
AM-band, VHF. and shor1wave re
ceivers in particular often 
produce audio signals that are 

a terrible mess of weird squawks, 
squeals, and other objectionable 
noises. Today, the growing number of 
electronic devices is making the ca
cophony louder and messier than ever 
before. Fortunately, many of the inter
ference problems that you might expe

. rience can be fixed, or at least reduced 
significantly in severity. 

Interference is usually produced by 
one of 1wo sources: local radio- and N
station signals and other electronic de
vices. Signals from AM FM and N sta
tions are quite powerful, and can be 
troublesome for receiver owners in their 
immediate vicinity. Unfortunately, in 
many areas of the country, residences 
are located quite close to such sta
tions-in a few areas even shor1wave 
stations are located near homes. Let's 
discuss the problems caused by local 
transmitters first. 

Radio-Station Interference. Typical 
pro blems from local transmitters in
clude blanketing, ·desensitization, har
mo nic ge ne ration, and inter
modulation. Let's define 
each of these in turn. 

First we'll deal with 
blanketing. Blanket
ing occurs when a 
very strong loca l 
sig na l comple te ly 
washes out radio re-
ception all across the band.lt generally 
affects only the band that the signal is 
found in. The offending signal can ei
ther be received throughout the band, 
or at numerous discrete points. 

Another problem is desensitization. 
Desensitization appears as severely re
duced receiver sensitivity due to the 
presence of a strong local signal. De
sensitization can occur across a wide 
frequency range and is not restricted to 
a sing le band. You might not hear the 
offend ing signa l on your receiver unless 
it's tuned to the station's frequency. 

Yet a third problem is harmonic gen
eration. If the signal is strong enough to 
drive the RF amplifier of the receiver 
into nonlinearity, then the receiver may 
interna lly generate harmonics of the 
strong signal. For example, if you live 
close to a 780-kHzAM broadcast-band 
signa l source, and the receiver over
loads from its transmissions, then you 
might be able to pick up the signal at 
1wice the frequency (1,560-kHz), three 

times the frequency (2,340-kHz), and so 
on up throughout the shor1wave bands. 
Note that the radio statior:Lis notgener
ating harmonics (which would violate 
FCC regulations). The receiver is just re
sponding inappropriately to the re
ceived signal. 

Last, there's the possibility of inter
modulation. This problem occurs when 
1wo signals of different frequencies (say, 
f1 and f2 ) mix together to produce a 
third frequency (f3 ). The 1wo initial fre
quencies involved might be (and prob
ably are) the assigned fundamental 

operating on 21,390 kHz (in the 15-
meter band). Both stations are operat
ing normally, but at least one is close 
enough to overload your receiver and 
produce nonlinearity in the RF ampli
fier. When the second harmonic of 
10,120 kHz (i.e. 20,240 kHz) mixes with the 
21,390 kHz signal, one resulting frequen
cy is: 

21,390-20,240=1,150 kHz 

which is right in the middle of the AM
broadcast band. 

If there are many signals generated · 
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We present a guide to reducing 
or eliminating interference to any RF receiver. 

frequencies of legitimate radio stations, 
or their harmonics. The third signal is 
sometimes called a "phantom signal." 
The frequencies mix due to nonlinearity 
in some component in the receiver or 
antenna. The nonlinearity can be due 
to receiver overload, improper receiver 
design, or some other source (legend 
has it that rusted downspouts and cor
roded antenna connections can act as 
nonlinear PN junctions). As they say in 
fhe new science of Chaos Theory: 
" .. . nonlinearity can arise throughout 
nature in subtle ways." 

