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ven though BPL interference has 
captured the headlines for some 
time now, amateurs continue to be 
bothered by old-fashioned power 

line noise. In some areas, power line noise 
problems are actually getting worse due to 
utility company maintenance budget limita-
tions.

A call to your local power company 
should be all that it takes to resolve power 
line noise problems. Radiation from leaky 
power equipment is a nonintended emitter 
in FCC speak and the power companies are 
required to address the issue. Unfortunately, 
in real life, an amateur is much more likely 
to achieve prompt resolution if he can point 
the power company towards the source of 
the noise. The relatively simple receiver 
described here can help you do exactly that.

Helping the Power Company will 
Help You

Due to the various potential sources of 
radio noise, it is advisable to do some inves-
tigation before contacting the utility company. 
For one thing, it is possible that the noise being 
picked up may not be power line noise at all, 
and it is also possible that the noise is coming 
from something in the amateur’s own house 
or a close neighbor’s house. Examples of 
possible noise sources include light dimmers, 
switching power supplies, electric fences, and 
even doorbells. Some utility companies have 
limited capability to pinpoint the source of 
noise, so anything the ham can do to locate the 
problem will only help to resolve the problem. 
It also happens that many noise sources are 
moisture dependent, so if you have a prob-
lem on rainy days and the investigative crews 
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come out on clear days (that’s when I’d want 
to climb a pole!), it can be a long time before 
the crew tracks down the problem.

There have been many excellent magazine 
articles and books published on how to deter-
mine the location of radio noise and one of the 
best sources of information is the ARRL Web 
site technical information service page titled 
“Track and Solve Electrical Interference.”1 
The references on this site describe how to 
recognize and locate power line noise, and 
describe the best radio receiver devices and 
techniques to do this. In general, the articles 
point out that VHF or UHF AM receivers are 
the best for locating noise, because, at the 
higher frequencies, power line noise is gener-
ally weaker, so one must be fairly close to the 
source to pick it up. It is also possible to build 
or purchase some type of directional antenna 
for use at these frequencies. The antenna can 
be as simple as a dipole, with the nulls off the 
ends used as an indication of the direction of 
the interference.

Getting Closer is Even Better
Once the source of the radio noise has 

been narrowed to a particular utility pole 
or one of several poles, it is advantageous 
to verify the source of radio noise. One 
instrument that is capable of doing this is an 
ultrasonic detector. Arcing from a utility pole 
makes acoustic noise, as well as radiating RF. 
The sound is usually at ultrasonic frequen-
cies around 40 kHz, and this requires special 
equipment to detect.2 Commercial ultrasonic 
detectors have been available for a number 
of years but they have been very expensive. 

This article describes a homemade ultrasonic 
detector that can be built by the typical ham 
at reasonable cost. 

Why Build an Ultrasonic Detector?
I have had and continue to have multiple 

sources of power line noise, all of which are 
intermittent. The strength of the noise varied 
from S7 to S9 +20 dB. Before contacting the 
utility company, I used a VHF MFJ-852 line 
noise meter to locate the general area of the 
noise sources and traced the noise to three 
different locations, all of which were within 
1⁄4 mile of my home. This was all done before 
I built an ultrasonic detector.

At this point, I sent a certified letter to the 
utility company, describing the noise prob-
lems I was having, and the steps I had taken 
to identify where I thought the problems 
were located. Within a few weeks, I received 
a telephone call from the utility radio lab 
informing me that they were sending out a 
person to investigate the noise problem. The 
person was coming out on a specific date 
to do the investigation. This bothered me a 
little bit since the noise was intermittent, and 
I wondered if the noise would cooperate with 
the scheduled investigation.

As it turned out, the noise did not cooper-
ate, and on the day that the person came from 
the radio lab, all was quiet. The single tool 
that the investigator had to locate the noise 
was a commercial ultrasonic detector, but I 
could tell from my MFJ-852 line noise meter 
that everything was silent on this particular 
day. Fortunately, the person from the radio 
lab was sympathetic and scheduled another 
day to look for noise. On this second visit, 
two of the locations were generating noise 
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Figure 2 — Ultrasonic dish assembly.

Figure 1 — Simplifi ed block diagram of the ultrasonic detector.

at full blast, and the investigator found two 
sources of arcing at both locations. A work 
crew was scheduled to do the repairs.

Unfortunately, the work that was initially 
done by the repair crew did not solve the noise 
problem. Prior to the work, I had decided to 
build an ultrasonic detector for myself. This 
was an instrument that the utility company 
used and understood, and I could do my own 
independent investigation of exactly where 
the noise was coming from when the noise 
was present. After I continued to experience 
noise problems following the completion of 
the initial repair work, I was able to go to 
the locations on days that I was experiencing 
noise and was able to not only locate the pole 
but also the location on the pole that had the 
source of the arcing. After reporting this to the 
utility radio lab, they made additional trips to 
the site and were able to verify my measure-
ments so additional repair work was done. 
The occurrence of noise has been substantially 
reduced, and the utility company has prom-
ised to clear up any remaining problems.

One of the features of an ultrasonic detec-
tor that makes it so valuable is its narrow 
beam-width. The 18 inch parabolic dish that 
I used has a directional beam width of about 
1.5°. Because of this narrow beam width, it is 
possible to determine not only which pole has 
arcing, but also where on the pole the arcing 
is coming from. It is also surprising how loud 
the arcing can be. I have had the experience of 
being able to easily detect arcing from a pole 
while standing across the street from the pole 
that had an arcing insulator.

The Ultrasonic Detector Details
One of the first things I did when I decided 

to build an ultrasonic detector was an Internet 
search for construction details. I found that 
there is a large group of hobbyists who have 
built electronic detectors that could detect 
the ultrasonic sound of bats (the flying kind). 
The detectors fall into several general catego-
ries. One type of detector simply amplifies 
the high frequency bat signal and feeds the 
amplified output into a threshold comparator 
followed by a frequency divider to generate a 
lower frequency signal within the frequency 
range of the human ear. A second type of 
detector is classified as a frequency translator. 
These detectors operate like a direct conver-
sion receiver and simply amplify and then mix 
the ultrasonic signal with a local oscillator to 
heterodyne the ultrasonic signal to audio fre-
quencies, which can be heard with earphones. 
Because it preserves the amplitude and sound 
characteristics of the ultrasonic signal, this is 
the type of detector that I decided to build. A 
simplified block diagram of the detector is 
included in Figure 1.

The heart of the detector is a parabolic 
dish and a transducer capable of picking up 
ultrasonic sound. Several companies make 
low cost transducers that have a peak response 

at 40 kHz. This is fortunate, since this is also 
the frequency at which power line arcs are 
readily detected. The transducer I used was 
the Kobitone 255-400ER18, a stock item at 
Mouser Electronics. The output of the ultra-
sonic transducer is amplified in a low noise 
preamplifier and is then fed to a mixer in 
which the signal is heterodyned to audio fre-
quencies by mixing with an oscillator that is 
offset from the 40 kHz ultrasonic signal. The 
resultant audio signal is filtered in a simple 
low pass filter and amplified to produce an 

audio output to a pair of earphones. The elec-
tronics operate from a single 9 V battery.

