
are included to prevent chatter of the out-
put around the trigger point, although
there is not really a risk of that happening
in this circuit. Together with R14, the out-
put of IC4b delivers a clean logic signal
that we can use for further processing.
The quickest way of calibrating the fre-
quency of IC2 to 36 kHz, using P1, is
with the aid of an oscilloscope. If you do
not have one of those, then point the IR-
LED D1 at the receiver IC3 and turn P1
so that the voltage on the inverting input
of IC4a is as low as possible. Make sure
that IC3 during the calibration does not
receive too high a signal by placing the
IR-LED a considerable distance away or
by not pointing directly at the receiver. If
this procedure is not that successful then
just set P1 to the centre position, this
works just fine usually.

You should not have a problem with
ambient light with this circuit. If you do
have a problem because, for example,
there is direct sunlight on IC3, then you
will need to place it inside a small tube
and point it at the IR LED. In this way no
direct sunlight can reach the receiver. If
the IR LED and the receiver are placed
too close together it is possible that the
receiver will sense light reflected off the
walls, even when someone is standing

between the transmitter and receiver. In
this case the solution is also a short
piece of tube for both the transmit LED
as well as the receiver (Figure 3).
Make sure that the tubes are opaque
(paint black or use water pipe, for
example). The wires to the IR LED can
be several meters long without any
problems. Do not place the receiver IC
too far from the circuit.

(060086-1)

elektor electronics - 7-8/200642

D1

IR-LED LD274 IR-sensor TSOP1736

060086 - 1 - 13

IR

3

next half-wave, so IC1c and IC1a switch
on T4 and T1, respectively.
As you can see, the voltage dividers are

not fully symmetrical. The input voltage is
reduced slightly to cause a slight delay
in switching on the FETs. That is better
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The losses in a bridge rectifier can easily
become significant when low voltages
are being rectified. The voltage drop
across the bridge is a good 1.5 V, which
is a hefty 25% with an input voltage of
6 V. The loss can be reduced by around
50% by using Schottky diodes, but it
would naturally be even nicer to reduce it
to practically zero. That’s possible with a
synchronous rectifier. What that means is
using an active switching system instead
of a ‘passive’ bridge rectifier.

The principle is simple: whenever the
instantaneous value of the input AC volt-
age is greater than the rectified output
voltage, a MOSFET is switched on to
allow current to flow from the input to the
output. As we want to have a full-wave
rectifier, we need four FETs instead of
four diodes, just as in a bridge rectifier.
R1–R4 form a voltage divider for the rec-
tified voltage, and R5–R8 do the same
for the AC input voltage. As soon as the
input voltage is a bit higher than the rec-
tified voltage, IC1d switches on MOSFET
T3. Just as in a normal bridge rectifier,
the MOSFET diagonally opposite T3 must
also be switched on at the same time.
That’s taken care of by IC1b. The polarity
of the AC voltage is reversed during the

Power MOSFET 
Bridge Rectifier013



than switching them on too soon, which
would increase the losses. Be sure to use
1% resistors for the dividers, or (if you
can get them) even 0.1% resistors.
The control circuit around the TL084 is
powered from the rectified voltage, so an
auxiliary supply is not necessary. Natu-
rally, that raises the question of how that
can work. At the beginning, there won’t
be any voltage, so the rectifier won’t work
and there never will be any voltage...
Fortunately, we have a bit of luck here.
Due to their internal structures, all FETs

have internal diodes, which are shown
in dashed outline here for clarity. They
allow the circuit to start up (with losses).
There’s not much that has to be said
about the choice of FETs – it’s not critical.
You can use whatever you can put your
hands on, but bear in mind that the loss
depends on the internal resistance.
Nowadays, a value of 20 to 50 mW is
quite common. Such FETs can handle cur-
rents on the order of 50 A. That sounds
like a lot, but an average current of 5 A
can easily result in peak currents of 50 A

in the FETs. The IRFZ48N (55 V @ 64 A,
16 mW) specified by the author is no
longer made, but you might still be able
to buy it, or you can use a different type.
For instance, the IRF4905 can handle
55 V @ 74 A and has an internal resist-
ance of 20 mΩ.

At voltages above 6 V, it is recom-
mended to increase the value of the 8.2-
kΩ resistors, for example to 15 kΩ for
9 V or 22 kΩ for 12 V.
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blade somewhere. Attach this razor blade
at the top of the antenna. And again, be
careful: keep children and pets away.
In the picture you can see an assembly
were the top of the antenna has one turn.
The razor blade is clamped in this and
in addition it is a lot harder to injure your-
self this way.
The ‘reception’ can be improved a lot
more by ionising the air in the region of
the antenna with the aid of radioactivity.

Most of the mantles used in gas and
petroleum lamps contain a small amount
of radioactive material and also smoke
detectors that work with an ionisation
chamber are (lightly) radioactive. It is bet-
ter to leave the smoke detectors alone,
because they often contain very poison-
ous substances, but a piece of lamp man-
tle could be secured to the razor blade
with some two-component epoxy glue.

(064015-1)

Karel Walraven

Most digital multimeters have a sensitiv-
ity of 200 mV and in input impedance of
10 MΩ. With this information you can
calculate that at full scale there will be a
current of 20 nA (nano-ampères). In real-
ity you have a very sensitive ammeter in
your hand.
Now that we know this, it becomes a
mission to do something with that knowl-
edge. In other words, here is a solution
that requires a problem... 

For example, try the following:

Connect the ‘COM’ of the voltmeter to
ground (safety earth from a power point,
central heating, plumbing, etc.). Connect
an old bicycle wheel spoke or a length of
thin copper wire to the ‘V’ socket so that
you get a kind of antenna. When you
place this impressive looking apparatus
on a windowsill during a thunderstorm
and set the meter to the 200 mV range,
you will, with a bit of luck, see nice
deflections during lightning strikes. A nice
thing is that you will see a build-up of
static charge long before the flash, and
immediately after the lightning flash the
charge is gone. Be aware of your own
safety and those of others: Don’t walk out-
side with the thing or surreptitiously lead
the ‘antenna’ to the outside. This is really
dangerous. In these modern times people
still die from lightning strikes!
According to theory it is possible to
improve the lightning detector somewhat.
A sharp point or edge collects more than a
rounded one. You probably have a razor

Multimeter 
as Lightning Detector 014




