected minimum siZe. Once the coarse 
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sensitivity is preset, it does not need to be adjusted further 
and can be kept in the preset position. Fine adjustment of the 
sensitivity can be utiliZed to provide the maXimum detection 
sensitivity possible (detection of the smallest amount of 
metal), once the coarse adjustment has been made. 

Sensitivity is adjusted by internal coarse adjustment 
potentiometer V2, eXternal ?ne adjust potentiometer V1, and 
resistor R1, Which are all connected in series across pins 1 
and 8 of U1. V2 is preferably housed internal to enclosure 
12, and V1 eXternal to enclosure 12, With V1 preferably 
physically in combination With SW1. Potentiometers V1 and 
V2, can be any suitable devices used to change a resistance 
value, as knoWn in the art. 

The circuit Works by keeping the equivalent impedance of 
the coil and capacitors across pins 2 and 3 of U1 greater than 
the feedback resistance across pins 1 and 8 to ensure that 
oscillations continue. The impedance of the tank is deter 
mined mainly by the inductor so that When metal is brought 
close to the coil it changes the impedance and the oscilla 
tions decrease since the impedance of the coil matches that 
of the feedback resistance. Oscillations Would stop eXcept 
that there is an internal current source to effectively reduce 
the value of the feedback resistance and alloW oscillations to 
continue. The amplitude of the oscillations set the voltage on 
the Demod capacitor C6. The DC voltage is compared to the 
reference voltage and the comparator is tripped at the 
appropriate point. Adjusting the resistance value across pins 
1 and 8 adjusts the point at Which the impedance of the tank 
circuit Will have to reach before the comparator Will trip. 

Pin 6 is an output, and is the recti?ed representation of the 
signal from the tank circuit. It is a peak detector output 
voltage stored in capacitor C6 and compared to the reference 
voltage at the comparator. The Demodulator is really only a 
peak detector. The transistor connected to pin 2 is turned on 
every negative cycle of the oscillating Waveform at the tank 
circuit connected across pins 2 and 3. The transistor shunts 
current aWay from the Demod pin 6 so capacitor C6 does not 
charge as much When the tank oscillation is of a high 
amplitude, as When there is no metal close to the coil. As 
metal comes near to the coil L1, the amplitude of the 
oscillation of the tank circuit decreases so the transistor is 
not turned on for as long a period of time. The charge on the 
Demod capacitor C6 is thus alloWed to build up and even 
tually reaches the point at Which it trips the comparator. 
R8 and D4 slightly increases the negative voltage present 

on the Demod capacitor C6 thus reducing the trigger level of 
the comparator. The trigger level is thus made loWer Which 
in turn makes the circuit more sensitive to smaller metal 
objects. 
The sensitivity adjustment across pins 1 and 8 of U1 sets 

the point at Which the output of the comparator (60 in FIG. 
4b), at pin 5 of U1, goes from a normally loW (NL) state to 
a high state. The comparator senses a change in the quality 
factor or “Q” of the oscillator circuit connected across pins 
2 and 3 of U1. (Input to the comparator can be seen at pin 
6 of U1, as shoWn in FIG. 4b). 

Internal coarse adjustment potentiometer V2 can be uti 
liZed to set the sensitivity such that Whenever SW2 applies 
poWer to pin 7 of U1, the detector can immediately sense a 
change in the “Q” of the oscillator circuit resulting from a 
metal object, of a preselected siZe, coming near coil L1. The 
minimum siZe metal object can be preselected to be approxi 
mately the siZe of a small .22 cal. handgun. Once V2 has 
been initially adjusted, it can remain as a preset minimum 
comparator set-point. 

Changes in Q of the oscillator circuit, connected across 
pins 2 and 3 of U1, are sensed by the comparator at pin 6. 
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Adjustment of V2, Which is connected across pins 1 and 8 
of U1, changes the oscillator feedback value Which sets the 
relative comparator input value at pin 6 of U1. 

External ?ne adjustment potentiometer V1 can be 
adjusted to obtain maximum sensitivity. To set the maximum 
sensitivity using V1, sWitch SW2 is ?rst turned on. Poten 
tiometer V1 is then rotated, turning on sWitch SW1, and 
changing the resistive valve across pins 1 and 8 of U1. The 
change in resistive value across pins 1 and 8 of U1, changes 
the relative comparator input value at pin 6. As mentioned 
above, D2 Will noW be on and indicator 14 Will gloW the 
ready color. 

Increasing sensitivity has the effect of reducing the dif 
ference betWeen the “—” input and the “+” reference of the 
comparator 60. The comparator changes state When the “—” 
input substantially reaches the “+” input level. Reducing the 
difference betWeen the input at pin 6 (—) and the reference 
(+) input means that minor changes in the Q of the oscillator 
circuit connected across pins 2 and 3, Which is seen at pin 
6 the “—” input to comparator 60, Will cause the output of 
comparator 60 to change state. 

Reducing sensitivity has the effect of increasing the 
difference betWeen the “—” input and the “+” reference of the 
comparator 60. Increasing the difference betWeen the input 
at pin 6 (—) and the reference (+) input means that relatively 
large changes in the Q of the oscillator circuit Will be needed 
to cause the output of comparator 60 to change state. 

NoW, as rotation of V1 continues, input to the comparator 
at pin 6 Will, at some point, become substantially equal to the 
comparator “+” input, and the comparator output at pin 5 
Will change state from NL to high. The inverted output at pin 
4 Will simultaneously sWitch from NH to loW. D2 Will turn 
off and D1 Will turn on, changing the visual indicator 14 
from the ready color to the alarm color. 
V1 is then rotated in reverse direction until the compara 

tor output at pin 5 and pin 4 changes state back to NL and 
NH, respectively, and indicator 14 changes back to the ready 
color. At this point, the input to comparator 60 at pin 6 (—), 
and the reference input (+), have the minimum separation 
possible Without triggering the comparator. The highest 
sensitivity has therefore been set, and the smallest change in 
Q Will cause the comparator to change state, setting off the 
alarms, as described herein above. 