The possible values for the new fre
quency can be found from: 

f3 = mf1 ± nf2 

where m and n are integers, although 
not all possibilities are likely to occur in 
any g iven situation. Suppose one local 
ham is operating on 10,120 kHz (in the 
new 30-meter band), and another is 

in your locality, an extremely large 
number of possible intermodulation 
combinations can arise. In my home
town there is a hill, right in the middle of 
a densely populated residential ne igh
borhood, on which there are 1wo 50-
kilowatt FM-broadcast stations; a 5-kilo
watt AM-broadcast station; scores of 
VHF and UHF landmobile-radio base
station or repeater transmitters; and an 
assortment of pag ing systems, ham op
erators, a medical te lemetry system, 
and the microwave towers of an AT&T 
long-lines relay station-all within a city 
block or 1wo. Only a few unassisted ra
dio receivers work well in that neigh
borhood! 

There are 1wo approaches to over
coming these problems. First, either re- s: 
ject or somehow selectively attenuate ~ 
the offending signal (or one of the sig- 2 
nals in the case of an intermodulation <.0 
problem). That is done using a wave- ~ 
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trap placed between the antenna and 
the rig. Second, add a passive pre
selector to the front-end of the radio 
receiver between the antenna line and 
the antenna input of the receiver. 

Wavetraps. Lefs discuss three wave
trap circuits fhat can be used from the 
AM band up through VHF/UHF frequen
cies. The circuit in Fig. 1 is an LC wave
trap based on inductors and capaci
tors. There are two forms of LC resonant 
circuit shown in Fig. 1. In series with the 
signal path is a parallel resonant circuit 
(L2/C2f Such circuits have a very high 
impedance at the resonant frequency, 
so they will attenuate signals of that 
frequency trying to pass through the 

· line between J1 and J2. However, the 
impedance at all other frequencies is 
low. so those frequencies will pass easily 
from J1 to J2. A pair of series resonant 
circuits are shunted across the line on 
both ends of the signal path. Series res
onant LC circuits have a low imped
ance at the resonant frequency, and a 
high impedance at all other frequen
cies, so they shunt only the offending 
signal to ground. 

The wavetrap of Fig. 1 can be built 
using either fixed inductors qnd varia
ble capacitors, or vice-versa. It can be 
built either for one fixed frequency, or as 
a variable wavetrap that can be tuned 
from a front-panel knob to attenuate 
the offending signal. 

Figure 2 shows the circuit of a similar 
type of wavetrap, but this one is built 
with varactor diodes. They are used as 
variable capacitors because their junc
tion capacitance varies with the ap
plied reverse-bias voltage. Thus the 
circuit is tuned by properly setting Vr In 
the circuit of Fig. 2, only series resonant 
circuits are used. 

Wavetraps built from LC circuit ele
ments are useful well into the VHF re-

J1 J2 
IN - OUT 

":' ":' 

C2 

L1 i L3 i 
C1 C3 

Fig. / . This is a wavetrap using one series 
resonant and two parallel resonant tank 
circuits. 

R1 
150K 

C2 
10pf 

02 

Fig. 2. This voltage-tuned wave trap takes 
advantage of the variable junction 
capacitance of the two varactor diodes . 

COAX FROM 
ANTENNA COAX 'TEE" 

Fig. 3 . This half wavelength shorted-stub 
form of wavetrap can be used to attenuate 
a specific frequency. The length of the stub 
determines the frequency. 

gion. In fact, many video and other 
· electronics stores sell wavetraps similar 

to the one in Fig. 1 that are built es
pecially for the FM-broadcast band (88 · 
to 108 MHz). Those are good sellers be
cause nearby FM-broadcasting sta
tions are frequent sources of inter
ference to VHF television receivers. 

J1 
IN 

L2 

Another VHF/UHF wavetrap is shown 
in Fig. 3. That type of wavetrap is called 
a half-wavelength shorted stub. One of 
the properties of a transmission line is 
that it will reflect the load impedance 
every half wavelength along the line. 
When the end of the stub is shorted, a 
"virtual" short-circuit will also appear 
every half wavelength along the line. 
The stub length determines the fre
quency that is shorted. The length of 
the stub can be found from: 

L=492V/f 

where L is in feet and f is in megahertz. 
The V term is the velocity factor of the 
transmission line. For common coaxial 
lines the value of V ranges from 0.6 (for 
cable with a polyethylene inner insula
tion) to 0.82 (for cable with polyfoam 
insulation). 

