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By Charles D. Rakes 

Detector 
Circuits 

CIRCUIT CIRCUS 

Fellow experimenters, it's 
time to dig out your 

junkbox and join me at the 
Circus for a little circuit wiz­
ardry. I find that trying new 
circuit ideas is a good way 
to escape the troubles of 
the world and, at the same 
time, gain some knowledge 
in the process. And who 
knows, one of the circuits 
that we cover just might be 
what your next project 
needs. 
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Fig . 1. The leak detector 
circuit is a simple circuit 
built around a 2N3906 
general-purpose PNP 
transistor that's corifigured 
as a constant-current source, 
through which a 1-mA 
charging current is applied 
to the test capacitor. 

This time around, we're 
going to look at a couple 
of detector circuits; the first 
of which is a simple elec­
trolytic-capacitor leakage­
test circuit. If you have ever 
put together an R/C timer 
circuit that. for some un­
known reason, didn't 
perform as expected, irs 
very possible that the culprit 
was a leaky electrolytic tim­
ing capacitor . 

Some leaky capacitors 
develop an internal resis­
tance that varies with 
temperature and/or volt-

age changes. That internal 
leakage is like having a 
variable resistor in parallel 
with a timing capacitor. In 
extremely short timing peri­
ods, the effect of the leaky 
capacitor may be minimal, 
but as the timing period is 
extended, the leakage cur­
rent can cause the timer 
circuit to vary greatly or 
even fail altogether. In any 
case, an unstable timing 
capacitor will turn a per­
fectly sound timer circuit 
into an erratic piece of 
junk. 

LEAK DETECTOR. 
Figure 1 is a schematic ' 

diagram of our electrolytic 
leak detector. In that circuit. 
a 2N3906 general-purpose 
PNP transistor (Q1) is con­
nected in a constant­
current circuit configuration 
through which a 1-mA 
charging current is applied 
to the test capacitor. A 
dual-range metering circuit 
is used to monitor the ca­
pacitor's charge and 
leakage current. Two 9-volt 
transistor batteries provide 
power for the circuit. A 5-
volt Zener diode (D1) sets 
Q1's base at a constant 5-
volt level, guaranteeing a 

constant voltage drop 
across R2 (Q1's emitter re­
sistor) and a constant 
current to the capacitor un­
der test (which we'll refer to 
asCxl· 

With S1 in position 1, the 
voltage applied to Cx is 
limited to about 4 volts; with 
S1 in position 2, the voltage 
across the capacitor rises to 
about 12 volts. Another bat­
tery can be added in series 
with B1 and B2 to increase 
the charging voltage to 
about 20 volts. With S2 in its 
normally closed position (as 
shown), the meter is con­
nect in parallel with R3 (the 
meter's shunt resistor), giving 
the circuit a full-scale read­
ing of 1 mA. When S2 is 
depressed (open), the 
metering range of the cir­
cuit is reduced to 50-!!A full 
scale. 

MODIFYING THE 
CIRCUIT. 

The circuits in Figs. 2 and 
3 illustrate two methods of 
selecting a shunt resistor (R3 
in Fig. 1) to extend M1's 
range from its basic 50-!!A 
range to 1 mA. 

If you have an accurate 
voltmeter that can read 1 
volt. use the circuit in Fjg. 2 

PARTS LIST FOR THE 
LEAK DETECTOR 

RESISTOR$ 
(All fixed resistors are Y4-watt, 5% units .) 
Rl-2200-ohm 
R2----4700-ohm 
R3-See text 

ADDITIONAL PARTS AND MATERIALS 
Ql-2N3906 general-purpose NPN silicon transistor 
Dl-IN4734A 5.6-volt Zener diode 
Ml-50-f..I.A meter 
Bl, B2-9-volt transistor-radio battery 
Sl-SP3T switch 
S2-Normally-closed pushbutton switch 
Perfboard materials , enclosure, AC molded power plug with line 

cord , battery(s), battery holder and connector, wire, solder, 
hardware , etc . 



Fig. 2. Use this circuit to 
determine the value of RJ (in 
Fig. 1), if you are using a 
voltmeter. 
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Fig. 3. If your most-accurate 
measuring instrument is a 
current meter that can 
monitor 1-mA, use this 
circuit to determine RJ's 
value. 

to select the value of R3. To 
use the Fig. 2 circuit. set R1 
(the 10k potentiometer) to 
its maximum resistance and 
R3 (the 500-ohm potenti­
ometer) to its minimum 
value. Connect a battery 
as shown and adjust R1 for 
a 1-volt reading on M1. 
Slowly increase the resis­
tance of R3 until M2 (the 
current meter) reads full 
scale. Readjust R1 as you 
adjust R3 to keep a 1-volt 
reading on M1. When M1 
reads 1 volt and M2 reads 
full scale, the potentiometer 
is set at the resistance value 
needed for R3. You can 
either use the potentiome­
ter for the shunt resistor or 
select one of equal value 
from your resistor supply. 

