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drive current for the IR LEDs D3 and D4 (around 50 mA). A sig-
nal from the counter is also indicate that data are being trans-
mitted, via LED D2. This has essentially the opposite function
of LED D1, which goes out when D2 is blinking.
In the oscillator, capacitor C3 is used instead of the usual resis-
tor to compensate for the delay in IC2c. As a rule, this capac-
itor is needed above 6 MHz. It should have the same value as
Cload of the crystal, or in other words 0.5C1 (where C1 = C2).
At lower frequencies, a 1kΩ to 2kΩ2 resistor can be used in
place of C3.
A yellow LED is used for the power-on indicator D5. The cur-
rent through this LED is somewhat higher than that of the
other LEDs. If you use a red high-efficiency LED instead, R5
can be increased to around 3kΩ3.
The circuit draws approximately 41 mA in the idle state when
the receiver is on. If the receiver is switched off, the transmit-
ter emits light continuously, and the current consumption rises
to around 67 mA.
The PCB shown here is unfortunately not available ready-
made through the Publishers’ Readers Services.
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COMPONENTS LIST

Resistors:
R1 = 1MΩ
R2 = 1kΩ5
R3,R5 = 1kΩ
R4 = 39 Ω

Capacitors:
C1,C2 = 33pF
C3 = 15pF
C4,C5,C6 = 100nF ceramic
C7 = 4µF7 63V radial
C8 = 220µF 25V radial

Inductors:
L1 = 47µH

Semiconductors:
D1 = high-efficiency LED, green
D2 = high-efficiency LED, red
D3,D4 = LD271
D5 = high-efficiency LED, yellow
D6 = 1N4002
IC1 = TORX173 (Toshiba)
IC2 = 74HCU04
IC3 = 74HCT4040
IC4 = 7805

Miscellaneous:
J1 = 16-way double contact row,

plus jumper
X1 = 18.432MHz quartz crystal 

K. Walraven
In a switch-mode power supply, the quality of the output volt-
age depends strongly on the quality of the electrolytic capac-
itors that are used. Here the effective series resistance (ESR),
which is the internal ‘ohmic’ impedance of the capacitor, is one
of the most important factors, since large currents are
involved. It is rather difficult to exactly measure the ESR, but if
you only want a quick idea, or you want to compare different
families of capacitors, the illustrated simple measurement
setup is very suitable.
The capacitor under test is charged via the 1-kΩ resistor (R1)
until its voltage is the same as the applied supply voltage. You
can then calculate the ESR using the formula (U1/U2) – 1 (see
trace 1 of the oscillogram). This formula is very simple, since
we have chosen a value of 1 Ω for R2. The values of the sup-
ply voltage and R1 are not critical, since the measurement is
relative (as shown by the formula). The capacitor is discharged
via a 1-Ω resistor and a power FET. You would expect the dis-
charge to occur according to the well-known exponential for-

mula, but as you can see from the oscillogram, the voltage first
drops quickly, after which the expected exponential curve
appears. This fast initial drop is due to the ESR of the capaci-
tor, which produces a voltage drop equal to the product of the
resistance and the discharge current. The greater the voltage
drop, the poorer the capacitor.
If the initial voltage drop is approximately equal to half of the
charge voltage, as in this case, then we can deduce that the
ESR is approximately equal to the discharge resistance of 1 Ω.
This is actually a relatively good value for a small, inexpensive
10-µF electrolytic capacitor. As a general rule, you can assume
that the ESR decreases proportionally as the capacitance
increases, and that it also decreases slightly as the voltage on
the capacitor increases.
You can drive the FET directly from a pulse waveform genera-
tor, if it can deliver a short positive pulse to the gate with an
amplitude of at least 6 V (see trace 2). The repetition interval
must be 100 to 1000 times as long as the width of the positive
pulse, since the capacitor will otherwise not have enough time
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to recharge. In most cases, you will only be able to obtain a
stable image on the oscilloscope if it has a storage function.
Almost any type of FET can be used, as long as the total dis-

charge resistance (the sum of R2 and Rds of the FET) is as
close as possible to 1 Ω.

(004069-1)

B. Kainka
In order to listen to your heartbeat you would normally use a lis-
tening tube or stethoscope. This circuit uses a piezo sounder
from a musical greetings card or melody generator, as a micro-
phone. This transducer has an output signal in the order of
100 mV and its low frequency response is governed by the
input impedance of the amplifier. For this reason we have cho-
sen to use an emitter follower transistor amplifier. This has a
high input impedance and ensures that the transducer will
have a very low frequency response. At the output you just
need to connect a set of low impedance headphones to be able
to listen to your heartbeat.

Replacing the emitter follower with a Darlington transistor
configuration will further increase the input impedance of the
amplifier.
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K. Walraven
Making heatsink calculations has always been a bit of a nui-
sance. This sample spreadsheet makes life easier. Its main
advantage is that you can see at a glance which heatsink you
need and how hot it will become.
First you have to enter a certain amount of data. Reasonable
default values are already present, so you can simply keep
what is already present for anything that you don’t know.
Let’s have a look at the various fields. You start with the power
that the transistor must handle, in watts. You can calculate
this by multiplying the voltage across the transistor by the cur-
rent through the transistor. Next comes the thermal resistance.
This differs for each type of transistor and package, so you will
have to look it up on the manufacturer’s data sheet under Rthjc
(junction to case). A 7805 in a TO220 package, for example,
has a value of 4, while a 2N3055 in a T03 package has a value
of 1.5. A modern component, such as the Siemens BUZ100 in
a TO220 package, has the unbelievably low value of only 0.6!
After this, you need to know the thermal resistance value for
the insulator (if one is used). If no insulator is used, enter a
zero. A few typical values are: flexible plastic: 0.4; aluminium
oxide (hard, white, 1 to 2 mm thick): 0.3; mica: 0.4. In addition,
it makes a difference whether or not heat-conducting paste is
used. Here you can only select between yes (1) and no (0). The
spreadsheet will then automatically fill in either 0.1 or 0.5,
respectively.
Next, enter the desired maximum temperature. For example,
the internal temperature of the transistor may not be allowed
to be higher than 125, 150 or 175 degrees. You can find this
value on the data sheet of the component in question (maxi-
mum junction temperature). If you don’t know the value, 150

degrees is usually the maximum allowed value (175 is only for
the most recent components), and 125 is a safer value that is
always acceptable.
However, you may want to avoid having the heatsink become
too hot. According to safety regulations, any heatsink that is
exposed to touch must not be hotter than 60 degrees. A
heatsink that becomes hotter than this must be protected
against being touched. If you don’t care about this, you can
enter a higher value here.
The program now displays a result consisting of four values.
The first is the required heatsink specification in degrees per
watt. This represents the larger of the two heatsinks required
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