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Build this low-cost project and locate those hidden pipes and wires. 

This detector is intended for locating 
pipes, cables, nails and screws in walls 

rather than buried treasure. Although it is ex
tremely simple and can be constructed at very 
low cost, its level of performance is quite 
good It can detect quite small screws at a dis
tance of 25 to 50 millimetres. This may not 
seem to be particularly good, but it requires 
quite complex circuits to detect small objects 
at ranges substantially larger than this. 

The maximum range of the unit with 
much larger pieces of metal is not much 
greater than the range with small target ob
jects. However, as a unit of this type is nor
mally only used for detecting small pieces of 
metal at relatively small depths, this lack of 
range on large objects is not of major impor
tance. 

The unit uses standard off-the-shelf 
components, including the search coil. 
Some metal detectors are difficult to use 
because the presence of metal is indicated 
by a small change in pitch from an audio 
tone. This method of indication can be dif
ficult even for someone with a good sense 
of pitch. In this case the method of indica
tion is very clear, with a panel LED 
switching on when metal is detected. 

Operating Principle 
The block diagram of Fig. 1 shows that 
basic setup used in the metal detector. Like 
most metal locators, it is based on an LC 
oscillator which has the search coil as the 
inductor in the parallel LC tuned circuit. 

In this circuit a feedback control is used 
to adjust the oscillator so that there is only 
just sufficient feedback to sustain oscillation. 
While it might appear that placing metal 
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near the search coil will have no significant 
effect on the circuit, it does in fact have a 
very strong influence on the performance of 
the oscillator. One effect is to change the 
value of the inductance by a small amount, 
but this often exploited effect is not utilized 
in this circuit. Instead it is the slight change in 
the Q of the coil that is of importance. 

QValue 
The Q value 9f an inductor is effectively a 
measure of its efficiency, and the result of 
metal close to the search coil is to give a 
reduction of its Q. This slightly dampens 
the oscillator, and the strength of the out
put signal decreases. In fact the Q will be 
reduced to the point where oscillation 
ceases altogether if even a small piece of 
metal is brought very close to the coil. 

This reduction in the amplitude of the 
oscillations must be converted into a switch
ing signal to operate the LED indicator. This 
is achieved using two simple signal process
ing stages, the first of which is a rectifier and 
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smoothing circuit. This provides a DC out
put signal that is roughly proportional to the 
strength of the AC output signal from the 
oscillator. 

The next stage is a voltage comparator. 
This compares the output from the smooth
ing circuit with a reference voltage. If the 
voltage from the smoothing circuit is lower 
than the reference voltage, the output of the 
comparator goes high and switches on the 
LED If the output from the smoothing cir
cuit is the higher of the two voltages, the out
put of the comparator goes low and the 
LED is switched off. 

In practice the feedback control is ad
justed so that under standby conditions the 
output voltage from the smoothing circuit is 
just high enough to hold the LED in the off 
state. Metal close to the search coil then 
gives a lower output voltage and switches on 
the LED 

Circuit Description 
The full Metal Detector circuit diagram 
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Fig. 1. Block diagram of the basic setup for the Metal Detector. 
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Metal Detector 
~---------------

Fig. 2. Full circuit diag·am for the Metal Detector. 

16 

Bl+ 

Jo 
0 

03 

.___ 81-

Fig. 3. Circuit component layout andconnections to off
board components. Below: underside wiring for perjboard 

appears in Fig. 2. The oscillator is based on 
transistor 1Rl which operates in the emit
ter follower mode. This provides slightly 
less than unity voltage gain, but here is a 
voltage step-up through the tuned circuit 
which enables oscillation to be sustained. 

The tuned circuit is formed by coil 
Ll, capacitors C3 and C4, with the two 
capacitors providing a capacitive centre 
tap. Potentiometer VRl is the feedback 
level control. With the specified values the 
circuit oscillates at about 20kHz. 

Capacitor C6 couples the output of the 
oscillator to the rectifier and smoothing cir
cuit. The voltage comparator is an opera
tional amplifier (ICl) used open loop. Due 
to their very high DC gain operational 
amplifiers work very well in this role. 

Reference Voltage 
The reference voltage is provided by resis
tors R6 and R7. These produce an output 
voltage of well under 1 V, and there seems 
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to be an advantage in a .J.ow reference level 
Tills is because a low reference level per
mits VRl to be adjusted for a very low level 
of oscillation without the LED being ac
tivated, and a low level of oscillation seems 
to offer optimum sensitivity. In fact, making 
resistor R7 even lower in value might give 
improved sensitivity. Diode D3 is the LED 
indicator and it is driven from the output of 
ICl by way of current limiting resistor R8. 

The current consumption of the circuit 
under standby conditions is about 25 mil
liamps, but this increases to approximately 9 
milliamps \Wen the LED switches on. A 
small 9V battery is an adequate power 
source for many hours of operation. 

Construction 
The circuit can be built on Veroboard, or 
on plain matrix board. Details of the com
ponent layout and underside wiring of the 
board for matrix board are given in Fig. 3. 
As ICl is a MOS input device, the use of 
an IC socket is recom:nended. Leave the 
IC in its anti-static package until the unit is 
in all other respects finished, and try to 
handle this component as little as possible 
when fitting it into its holder. 