The parabolic dish assembly is a modi-
fication of a design that was built by Greg 
Kunkel.3 In his original application, Greg used 
an audio microphone and a recorder to pick up 
and record bird songs. The beauty of Greg’s 
design is that it uses an off-the-shelf Edmund 
Scientific parabolic dish and low cost, readily 
available PVC pipe fittings for the assembly. 
The modifications that I made to adapt the 
design for an ultrasonic detector included:
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• In the original design, the microphone was 
held in place with elastic bands. The rea-
son for this was to isolate the microphone 
from the mechanical assembly. I wanted 
something that would be more rugged, so 
the design modification for ultrasonic use 
uses a piece of the same 1⁄8 inch rubber 
gasket material used for the PVC gaskets 
to support the ultrasonic sensor.

• I added a 3⁄8 inch hole in the back of the 
PVC T connector. This provides a shorter 
path for the shielded wire from the sensor 
to the electronics and also provides a sight 
so that you can see in the direction that 
the sensor is pointed.

• I increased the length of the top PVC pipe 
to provide a better place to hold the com-
plete assembly.

Putting it Together
All of the components of the mechanical 

assembly are shown in Figure 2. The Edmund 
Scientific parabolic dish is key to building a 
successful ultrasonic detector. This is an 
18 inch aluminum dish with a 1.13 inch center 
hole and a 4.5 inch focal length. The center 
hole is a good fit for the PVC threaded pipe 
assemblies. Rubber gaskets cut from 1⁄8 inch 
gasket material provide a tight fit for the PVC 
threaded pipefitting. The drawing for the gas-
kets and the transducer holder are included in 
Figure 3. I purchased the gasket material at a 
local hardware store.

One thing that needs to be emphasized is 
the need to paint the parabolic dish. As the 
dish comes from Edmund Scientific, it is 
unpainted aluminum and it is quite an effi-
cient reflector of light. One of the uses that 
Edmund Scientific advertises for the dish 
is a solar furnace. I tested this “feature” in 
February while the outside temperature was 
about 20°F. I poked a piece of wood through 
the dish hole and aimed the dish at the sun. In 
less than 30 seconds, the wood was smoking. 
It was scorched and would have burst into 
flame had I left it any longer. This convinced 
me to paint the dish, as I did not want to 
destroy the ultrasonic transducer if the dish 
were ever inadvertently aimed too close to the 
sun. I used a spray can of flat black paint to 
paint the dish. This greatly reduces the solar 
reflection but does not have any effect on the 
sound reflection characteristics of the dish.

The ultrasonic transducer wants to be posi-
tioned so that its smooth detector side (oppo-
site from the leads) is at the focus of the dish 
and pointed at the dish. The 4.5 inch dish focal 
length turns out to be the actual depth of the 
dish. Because of this, the focal point can be 
found very easily by simply placing a straight-
edge across the dish edges and aligning the 
depth of the transducer so that it is aligned 
with the edge of the straightedge.

The electrical connection from the trans-
ducer is made with a length (about 12 inches) 
of small diameter (0.11 inch diameter) 

Figure 3 — Rubber washer and mounting plate details.

Figure 4 — Transducer mounting details.

shielded wire. I had some wire in my junk 
box but you can also use RG-174 coax, which 
is about the same diameter. The shielded wire 
is soldered directly to the transducer and the 
soldered connections keep the transducer 
positioned and locked to the rubber plate. The 
only critical part of the connection is to con-
nect the shield of the coax to the transducer 
terminal that is electrically connected to the 
case of the transducer. This can be checked 
with an ohmmeter. I found that this was the 
shorter of the two pins on my transducer. An 
RCA audio plug is used on the end that con-
nects to the electronic converter box. The 
RCA plug will fit through the 3⁄8 inch hole that 
is drilled in the PVC T so the connection can 
be soldered before the wire is passed through 
the PVC pipe.

The details of the final ultrasonic trans-
ducer assembly mounted to the parabolic 
dish are shown in Figure 4. The shielded 
cable is held to one of the 10-24 rods with 
small plastic tie wraps. The 10-24 nuts are 
used to adjust the position of the transducer 
so that it is properly positioned at the focus 
of the parabolic dish.

The schematic of the electronics is shown 
in Figure 5. The design is a modification of 
a downconverter that I found on one of the 
“Bat” Web sites.4 The design shown in the 
schematic is based on one published in the 
December 1994 issue of Popular Electronics. 
I made several modifications to the original 
schematic, including the following:

• The original circuit used an LMC567 low 
power tone decoder for the oscillator. I 

replaced this with a TLC555 CMOS 555 
timer chip operating in the multivibrator 
mode. The 555 is a very common chip and 
is readily available from multiple sources.

• I reduced the oscillator tuning range from 
the original 7.5 to 88 kHz to a range of 30 
to 48 kHz. This covers the range required 
to detect 40 kHz arcing signals and makes 
setting of the oscillator much less critical.

• I changed both of the preamplifier tran-
sistors from 2N3904 to 2N4401, which 
have a lower audio noise figure, and have 
become a favorite with audio enthusiasts.

• I used a 61⁄4 × 33⁄4 × 2 inch plastic enclo-
sure that I had to house the electronics. A 
cover plate was fabricated from a piece of 
scrap aluminum. RadioShack used to sell 
these housings with a cover plate, but it is 
no longer a RadioShack item. Keystone 
Electronics makes the same size box, and 
the box and an aluminum cover are avail-
able from Digi-Key. There is nothing 
critical about the box other than it needs 
to be able to hold the electronics and a 
9 V battery. 

The circuit was built on a RadioShack 
213⁄16 × 33⁄4 inch “universal component PC 
board” (part number 276-168). This board 
has 0.1 inch hole spacing, which will accept 
standard dip packages. It also has two separate 
buses, which are used for power and ground 
connections. Figure 6 is a  photograph of the 
finished circuit. The layout is straightforward 
and follows the schematic. 

The input preamplifier section is in the 
lower left-hand corner of the picture and con-
nects to the RCA input jack. Just to the right 
and slightly above is the mixer, and the audio 
amplifier section is to the far right. The oscil-
lator is at the top of the board. The circuit 
board and all of the connectors and controls 
are mounted to the housing aluminum cover 
plate. I made some small rubber washers out 
of the same 1⁄8 inch rubber gasket material 
and used two at each corner to space the cir-
cuit board off the cover plate.

I mounted the electronics enclosure to a 
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61⁄4 × 4 inch piece of  3⁄8 inch plywood and 
mounted the plywood to the PVC pipe with 
a pair of two hole galvanized tubing straps. 
The board was left over from a previous proj-
ect. This arrangement allows the electron-
ics box to be removed from the PVC pipe 
without opening the electronics box. The 
electronics box could be mounted directly to 
the PVC pipe without the plywood if desired. 
Figure 7 is a photo of the front panel. The 
rear view of the completed detector is shown 
in Figure 8.

Testing Out the Detector
Plug a pair of 8 Ω headphones into the 

1⁄4 inch jack and turn on the power. You 
should hear a white noise rushing sound, 
which will change slightly as you adjust the 

BT1 — 9 V “transistor” battery.
C1-C3 — 0.01 µF, 100 V subminiature 

polyester capacitor (Mouser 140-
PM2A103K).

