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“GOLD FEVER,” shrieked the news
headlines following the finding of the
27 kg Hand of Faith nugget at Wedder-
burn in Victoria recently. It was
unearthed by a couple of amateur fos-
sickers using a metal detector, just
about the most sophisticated tool ever
brought to bear in the hunt for gold.

Designs for metal detectors genu-
inely able to discriminate between
‘trash’ and ‘treasure’ have generally
been well kept trade secrets. Even the
general principles of operation have
been veiled in mystery. However, we
are indebted to Lee Allen of Altek
Instruments of the UK for providing us
with the circuit design of this metal
detector project via our British edition.
The design incorporates all the features
and refinements of modern commer-
cially-made instruments and features
performance equivalent to units costing
two to three times as much.

Principles of operation
This detector employs the basically

well-known induction balance tech-
nique to detect the presence of a
metallic ‘target’ in the ground, but

includes a number of refinements which
respond to certain characteristics of the
target. The ‘search head’ contains two
coils: an outer coil which is connected
to a low frequency oscillator operating
somewhere in the range 15 - 20 kHz,
and an inner coil which is placed so that
it is only very loosely coupled to the

the coupling between the transmit and
receive coils will be increased. This
generally produces an increase in the
signal from the receive coil. In simple
induction balance detectors, such as the
ETI-549 (May 1977), this signal
increase is detected and used to gate an
audio oscillator on so that a tone is

A �discriminating� 
metal detector
This metal detector operates just like the bought ones
but costs only one-third to one-half as much to build it
yourself. It features three discriminate ranges plus VLF
operation and includes an auto-tune button.

design: Lee Allen, Altek Instruments, UK 

article: Phil Wait

outer coil. The latter is connected to the
‘receiver’ input of the instrument. Being
only very loosely coupled, the signal
induced in the receiver (inner) coil from
the transmit (outer) coil is very small
when a target is not in the vicinity of the
search head.

When the search head approaches a
metallic target, the target will have a
number of influences on the two coils.
Firstly, the magnetic field pattern of the
transmit coil will be disturbed, and thus
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passed to a speaker or headphones.
That’s all quite straightforward, but

there are other influences to be taken
into account. The ground in which a tar-
get is buried can have quite a profound
effect on the coils in the search head.
Firstly, if the ground is basically non-
conducting, then it will have a perme-
ability considerably different to that of
air. This will affect the coupling
between the two coils in the search
head, increasing the coupling if the
transmit and receive coils are initially
set up away from the influence of the
ground. You can compensate for this
effect by physically varying the posi-
tion of one coil in relation to the other
when the search head is near the
ground. However, different soils will
have different compositions and thus
have different values of permeability —
even within quite a small area. The best
way to compensate is by electronic
means and well go into that shortly.

If the soil contains an appreciable
amount of iron minerals (maghemite,
hematite etc... often referred to as “iron
stone soils”), or mineral salts of one
type or another, then it will be partly
conducting.

Such soils will have a permeability
often greater than basically nonconduct-
ing soils, affecting the coupling
between the coils in the search head in a
similar way to that just explained.
Again, as the composition of the soils
varies, so will the coupling. Another

effect is that of ‘eddy currents’ induced
in the conductive soil. The ac magnetic
field of the transmit coil will induce a
current in the ground beneath the search
head and the eddy current has an effect
opposing the permeability effect of the
soil — and the whole effect varies in a
complex and unpredictable way as you
sweep the search head over the ground.

The only way to compensate for these
varying, and generally unpredictable
effects, is to devise circuitry that ‘recog-
nises’ the effect.

Permeability effects will vary the
phase as well as the amplitude of the
signal coupled into the receive coil from
the transmit coil while eddy current
effects vary the amplitude. Knowing
that, one can devise appropriate cir-
cuitry to take the effects into account.

However, we need to know how a
metallic target affects the phase and
amplitude of the receive signal. If the
target is ferrous, it will have a much
greater effect on the magnetic field of
the transmit coil than will the surround-
ing soil as its permeability is greater and
it will ‘bend’ or concentrate the field
lines to a much greater degree. If the
target is non-ferrous it will have a per-
meability effect opposite to that of
ferrous targets, deflecting the field lines,
but eddy currents also have some
influence.

