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With the cost of handheld VHF radios coming down many of us are now ingdling portable transceivers
in our arplanes. These inddlations have met with varying degrees of successand | know many pilots
who are very frustrated with the poor qudity of reception after spending hundreds of dollars and hours
of indalation time.

Inthisarticle | will go over some of the basics and try to give you a picture of where the problems are
and suggest solutions to these problems. There are two fundamenta concerns that need to be
addressed. These will lead into secondary concerns as we proceed. Right off the bat, | must emphasize
that getting the most out of your radio ingdlation is an art rather than a science. | cannot give you a set
of procedures to follow that will produce the same resultsin every case. In addressng these problems |
will give you suggested solutions, and as you implement these solutions you will find that some are very
effective and others aren't. Each ingtdlation will be different. It isa matter of trying one thing after
another until the results are acceptable to you for the use to which you will put your radio.

Thefirgt concern isthat we want to maximize the capabilities of the radio that we purchased by
providing it with the most efficient transmission and reception facility that our pocket book and
imagination will dlow. What | am taking about here is the antenna "system”. Any radio is usdess
without the proper antenna system. Notice | said antenna system. There is much more to ingaling an
antenna than smply connecting it to the radio. A poorly instdled antenna can easlly reduce the radio's
efficiency by 50%. This may not métter, or even be noticeable, when you are only 2 miles away from
the gtation you are communicating with, but a 40 milesit can mean the difference between
communicating and not communicating.

By tuning our antenna system to pesak performance, our radio will be able to get most of its transmit
power out into the air, thus sending our sgnd asfar as possible and it will aso be adleto recaive
desired incoming Signals as srongly as possible.

The second concern is that we want to minimize the reception of background signas or noise that make
it difficult to understand the desred sgnd. We usudly cdl this noise RF interference (RF standing for
Radio Frequency). We are congtantly being bombarded by RF radiation from thousands of different
sources. What we are concerned with is radiation that is at the same frequency, or in the same
frequency range, that we are using. In the case of VHF radios we are using frequencies in the range of
118to0 135 Mhz.

We have no control over RF interference from sources outside of our airplane. But we can control, or
try to control, the RF interference that is radiating from sources within our airplane. Aswe al know, the
mgor source of thisinterference is from the ignition system of our engine. | will discuss ways of
minimizing this radiation. By doing so we will improve the sgnd-to-noise ratio of the received sgnd and



make ligening to someone elses transmissons awhole |ot easier. Generdly speaking, atacking this
problem improves our reception but does nothing for our transmission. When we cometo it, | will point
out one case where transmissions will benfit.

Antenna | nstallation

Theingdlation of the "antenna system” is a very important part of the overadl radio ingalation in your
arplane. Your radio talks to the outsde world through its antenna, so let’s see how we can give your
radio afighting chance.

The first thing we need to do is understand the relationship between frequency and wavelength. We are
going to "tune’ our antenna to work best at the radio frequency we have chosen to operate at. These
principles are the same no matter what kind of radio we are using. They apply equaly to VHF and CB
radios, transmitters, receivers and transceivers.

The frequency that our VHF transceivers operate at isin the range of 118 to 135 Mhz (million cycles
per second). Thisisthe frequency of the carrier sgna onto which our voice signal is modulated. Even
though our radio will operate over arange of frequencies, we will have to choose just one to tuned the
antennato. Most VHF antennas are tuned to 121 Mhz. Thisis gpproximatey mid-way in the
most-used range of channds. A channe is smply a discrete frequency setting. VHF radios have
channd increments of .05 Mhz or .025 Mhz, depending on vintage. We will tuned our antennato
121.00 Mhz.

