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Air Attenuators
In microwave parlance, a signal that is

too low in frequency to be propagated in a
waveguide (that is, below the cutoff fre-
quency) is attenuated at a predictable loga-
rithmic rate. In other words, the farther
inside the waveguide, the weaker the signal
gets. Devices that use this principle to re-
duce signal strength are commonly known
as air attenuators. Plans for a practical
model for insertion in a coax line are in
Transmitter Hunting (see Bibliography).

With this principle, you can reduce the
level of strong signals into your hand-held
transceiver, making it possible to use the
body fade technique at very close range.
Glen Rickerd, KC6TNF, documented this
technique for QST. Start with a pasteboard
mailing tube that has sufficient inside di-
ameter to accommodate your hand-held.
Cover the outside of the tube completely
with aluminum foil. You can seal the bot-
tom end with foil, too, but it probably will
not matter if the tube is long enough. For
durability and to prevent accidental shorts,
wrap the foil in packing tape. You will also
need a short, stout cord attached to the
hand-held. The wrist strap may work for
this, if long enough.

Fig 13.45 — The air attenuator for a
VHF hand-held in use. Suspend the
radio by the wrist strap or a string
inside the tube.

To use this air attenuation scheme for
body fade bearings, hold the tube verti-
cally against your chest and lower the
hand-held into it until the signal begins to
weaken (Fig 13.45). Holding the receiver
in place, turn around slowly and listen for
a sudden decrease in signal strength. If the
null is poor, vary the depth of the receiver
in the tube and try again. You do not need
to watch the S-meter, which will likely be
out of sight in the tube. Instead, use noise
level to estimate signal strength.

For extremely strong signals, remove
the “rubber duck” antenna or extend the
wrist strap with a shoelace to get greater
depth of suspension in the tube. The depth
that works for one person may not work
for another. Experiment with known sig-
nals to determine what works best for you.

THE SIMPLE SEEKER

The Simple Seeker for 144 MHz is the
latest in a series of dual-antenna TDOA
projects by Dave Geiser, W5IXM. Fig
13.36 and accompanying text shows its
principle of operation. It is simple to per-
form rapid antenna switching with diodes,
driven by a free-running multivibrator.
For best RDF performance, the switching
pulses should be square waves, so anten-
nas are alternately connected for equal
times. The Simple Seeker uses a CMOS
version of the popular 555 timer, which
demands very little supply current. A 9-V
alkaline battery will give long life. See
Fig 13.46 for the schematic diagram.

PIN diodes are best for this application
because they have low capacitance and
handle a moderate amount of transmit
power. Philips ECG553, NTE-555,
Motorola MPN3401 and similar types are
suitable. Ordinary 1N4148 switching di-
odes are acceptable for receive-only use.

Off the null, the polarity of the switch-
ing pulses in the receiver output changes

(with respect to the switching waveform),
depending on which antenna is nearer the
source. Thus, comparing the receiver out-
put phase to that of the switching wave-
form determines which end of the null line
points toward the transmitter. The com-
mon name for a circuit to make this com-
parison is a phase detector, achieved in
this unit with a simple bridge circuit. A
phase detector balance control is included,
although it may not be needed. Serious
imbalance indicates incorrect receiver
tuning, an off-frequency target signal, or
misalignment in the receiver IF stages.

Almost any audio transformer with
approximately 10:1 voltage step-up to a
center-tapped secondary meets the re-
quirements of this phase detector. The
output is a positive or negative indica-
tion, applied to meter M1 to indicate left
or right.

ANTENNA CHOICES
Dipole antennas are best for long-dis-

tance RDF. They ensure maximum signal
pickup and provide the best load for
transmitting. Fig 13.47 shows plans for a
pair of dipoles mounted on an H frame of
1/2-inch PVC tubing. Connect the 39-inch
elements to the switcher with coaxial
cables of exactly equal length. Spacing
between dipoles is about 20 inches for
2 m, but is not critical. To prevent exter-
nal currents flowing on the coax shield
from disrupting RDF operation, wrap
three turns (about 2 inch diameter) of the
incoming coax to form a choke balun.

For receive-only work, dipoles are ef-
fective over much more than their useful
transmit bandwidth. A pair of appropri-
ately spaced 144-MHz dipoles works
from 130 to 165 MHz. You will get
greater tone amplitude with greater di-
pole spacing, making it easier to detect
the null in the presence of modulation on
the signal. But do not make the spacing
greater than one-half free-space wave-
length on any frequency to be used.

Note
1Declination is the term as denoted on land

USGS topographic maps. Deviation and
Variation are terms used on nautical and
aviation charts, respectively.

Chapter 13.pmd 7/28/2006, 9:15 AM28



EMI/Direction Finding 13.29

Fig 13.46 — Schematic of the Simple Seeker. A capacitor from point T to ground will lower the tone frequency, if desired.
A single SPDT center-off toggle switch can replace separate power and function switches.