The eddy current effect in a target
depends on the electrical and physical
characteristics of the target. Metals

which are good conductors will have
greater induced eddy currents than met-
als which have a higher resistivity. it is
a fortunate accident of nature that gold
and silver are good conductors (low
resistivity) while iron (especially if its
oxidised or rusty) is not so good a
conductor.

If the target is ring-shaped then the
eddy current effect is enhanced,
whereas if its a broken ring or just a
peculiarly-shaped mass, the eddy cur-
rent effect is less pronounced. The
‘attitude’ or orientation of the target
will also affect the eddy current effects.
If the main plane of the target object is
aligned such that the field lines from the
transmit coil cut it at right angles, then
the eddy currents induced will be at a
maximum. If the main plane of the tar-
get is aligned parallel to the transmit
field then the eddy currents induced will
be at a minimum. Obviously, the atti-
tude of the target with respect to the
transmit coils field will vary as the head
passes over it and the eddy current
effect will vary accordingly — it may
not be maximum beneath the centre of
the search head.

The permeability and eddy current
effects combine in the receive coil and
the signal varies in phase and ampli-
tude in characteristic ways.

The instrument
The best way to understand how this

instrument operates is to look at it in
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block diagram form. The accompany-
ing diagram shows the basic circuit
blocks employed. The transmit oscilla-
tor drives the transmit coil in the search
head and supplies a signal to two phase
control circuit blocks. The signal from
the receive head is first amplified and
then ac-coupled to the input of a gate
(gate 1). This gate is controlled by the
output from one or other of the phase
control circuits via a block which
‘squares up’ and inverts the signal. The
output gate consists of an ac signal
superimposed on a dc level. This passes
to an integrator which obtains the aver-
age dc level of the composite signal.
This is then passed to both a dc ampli-
fier which drives a centre-zero meter,
and to a ‘sample and hold’ circuit. The
output of this block provides a dc level
to the input of gate 1 which is a mea-
sure of the average dc level of the
composite signal. The initial dc level
applied to the input of gate 1 is actually
established by the tune control. Thus, a
dc negative feedback path is provided.

In addition to meter indication, an
audio indication is provided. The out-
put of the dc amplifier driving the meter
controls a gate which switches on or off
the output of an audio oscillator. This is
applied to an audio amplifier and an on-
board loudspeaker or headphones.

Power for the audio amplifier is pro-
vided by two 9 V batteries in parallel.
The rest of the circuitry requires two
supply rails at +10 V and +5 V with
respect to the common rail (0 V). This
is supplied by a regulator from an 18 V
source consisting of two 9 V batteries
connected in series.

Initially, the instrument is set up in
the ‘VLF’ mode. The search head is
held in the air and the tune control
adjusted to bring the meter to centre
zero. This is done with the tune mem-
ory button depressed. This activates the
sample and hold circuit, storing the dc
level set by the feedback loop in the
capacitor of the sample and hold block.
Thus, a particular dc level at the output
of the integrator corresponding to meter
centre zero is set up.

The search head is then lowered to
the ground. Naturally, this will upset the
coupling between the transmit and
receive coils and the output at gate 1
will change. This will change the dc
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level at the output of the integrator. The
ground balance control is then adjusted
to bring the meter back to centre zero.
What the ground balance circuit does is
to provide a signal which leads the
phase of the transmit signal and thus
leads the phase of the signal induced in
the receive coil without the presence of
ground. The ground balance control
varies the phase of this signal over a
range of about four to one. Thus, when
you vary the ground balance control,
this varies the phase of the signal con-
trolling gate 1, thus varying the average
level of the signal passed to the
integrator.

The process is then repeated until no
change occurs when the search head is
lowered to the ground. This establishes
a ‘normal’ condition for the output of
the integrator and the sample and hold
circuit maintains the appropriate dc
level at the input to gate 1 such that the
meter remains at centre zero.

