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55 Radio-frequency mixing
explained

Introduction
Mixers find widespread use in electronic circuitry. Many of the projects in
this book, together with every TV set and radio in the home, contain mixer
circuits – a good indication of their usefulness.

Confused?
Audio mixers (as used in recording studios and radio broadcast stations) are
used to add or ‘balance’ the signals from various sources such as
microphones, CD players, etc. These have nothing whatsoever to do with
radio-frequency (RF) mixers, and should never be confused with them.

RF mixers and beat frequencies
Instead of adding signals (as in the audio mixer), the RF mixer multiples
them together. As you might expect, this has an entirely different effect. The
two signals entering the mixer beat or heterodyne with each other to
produce signals on other frequencies. One example of this occurs in sound,
when two musical notes of almost the same frequency are heard together.
Instead of hearing two separate notes, the listener hears one note whose
intensity (loudness) appears to increase and decrease. This intensity
variation is called a beat, and its frequency is equal to the difference in the
frequencies of the two original notes. The technique is used by musicians to
tune their instruments. If one note is known to be a correct frequency, the
other can be tuned to it by making the beat frequency as close to zero as is
possible.

Multiplying together
The process of mixing presupposes that we have a device which will
automatically multiply two signals together. Fortunately, this is easy; so
easy, in fact, that it often occurs when we do not want it! Multiplying is
achieved by any device which is non-linear; this means a device whose
output is not a constant factor larger than its input, something that can be
achieved by many electronic devices and circuits.
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Let us look now at what a mixer does in concrete terms. Suppose two
signals, of frequencies f1 and f2 go into our mixer. These signals are shown
in Figure 1. Putting numbers in, to make the situation clearer, suppose f1 is
1.000 MHz and f2 is 160 kHz. The beat frequency is the difference of these:
1.000 MHz – 0.160 MHz = 0.840 MHz, or 840 kHz. A mixer also produces
an output at the sum of these frequencies; in this case the new frequency
would be 1.000 MHz + 0.160 MHz = 1.160 MHz.

Suppose you fed the output of your mixer, operating with these input
frequencies, into a receiver and tuned around to find what frequencies were
present. You would find two signals, one at 840 kHz and one at 1.160 MHz,
showing that the two ‘new’ frequencies were very real!

In addition to drawing out the waveform of the resultant signal, as in Figure
1, we can draw the inputs and outputs on a frequency axis, to form a
spectrum of the signal components. This is done in Figure 2. The top two
diagrams show the input signals at f1 and f2. The bottom diagram shows
the output signals in relation to the input signals. Depending on the type of
mixer used, one or both of the input signals would be removed.

Figure 1 The effect of
multiplying (or mixing) two
signals together
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A mixer in every radio
Basically, a mixer is used to change a signal from one frequency to another,
something it does without altering the characteristics of the incoming signal.
If the incoming signal is amplitude modulated (AM), then the frequency-
changed signal would be AM also. The same applies to FM, SSB, CW, and
all other modulation forms you can think of. This explains why mixers are
often called frequency changers.

Frequency changing is the key process in the type of radio known as a
superheterodyne (or superhet). By mixing the incoming signal with a
variable-frequency local oscillator as Figure 3, shows, the signal can be
converted to the fixed frequency of a filter and amplifier. This is useful

Figure 2 The result of
multiplying or mixing two
signals together as seen on a
spectrum analyser

Figure 3 The basic idea of a
superhet receiver
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because it is easier to make a very high-quality filter and amplifier at a single
fixed frequency, than at a variable frequency.

All TV receivers and virtually all radio receivers (and transmitters) use
mixers. Both the Yearling and Colt receivers (see the relevant projects) are
superhets, and use mixers.

56 A voltage monitor for a
12 V power supply

Introduction
If for any reason, the stabilisation of your main 12 volt power supply unit
(PSU) breaks down, it is possible that a voltage much higher then the
nominal 13.8 V will be applied to your precious equipment. If you would
like to know the instant that this occurred, and hence be able to switch
things off before it was too late, then this circuit is what you need. It will
give audible and visual indications if the voltage rises above 14.4 V, and a
visual indication only if the voltage is reduced.

The circuit
The circuit uses three ICs and is shown in Figure 1. The circuit is powered
by the PSU whose output is being monitored, and the circuit’s immunity to
supply line variations is secured by the 6 volt regulator, IC1. The heart of the
circuit is IC2, an LM3914; it is a bargraph driver, which operates ten LEDs
in a display resembling a thermometer – the string of lit LEDs increases in
length as the voltage on pin 5 increases.

The input voltage range on pin 5 is 1.2 V maximum, making each LED
correspond to one-tenth of this, which is 0.12 V, the step size. R1 and R2 act
as a voltage divider, so that voltages of up to the maximum of 14.4 V may
be applied to R1 without exceeding 1.2 V at pin 5. R3 sets the brightness of
the LEDs and R4 determines the step size.

IC3 is an opto-isolator, a device containing an LED and a phototransistor in
one package. This enables the piezoelectric sounder to operate without
affecting the operation of the bargraph driver. The input to IC3 is provided
by the voltage on D8, so that if any of the LEDs at or above D8 are lit, the