Once the ?ne adjustment of V1 is complete and maximum 
sensitivity has been set, SW2 can be released. As long as the 
position of V1 remains unchanged, Whenever SW2 is 
activated, the detector remains set at the maximum sensi 
tivity. At maximum sensitivity in the above described 
embodiment, a small piece of metal approximately the siZe 
of a hat pin, at a distance of approximately one inch from 
coil L1, Will cause a change in the Q of the oscillator circuit 
enough to trigger comparator 60 to change state at output 
pins 4 and 5, setting off the selected alarms. 

The minimum and maximum detection capability (siZe of 
metal required to trigger alarms) are preselected quantities, 
and are predetermined by design parameter considerations. 
The embodiment herein described discusses minimum and 
maximum values for the preferred embodiment, it should be 
understood that these values can vary for other embodiment 
of the invention. Furthermore, it should be understood that 
electronic circuitry described above for the preferred 
embodiment can have alternate implementations for other 
embodiments Which are considered Within the scope of the 
present invention. 

In the preferred embodiment, as mentioned above, battery 
B1 is selected to be a 9 volt battery. The circuit illustrated in 

10 

15 

35 

45 

55 

65 

10 
FIGS. 4a and 4b draWs very little current, and can provide 
normal operation estimated at over 200 hours from a con 
ventional 9 volt alkaline battery. The circuit can operate 
doWn to approximately 4 volts. At some voltage beloW 4 
volts, current regulation in U1 causes the output of com 
parator 60 at pin 5 to go high, and the inverted output at pin 
4 Will be loW. D1 Will then come on and stay on, causing 
indicator 14 to gloW the alarm color to indicate that the 
battery voltage is insuf?cient for operation. Each time poWer 
is applied by activating sWitch SW1, if battery voltage is 
beloW the minimum alloWable for operation, indicator 14 
Will gloW the alarm color. Therefore, an automatic battery 
test is performed each time poWer is applied to the circuit. 

Referring to FIG. 5, the operation as described in detail 
above is summariZed in the illustrated ?oW diagram. The 
unit is activated 100, if the battery voltage is above a 
minimum value 102, the user can set the sensitivity 104. To 
detect metal, the user depresses the activate sWitch 106, the 
circuit detects the Q of the oscillator circuit 108. Upon 
proximity to metal, if the change in Q is greater the preset 
sensitivity value 110, the visual indicator changes color from 
ready to alarm 112. Depending upon the audible/tactile 
sWitch position setting 114, the audio alarm is activated 116 
or the tactile alarm is activated 118. The user can then 
release the activation sWitch 120, and the unit Will be ready 
for the next use, at the same preset sensitivity level. 

The instant invention has been shoWn and described 
herein in What is considered to be the most practical and 
preferred embodiment. It is recogniZed, hoWever, that depar 
tures may be made therefrom Within the scope of the 
invention and that obvious modi?cations Will occur to a 
person skilled in the art. 

What is claimed is: 
1. A compact metal detector for detection of ferrous and 

non-ferrous metal objects, said detector comprising: 

a tuned oscillator circuit, including a coil having a 
Winding, for generating a ?eld having a preselected 
frequency; 

a circuit for detecting a predetermined change in a quality 
factor Q of said tuned circuit responsive to a ferrous or 
non-ferrous metal object in said ?eld, Wherein said 
circuit detects When a metal object of pre-selected siZe 
is Within a pre-selected distance from said coil by 
detecting a change in said quality factor Q of said tuned 
oscillator circuit greater than a pre-set threshold; and 

a tactile indicator for receiving an output of said detecting 
circuit and exclusively operable in response to said 
detecting of said predetermined change in said quality 
factor Q and vibrating as a tactual output signal indica 
tive of said ferrous or non-ferrous metal object in said 
?eld, and a compact housing, Within Which said oscil 
lator circuit, said detecting circuit and said tactile 
indicator are mounted, the vibration of said tactile 
indicator being tactually felt When the housing is held 
by an operator, Whereby others are prevented from 
perceiving the detection of said metal object. 

2. The metal detector of claim 1, further comprising a 
battery poWer supply. 

3. The metal detector of claim 2, comprising only a single 
sWitch, said single sWitch being operable for activating said 
metal detector. 

4. The metal detector of claim 3, Wherein said tuned 
circuit comprises a tuned inductive-capacitive circuit having 
a coil With a single Winding. 
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5. The metal detector of claim 4, Wherein said tuned 
circuit and said tactile indicator are mounted adjacent one 
another. 

6. The metal detector of claim 1, Wherein said tactile 
indicator comprises an electric motor having a rotating offset 
counterweight for causing vibration of said metal detector, 
said quality factor Q being substantially immune to pertur 
bation responsive to operation of said motor. 

7. The metal detector of claim 6, Wherein said tuned 
circuit and said motor are mounted adjacent one another. 

12 
8. The metal detector of claim 1, comprising only a single 

sWitch, said single sWitch being operable for activating said 
metal detector. 

9. The metal detector of claim 1, Wherein said tuned 
circuit comprises a tuned inductive-capacitive circuit having 
a coil With a single Winding. 

10. The metal detector of claim 1, Wherein said tuned 
circuit and said tactile indicator are mounted adjacent one 
another. 