If the search head then approaches a
metallic object, the amplitude of the sig-
nal in the receive coil will vary as the
coupling between the coils and the
phase of the signal will be altered by the
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target. This will change the average
level of the composite signal out of gate
1 and thus the dc level at the output of
the integrator will change. This will be
amplified and the meter will show an
indication. Also, gate 2 will be oper-
ated and a tone will be heard in the
speaker.

However, this method of operation
will not indicate the difference between
the characteristics of different targets.

In the discriminate or TR mode, the
ground balance control is not used. The
instrument is initially set up using the
tune control to bring the meter to cen-
tre-zero. The different TR ranges permit
varying degrees of control with the dis-
criminate potentiometer. The phase-lag
circuit block generates a signal which
lags the phase of the transmit signal and
the discriminate control provides a
phase-variable signal to drive gate 1.

When a ferrous target is approached,
the combined permeability and eddy
current effects tend to reduce the ampli-
tude of the signal picked up by the
receive coil. This will cause a reduction
in the dc level of the signal out of gate 1
and a reduction in the dc level out of the

integrator. Thus, the meter will move to
the negative (left hand) side of the
scale. This side of the scale is marked
“bad”, obviously.

When a non-ferrous target is
approached, the combined eddy current
and permeability effect tends to increase
the amplitude of the signal picked up by
the receive coil. This will cause an
increase in the dc level of the signal out
of gate 1 and an increase in the dc level
out of the integrator. The meter will
thus move toward the positive (right
hand — “good”) end of the scale.

The effects we are considering are
actually quite small, hence the circuit
has a considerable amount of do gain.

Gate 2 only operates when the output
from the do amp increases (goes posi-
tive) and thus the audio output is only
heard in the discriminate mode when
the meter shows “good”.

It is unfortunate that ring-pull tabs
from drink cans are aluminium and thus
indicate along with other nonferrous
metals. But, the discrimination ability of
the instrument can be adjusted to
exclude the small effect these targets
generate — along with small trinkets,

the smaller gold nuggets, etc — but
who wants the tiddlers anyway!

If the dc level applied to the input of
gate 1 drifts — and it may do for a wide
variety of reasons, operating the tune
memory button will restore the balance
of the circuit and re-centre the meter.
Quite a cunning arrangement.

Search head
The most important properties of the

search head are its size, the relationship
between the transmit and receive coils,
and the shielding against capacitive
effects between the coils and the
ground. Surprisingly, the actual induc-
tance of the coils is not of primary
importance.

The greater the coil diameter the
greater the penetration depth but the
less sensitive the detector will be to
small objects. Penetration using simple,
circular coils is about equal to the
search coil diameter for small objects
such as coins, while sensitivity is
roughly proportional to the cube of the
object diameter (expressed as a func-
tion of the search coil diameter).
Sensitivity is also inversely propor-
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between the coil and the object.

All this means that if the object size is
halved the sensitivity is reduced to one-
eighth. If the depth is doubled the sensi-
tivity is reduced to one sixty-fourth. See
why metal detectors designed to pick up
small objects use small coils and really
only skim the surface? If the search coil
is doubled in diameter for greater pene-
tration the sensitivity to small objects
falls to one eighth, apart from the coil
assembly becoming mechanically less
rigid. The law of diminishing returns
again or ‘you don’t get something for
nothing’.

Our new detector improves penetra-
tion while retaining sensitivity by using
a co-planar arrangement of coils in the
search head which gives a slightly mag-
nified field pattern downwards, into the
ground.

We mentioned earlier that the two
coils are only loosely coupled. The
positioning of the receiver coil in rela-
tion to the transmitter coil is very
critical and is the major factor affecting
the performance of the instrument. In
fact. misplacement by a millimetre or so
will markedly affect the performance.

As the search head is moved around,

the changing capacitance between the
coils and the ground could completely
mask the minute changes in the field we
are looking for. To avoid this affect the
coils are enclosed in a Faraday shield.