C4 — 180 pF COG (NPO) multilayer 
ceramic (Mouser 80-C315C181J1G).

C5 — 0.047 µF, 100 V subminiature 
polyester capacitor (Mouser 
140-PM2A473K).

C6-C9 — 0.1 µF, 100 V subminiature 
polyester capacitor (Mouser 
140-PM2A104K).

C10 — 470 µF, 25 V capacitor 
(Mouser 140-XRL25V470).

C11 — 10 µF, 35 V capacitor 
(Mouser 140-XRL25V10).

C12 — 47 µF, 35 V capacitor 
(Mouser 140-XRL25V47).

J1 — Panel mount RCA jack
(Mouser 161-1002).

Figure 5 — Ultrasonic detector schematic and parts list. Most components are stocked by RadioShack, www.radioshack.com; 
Mouser, www.mouser.com, or Digi-Key, www.digikey.com.

frequency control. The only adjustment that 
has to be made is setting the frequency of the 
555 oscillator. Set the frequency to about 39 
kHz, which will tune the downconverter for a 
40 kHz input signal. There are several ways 
that the frequency can be set. 

I had an ultrasonic transmit transducer, 
which I connected to a signal generator 
adjusted for 40 kHz at a very low output. It 
was then a simple matter to aim the dish at 
the transmit transducer and adjust the fre-
quency control until I could hear the audio 
tone in the earphones. I marked this point on 
the front panel so that I could easily set the 
oscillator to the correct frequency.

You can also set the oscillator frequency 
with a frequency counter or an oscilloscope 
connected to the junction of R11 and C2.

The following procedure, which does not 
require any special test equipment, can also 
be used. You can generate an ultrasonic sig-
nal by gently rubbing your fingers together. 
If you do this in front of the dish, you should 
be able to hear the sound quite loudly. Turn 
down the volume until you can just hear the 
sound of your rubbing fingers and carefully 
adjust the frequency control for the loudest 
sound. You may want to reduce the volume 
further as you make the final frequency 
adjustment. Place a mark on the front panel 
where the frequency control is. That is all 
there is to it — you are now ready to go hunt-
ing for arcing insulators on power lines.

Using the Ultrasonic Detector
The Ultrasonic detector should not be 

J2 — 1⁄4 inch panel mount phone jack
(Mouser 161-1804).

P1 — Small RCA plug (Mouser 17PP050).
Q1, Q2 — 2N4401 (Mouser 610-4401).
Q3 — MPF102 (Mouser 512-MPF102).
R1, R2 — 220 kΩ, 1⁄4 W (Mouser 

660-CF1/4L 224J).
R3-R6 — 2.2 kΩ, 1⁄4 W (Mouser 

660-CF1/4L 222J).
R7 — 1 kΩ, 1⁄4 W (Mouser 660-CF1/4L 102J).
R8, R9 — 270 Ω, 1⁄4 W (Mouser 660-CF1/4L 

271J).
R10, R11 — 10 kΩ, 1⁄4  W (Mouser 

660-CF1/4L 103J).
R12 — 100 kΩ, 1⁄4 W (Mouser 

660-CF1/4L 104J).
R13 — 82 kΩ, 1⁄4  W (Mouser 

660-CF1/4L 823J).
R14 — 10 kΩ,  audio control with SPST 

switch (Mouser 31XP401).

R15 — 50 kΩ, linear taper potentiometer 
(Mouser 31VA405).

S1 — Part of R14.
U1 — TLC555 CMOS 555 timer 

(RadioShack 276-1718).
U2 — LM386 audio amplifi er (RadioShack 

276-1731).
Ultrasonic transducer, Kobitone 

255-400ER18 (Mouser 255-400ER18).
Plastic enclosure — 61⁄4 × 33⁄4 × 2 inch, 

Keystone Electronics (Digi-Key 700K-ND).
Cover — Plastic Enclosure Aluminum  

Keystone Electronics (Digi-Key 
2046K-ND).

Universal component PC Board 
213⁄16 × 33⁄4 inch (RadioShack 276-168).

Parabolic refl ector — 18 inch diameter 
(Edmund Scientifi c 3080254).
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Figure 6 — Ultrasonic detector electronic assembly.

Figure 7 — Ultrasonic detector front panel.

used as the primary tool to hunt for power 
line noise. The techniques outlined in Notes 
1 and 2 should be followed to find the general 
area of the noise. I have been able to get the 
heading of the noise by rotating my triband 
beam while monitoring the noise on 10, 15 
or 20 meters with the receiver in the AM 
position. I have had some success finding 
the initial area by driving around with my car 
and listening to the AM radio tuned to the 
very high frequency end of the band. When 
I am in the vicinity of the noise, I have had 
very good luck using the MFJ-852 power 
line noise meter to narrow down the search. 
This VHF AM receiver has a signal strength 
meter with a 50 dB range and is very useful 
for tracking down the source. I have found 
that when I get close to the source of noise, 
the meter will be close to full scale.

Once you are in the vicinity of the prob-
lem pole, it is time to bring out the ultrasonic 
detector. To aim the parabolic dish, site 
through the 3⁄8 inch hole drilled into the PVC 
T and center the ultrasonic transducer in the 
hole. There is enough of a gap around the 
transducer to allow you to see the wires and 
insulators on the pole. If arcing is occur-
ring, you should hear a deep growl when 
you are pointing at the arcing source. The 
exact sound can be different, depending on 
the exact nature of the arcing. Arcing can 
consist of single or multiple spikes at a 60 or
120 Hz rate, and each will make a unique 
sound.

If you read some of the reference material 
about ultrasonic detectors, they will mention 
that, if there is blockage between you and 
the arc, it will not be possible to hear the 
arc. My experience has been that, although 
the amplitude has varied, I have been able 
to hear the arc on all of the poles that I have 
investigated to date.

The ultrasonic detector is only one of 
several tools that can be used to track down 
radio noise. An ultrasonic detector can get 

Figure 8 — Rear view of completed 
ultrasonic detector.

you very close to determining the location 
of the problem on a pole. It is also a very 
good verification that a problem exists, but 
the final determination of what needs to be 
fixed and how to fix it should be left up to the 
utility company. Remember that they are the 
experts. The value of the ultrasonic detector 
is that it provides very good and convincing 
evidence that a problem exists on a given 
pole. It is very difficult for the utility com-
pany to ignore the fact that you are hearing 
actual arcing. It is also possible to record the 

detector output and to convert the sound to an 
audio file if further proof is required. 

Good hunting!

Notes
1“Track and Solve Electrical Interference,” www.

arrl.org/tis/info/rfi -elec.html.
2M. Loftness, KB7KK, AC Power Interference 

Handbook. Available from your ARRL dealer 
or the ARRL Bookstore, ARRL order no. 
9055, telephone 860-594-0355, or toll-free in 
the US 888-277-5289; www.arrl.org/shop/; 
pubsales@arrl.org.

3G. Kunkel, “Parabolic Microphone Design,” 
web.archive.org/web/20041023131641/
ourworld.compuserve.com/homepages/
G_Kunkel/microphone.htm.