On the other hand, if your 
most-accurate measuring 
instrument is a current 
meter that can monitor 1 
mA use the circuit in Fig. 3. 
Follow the same procedure 
for the circuit in Fig. 3 as in 
Fig. 2 and adjust the R1 for 
a 1-milliampere reading. 

To use leakage test c ir­
cuit. start with S1 in the off 
position. Connect the ca­
pacitor under test to the Cx 
terminals, with the proper 

polarization. Switch S1 to 
position 1 and the meter 
should (depending on the 
value of the capacitor) 
read full scale for a brief 
time and then drop back to 
a zero current reading. If 
the capacitor is shorted or 
extremely leaky, the meter 
will read up scale continu­
ously. 

If the meter does drop to 
zero, press S2 and the 
meter shouldn't move up 
scale on a good capacitor. 
If the capacitor's voltage 
rating is above 6 volts, 
switch S1 to position 2 and 
the results will be the same 
for a good capacitor. If the 
meter reading rises, the ca­
pacitor is not a good 
candidate for use in a timer 
circuit. 

Irs possible that a capac­
itor will fail the test and still 
be a good unit. If an elec­
trolytic capacitor is idle for 
long periods without being 
charged, the leakage cur­
rent can be high when a 
voltage is first applied; but if 
the voltage remains across 
the capacitor for an ex­
tended time, it can often 
be rejuvenated. The test cir­
cuit can be used to 
regenerate a sleeping ca­
pacitor and the results 
monitored on M1. 

METAL DETECTOR. 
A while ago we discussed 

a simple metal-detector cir­
cuit and, judging from the 
response, it was obvious 
that• a number of you were 
very enthusiastic about the 
subject. So the next circuit 
that we'll discuss is one that 
is designed to do the same 
job, but in a different way. 

One of the mo~t sensitive 
and inexpensive metal de­
tectors that you can build is 
a variation of the VLF TX/RX 
(very-low frequency, trans­
mitter/receiver) detector, 
which is a two part appara­
tus. Such double-box de­
tector~which would not 
respond to anything smaller 
than a pound coffee can­
were generally qesigned to 

Fig . 4. The receiver portion of the metal detector is built around 
an LM1458 dual op-amp, a single 2N3904 general-purpose 
silicon transistor, and a 100-turn homebrew coil that's tuned to 
about 7kHz via C6. 

PARTS LIST FOR THE 
VLF RECE.IVER 

SEMICONDUCTORS 
UI-LM1458 dual op-amp, integrated circuit 
Ql- 2N3904 general-purpose NPN silicon transistor 
Dl, D2- IN914 general-purpose small-signal silicon diode 

RESISTORS 
(All fixed resistors are !14-watt, 5% u_nits .) 
Rl, R2-1000-ohm 
R~RS-10,000-ohm 
R6, R?-100,000-ohm 
R8....:_10,000-ohm potentiometer 

CAPACITORS 
Cl-CS-0.1-JLF, ceramic-disc 
C6-0.27-JLF, Mylar or similar 
C7--47-JLF, 16-WVDC, electrolytic 
CS-220-JLF, 16-WVDC, electrolytic 

ADDITIONAL PARTS AND MATERIALS 
BI- 9-volt transistor-radio battery 
BZl- Piezo buzzer 
S1- SPST switch 
LI-Receiver loop, see text 
Perfboard materials; enclosure, battery holder and connector, 

wire, solder, hardware, etc. 

detect large metal objects 
buried deep, beneath the 
ground. 

Our's is a mini-version that 
can detect coin-sized ob­
jects from a few inches 
away, or larger objects at a 
distance of over two feet. 
The sensing loops (coils) on 
both the transmitter and 
receiver portions of our de­
tector are slightly over 4 
inches in diameter and are 
separated by about 12 

inches. The operation of the 
TX/RX metal detector is 
based on the directional 
properties of the magnetic 
field produced by the trans­
mitter loop and the 
reception properties of the 
receiver loop. 

In such circuits, the major­
ity of the magnetic energy 
flows from the transmitter 
loop in an edgewise d irec­
tion with almost no 

(Continued on page 84) 
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CIRCUIT CIRCUS 
(Continued from page 73) 

radiation perpendicular to 
the loop. The receiver loop 
offers the same directional 
properties as the transmit­
ter's loop, but since it is 
positioned perpendicular 
to the transmitter loop, al­
most no energy is detected 
When a metal object is 
placed within the field of 
either loop, the loop's mag­
netic field is slightly dis­
torted, allowing th~ re­
ceiver to detect a small 
part of the redirected 
energy. 

The VLF receiver, see Fig. 
4, is built around an LM1458 
dual op-amp and a single 
2N3904 general-purpose 
NPN silicon transistor. Coil L 1, 
the pick-up device, is a 
homebrew inductor (100-
turn loop) that is tuned to 
approximately 7 kHz by C6. 
Any 7-kHz signal picked up 
by the loop is fed to U1-a, 
which provides a gain of 
100. The second op-amp is 
also configured for a gain 
of 100. The two op-amps 
produce a combined gain 
of 10,000, depending of the 
setting of R8. The output of 
U1-b at pin 7 is fed to a 
rectifier circuit that converts 
the 7-kHz signal into a 
positive DC voltage. 