By now it should be obvious that con-
struction of the search head is not a task
to be tackled on the kitchen table on a
rainy Sunday afternoon. In fact, con-
struction and alignment of the search
head would be beyond most readers’
resources (anyone who has attempted
our earlier induction balance metal
detector knows what it’s like). With this
in mind we chose to use the commer-
cially built, pre-aligned search head
made by Altek Instruments. This will be
available in Australia through All Elec-
tronic Components in Melbourne who
have agreed to make the unit available
wholesale to other suppliers, as well as
retailing parts themselves, along with
hardware — the plastic extendable han-
dle and the case for housing the
electronics.

Construction
The mechanical components for this

project — the search head, handle and
case, are available through Altek’s Aus-
tralian agent, All Electronic
Components, as mentioned earlier. We
recommend you obtain these as your
finished instrument will then be a pro-
fessional looking piece of equipment,
with the features and operation of a
‘bought one’ two to three times the
price. However, you can suit yourself
and make your own handle if you so
desire and we have designed the pc
board such that it will also fit in a large
jiffy box. You will have to use the
search head recommended though, for
the reasons we have explained
previously.

All the electronics mounts on a sin-
gle, double-sided pc board. The Altek
case has two clamps on the rear
enabling it to be clipped on to the han-
dle. The Altek handle has two sections,
the lower section sliding inside the
upper section enabling the operator to
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adjust the length of the handle to suit
his height. Connection between the
search head and the electronics is via a
length of shielded cable (supplied with
the head) and a five-pin DIN plug/
socket arrangement. The tune memory
pushbutton is mounted in the end of the
‘crook’ of the handle (see photographs)
where it can be easily operated by the
thumb. It connects to the electronics via
a length of shielded cable passed
through the handle.

Construction should commence with
the pc board. As it is a double-sided
board (i.e: copper tracks on each side),
first identify the ‘front’ and ‘rear’ side.
These are marked, respectively, ETI
1500f and ETI 1500r. The rear side has
the more complicated pattern of tracks.
The components are mounted on the
front of the board, where there is the
less complicated set of tracks. Note that
some of the resistors, IC pins and pc
board pins (used for connecting exter-
nal wiring to the board) must be
soldered to copper tracks on each side
of the board.

Commence with the resistors. Take
care with those that cross tracks that
you don’t create a short circuit where
it’s not wanted. Next mount the capaci-
tors. Take care with the orientation of
the electrolytics. Note that capacitors
C2, C7 and C11 are styroseal types,
used for their good temperature stabil-
ity. Be careful when soldering them in
place that you don’t overheat the leads
as this can cause melting of the capaci-
tor’s case, possibly damaging it. The
sample and hold capacitor, C13, must
be a low leakage type, preferably poly-
carbonate or mylar. We used a greencap
successfully, but whatever you manage
to obtain, make sure its a good quality
type from a well-known supplier.

Now mount the semiconductors. Take
care with the orientation of these as you
can destroy devices if they are incor-
rectly inserted when power is applied.
Finally, solder the pc pins in place and
the four battery clips. The latter all go
along one edge of the board.

Overall assembly of the pc board is
clear from the overlay picture on page
17.

Once you have everything in place on
the pc board and you’re satisfied that all
is OK, you can turn your attention to the

hardware. Start with the case that
houses the electronics. If not pre-drilled,
you’ll need to mark out and drill all the
holes in the case lid. The panel artwork
can be used as a template. Note that we
dressed up the case with a Scotchcal
panel. These should be available
through the usual suppliers. Centre
punch holes before drilling. The cutout
for the meter can be made with a hole
saw or by drilling a series of 4 mm
diameter holes just inside the marked
edge of the hole. When you complete
the circle, the centre piece can be
snapped out and the edge of the hole
cleaned up with a half-round file until
the meter drops in neatly.

The speaker is mounted on the left
hand side of the case lid (as you would
normally view the unit in use). It is held
in place by large washers placed under
the nuts of three bolts spaced around the
outer rim of the speaker. Alternatively,
you can glue it in place. Be careful not
to get any glue on the speaker cone or
you might end up with a rather ‘stran-
gled’ sound!