For example, assume that we need to 
eliminate the signal from a local FM 
broadcaster at 88.5 MHz. The shorted 
stub is made from ordinary coax 
(V = 0.66), and must have a length of: 

2pf 

(492) (0.66)/88.5 = 3.669 feet 

(or 44-inches). 
The half-wavelength shorted stub is 

connected in parallel with the antenna 
input on the receiver. In the case shown 
in Fig. 3, the stub is connected to the 
receiver and antenna transmission line 
through a cdaxial ''tee" connector. Of 
course, although UHF connectors are 
shown, the actual connectors that you 
use must match your receiver and an
tenna. Also, it is possible to use 300-ohm 
twinlead for the stub rather than coax, 
provided it is used as the transmisson 
line as well. 

The other approach to solving the 
problem is to use a passive preselector 
ahead of the receiver. Again, the pre
selector is inserted directly in the trans
mission line between the receiver's 
antenna input and the antenna. Figure 
4 shows a typical circuit for this type of 
preselector. The tuning is controlled by 
resonant pairs C1-a/L2 and C1-b/L3, 

L3 

J2 
OUT 

p C1-a C2 C1-b C3 t1 / 
' 

I 
I 

' I / -= / 
I I '- ---------- _____________ .J 

Fig . 4 . This passive LC preselector circuit is handy because, unlike wave traps, it is 
variable. 
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Fig. 5. An LC line-noise EM/ filter can 
effectively prevent noise produced by TV's, 
VCR's, computers, and other pieces of 
electronic gear from reaching your 
household wiring. 

which are trimmed by C2 and C3, re
spectively. The circuit should be built in 
a closed. shielded metal box. 

The Russians, VCR's, and TV's. The 
world is a terrible place for sensitive ra
dio receivers: a lot of pure crud (in addi
tion to the programming material itself!) 
comes over the airwaves from a large 
variety of electronic devices. There are 
also some renegade transmitters out 
there. For example, in the HF shortwave 
spectrum you will occasionally hear a 
"beka-beka-beka" pulsed signal that 
seems to hop around quite a bit. It will 
suddenly appear on your favorite lis
tening frequency, and then go to an
other. That signal is an "over the horizon 
backscatter" (OTHB) radar system in the 
USSR. It is called the "Russian Wood
pecker" by North American SWL's and 
hams. Unfortunately, the very nature of 
the pulsed signal causes it to spread 
out over several megahertz-wiping 
out large segments of the spectrum. 
That's a problem you can do little 
about so let's look at some interfering 
signals that we can affect. 

A lot of homes are equipped wi.th 
light dimmers. These devices are based 
on Triacs that cut the AC sinewave off 
twice per cycle, which produces a har
monic-rich sharp waveform. These de
vices can cause your receiver to 
produce a sound similar to "frying 
eggs" well into the shortwave band. 

If you suspect a light dimmer is caus
ing interference confirming your diag
nosis is simple: turn off the light. If the 
noise stops when the light is turned off. 
then the dimmer is at fault. 

Although it is possible to install LC line
noise filters at the dimmer. that ap
proach is not always feasible. It would 
be better to either remove the dimmer 
and replace it with an on-off switch, 
replace the dimmer with a special 
model that is designed to suppress ra-

Fig. 6 .. This ferrite-rod line-cord EM/ filter is another effective means of keeping noise 
from entering your home's wiring. 

dio noise, or keep the light turned off 
when using the receiver. 

Another radiation source is the com
mon videotape recorder (or VCR). All 
VCR's contain a number of radiation
. producing circuits, including a 3.58-
MHz color-subcarrier oscillator. Don't 
get me wrong, they are magnificent 
entertainment products, and I own 
one. but I also own SW- and ham-radio 
receivers and can always tell when a 
popular movie is on TV: Lots of people 
tape the movie (legalities notwith
standing), so I receive a load of trash at 
around 3.58-MHz (right in the middle of 
the 80-meter amateur-radio band) till 
the movie is over. 