Any lOmH choke should be suitable 
for Ll, such as the Miller series of RF 
chokes. 

Once all the components have bee11 fu
ted, check that there are no errors and then 
trim off the leadout wires so that only about 
four millimetres of each one protrudes on 
the underside of the board The wiring is 
then added from point to point. 

Case 
The case for this project must be plastic (or 
some other non- metallic substance) as a 
metal case would shield the search coil and 
prevent the unit from functioning. The 
board must be mounted on long mounting 
bolts with spacers used to bring coil L1 
right up against the front panel. 

Having L1 well back from the front 
panel would effectively reduce the range of 
the unit. You could even drill a hole for it in 
the front panel so that its top surface could 
be brought flush with the front panel. 

Diode D3 must be mounted on the rear 
panel so that it is visible with the front panel 
placed against a wall. The cathode terminal 
of a LED is normally indicated by a shorter 
leadout wire. 

Switch Sl and potentiometer VRl 
must not be mounted on the front panel as 
they would prevent the panel from being 
placed close to walls. Again, the rear panel 
is probably the best position for these. 
There is no need to go to great lengths to 
keep all metal well away from coil Ll as 
VRl can be adjusted to compensate for a 
certain amount of metal close to Ll. 

In Use 
After a fmal check of the wiring, switch on 
and try adjusting potentiometer VRl. The 
LED should switch on with the control 
fully advanced, but should switch off if it is 
backed off somewhat. 

Optimum sensitivity is obtained with 
the feedback or sensitivity control VRl 
backed off just far enough to extinguish the 
LED, and for really good sensitivity VRl 
must be adjusted very carefully. If you try 
placing a small piece of metal near Ll, such 
as the blade of a screwdriver, it should be 
readily detected. 

The prototype readily detected screws, 
pipes, and cables in the walls of my house, as 
well as some unexpected pieces of metal 
such as reinforcing over some doors. • 

THE BRUNELLE Since 1972 
Commaqder When Accurccy Counts. .. 
-At-sERIEs~ You Can Count On Us! 

INSTRUMENTS 

4 112 DIGIT PUSH BUTTON DMM 
High accuracy readings in the 
laboratory or in the field at a price 
you can afford .. 05% basic 
accuracy, transistor test function. 
UL 1244 type test leads, overload 
protection on all ranges, audio 
and visual ccntinulty tests. 
Ranges: 
Q. 1 OOOVdc resistance 
0.750 VAC 0.20m" 
O.tOAdc 
Q.lOA Ac 

3 1/2 DIGIT PUSH BUTTON 
CAPACITANCE METER 
Unique, easy to use dig~a\ 
capac~nce meter, making 
measurements a breeze. 3 1/2 
dig~a\ display, tough ABS case, 
Input protection, 200 Hr typical 
battery life. 
Ranges: 
1-200PF 
Q.2NF 
Q.20NF 
Q.200NF 

2-2uF 
Q.20UF 

Q.200UF 
0.2000UF 

Mode\4061B 
$99.50FSTI 

Model3020 
$32A.OOFSTI 

3 112 DIGIT PUSH BUTTON DMM 
The Job-proven dig~a\ muhimeter. 
Housed in shocked resistant ABS 
plastic, safety design was a prime 
ccnsideratioo. UL 1244 type test 
leads; electronic protection to 500 
VACidc, resistance. Normal and 
low power OHM ranges; 1 OA 
ac/dc range; transistor test 
function. 
Ranges: 
0.1000V DC O.lOAOC 
0.750V AC 0-20M • 
Q. 10 AAC Diode Test 

FUNCTION GENERATOR 
• 7 ranges 0.2Hz • 2MHz 
• Square, trlangle, slnewave and 
TIL pulse output 
• Inversion feature 
• VCF input 
• Duty cyc\e centro\ 
• Variable/fixed attenuators 
• Rugged cabinet with tih 
adjustable handle 

Mode\4040 3 112 DIGIT ROTARY SWITCH DMM 
$155.00 FSTI , 34 ranges 

• Built~n 20MHz logic probe 
• Frequency counter function 
• Capacitance measurement to 20UF 
• Diode test 
• Dust proof and rugged case 
• 2 year warranty 
• Many other features 

35MHz DUAL TRACE 
OSCLLOSCOPE 
• Optimal sens~ivlty 
• Delayed triggering sweep 
• X-Y or X-Y-Z operation 
• Wide frequency bandwidth 
• Complete w~h X1/X1 0 probes 

call for pricing ~ may be the best 
call you've ever made! 

• Call collect to place your order 1-81~563-9096 
• Visa, certified cheque, postal money order, purchase orders accepted by 
approved accounts. 
• All products carry a 2 year liberal warranty. • Taxes extra if applicable 

YGtt've. ttiMtke~. Now~~~~ 
BRUNELLE INSTRUMENTS INC. 

• For local service call us for your nearest distributor. 
• We also repair and calibrate most other mfgs test equipment panel 
meter, Modification center for: Beede, CEW. 
• New service center for : Logical devices. 
• Send for our newest catalogue: Power supplies, generators, etc. 
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. 73 GODIN SOUTH, 
ST-ELlE D'ORFORD, QC JOB 2SO 

Tel: 1-819-563-9096 
FAX: 1-819-569-1408 
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