The pc board mounts in the bottom
piece of the case, along with the DIN
socket (for the search head connector)
and two battery test push buttons. A
small hole in the bottom passes the
cable to the tune memory button. The
case bottom has four integral moulded
standoffs to provide support for the pc
board which is held in place with
screws.

Once all the mechanical work on the
case is satisfactory, the Scotchcal panel

may be stuck on. Take care when posi-
tioning it as it’s almost impossible to
move if you misalign it. Carefully
smooth out all the bubbles toward the
edge of the transfer.

The controls, meter etc. may be
mounted next. Then you can wire all the
external components to the pc board
pins. We used lengths of ribbon cable
where possible to simplify the wiring.
The easiest way to accomplish this part
of the assembly is to place the bottom
of the box, with the pc board mounted
in it, on your left and the lid, with the
meter and controls etc. mounted, face
down on your right. Follow the wiring
diagram on page 16 and complete all
the interconnections. You should now
appreciate pc board pins!

The tune memory button mounts in a
hole in the end of the ‘crook’ of the
handle, as we explained earlier, and the
shielded cable connecting to it passes
through the handle, emerging through a
small hole drilled in the handle near
where the cable can enter the hole pro-
vided for it in the bottom of the box.
This cable is best inserted before you
mount the pushbutton. Remove the
handgrip. Push the cable through the
hole in the handle near the case, until it
appears through the end of the handle.
Solder the end of the lead to the push-
button and mount the pushbutton in the
hole in the end of the hand grip (easier
said than done!). Put the handgrip back
and you can pass the business end of the
cable into the case and terminate it. If
you’re lucky, kit suppliers may sell the
units with this part already assembled.

Holding the batteries in place is gen-
erally left to your ingenuity. We used
double-sided sticky tape (ah, that’s use-
ful stuff...). The battery life is quite
good as the circuit has been designed
for low current drain. Reverse polarity
protection is provided on the pc board
to avoid problems should you inadvert-
ently attempt to connect a battery back
to front.

When all wiring is complete, push the
case onto the handle and drill a small
hole through one of the clamps and the
stem of the handle. Insert a nail or a bolt
and this will prevent the case from
rotating on the handle. Mount the search
head and adjust the length of the stem to
suit yourself. Wrap the cable from the
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search head around the stem so that it is
held quite rigidly and plug it into the
DIN socket on the case.

You’re ready to roll!... once you’ve
tested it.

If you wish to make the search head
completely waterproof, seal the hole
through which the cable passes with
Silastic rubber or some similar caulk-
ing compound.

Operation
When construction is complete and

you’re satisfied all is well, turn the
detector on and advance the vo1ume
control. Set all other controls to
midrange and switch the mode selector
to VLF. Hold the search head up in the
air and well away from metal objects,
press the tune memory button and rotate
the tune control. The meter should
swing either to side of the centre posi-
tion. Set the pointer to centre scale and
release the tune button. The meter
should remain at this position but may
drift slightly, which it will tend to do
immediately after switch on. Pressing
the tune memory button at any time
should return the meter to centre posi-
tion, set by the tune control.

The next step is to determine that the
polarity of the receive coil is correct.
After tuning the detector as described,
bring a piece of iron near the search
head. If the meter swings to the right
your circuit is correct, if it swings to the
left you will have to reverse the two
wires on the DIN socket that connect to
the receiver section on the pc board.
The meter should now swing to the
right.

Ground balance
With the detector tuned, lower the

search head to the ground. The meter
may swing off scale. If it swings to the
right turn the ground control to the left,
if it swings to the left turn the ground
control to the right. Raise the search
head from the ground, press the tune
button and the meter will return to cen-
tre scale. Lower the search head again
and repeat the procedure until there is
little difference in the meter reading
when the search head is lowered. Set-
ting the ground control is quite critical
and may take some time to achieve the
first time around. The detector can now

be used in the VLF mode.

Sensitivity control
The sensitivity control sets the gain of

the dc amplifiers in the detector and will
generally give best results at midrange.
If the control is set fully clockwise the
tuning will tend to drift, requiring more
frequent operation of the tune memory
button.