In order to do this we have to calculate the wavelength of the radio waves at this frequency. The
wavedength of any waveis equd to the velocity of propagation of the wave divided by the frequency
(w=v/f). The velocity of propagation is Smply the speed of light. After dl, light is eectromagnetic
radiation just like our radio waves are. Thisis gpproximately equa to 300,000,000 meters per second.
Therefore, the wavelength a 121.00 Mhz is:

300,000,000 mps/ 121,000,000 cps = 2.5 meters

Now that we know this, what do we do?

Wi, to sart with we need the antenna. We can either make our own or buy one. The antennaiis
nothing more than a conducting rod or wire of the correct length. The ided antennalengthis 1/2 of one
waveength. The antennawill pick up many millions of radio waves of different frequenciesthat drike it
dl thetime. What we want it to do is pick up the frequency we are interested in better than any others.
By making it exactly 1/2 waveength the antennawill resonate at the frequency we want, thereby
picking up the desired frequency best. On an airplane, 1/2 of 2.5 meters (1.25 meters) isabit long. By
using a proper ground plane we can achieve dmogt the same results by making the antenna only 1/4



wavdength (1 will explain how
this works shortly). The
difference in amplitude of the
sgnd received isamdl and the
antennaiis much easier to handle,
0 normaly we will make our
antennas 1/4 wavelength in
length. The important thing isto 1/4 wavelengih
make the length as close to 1/4
waveength as possible. In our
casethat is 0.625 meters (1.91
feet or 1'-10 & 15/16").
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arframe without an dectrica connection to the surrounding surface. Drill and tap asmdl holein the
base of the rod and attach a solder lug with amachine screw. Our lead-in cable can then be soldered to
this lug. Persondly, | just bought an antenna for $75.00 from alocd arcraft parts supplier. They can be
ordered from catal ogue shops for about the same price.

Before drilling a hole and mounting the antenna we need to consider location and a ground plane. The
ground plane is a conductive reflecting surface, idedly metd, at the base of the antenna, but insulated
from it. The dectromagnetic Sgna which grikes the antenna gets converted to an eectrical sgna
conducted by the antenna. The ground plane gives us a reference ground for this electrical sgnd. If you
think back to your basic eectricity in high school, you will remember that in order to measure avoltage
difference you must measure between two points. Usudly a"hot"contact and aground. It's the same
basc principle here. A metd ground plane will aso reflect the dectromagnetic radiation which hitsit.
This has the effect of doubling the length of the antennato 1/2 wavelength. That's why we can get away
with only a 1/4 waveength antenna. To understand how this works, visudize amirror lying horizontaly
and a gtick extending verticaly up from the mirror. When you look at it you can see the reflection of the
gick in the mirror, aswell asthe stick itsdf, such that the stick actudly looks twice aslong asit redly is.
The light waves are acting in the same way that radios waves will act when we have our antenna
positioned vertically over the ground plane.

On a conventiond arplane the skin is usudly duminum which provides anaturd ground plane. With
ultrdights or homebuilts the skin is usudly fabric, maybe with some fiberglass or wood in spots. On
some ultralights there is no skin (except on the wings - we hope). So sdlect a suitable hard-surface



location. If you don't have one, you will have to make one between tubes. On my arplane | have a
fiberglass turtle-deck running the full length of the fusdlage, which is perfect. Once you sdect the
location, make a ground plane out of lightweight aluminum or afine mesh. Make the ground plane &
least 1/4 wavelength in diameter. It doesn't have to be round aslong asitis at least thislarge. Fasten it
to the underside of the hard surface with glue and drill a hole through the hard surface and the ground
plane large enough to accommodate the insulated base of the antenna, then mount the antenna through
thishole (see Figure 1).