Best bearing accuracy demands that
signals reach the receiver only from the
switched antenna system. They should
not arrive on the receiver wiring directly
(through an unshielded case) or enter on
wiring other than the antenna coax. The
phase detecting system is less amplitude
sensitive than systems such as quads and
Yagis, but if you use small-aperture an-
tennas such as “rubber duckies,” a small
signal leak may have a big effect. A wrap
of aluminum foil around the receiver case
helps block unwanted signal pickup, but
tighter shielding may be needed.

Fig 13.48 shows a “sniffer” version of
the unit with helix antennas. The added
RDF circuits fit in a shielded box, with
the switching pulses fed through a low-

pass filter (the series 4.7-kΩ resistor and
shunt 470-pF capacitor) to the receiver.
The electronic switch is on a 20-pin DIP
pad, with the phase detector on another
pad (see Fig 13.49).

Because the phase detector may behave
differently on weak and strong signals,
the Simple Seeker incorporates an audio
attenuator to allow either a full-strength
audio or a lesser, adjustable received sig-
nal to feed the phase detector. You can
plug headphones into jack AF2 and con-
nect receiver audio to jack AF1 for no
attenuation into the phase detector, or re-
verse the external connections, using the
pad to control level to both the phones
and the phase detector.

Convention is that the meter or other

indicator deflects left when the signal is
to the left. Others prefer that a left meter
indication indicates that the antenna is
rotated too far to the left. Whichever your
choice, you can select it with the DPDT
polarity switch. Polarity of audio output
varies between receivers, so test the unit
and receiver on a known signal source
and mark the proper switch position on
the unit before going into the field.

PIN diodes, when forward biased,
exhibit low RF resistance and can pass up
to approximately 1 W of VHF power
without damage. The transmit position on
the function switch applies steady dc bias
to one of the PIN diodes, allowing
communications from a hand-held RDF
transceiver.
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Fig 13.49 — Interior view of the Simple
Seeker. The multivibrator and phase
detector circuits are mounted at the
box ends. This version has a
convenient built-in speaker.

Fig 13.47 — “H” frame for the dual dipole Simple Seeker antenna set, made from
1/2-in. PVC tubing and tees. Glue the vertical dipole supports to the tees. Connect
vertical tees and handle to the cross piece by drilling both parts and inserting
large cotter pins. Tape the dipole elements to the tubes.

Fig 13.48 — Field version of the Simple
Seeker with helix antennas.

AN ACTIVE ATTENUATOR FOR VHF-FM

During a VHF transmitter hunt, the
strength of the received signal can vary
from roughly a microvolt at the starting
point to nearly a volt when you are within
an inch of the transmitter, a 120-dB range.
If you use a beam or other directional ar-
ray, your receiver must provide accurate
signal-strength readings throughout the
hunt. Zero to full scale range of S-meters
on most hand-held transceivers is only 20
to 30 dB, which is fine for normal operat-
ing, but totally inadequate for transmitter
hunting. Inserting a passive attenuator
between the antenna and the receiver re-
duces the receiver input signal. However,
the usefulness of an external attenuator is
limited by how well the receiver can be
shielded.

Anjo Eenhoorn, PAØZR, has designed a
simple add-on unit that achieves continu-
ously variable attenuation by mixing the

received signal with a signal from a
500-kHz oscillator. This process creates
mixing products above and below the in-
put frequency. The spacing of the closest
products from the input frequency is
equal to the local oscillator (LO) frequency.
For example, if the input signal is at
146.52 MHz, the closest mixing products
will appear at 147.02 and 146.02 MHz.

The strength of the mixing products
varies with increasing or decreasing LO
signal level. By DFing on the mixing
product frequencies, you can obtain ac-
curate headings even in the presence of a
very strong received signal. As a result,
any hand-held transceiver, regardless of
how poor it’s shielding may be, is usable
for transmitter hunting, up to the point
where complete blocking of the receiver
front end occurs. At the mixing product
frequencies, the attenuator’s range is

greater than 100 dB.
Varying the level of the oscillator sig-

nal provides the extra advantage of con-
trolling the strength of the input signal as
it passes through the mixer. So as you
close in on the target, you have the choice
of monitoring and controlling the level of
the input signal or the product signals,
whichever provides the best results.

The LO circuit (Fig 13.50) uses the
easy-to-find 2N2222A transistor. Trim-
mer capacitor C1 adjusts the oscillator’s
frequency. Frequency stability is only a
minor concern; a few kilohertz of drift is
tolerable. Q1’s output feeds an emitter-
follower buffer using a 2N3904 transistor,
Q2. A linear-taper potentiometer (R6)
controls the oscillator signal level present
at the cathode of the mixing diode, D1.
The diode and coupling capacitor C7 are
in series with the signal path from antenna
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