4“Bat Detector,” Popular Electronics, Dec 1994, 
www.njsas.org/projects/bat_detector/
heterodyne.html.

Jim Hanson, W1TRC, has been an ARRL mem-
ber for over 50 years. He received his General 
class license in 1951, his Advanced class license 
in 1952 and his Amateur Extra class license in 
1984. His primary ham radio interest has been 
working DX and he is at the top of the phone and 
mixed DXCC honor roll. Jim has a BS degree 
in electrical engineering and has been retired 
from Raytheon Company Inc since 2004 where 
he worked on radar receiver and low noise 
exciter designs. He holds several patents relat-
ing to radar design. You can reach the author 
at 8 Ethelyn Circle, Maynard, MA 01754 or 
w1trc@arrl.net.

CWTOUCHKEYER P3 TOUCH PADDLE
 The P3 touch paddle circuit board can be used to make 

your own touch-sensitive keyer paddle or straight key. 
Just add the conductive metal objects of your choice for 
the paddle contacts, and provide 5 to 14 V dc at 2 mA for 
power. The PC board measures 1.5×1 inches and paddle 
contacts can be mounted up to 24 inches away. Price: $28 
assembled or $18 in kit form. To order or for more infor-
mation, visit www.touchpaddle.com or contact Sumner 
Eagerman, WA1JOS, 14 Boutas Dr, Norton, MA 02766;
tel 508-285-7600.

New Products
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13.30 Chapter 13

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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Fig 13.50 — Schematic of the active attenuator. Resistors are 1/4-W, 5%-tolerance
carbon composition or film.

Fig 13.51 — Interior view of the active attenuator. Note that C7, D1 and L2 are
mounted between the BNC connectors. R5 (not visible in this photograph) is
connected to the wiper of slide pot R6.

BT1 — Alkaline hearing-aid battery,
Duracell SP675 or equivalent.

C1 — 75-pF miniature foil trimmer.
J1, J2 — BNC female connectors.
L1 — 470-μμμμμH RF choke.

L2 — 3.3-μμμμμH RF choke.
R6 — 1-kΩΩΩΩΩ, 1-W linear taper (slide or

rotary).
S1 — SPST toggle.

input to attenuator output.
This frequency converter design is un-

orthodox; it does not use the conventional
configuration of a doubly balanced mixer,
matching pads, filters and so on. Such
sophistication is unnecessary here. This
approach gives an easy to build circuit that
consumes very little power. PAØZR uses a

tiny 1.4-V hearing-aid battery with a
homemade battery clip. If your enclosure
permits, you can substitute a standard
AAA-size battery and holder.

CONSTRUCTION AND TUNING
For a template for this project, including

the PC board layout and parts overlay, see

the Templates section of the Handbook
CD-ROM. A circuit board is available from
FAR Circuits. The prototype (Fig 13.51)
uses a plated enclosure with female BNC
connectors for RF input and output. C7, D1,
L2 and R5 are installed with point-to-point
wiring between the BNC connectors and
the potentiometer. S1 mounts on the rear
wall of the enclosure.

Most hams will find the 500-kHz fre-
quency offset convenient, but the oscilla-
tor can be tuned to other frequencies. If
VHF/UHF activity is high in your area,
choose an oscillator frequency that cre-
ates mixing products in clear portions of
the band. The attenuator was designed for
144-MHz RDF, but will work elsewhere
in the VHF/UHF range.

You can tune the oscillator with a fre-
quency counter or with a strong signal of
known frequency. It helps to enlist the aid
of a friend with a hand-held transceiver a
short distance away for initial tests. Con-
nect a short piece of wire to J1, and cable
your hand-held transceiver to J2. Select a
simplex receive frequency and have your
assistant key the test transmitter at its low-
est power setting. (Better yet, attach the
transmitter to a dummy antenna.)

With attenuator power on, adjust R6 for
mid-scale S-meter reading. Now retune the
hand-held to receive one of the mixing
products. Carefully tune C1 and R6 until
you hear the mixing product. Watch the
S-meter and tune C1 for maximum reading.

If your receiver features memory chan-
nels, enter the hidden transmitter fre-
quency along with both mixing product
frequencies before the hunt starts. This
allows you to jump from one to the other
at the press of a button.

When the hunt begins, listen to the fox’s
frequency with the attenuator switched on.
Adjust R6 until you get a peak reading. If
the signal is too weak, connect your quad
or other RDF antenna directly to your
transceiver and hunt without the attenua-
tor until the signal becomes stronger.

As you get closer to the fox, the attenu-
ator will not be able to reduce the on-
frequency signal enough to get good bear-
ings. At this point, switch to one of the
mixing product frequencies, set R6 for on-
scale reading and continue. As you make
your final approach, stop frequently to
adjust R6 and take new bearings. At very
close range, remove the RDF antenna al-
together and replace it with a short piece
of wire. It’s a good idea to make up a short
length of wire attached to a BNC fitting in
advance, so you do not damage J1 by stick-
ing random pieces of wire into the center
contact.

While it is most convenient to use this
system with receivers having S-meters,
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the meter is not indispensable. The active
attenuator will reduce signal level to a
point where receiver noise becomes au-
dible. You can then obtain accurate fixes
with null-seeking antennas or the “body
fade” technique by simply listening for
maximum noise at the null.
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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.
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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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have been using an MFJ-852 power 
line noise meter in conjunction 
with my homemade ultrasonic 
power line arc detector to track 

down power line noise.1 The MFJ-852 meter 
uses a simple, built-in dipole antenna for 
reception. In the process of hunting down 
power line noise, I came across a situation in 
which I just could not pinpoint the noisy pole 
with my MFJ-852 power line noise meter. I 
decided that there must be more than one 
noise source in the vicinity. ARRL Lab RFI 
Engineer Mike Gruber, W1MG, pointed out 
the difficulty of using the MFJ-852 power 
line noise meter in a complex noise environ-
ment in his November 2006 QST review of 
the meter.2 Because of the problem I was 
having at this location, I decided to replace 
the simple dipole used in the MFJ-852 with 
a directional three element Yagi.

An Easy to Make Yagi for the ’852
While doing some searches on the 

Internet, I came across the Web site of Joe 
Leggio, WB2HOL, titled “Tape Measure 
Beam Optimized For Radio Direction 
Finding.”3 Joe developed a three element 
tape measure beam that he optimized for
2 meter fox hunting. The characteristics that 
have made his design such a success for fox 
hunting include all of the desirable features 
of an antenna optimized for power line noise 
hunting. These features include a very high 
front-to-back ratio, low cost, easy construc-
tion with simple hand tools and lightweight 
portability.

The antenna evolved during a search 
for a beam with a really great front-to-back 
ratio to use in hidden 2 meter transmitter 
hunts. The design exhibits a very clean pat-
tern and is perfect for radio direction-finder 
(RDF) use. It trades a bit of forward gain in 
exchange for a very deep notch in the pattern 
toward the rear. These features, along with 
ease of construction and low cost, convinced 
me that this would be an ideal antenna to use 
for power line noise hunting.

I

Adapting a Three Element Tape Measure 
Beam for Power Line Noise Hunting 
Find that noise source to point your power utility in the right direction.