Your TV can also be the cause of poor 
radio reception. A TV set contains at 
least two major interference producers: 
a 60-Hz vertical-deflection system and 
a 15.734-kHz horizontal-defiection sys
tem. The horizontal system includes a 
high-powered amplifier driving a high
voltage "flyback" transformer and a 
deflection yoke. As you tune up and 
down the shortwave band, you will 
hear "little birdies" caused by the hori- -
zontal-deflection signal every 15,734-
kHz. which are the harmonic signals of 
the TV's horizontal signal. 

One quick solution to interference 
from VCR's and TV's is a line-noise filter. 
Those "EMI filters" should be placed in 
the power line coming from the offend
ing device. They work much of the time 
because the power line of the VCR or 
TV acts as the greatest radiator of the 
interference. The EMI filter should be in-

stalled as close as possible to the body 
of the offending device. 

The filter in Fig. 5 uses LC elements to 
form a low-pass filter network that is 
placed in series with the AC power line. 
Most readers should consider buying a 
ready-made line filter from a distributor 
(even Radio Shack offers models suit
able for most applications). Home
brew EMI filters are potentially dan
gerous if built Incorrectly. If you still 
want to make your own filter, it should 
be placed 1nside a heavy-duty metal 
cabinet. Also make sure you use ca
pacitors and inductors that are rated 
for continuous application of AC power. 

Another possible solution is the filter 
shown in Fig. 6, which can be made for 
any appliance that has ordinary zip 
lead as the power cord. The wire should 
be wrapped around a 3/a to Y2-inch fer
rite rod (Amidon Associates. 12033 Ot
sego Street, North Hollywood, CA 
91607), and then taped to keep it in 
place. The filter should be mounted as 
close as possible to the TV or VCR chas
sis. The optional bypass capacitors (C1 
and C2), which are placed inside the 
equipment cabinet should be .01-J.LF. 
1600-WVDC ceramic discs. 

Marly communities today are wired 
for cable-TV Cable systems transmit a 
large number of l\1. FM-broadcast and 
special-service signals along coaxial
transmission lines. They operate on fre- s:: 
quencies of 54-MHz to 300-MHz in 36- 5; 
channel systems and 54-MHz to 440- ~ 
MHz in 55-channel systems. Whenever ~ 

(Continued on page 101] ~ 
69 



surements before you hook up the ster
eo for a sound check. Figure 13 shows a 
test setup that you can use to make the 
test. What you're trying to verify is that 
the crossover works as expected. 

While slowly varying the frequency 
from one half to two times the low 
crossover frequency, measure the AC 
voltage at the woofer terminals. That 
voltage should start dropping just be
low the crossover frequency, and 
should drop rapidly above it. Do the 
same with the midrange. It should have 
a low voltage at half the lower 
crossover frequency, rising as the fre
quency increases. then leveling out 
above the crossover frequency. Check 
the midrange and tweeter sections in 
the same way, but this time varying the 
frequency from half to twice the upper 
crossover frequency. Any wiring errors 
you may have made can be dis
covered by these tests. (I once blew an 
amplifier by mis-wiring a crossover net
work so that it presented too low an 
impedance to the amp; a 15-minute 
test is cheap insurance.) 

If you a re really interested in 
crossover design, there has been a lot 
of valuable work published in the 
Journal of the Audio Engineering So
ciety in the last few years. Much of this is 
summarized in Vance Dickason's 
Loudspeaker Design Cookbook. pub
lished by the Marshall Jones Company 
of Francestown. N.H. There's also some 
good info in Badmaieff/Davis', How to 
Build Loudspeaker Enclosures, pub
lished by Howard Sams. 