That DC voltage is then 
fed to the base of Q1 
through R5, causing Q1 to 
turn on. With Q1 turned on, 
BZ1 sounds to indicate that 
metal has been detected. 
Power for the receiver is 
supplied by a single 9-volt 
transistor radio battery. 

The transmitter portion of 
the circuit (see Fig. 5) is built 
around a single transistor 
thats configured as a Col­
pitts oscillator. The 
transmitter's sensing coil, L 1 
(another 100-turn loop), is 
tuned to about 7 kHz by 
capacitors C2-C4: Transmit­
ter power is supplied by a 
9-volt battery. 

Assembling the circuit is a 
snap. The loops are wound 
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* Fig. 5 . The transmitter portion of the detector is built around a 
single transistor that's configured as a Colpitts oscillator, and 
another 100-turn coil (the transmitter's sensing loop), which is 
tuned to about 7kHz by capacitors C2-C4. · 

PARTS LIST FOR THE VLF TRANSMITTER 

CAPACITORS 
Cl, C2, C5--0.l-f.l.f, ceramic-disc.or mylar 
C3--0.27-f.I.F, Mylar or similar 
C4--1 .0-1.1.F, Mylar or similar 
C6-'-220-f.I.F,)6-WVDC, electrolytic 

ADDITIONAL PARTS AND MATERIALS 
B 1__,9-volt transi~tor-radio battery 
Ql-2N3904 general-purpose NPN lii!icon transistor,; 
Rl-220,000-ohm %-watt, 5% resistdr 
R2-470-ohm, Y4-Watt, 5% resistor 
Ll-Transmitter loop, see text 
SI-SPST switch 
Perfboard materials, enclosu1;e, battery holder aqd connector, 

wire, solder, hardware, etc .. 

on plastic end caps (that 
are made to fit on 4-inch 
plastic pipe) with an out­
side diameter of 4Y2 inches. 
The coil is made by jumble­
winding 100 turns of 
number-26 enamel-cov­
ered copper wire around 
the center of each end 
cap. The ends of the coil 
are then taped in place. 
The loops are then 
mounted to opposite ends 
of a wood dowel (about 12 
inches), and oriented per­
pendicular to each other. 

The receiver and trans­
mitter circuitry can be built 
on perfboard and mounted 
inside the end caps on 
which the loops are 
formed, or placed in sepa­
rate plastic enclosures and 
positioned away from the 
dowel mounted loops. 

Tuning up and checking 
out the detector is easy. 
Turn both units on; the buzz­
er (BZ1) should sound Turn 

the receiver's gain down 
until the sound just about 
ceases, and then slowly 
rock the transmitter's loop 
back and forth until a per­
fect null is obtained. Keep 
increasing the receiver's 
gain and re-positioning the 
transmitter for the deepest 
null. If everything is working 
correctly, the null (at full . 
receiver gain) will be sharp. 
If not, the receiver and 
transmitter may not be 
tuned to the same 
frequency. 

To tune the receiver to 
the transmitter's frequency, 
connect a DC voltmeter to 
the cathode of D1 and vary 
C6 for the maximum output 
voltage at the diode; 4 to 5 
volts is normal. 

The detector is most sen­
sitive when the circuit is 
operating at maximum 
gain and off null just 
enough to produce a low-
level output from BZ1. • 

PRODUCT REPORT 
(Continued from page 65) 

seen equalled by other CD 
changers, which use sepa­
rate cartridges for disc 
loading. Perhaps more im­
portant than these physical 
qualities of the player is the 
quality of musical repro­
duction that the CDPiayer2 
delivers. It is extremely 
clean and smooth, even 
during whisper-soft mo­
ments in a musical 
selection where some play­
ers tend to imbue sounds 
with a gritty or grainy 
characteristic. 

About the only thing we 
would have liked to see on 
this model that was not 
present is the ability to ac­
cess a given index point 
within a track, where such 
index points are included in 
a CD. Since it is possible to 
fast -search forward or 
backward, however, this is 
not a serious omission. 

If you have been debat­
ing between a single-play 
CD player (for its sup­
posedly superior sound) 
and a multiple disc ma­
chine (for its convenience) 
you need seek no further 
than the Nakamichi 
CDPiayer2. While this play­
er's suggested retail price 
($799) is certainly justified, if 
thats a bit steep for your 
budget you might want to 
consider Nakamichi's other 
MusicBank CD Player, the 
CDPiayer3. That player has 
a suggested price of 
$599.00, and the only dif­
ference between it and the 
more expensive model is 
the use of 18-bit D/A con­
verters (as opposed to the 
20-bit type used in the 
CDPiayer2) and the fact 
that it does not use the new 
high-stability seNo system. 

For more information on 
the CDPiayer2, contact 
Nakamichi (19701 S. Ver­
mont Ave., Torrance, CA 
90502) directly, or circle no. 
120 on the Free Information 
Card • 