James T. Hanson, W1TRC

1Notes appear on page 31.

Figure 1 — YAGI-CAD predicted tape measure beam patterns.

One characteristic that is common to both 
RDF and noise hunting beam antennas is 
ease of getting it in and out of a car. This fea-
ture is accomplished by the use of steel tape 
measure elements. The elements can easily 
be folded when fitting the antenna into a car 
and yet, because of the short lengths at VHF/
UHF frequencies, they are self-supporting.

Another desirable design goal was to use 
materials that were easy to obtain. The beam 
uses schedule 40 PVC pipe and fittings 
available at any hardware store for the boom 
and element supports. This keeps the cost for 
the antenna very low. The element supports 
consist of PVC crosses and Ts. The elements 
are cut from a steel tape measure.

Antenna Design Details
A shareware computer aided Yagi design 

program called YAGI-CAD written by Paul 
McMahon, VK3DIP, was used to design 
and evaluate the antenna.4 A summary of the 
theoretical beam characteristics achieved is 
contained in Table 1. A plot of the E (elec-
tric field) and H (magnetic field) plane beam 
patterns predicted by YAGI-CAD is included 
in Figure 1. Notice that the beam has a 
theoretical front-to-back ratio of 50 dB. I 
have found the front-to-back ratio to be very 
impressive in actual use.

The Yagi Elements
The beam consists of a boom constructed 

out of 1⁄2 inch PVC schedule 40 pipe and fit-
tings and elements cut from 1 inch wide steel 
tape measure. I found a 25 foot, 1 inch wide 
tape measure at the bargain table of a local 
hardware store for under $5. This provided 
more than enough tape to build a three element 
beam at 135 MHz, the operating frequency of 
the MFJ-852 power line noise meter. I have 
since discovered that Home Depot also stocks 
a 25 foot, 1 inch wide tape measure for under 
$5. Inductive hairpin matching is used to 
match the antenna to 50 Ω coax.

Coax Termination
In the original RDF application, RG-58, 

Table 1 
Three Element Tape Measure 
Beam Performance Predicted by 
YAGI-CAD
Gain 7.3 dBd
Front-to-back ratio >50 dB
Beamwidth, 3 dB E-plane  67.5°
Beamwidth, 3 dB H-plane 111°
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50 Ω coax is connected directly to the driven 
element and matching network. I decided 
to create a balun by wrapping several turns 
of the coax around the boom right after the 
connection. This has also been done on a 
number of antennas that have been built for 
RDF use. The balun makes the transition 
from the balanced antenna feed point to the 
unbalanced coax. It should help generate 
a symmetrical antenna pattern. There is a 
measured antenna pattern plot on the Web 
site referenced in Note 4 that shows that the 
pattern is somewhat distorted. The pattern 
was taken without a balun, and it has not 
been redone with a balun.

Adapting to Other Frequencies
The original tape measure beam was 

designed for a 2 meter fox hunt frequency 

Figure 2 — 135 MHz tape measure beam assembly.

Table 2 
Three Element Tape Measure Beam Dimensions (Inches)*

Frequency (MHz) 146.565            135           224              432
Refl ector length 41.38 44.92 27.07 14.04
Driven element length 35.50 38.54 23.23 12.04
1⁄2 driven element length 17.75 19.27 11.61 6.02
Director length 35.13 38.13 22.98 11.92
Refl ector to driven element center to  8.00 8.69 5.23 2.71
 center spacing
Refl ector PVC length (see Note 1) 7.00 7.69 4.23 1.71
Director to driven element center to  12.50 13.57 8.18 4.24
 center spacing
Director PVC length (see Note 1) 11.50 12.57 7.18 3.24
U matching total length 5.00 5.43 3.27 1.70

*The length of PVC can vary somewhat depending on the PVC fi tting exact dimensions.
The critical antenna dimensions are the center to center element spacings.

of 146.565 MHz. Since the MFJ-852 power 
line noise meter operates at a frequency 
of 135 MHz, the dimensions must be 
changed for this frequency. This is read-
ily accomplished using Equations 1 and 2 
that scale the dimensions of the 146.565 
MHz design by the inverse of the new fre-
quency. Equation 1 is used to scale the ele-
ment lengths, element spacing and hairpin 
match length. Equation 2 is used to scale 
the reflector to the driven element and the 
director to the driven element boom lengths, 
which are shortened to take into account 
the length added by the PVC cross and T.
Equation 2 is based on a distance of 1.25 
inches from the edge of the PVC cross or T to 
the center of the corresponding beam element, 
and a penetration of the boom sections of
0.75 inch into the corresponding cross and 

T. This difference is 0.5 inch, which is mul-
tiplied by 2 to account for each end. This 
is where the 1 comes from in Equation 2. If 
you find the dimensions of your PVC parts 
differ from this, an adjustment to the factor 
“1” in Equation 2 should be made, so that the 
resultant element spacing is correct.

LN = L146.565*(146.565/FN) [Eq 1]
LB = LE – 1 [Eq 2]

where:
LN is the element length, element spac-

ing or hairpin match length in inches at the 
new frequency.

L146.565 is the corresponding 146.565 
MHz antenna element length, element spac-
ing or hairpin match length in inches.

FN is the new frequency in MHz.
LB is the boom length in inches at the 

new frequency.
LE is the element to element spacing in 

inches at the new frequency.
The final dimensions for several differ-

ent frequencies are included in Table 2. I 
found that the design scaled from 146.565 
MHz to 135 MHz very well, and Joe Leggio, 
WB2HOL, has informed me that it scales up 
to 440 MHz just as well. It is recommended 
that if a 440 MHz version is built, that a
1⁄2 inch wide tape measure be used in place 
of 1 inch tape measure used in this model. 
Remember that as frequency increases, the 
tolerance of the dimensions gets tighter so 
at the higher frequencies, accuracy becomes 
more important. The antenna does not scale 
well if small diameter element material such 
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Figure 3 — Hairpin match and balun 
details.

Figure 4 — Assembled 135 MHz tape measure beam. Figure 5 — Disassembled beam ready for transport.

as welding rod is substituted for the tape 
measure elements.

Putting it All Together
A drawing that shows all of the 135 MHz 

antenna construction details is included 
in Figure 2. The PVC components are not 
glued together. There is enough friction in 
the PVC pipe to hold the beam together 
and this allows it to be taken apart easily for 
transportation.

The tape measure can be cut with a pair 
of tin snips or a heavy pair of scissors. No 
matter how you cut the elements, be very 
careful. The edges are very sharp and will 
inflict a nasty cut if you are careless. Use 
some emery cloth to remove the really sharp 
edges and burrs resulting from cutting the 
elements to size. It is also a good idea to 
chamfer the edges by cutting about 1⁄8 inch 
off each corner. Put some vinyl electrical 
tape on the ends of the elements to protect 
from getting cut. Wear safety glasses while 
cutting the elements. Those bits of tape mea-
sure can be hazardous.