I've put the cart before the horse here since we haven't selected the idedl location yet. Here's how to do
this, and hopefully you will find a hard surface right where the ided location id Firgt, we want the
antenna to be asfar away from the engine as possible. Thisis because we want to put some distance
between our"ears' and the mgjor source of RF interference in the arplane. If your engineisin front the
best location will be on the back part of the fusdage. If your engine is a mid-ship pusher, you may be
better off locating it at the front of the inter-wing gap or on the nosg, if you have a cowling (see Figure
2). The antennamust be vertica for best reception and transmisson. Note the radiation pattern in
Figure 1. If the antenna were horizontal you can

see that reception from forward and &ft of the i Py e
arplane would not be good. In the vertica !
orientation we will not have good reception from
directly below, but thisis not important since, if
our target station is directly below us, it would —

only be afew hundred feet away! \é

Commercidly available antennas are generdly

Alteriiie pusher

bent backwards at about 30 degrees to the stallaiors
vertical. This reduces drag and aso preventsthe ! '
antenna from bending under the ar blast. If you 1/4 wave-
are making your own, bend the rod about 3 Jy cenglh
inches above the mount. Do not bend it more than ﬂ

about 30 degrees. (This aso makes your airplane =

look pretty hot!) %

The next consderation isthe vertical Sabilizer if
we are locating the antenna on the aft fusdage. Figure2

The antennashould be at least 1/4 wavelength in

front of the vertical stab (.0625 meters). Thiswill reduce the width of the "shadow™ cast by the stabilizer
from the rear and aso will reduce reflections from the vertica stab. Remember what happens when
your TV antenna picks upreflections? That's right, you get ghosting. The same thing can happen with
audio sgndswhich resultsin ablurred reception. Now that you have finally sdlected the idedl location,
go ahead and drill that hole,

But were not finished yet. Now we need to get the sgnd from the antenna to the radio. We do this
with alength of Coaxia cable. Not just any Coax cable! It must have the correct characteristic



impedance to match the radio input impedance. | won't go into explaining impedance, it will sufficeto
say that most radios have an input impedance of 50 ohms (consult your manud to verify this). The
correct Coax to useis caled RG58 which has a characteristic impedance of 50 ohms. If you were to
use the wrong one, for exampler5 ohm Coax which is used for TV's, you would have an impedance
mismatch between your lead-in cable and your radio. This would result in attenuation (reduction) and
digtortion of the signal. Source the right one. Next, cut it to the correct length. The lead-in cable must
be in increments of 1/2 wavelength (1.25 meters). If 1.25 metersis too short to reach from your
antenna to your radio,then make the cable 2.5 meters long. This should be long enough, but if not make
it 3.75 meters, etc. Got the picture?

Finaly, you have to terminate the lead-in cable. Most radios use a BNC type connector for the antenna
input. This can be obtained from the same place you got your RG58 wire. Terminate the radio-end with
this connector. At the antennaend, solder the inner conductor of the Coax to the solder lug at the base
of the antenna. Attach the braid of the Coax to the groundplane. Thisis most easily done by soldering
the braid to another lug and attaching the lug to the groundplane with asmall bolt and nut. If you bought
amore expensive antenna than the $75.00 one | did, it may come with aBNC connector at the base. If
S0, you Smply have to terminate the antenna-end with a BNC connector aswell. A good terminationis
important, so don't do adoppy soldering job or adoppy crimping job on the BNC. A bad connection
will result in reflections and attenuation.

If you follow dl these rules you will have an ided antennaiingtdlation. Locating an antenna
severahundred, or thousand, feet above the earth isfar lessthan ided. But, if we are going to fly our
arplanes, we have to make the bestof it. Remember what | said, each of these stepswill result in alittle
better reception or transmission of the sgnal. It may be hard to tell the effect of any one step, but the
accumulated effect of dl these steps will make a sgnificantdifference to the distance over which you can
communicate.

RF Shielding

Once you have tuned you antenna, your radio is transmitting its sgnd and receiving the desired
incoming signd aswell asit can. There is one more serious problem that we have to attend to,
however, if we are going to get the most out of our radio ingtdlation.

This problem is RF (radio frequency) interference from the ignition sysem in our arplane. First | will
explain why an engine generates RF radiation, then | will discuss how to suppressiit.