Discriminate controls
The mode switch selects one of three

discriminate ranges: TR1, TR2 or TR3,
while a vernier action is provided by the
discriminate control. The discrimina-
tion ability of this circuit is extremely
effective and it is possible to discrimi-
nate between an aluminium ring pull tab
and a gold ring. Remember that dis-
crimination depends on the resistivity of
the target object.

When set to TR1, discriminate con-
trol at mid-range, the meter should
show ‘bad’ for ferrous objects and
‘good’ for non-ferrous objects along
with a tone from the speaker. As the
discrimination controls are advanced,
some nonferrous objects such as brass
will start to give a ‘bad’ reading, while
gold and silver will give a ‘good’ read-
ing. As the controls are advanced
further aluminium will start to give a
‘bad’ reading, and so on. As you use the
detector you will become familiar with
its operation.

The best way of setting the discrimi-
nation controls is to carry around a few
sample objects of the type you want to
discriminate against just for this pur-
pose. One thing to remember is that a
corroded object will require a different
setting of the controls to a non-cor-
roded one so carry samples typical of
what you are likely to dig up.

By careful setting of the controls,
unwanted objects can be tuned out, giv-
ing no meter movement at all so the
detector can be used to reject particular
objects and at the same time discrimi-
nate between others.

Well, its now up to you. Remember,
the secret of success in metal detecting
is more knowing where to look than the
type of detector you have. There are
many books available on the subject
which could help put you on the right
track.

Notes for constructors
(courtesy of G.N. Vayro, Broadmead-
ows, Victoria).

• Take special care with the orientation
of IC5 (CA3130) if an 8-pin TO-5
(circular metal case) type is supplied.
Refer to the pinout diagram below.

• Take care with the wiring of the
headphone socket as not all types have
the same, or similar, connections.
Check this by examination or with a
multi- meter before wiring.

• Take care when wiring the DIN
socket that connects the search head.
The search head wiring is colour-coded,
as shown on the circuit diagram. The
red and black wires come from the
receive coil. This coil has a dc
resistance of around 50 ohms. The
transmit coil is connected via the cable
shield and the white wire. It has a dc
resistance of around 12 ohms. There
may be a yellow wire in the cable.
Ignore it as it is not connected. The
Faraday coil shields are internally
connected to the cable shield.

• The wiring to the two pushbuttons
PB2 and PB3 should first be sorted out
with an ohmmeter before soldering it in
place.

• The pushbutton in the handle needs to
have good ‘feel’ and positive contact.
One of the small C & K or Swann types
should fill the bill.

• If you have or are using a metal front
panel, it should be earthed to reduce
spurious capacitive effects. The body of
the discriminate control should connect
to 0 V (Pin i) and a star washer should
be inserted under its nut to provide a
good contact to the panel. Otherwise, a
plastic Scotchcal panel is recommended
(one was used on the prototype).

• It is strongly recommended that a
flux-removing solvent be used to clean
the pc board following assembly.
Whilst flux does not cause problems
when ‘new’, many atmospherically
bourne chemicals can and do react with
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the flux in time. This causes a leakage
path to be established between the
tracks and is especially troublesome in
high impedance circuits, such as around
IC5. A de-fluxed pc board will obviate
later (or early) problems with the auto-
tune circuit; it also looks more
professional and aids identification of
defective solder joints. The effort is
worth it.

• If you have trouble with hand
capacitance effects, plastic knobs or

collet knobs may be used to advantage
on the controls, particularly the variable
discriminate control.

• The wiring to the pushbutton in the
handle should be done with shielded
cable, passed through a hole drilled in
the rear of the case to avoid fouling the
telescopic shaft in the retracted position.

• A battery clamp, fashioned from a
small strip of aluminium, is recommen-
ded.

• The case should be mounted as close
to the curve in the handle as possible for
optimum weight distribution.

• A screw or bolt should be placed
through the rear case mounting clip to
stop the case rotating on the shaft. The
rear clip is recommended to allow the
shaft to be telescoped to minimum
length. 