When I cut the tape, I used the tape 
measure itself to measure the length of the 
elements. I started out by cutting the end 
of the tape off at the 2 inch point and added
2 inches to the length of the first cut element 
to determine where the second cut should be 
made. I then trimmed the remaining tape to 
the next whole inch mark on the tape, and 
with simple arithmetic determined where 
the next cut should be made. I continued 
this process until all of the elements were 
cut to size.

Keeping Track of What’s What
Notice that the driven element and reflec-

tor both use PVC crosses while the director 
element uses a PVC T. This was done pur-
posely to make it easy to recognize the direc-
tor and reflector elements when assembling 
the beam.

The wire size and type of wire used for the 

hairpin match is not critical. Hams have used 
anything from 22 to 14 gauge stranded or 
solid wire. I used 14 gauge solid copper house 
wire. It appears to be a good choice from a 
mechanical survivability point of view.

Holding it Together
The elements are attached to the PVC fit-

tings with stainless steel hose clamps. The 
only tricky part of assembling the beam is 
soldering the coax and hairpin match to the 
driven element, since the PVC will melt if 
you apply too much heat. One solution to 
this potential problem is to do the soldering 
before assembling the driven element to the 
PVC fittings.

Hooking it Up
Remove the paint from the corner of the 

driven element tape with some emery cloth 
and tin the steel tape. Temporarily tape the 
driven elements to a piece of scrap wooden 
board using electrical tape so the element 
ends are 3⁄4 inch apart. Pre-form the hairpin 
match into a U shape so the spacing is 1⁄2  inch. 
Flare the last 1⁄4 inch of the hairpin match out 
about 45°. Now solder the hairpin match and 
the coax to the elements. Carefully remove 
the electrical tape and position the assem-
bly over the PVC cross. Slip the stainless 
steel clamps over the ends of the elements 
and tighten the clamps. The final assembly 
should look like the detail in Figure 3. After 
winding and wrapping the balun with elec-
trical tape, the RG-58 coax was cut about 
2 feet beyond the end of the reflector PVC 
cross and a BNC male connector installed 
on the coax. Figure 4 is a photograph of the 
assembled beam. Fine-tuning of the final 
match can be accomplished by increasing 
or decreasing the gap between the driven 
element halves. I checked the match with an 
MFJ-259B SWR analyzer and found that it 
was very close to 1.1:1.

Taking it Apart
When it is not in use, and when transport-

ing the beam, disassemble the elements and 
director portion of the boom. The boom sec-
tion that goes to the reflector is kept attached 
to the driven element since it has the coax 
balun attached. Each of the elements can 
be folded back on itself and slipped into the 
corresponding PVC cross or T to minimize 
its size. The disassembled components are 
shown in Figure 5. I carry the beam pieces 
in a plastic shopping bag.

Interfacing the Beam to the 
MFJ-852 Power Line Noise Meter

The final part of the project is to inter-
face the beam with the MFJ-852 power line 
noise meter. The MFJ-852 has a metal front 

HANSON.indd   30HANSON.indd   30 3/22/2007   10:37:56 AM3/22/2007   10:37:56 AM



  May 2007  31

panel but it is in a plastic box. I wanted to 
shield the electronics from any stray pickup 
to preserve the deep notch off the back of 
the beam, so I removed the plastic box and 
unsoldered the antenna coax connection 
from the PC card. The plastic box, telescop-
ing antenna sections and coax balun are not 
used. I then mounted the MFJ-852 power 
line noise meter front panel and electron-
ics to a cutout in a 3 × 5 × 4 inch aluminum 
BUD box (BUD part number AU-1028). I 
mounted a BNC female connector to the box 
and used a short length of small diameter
50 Ω coax (RG-174 or equivalent) to con-
nect the coax connector to the MFJ-852 
printed circuit card. The holes in the MFJ-
852 printed circuit card have a very small 
diameter, so I found it necessary to use a 
piece of 22 gauge bus wire to make the con-
nection to the coax shield.

Noise Hunting With the Three 
Element Beam

The beam makes a big difference when 
tracking down noise if there are two or more 
noise sources in relatively close proximity. I 
have found that the null off of the back of the 
beam is a very good indicator of the direc-
tion of the noise. I have found that it works 
best if I can get some distance (100 yards or 
more) away from multiple noise sources. In 
the complex environment I was investigat-
ing, I found that I could get more than one 
null off of the back of the beam, and each 
null pointed me to a noisy pole. Once I found 
the area where poles were generating noise, I 
was able to hear the arcing on the offending 
poles using my ultrasonic detector, and I was 
able to pinpoint the exact noise sources.5

The MFJ-852 signal strength meter has 
a dynamic range of about 50 dB. To extend 
the range, I carry a small, homemade, 20 dB,
50 Ω π-section attenuator in a shielded 
enclosure with BNC connectors. The attenu-
ator can be connected between the antenna 
and the MFJ-852 to extend the dynamic 
range. I have found the attenuator to be help-
ful if the signal strength gets too strong.

Using Receivers Other Than the 
MFJ-852 Power Line Noise Meter

Any VHF or UHF receiver capable 
of receiving AM can be used with a tape 
measure beam to hunt for power line noise. 
There are several homemade and modified 
commercial receivers documented on the 
ARRL Technical Information Service (TIS) 
Web page.6

One example of a simple receiver is a 
tuned radio frequency (TRF) design by Rick 
Littlefield, K1BQT, published in the March 
2001 issue of QST.7 Rick let me try out one 
of his receivers that he had mounted in a 
shielded box for me with an SMA connector 

That Works.”8 This article can be found on 
the ARRL TIS Web page. The article also 
describes how to use an attenuator when 
tracking down a noise source.

As Mike Gruber pointed out in his review 
of the MFJ-852, one of the unique require-
ments of a noise locating receiver is wide 
bandwidth, since noise is a wide band signal 
and the receiver sensitivity improves with 
bandwidth. The MFJ-852 has an IF band-
width of 100 kHz. While most general cov-
erage receivers will have bandwidths much 
narrower than this, the reduced sensitivity 
will be partially compensated for by the gain 
of the tape measure beam.

Notes
1J. Hanson, W1TRC, “A Home-made Ultrasonic 

Power Line Arc Detector,” QST, Apr 2006,
pp 41-45.

2M. Gruber, W1MG, “Product Review — MFJ-
852 Power Line Noise Meter,” QST, Nov 
2006, pp 75-76.

3home.att.net/~jleggio/projects/rdf/rdf.htm.
4www.teara.org.
5See Note 1.
6www.arrl.org/tis/tismenu.html.
7R. Littlefi eld, K1BQT, “A Simple TRF Receiver 

for Tracking RFI,” QST, Mar 2001, pp 32-36.
8W. Leavitt, W3AZ, “A Line Noise ‘Sniffer’ That 

Works,” QST, Sep 1992, pp 52-55.

Jim Hanson, W1TRC, has been an ARRL mem-
ber for over 50 years. He received his General 
class license in 1951, his Advanced class license 
in 1952 and his Amateur Extra class license in 
1984. His primary ham radio interest has been 
working DX and he is at the top of the phone and 
mixed DXCC Honor Roll. Jim has a BS degree 
in electrical engineering and retired in 2004 
from Raytheon Company Inc, where he worked 
on radar receiver and low noise exciter designs. 
He holds several patents relating to radar design. 
You can reach the author at 8 Ethelyn Cir, 
Maynard, MA 01754 or w1trc@arrl.net.