Inatypica two cycleignition system there is a magnet embedded in the flywhed and a coil of wire
mounted next to the flywhed for each ignition circuit (Spark plug). Asthe flywhed turns and the magnet
gpproaches "it's’ cail, an dectric current is gradudly built up in the primary circuit (see Figure 4). The
primary circuit includes the points and the primary sde of the ignition coil or transformer. Asthis current
gradudly builds so does amagnetic field in the ignition coil. As this magnetic fidd builds a voltage isdso
built up on the secondary side of the coil (the spark plug side). The voltage reached is proportiond to



the rate of change of the magnetic fidd. At exactly the right moment, as determined by ignition timing,
the points open and the current suddenly stops flowing in the primary circuit. Without a current to
sudan it the magnetic field in the ignition coil suddenly collgpses. This sudden collapse induces avery
high voltage in the secondary side of the coil and causes a spark to jump acrossthe gap in the
goarkplug. Thisin turn resultsin avery sudden and high current flow in the secondary circuit.

It isthis very sudden and brief current flow through the secondary circuit and the spark jumping the gap
that generates the RF radiation. The spark plug wire, coil and spark plug itsdf are acting as an antenna
to radiate this energy. Because the secondary sde is the high voltage side of the circuit, it radiates most
of the energy. However, the sudden collgpse of the current in the primary circuit will dso cause some
radiation from al of the dementsin this drcuit. Thiswill indlude the wires between the ignition coil and
the flywhed coil aswel asthe "kill switch" wires.

The radiation from the secondary circuit is of very high energy for avery short duration. It is
omni-directional and chromatic in nature, so we know it is going to hit our antenna, and we can be sure
that some of the radiation will be on the frequency our radio istuned to. The result isavery short blipin
our earphones. A 2 cylinder, 2 cycle engine turning at 5500 RPM is going to generate 183 of these
"blips’ per second. Add these up and instead of hearing a"blip" we hear a continuous "buzz".

Because thisradiation is chrometic (covering dl frequencies), it will actudly disspate rapidly and
therefore will not travel very far. At a hundred meters or so away from the engine we would hardly
natice it. Thismeansthat it will only interfere with the incoming, received sgnd and will not affect the
transmitted sgnal. The gtation we are tranamitting to will not "hear" our engine interference a dl. So you
don't have to be embarrassed thinking that the recelving station can detect your poor shielding job, only
you can hear it.

Now that we know were it is coming from, how do we get rid of it? Aswith antenna tuning, we will
dart a the point of grestest benefit and continuing making smaler and smdler improvements until we
are satisfied with the results. The mgority of RF radiation comes directly from the secondary circuit
which includes the spark plug, spark plug wire and ignition coil. The single biggest improvement comes
from ingaling resstor spark plug caps. These have aresstor built right into the cap. On Rotax engines
the resistor should be about 5000 ohms. My Rotax 532 came with them adready ingtaled. The brand is
NGK and the part number is LBOSEZ. If you are not sure if you have them or not, take an ohm meter
and measure the resistance through the cap. It should be 5000 ohms + or- 10%. These caps can be
obtained from a Rotax dedler or most motorcycle shops. If you have a different engine, check the
manual or the manufacturer for the recommended resstor Sze.

| do not recommend inserting resistors into the spark plug wireitsdf (automotive shops have these)
because this adds another point of possible bad connections and fallure to the circuit. We don't need
anymore potentia for ignition failure than we dreedy have!

The resstance will reduce the current flow and increase the duration which results in lower rediated
energy. If you do not exceed the recommended resistor size it will not affect the potency of the spark.



This should reduce the noise in your earphones by about 50%. A boon to communications and longer
lasgting eardrums. This, however, will probably not be satisfactory. The next step isto Sart shielding. A
shiddisameta conductor placed between the radiating antenna, in this case the ignition circuit, and the
receiving antenna. This shield will absorb the unwanted radiaion and, if it is grounded properly, it will
drain the energy away to ground.

