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Integrated circuits
IC1 LM3909N

Additional items
Veroboard 7 strips by 15 holes

LS1 64 � miniature loudspeaker
IC holder
Veropins
Connecting wire
Test leads
1.5 V AA alkaline battery

76 An experimental 70 cm
rhombic aerial

Introduction
Most commonly used aerials can be classed as resonant or standing-wave
aerials. There is another class known as non-resonant or travelling-wave.
Resonant aerials, such as the dipole, are narrow-band; this occurs because
resonance occurs only over a narrow band of frequencies. Travelling-wave
aerials, on the other hand, can operate over a wide band of frequencies.

The rhombic is an example of a non-resonant or travelling-wave aerial. It is
often employed for fixed commercial and military short-wave radio links.
Made with wire, it has a diamond shape when looking down on it from
above. The four corners are supported on four masts. It is a very effective
aerial, and has good gain, a quality which can be judged from the polar
diagram shown in Figure 1. This has been obtained from a computer
program, and so is the perfect shape for a rhombic aerial.

Theory (but only a little)
A polar diagram shows graphically the ability of an aerial to radiate (or
receive) more effectively in one direction at the expensive of the radiation in
other directions. Figure 1 shows the polar diagrams of two aerials, a simple
70 cm dipole and the rhombic described in this project. The dipole has the
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well-known figure-of-eight shape, showing a symmetrical angular behav-
iour about the direction of the aerial and about a direction perpendicular to
the aerial. That of the rhombic, on the other hand, is quite irregular by
comparison, but is still symmetrical about one axis only, not two. It’s this
asymmetry that gives the rhombic its gain, by virtue of its front-to-back
ratio. This is the ratio of the power radiated forwards to that being radiated
backwards. Notice the large lobe (lump) at the top of the polar diagram; this
is the direction in which the aerial transmits best. The lobe in the opposite
direction has been reduced significantly, allowing more power to be directed
forwards, not backwards

Problems
The rhombic is not found in every amateur’s back garden, despite its
attractions. To work best each edge of the diamond shape should be about
two wavelengths long. Hence, a rhombic for the 20 metre band could be
about 80 m from tip to tip! Another disadvantage is that, because of its size,
it cannot be rotated.

Figure 1 The horizontal
polar diagrams of the small
rhombic antenna and a
dipole compared
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It will operate well over a range of frequencies. An HF rhombic could work
on the 7, 10, 14, 18, 21 and 28 MHz bands. One for the lower VHF
frequencies could operate on the 50, 70 and 144 MHz bands.

Its large size is less of a problem at UHF. A portable rhombic can be made
for 70 cm which can be used with a hand-held transceiver. The aerial design
to be described here will give a gain of up to 9 dB relative to a dipole. This
is written as 9 dBd, the second ‘d’ meaning ‘relative to a dipole’. This is
equivalent to improving your signal by 1.5 S-points at the receiver or (and
you may be surprised by this) by fitting a linear amplifier to your transceiver
that would take 5 W input and produce 40 W output to a normal dipole!
Consider the relative costs of the two approaches to producing the same
received signal. You will also receive everyone else’s signals 1.5 S-points
better than before!

Unlike the popular Yagi aerial, this design has no critical dimensions and
can be folded up for transport by car or bicycle. It has a fairly high input (or
feed) impedance, being fed usually by balanced twin feeder. To feed it with
standard 50 � coaxial cable, a matching transformer in the form of a balun
is required. A balun will convert the balanced (symmetrical) aerial
impedance to the unbalanced and lower impedance of the coaxial cable. The
details of how to build the balun, which in this case is a half-wave
transformer, are included in the constructional details.

Construction
The aerial frame is made up of 1 cm × 2 cm strips of wood fixed to a
plywood centre using 30 mm long M4 bolts, as shown in Figure 2a. The
outer bolts fixing the front and side supports can be removed for folding
prior to transportation, as shown in Figure 2b.

The wires are fixed to the front and rear supports using screw connectors,
sometimes called ‘chocolate block’ connectors. Detail X and Y of Figure 2
show how this is done. The side supports have holes in the ends through
which the wire is threaded.

The aerial must be mounted in the horizontal plane using a small shelf
bracket attached to the centre plate, using the same bolts that hold the rear
support. The other half of the bracket may be mounted to a vertical mast
using screws or jubilee clips (hose clips).

The balun
Cut a 23 cm length of coaxial cable; this is to be our half-wave transformer.
Cut and remove 2 cm from each end of the sheath. Make the braid into a
pigtail at each end. Cut and remove 1 cm of the inner insulator from each
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end, leaving 1 cm of the centre conductor exposed. Fasten this piece of cable
to the chocolate block connector together with the coaxial feeder cable as
shown in Detail Y of Figure 2. The braids of all three prepared ends are
soldered together, but are not connected to anything else. The inner
conductor of the feeder from the transceiver is soldered to one end of the
centre conductor of the 23 cm piece, and is connected to one end of the
rhombic by one side of the chocolate block. The other end of the half-wave
transformer also goes to the chocolate block, where it is connected to the
other side of the rhombic loop.

Figure 2 Construction of the UHF rhombic antenna
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The opposite corner of the rhombic, as shown in Detail X of Figure 2, shows
that the loop is broken at the chocolate block, and is ‘terminated’ by two
600 � resistors in parallel. This makes the aerial a broad-band travelling-
wave device, and gives it its directivity and gain. There is a rule of thumb,
which includes a safety factor, which says that the terminating resistor must
be able to absorb one-half of the maximum transmitter output power. So, if
you use two 2 W 600 � carbon resistors (not wire-wound resistors) in
parallel, you can use a transmitter with an output of 8 W, which is more
than adequate for 70 cm hand-helds.

Using the rhombic
Fit the aerial to a pole or mast in the horizontal plane, if you intend to use
CW or SSB, but in the vertical plane if you want to concentrate on FM
work. In the latter case, a wood or fibreglass pole is mandatory. Tune to a
local repeater, whose signal strength you know. Rotate the aerial to face the
repeater, and you should see that the signal strength is greatly improved!
Verify the directional properties of the aerial by rotating it and observing the
changes in signal strength on your S-meter.

77 Water level alarm

Introduction
This is a simple device which, when you have built it, you begin to wonder
how you ever managed without it! It will sound a buzzer when the level of
water reaches a particular point, which you can set and vary at will.

Detecting water
Water is not too difficult to detect electrically, because it is a conductor of
electricity. Not a good one, but sufficiently so to carry enough current to
control a warning circuit.

The circuit is shown in Figure 1. If you imagine a resistor placed between the
ends marked ‘water detector’, the circuit is then recognisable as a transistor
used as an electronic switch. Whether the switch is off or on depends on the
value of this resistor. If the resistance is low, the transistor switches on and
the buzzer sounds. If the resistance is high, the transistor switches off and
the buzzer stops.