Figure 6 — Shielded MFJ-852 mounted in 
metal Bud box.

for the antenna. I purposely went hunting for 
some power line noise (it is never very far 
away) and was able to successfully hear and 
locate a noise source with this receiver using 
the tape measure beam.

There are also a growing number of small 
handheld receivers and transceivers that 
include general coverage receivers operat-
ing up to 1 GHz. Any that include an AM 
detector are suitable. Some of these receiv-
ers include a signal strength indicator or a 
switchable attenuator between the antenna 
and receiver can also be used to determine 
relative signal strength when pinpointing the 
noise source. A suitable switchable attenu-
ator with 42 dB total range is described in 
the QST article titled “A Line Noise Sniffer 

New ProductsNew Products
MFJ 144/440 MHz YAGI ANTENNA
 The MFJ-1760 Yagi antenna 

uses 3 elements on 144 MHz 
and 5 elements on 440 MHz 
and requires only one feed 
line. Power rating is 500 W, 
the longest element is 40.5 
inches, the boom length is 
45 inches and the antenna 
weighs 2 pounds. The MFJ-
1760 works with masts up 
to 1.5 inches diameter. A 
similar product, the DB-2345, 
is available from MFJ’s Hy-
Gain product line. Price: 
MFJ-1760, $79.95; Hy-Gain 
DB-2345, $89.95. To order 
or for your nearest dealer,
call 800-647-1800 or see 
www.mfjenterprises.com. 
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What To Do if You Have an Electronic Interference 
Problem 

This is a self-help guide for the consumer published jointly by the American Radio Relay 
League (ARRL), an organization representing Amateur Radio operators, and the Consumer 
Electronics Association (CEA).  
 
Introduction  
 
As our lives become filled with more technology, the likelihood of unwanted electronic 
interference increases. Every lamp dimmer, hair dryer, garage-door opener, radio transmitter, 
microprocessor-controlled appliance or remote-controlled new technical "toy" contributes to 
the electrical noise around us. Many of these devices also "listen" to that growing noise and 
may react unpredictably to their electronic neighbors.  
 
Interference: What Is It?  
 
Complex electronic circuitry is found in many devices used in the home. This creates a vast 
interference potential that didn't exist in earlier, simpler decades. Your own consumer 
electronics equipment can be a source of interference, or can be susceptible to interference 
from a nearby noise source. Interference can also result from the operation of nearby amateur, 
citizens band, police, broadcast or television transmitters.  
 
The term "interference" should be defined without emotion. To some people, it implies action 
and intent. The statement, "You are interfering with my television" sounds like an outright 
accusation. It is better to define interference as any unwanted interaction between electronic 
systems -period! No fault. No blame. It's just a condition.  
 
Personalities  
 
You can't overestimate the importance of personal diplomacy when you're trying to solve a 
problem that involves two or more people! The way you react and behave when you first 
discuss the problem with other individuals, such as a neighbor, utility or cable company, or 
manufacturer, can set the tone for everything that follows. Everyone who is involved in an 
interference problem should remember that the best solutions are built on cooperation and 
trust. This is a view shared by electronic equipment manufacturers, the Federal 
Communications Commission (FCC) and the American Radio Relay League (ARRL). 

Responsibilities  
 
No amount of wishful thinking (or demands for the "other guy" to solve the problem) will 
result in a cure for interference. Each individual has a unique perspective on the situation --
and a different degree of understanding of the technical and personal issues involved. On the 
other hand, each person may have certain responsibilities toward the other and should be 
prepared to address those responsibilities fairly.  
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Any individual who operates a radio transmitter, either commercial or private, is responsible 
for the proper operation of the radio station. All radio transmitters or sources are regulated by 
the FCC. The station should be properly designed and installed. It should have a good ground 
and use a low-pass filter, if needed. If consumer electronics equipment at the station is not 
suffering the effects of interference, you can be almost certain that the problem does not 
involve the radio station or its operation. However, if the interference is caused by a problem 
at the station, the operator must eliminate the problem there.  
 
Manufacturers of consumer electronics equipment are competing in a difficult marketplace. 
To stay competitive, most of them place a high priority on service and customer satisfaction. 
For example, many manufacturers have service information that can be sent to a qualified 
service dealer. Most manufacturers are willing to assist you in resolving interference problems 
that involve their products. Over recent years, manufacturers have built up a good track record 
designing equipment that functions well in most electrically noisy environments.  
 
The FCC will do what it can to help consumers and radio operators resolve their interference 
problems. They expect everyone involved to cooperate fully. Experience has taught them that 
solutions imposed from the outside are not usually the best solutions to local problems. 
Instead, they provide regulatory supervision of radio operators and manufacturers. To help 
consumers, basic information concerning interference solutions is now available on the 
Internet through the FCC Consumer & Governmental Affairs Bureau Home Page. This basic 
information includes the CIB Interference Handbook and the FCC Consumer Facts 
Interference Bulletin. Specific information includesthe CGB Telephone Interference 
Bulletin,What Can I Do About Interference to My Radio page and the What Can I Do About 
Interference to My Television page. The CIB Interference Handbook includes a list of 
equipment manufacturers who provide specific assistance with interference problems. The list 
also is available through the Commission's Fax on Demand at (202) 418-2830. Callers should 
request document number 6904.  
 
Finally, the consumer has responsibilities, too. You must cooperate with the manufacturer, the 
radio operator, and, if necessary, the FCC as they try to determine the cause of the problem. 
They need your help to find a solution.  
 

What Causes Interference?  
 
Interference occurs when undesired radio signals or electromagnetic "noise" sources are 
picked up by consumer electronics products -most often telephones, audio equipment, VCRs 
or TVs. It usually results in noise, unwanted voices or distorted TV pictures. In most cases, 
the source is nearby.  
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There are three common types of interference:  
 
(1.) Noise: Interference can be caused by an electromagnetic noise source. Defective neon 
signs, bug zappers, thermostats, electrical appliances, switches or computer systems are just a 
few of the possible sources of this type of interference. Both you and your neighbors may be 
suffering from its effects. In some cases, the noise may be the result of a dangerous arc in 
electrical wiring or equipment and may provide warning of an unsafe condition that should be 
immediately located and corrected.  

(2.) Overload: Even if a nearby radio signal is being transmitted on its assigned frequency, if 
it is strong your equipment may be unable to reject it. Your telephone, radio, stereo or TV 
should be able to separate the desired signal or sound from a large number of radio signals 
and electrical noises. This is shown in Figure 1.  

 
Figure 1. 

Consumer electronics equipment manufacturers have worked in cooperation with government 
regulators to set and meet voluntary standards of interference immunity. Modern equipment 
usually includes enough filtering and shielding to ensure proper performance under average 
conditions. Older equipment may not meet these standards, however, and even modern 
equipment can be affected if the interfering signal is particularly strong. In these cases, your 
equipment is working as designed, but it may need some additional filtering or shielding to 
function properly.  
 