To gart with, the metal structure of the airplane will provide some shidding, particularly if you have a
meta firewal between the engine and your antenna. To make sure this is effective we must have a good
ground connection between the engine and the airframe. 'Y ou might think you aready have one but
don't forget that the engine is probably mounted on rubber lord mounts. So ingtal a16 or 18 AWG
ground wire between a point on the engine and abolt on the arframe. | use one of the bolts mounting a
coil to the engine and a non-structura bolt on the airframe. Terminate the wire with proper spade or
ring terminals to insure a trouble free connection. Do not use a structurd bolt because even very minute
currents in this conductor can produce galvanic corrosive action under humid or wet conditions.

The next gep to improved listening is to shield the main source of radiation, which is the spark plug.
The easest and mogt effective way to do thisis Smply to purchase spark plug shields. These are made
by severa spark plug manufacturers and are available from many 2-cycle engine dedlers. | have Bosh
caps and shidds on mine. This step should reduce the ignition noise to atrickle.

To test the results so far, St in your airplane and tune the radio to the local tower frequency. Listen for
chatter from air traffic, not the tower. Because you're not in the air you won't receive the tower well at
al. Set the volume and squelch for normd ligtening and then tart your engine. If the engine interference
is strong enough to break the squelch, you ill have amgor problem, but it shouldn't be. Wait for more
chatter from air traffic and pay attention to the background engine noise while you are recelving a
transmission. Now rev your engine up and listen again. Decide whether the noise level is acceptable or
not. If it is not then try more shidding, as follows. The next mogt beneficid step isto shidd the ignition
coils. The secondary side of the coil contains alot of wirewhich is part of the spark plug circuit. The
best materid to use here is athin copper sheet. This may be hard to obtain, so duminum will do. You
will have to design this yourself since the location and orientation of the coil(s) varies from engine to
engine. Theideaisto make abox around the coil that will stop RF radiation from propageting away
from the cail. It is not necessary to carry this around between the coil and the engine since the engine
will stop any radiation in that direction. Bend the copper or duminum into shape leaving two or more
tabs that you can drill holesin to mount the box, using the coil mounting bolts. Thiswill aso provide the
necessary eectrica grounding contact to the engine. Cut out adot or hole through which the spark plug
wire and primary circuit wires can pass. Be sure to smooth al edges that might wear through the wires.
After doing this you may want to do another test to decide whether or not to carry on.

The next gep in shidding isto atack the primary circuit dements. This congsts of shidding the wires
between the coil(s)and the entrance to the bell housing. Also included in thisis shidding the kill switch
wires which run to the cockpit. The wiresto the bell housing can be shielded using expandable tinned
copper braid. Remember to solder a ground wire to both ends of the shield and attach them to a
convenient bolt on the engine. Rather then run a shield over the kill switch wires, it is easier to replace



them with a two-conductor shielded cable. The cable will have adrain wire running through it, in
contact with the shield, which is used to ground the shield at both ends of the cable. One end on the
engine and the other on the airframe.

Y ou have now done dl you can to come between the RF radiation from your ignition syslem and your
antenna. Y ou should now find the level of interference quite acceptable. There are, however, two more
things to keep in mind when hooking up the radio. There are two cables connected to your radio that
we have thus far ignored. These are the push-to-talk switch cable and the headset cable. Both must be
made with shielded wire with the shield properly grounded through the connector into theradio. If not,
they will pick up whet little radiation is Ieft floating around and "pipe" it directly into the radio. Because
th RF is being piped into the radio it will not only cause reception interference but thisis the case where
it can dso interfere with your transmissions. If you buy a PTO switch it should come with shielded wire,
but if you make your own, watch out for this.

| garted this article with the statement that ingtaling your radio is an art rather than ascience. All | can
suggest isto try these steps in order of importance, asthey are presented. Stop when you are satisfied
with the results

Good communiceation is the key to success!