Well, I guess you're wondering about 
my young friend and his girl's ex-speak
er system. Once he found out what the 
problem was. he decided to use a sim
ple capacitive crossover like the one 
that was originally in the system. but he 
did buy 100-volt capacitors. Then he 
decided to add midrange units. He 
wasn't very good with a saber saw. Oh 
well.... • 

"Why can't you be obsessed with cars like a 
normal man?" 

ELIMINATING INTERFERENCE 
(Continued from page 69) 

a large number of signals get together 
in one system. intermodulation is a pos
sibility, and that means signals outside 
of the official spectrum can be gener
ated. The problem is that signals leak 
out of the cable N system, and interfere 
with your receiver. The only thing that 
you can do legally is to complain to the 
cable operator and insist they elimi
nate the interference. Fortunately, the 
FCC is your ally: by law, the operator 
must keep the signals home! 

Other Culprits. It is likely that most 
American homes today are equipped 
with microwave ovens. They use a mag
netron tube to produce several-hun
dred watts of microwave power on a 
frequency of approximately 2.450-MHz. 
The high voltage applied to the mag
netron is typically pulsating DC. It is that 
pulsating DC that causes "hash" in ra
dio receivers. Although better-quality 
microwave ovens are equipped with 
EMI filters, many are not. However, most 
manufacturers or seNicers of micro
wave ovens can install EMI filters inside 
the oven. Alternatively, one of the EMI 
filters we've shown can be used. 

The proliferation of personal com
puters has greatly increased the 
amount of noise in the radio spectrum. 
The noise is caused by the digital pulses 
generated by their internal circuits. 
Older machines, which use internal 
clock frequencies of 1 to 4.77 MHz (like 
the original IBM-PC), wipe out large 
portions of the AM and shortwave 
bands. If you doubt that. try using an AM 
radio near a computer! Later-model 
computers (XT-turbo. AT. etc.) use higher 
clock frequencies (e.g. 8, 10, 12, 16, 25, 
or 33 MHz), and they can wipe out the 
VHF bands-including the FM-broad
cast band-as well. 

Most of the noise produced by the 
computer is radiated through the 
power line or from the keyboard cable. 
In the latter case. make sure that a 
shielded keyboard cable is used. 
Power-line noise can be stopped by 
using the EMI filters discussed earlier. 

Printers or, more commonly, printer 
cables are another source of noise. If 
the cable between the computer and 
the printer is not shielded, then replace 
it with a shielded version. Otherwise, 
you might want to consider a ferrite 
clamp-on filter bar such. as the Amidon 
2X-43 or equivalent. • 

CLASSIC MILK DROP 
(Continued from page 42) 

power as before. Place it near the pen 
light and aim it downward toward the 
plate. 

Your camera should have a macro
focusing lens with at least a 100-mm 
focal length. The falling milk splashes, 
and the longer focal length will keep 
the lens surfaces at a relatively safe dis
tance. Load the camera with IS0/100-
speed film. 

Turn off the room lights and open the 
burette slightly to allow one drop to fall 
about every one to two seconds. Move 
the burette until you see the shadows of 
the falling drops cross the photocell. 
The flash should fire as each drop pass
es. Adjust the delay knob until you see 

This milk crown-a drop of milk actually 
splashing off a solid surfcae-is but one 
example of an action that requires split
second timing to capture on film. 

the "crown" splash. Your vision per
sistence will hold the image long 
enough to see the splash clearly. 

Once you have the delay set to your 
liking, simply set your camera's shutter 
to "B" and open it just long enough to 
record the next splash. Set the aperture 
as small as possible for maximum 
depth of field. Don't let more than a thin 
layer of milk accumulate in the plate. 
Too much milk makes the "crowns" less 
spectacular. To get a cone-shaped 
splash, make the milk deeper. 

Timing is quite important to catch the 
splash. Since the tolerance of elec
trolytic capacitors tends to be pretty 
wide, you may need to make R3 a bit 
larger or smaller to get the proper time ~ 
delay. Otherwise, you can raise or lower ~ 
the height of the burette until you see :: 
the splash. • ~ 
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