(3.) Spurious emissions: A nearby radio transmitter could be inadvertently transmitting weak 
signals on a frequency not assigned to that transmitter. These signals are called "spurious 
emissions." FCC regulations concerning spurious emissions are very clear. If interference is 
caused by spurious emissions, the operator of the transmitter must take whatever steps are 
necessary to reduce the spurious emissions as required by FCC regulations. Fortunately, 
modern transmitting equipment is manufactured to meet stringent regulations, and many radio 
operators are examined and licensed by the government. These federally licensed operators 
often have the technical skill to resolve interference problems that originate from their radio 
stations.  
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With all of these possibilities, it is difficult to guess which type of problem is causing your 
interference. Usually, only a technical investigation can pinpoint the cause and suggest a 
solution. This is where a spirit of cooperation and trust will pay off! If you believe your 
equipment is picking up signals from a nearby radio transmitter, the operator may be able to 
help you both find a solution to a mutual problem.  
 
How to Find Help  
 
Most consumers do not have the technical knowledge to resolve an interference problem. 
Even so, it's a comfort to know that help is available. Gather information about interference. 
The FCC and ARRL have self-help information packages or books. If the problem involves 
an electrical-power, telephone or cable-television system, contact the appropriate utility 
company. They usually have trained personnel who can help you and your neighbor pinpoint 
the cause of the problem.  
 
Most consumer electronics manufacturers are willing to help you. Your owner's manual, or a 
label on your equipment, may give you information about interference immunity or tell you 
who to call about interference problems. If not, the Consumer Electronics Manufacturers 
Association will be able to give you the address of your equipment manufacturer's general 
customer service personnel. The manufacturers know their equipment better than anyone else 
and will usually be able to help you.  
 
Operators of licensed amateur or commercial transmitters usually have some technical ability. 
These operators are the nearest source of help. Remember, the station operator may also be a 
neighbor! Use a polite approach to ensure that the relationship stays "neighborly." Licensed 
Amateur Radio operators have access to volunteers (Technical Coordinators and local 
interference committees) who are skilled at finding solutions for most interference problems.  
 
Testing One, Two, Three . . .  
 
If you think a neighbor's radio transmitter might be involved, you and your neighbor should 
arrange a test. It's important to determine whether the interference is (or is not) present when 
the radio station is "on the air." Your neighbor may want to ask another operator friend to 
participate in the test at your home. By the same token, you may want to invite a friend to 
attend the test at the radio operator's station. Having impartial witnesses will make you and 
your neighbor more comfortable with the outcome -whatever it may be. Be sure to choose 
your witness carefully. Select someone who is diplomatic and tactful. 

The tests must be thorough. The transmitter operator must try all normally used frequencies, 
antenna directions and power levels. All results must be carefully written down. More than 
one set of tests may be needed. Once you and your neighbor have determined which 
frequencies and power levels cause the problem, you'll be one step closer to finding a 
solution.  
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Try the Easy Things First  
 
Sometimes, the easiest solutions are the best. Many cases of interference can be resolved 
without the need for technical investigations or knowledge. As first steps, you might check 
your wiring for damage, for open outer wire shields, or for loose terminal connections. Try 
removing any added devices, such as video games, or even relocating the equipment or re-
orienting the device's antenna and power cord.  
 
If you suspect that the problem is caused by electrical noise, check for overloaded circuits, 
frayed wires, loose sockets, etc. These types of problems should be fixed no matter what! 
Have your electrician shut off one breaker at a time, noting if this has any effect on the 
interference. If so, determine which devices are connected to that particular line, then remove 
the suspect devices one at a time. When the interference goes away, you've found the 
"culprit." Your electric utility company service department will offer assistance if the 
interference is coming from defective equipment on the power lines or distribution equipment.  
 
Interference filters for your consumer electronics equipment can be purchased locally or by 
mail order. These filters usually eliminate unwanted interference if they are used properly on 
the equipment that is in need of additional filtering.  
 
According to the FCC's Interference Handbook, telephones and other audio devices that pick 
up radio signals are improperly acting as radio receivers. The interference can usually be 
cured, but the necessary filtering must be applied to the affected device.  
 
Several companies sell modular telephone interference filters that are very effective. Your 
telephone company service department also may be able to help.  
 
A high-pass filter may reduce interference to an antenna-connected television or VCR. A 
common-mode filter should be tried first on TVs or VCRs connected to a cable system. An 
AC-line interference filter may help with electrical or radio interference. These items can be 
purchased locally or by mail order.  
 
Some interference cures must be applied to the internal circuitry of the affected equipment. 
This should always be done by authorized service personnel.  

The ARRL has an information package called "RFI/EMI Radio Frequency Interference". 
They also sell a book, Radio Frequency Interference - How to Find It and Fix It, that provides 
additional guidance and technical information. Although it was written for Amateur Radio 
operators, the book may be helpful to you, too. Contact ARRL for information about their 
products and membership services.  
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Self-Help Cures  
 
In some cases, when all else fails, you may need to resolve the problem yourself, or with the 
help of your electronic service person. It's impossible to use the remaining space to outline all 
of the possible cures for interference problems (the subject is quite complex). However, a few 
simple cures using commonly available parts can eliminate most problems. The self-help 
packages supplied by the ARRL and the FCC explain these cures in more detail.  
 
Interference Can Be Cured!  
 
Remember, most cases of interference can be cured! It takes cooperation between the 
consumer, the manufacturer and the radio operator. With a little bit of work, you and your 
neighbor can both enjoy your favorite activities in peace.  
 
For More Information...  
 
The ARRL and the FCC have self-help packages available to help you resolve 
interference problems.  
 
American Radio Relay League, Inc. 
RFI Desk 
225 Main Street 
Newington, CT 06111 
Tel 860 594 0214 
Internet Web Site: http://www.arrl.org/ 
E-mail: rfi@arrl.org  
 
Federal Communications Commission 
Compliance & Information Bureau 
1919 M Street, N.W. 
Washington DC 20554 
Tel 202 418 0200 
Internet Web Site: http://www.fcc.gov/  
 
Consumer Electronics Association 
2500 Wilson Boulevard  
Arlington, VA 22201-3834 
Tel 703 907 7600 
Internet Web Site: http://www.ce.org/  
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For copies of U.S. Government publications, contact:  
 
U.S. Government Printing Office 
North Capitol & H Streets, N.W. 
Washington, DC 20401 
tel (202) 512-1800 
Internet Web Site: http://www.access.gpo.gov/  
 
Sources of interference filter products:  
 
High-pass filters:  
 
Industrial Communication Engineers 
RadioShack catalog #15-579, 15-577 (FM Trap) 
TCE Labs  
 
Common-mode filters:  
 
Industrial Communication Engineers 
TCE Labs  
 
Telephone-interference filters:  
 
Industrial Communication Engineers 
K-Com 
RadioShack 43-150 
TCE Labs  
 
Contact:  
 
Industrial Communication  
Engineers 
P.O. Box 18495 
Indianapolis, IN 46218-0495 
tel (800) 423-2666  
 
K-Com  
P.O. Box 83 
Randolph, OH 44265  
tel (216) 325-2110  
 
TCE Labs 
2365 Waterfront Park Drive 
Canyon Lake, TX 78133  
tel (210) 899-4575 


