Getting Started on the
Microwave Bands

Long considered a haven for techies and spectrum-analyzer
junkies, the microwave bands are bursting with activity as a
younger generation using a simple new technology rediscovers

the fun of hilltopping.

By Rick Campbell, KK7B

Department of Electrical Engineering
Michigan Technological University
Houghton, Ml 49931

contain much of the US amateur

microwave activity. These pockets
come into being when one amateur in a
geographic location builds a station for the
“*next higher band,’’ and then serves as a
mentor to a small group of interested
enthusiasts—often contesters who want to
improve their scores. Recent advances in
microwave technology have made access to
the microwave bands easier than ever
before. Building a complete microwave sta-
tion in the 1990s is about as challenging as
assembling a mobile rig in the 19505—and
Jjust as much fun!

1 intend this tutorial to help you get your
feet wet in engineering, building and oper-
ating Amateur Radio stations on the micro-
wave bands, with a focus on the 5.7-CiHz
band (which I'll sometimes refer to as
“*57607"). Although the focus of this arti-
cle is weak-signal contest and ‘‘grid-
expedition’” style communication, the in-
formation provided here is useful to any-
one interssted in getting on any of the
microwave bands. After a little introduc-
tory theory, I'll describe a basic 5760 sta-
tion that you can use as-is for line-of-sight
hilltopping, or that you can enhance in
stages all the way to moonbounce (also
known as earth-moon-earth, or EME}
capability.

S everal pockets around the country

Introduction

Commercial equipment is now available
for narrowband, weak-signal work on all
amateur bands from 1.8 MHz through
10 GHz. Until recently, the only gap in that
coverage was the 5760-MHz band, a void
that Down East Microwave filled with a no-
tune 5760-MHz transverter.! Amateurs
who have operated on 2.3, 3.4 or 10 GHz
will find no surprises at 5.7 (iHz; those who

1Notes appear on page 39.

haven’t done so will find 5760 to be an in-
teresting and surprisingly far-reaching
band.

It's easy to find other hams interested in
getting on 5760-—their calls are published
in the VHF and UHF contest scores in
OS8T. Look for a nearby call with lots of
letters after it, but no A.

A few of the developments responsible
for the dramatic increase in amateur micro-
wave activity are:

« Unconditionally stable MMIC ampli-
fiers are now available at far less than the
cost of the surplus amplifiers used by
amateurs a few years ago. Destroying a
component is now a three-dollar mistake
instead of a total catastrophe!

o Printed-circuit no-tune bandpass filters,
widely used in industry, have been designed

for the amateur bands. These filters include
the manufacturing and circuit-board toler-
ances in the design, and use many low-Q
resonators in a flat-response bandpass
filter, instead of a few high-Q, critically
tuned resonators. It's now possible to
obtain better performance with no tuning
at all than was previously available with
multiple interacting microwave tuning ad-
justments made by carefully tweaking 4
device while watching its output with a
spectrum analyzer!

e You can build a complete microwave
transverter system, using all new compo-
nents, at 4 cost competitive with radio
equipment for the lower frequencies. This
makes the use of surplus components op-
tional and removes the greatest barrier to
amateur microwave operation: the lack of
reasonably priced equipment.

¢ A pair of basic transverters can be used
to test receive and transmit amplifiers,
filters and antennas, with essentially no
other test equipment,

Propagation

Asnateurs commonly use four propaga-
tion modes at 5.7 GHz: line-of-sight: ob-
structed paths; over-the-horizon tropo-
spheric; and EME. Line-ot-sight paths pro-
vide the strongest signals, and an excellent
way for microwave experimenters to get
their feet wet. The other modes are dis-
cussed in more defail in my article in the
Proceedings of the 1991 Ceniral States
VHF Conference.”

Free-Space Path Loss

The Friis path-loss formula, often quoted
but seldom understood by communica-
tions-systems engineers {(amateur or profes-
sional), states that: The loss between a pair
of isotropic aniennas increases as the
square of the distance and the square of the
Jrequency. The statement, *‘Path loss
increases wiih frequency,'’ taken out of the
context of the Friis path-loss formula, has
been repeated so many times in the litera-
ture that many amateurs and profession-
als believe it is a physical law. ft’s not!
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Friis actually worked with rhree ““path-
loss” formulas, the most basic of which
states that the loss between an isotropic
transmit antenna and a one-square-meter
recelving antenna goes up as the square of
the distance—independent of the frequen-
¢y. This is called **geometric spreading,”
and it is a physical law.? The second for-
mula is for the loss between 2 pair of
isotropic antennas, and includes a correc-
tion factor for the effective size of an
““isotropic receiver.” The third formula
states that the loss between two antennas
of a given size goes up as the square of the
distance, and down as the square of the fre-
quency. b8

Because antenna gain can be converted
to effective area and vice versa, anv of the
three formulas can be used to obtain the
correct path foss for any transmit and
receive antennas. The only difference
between the three formulas is in the cor-
tection factors needed for the different an-
tenna combinations,

Most of us would rather remember a few
simple rules of thumb than a bunch of for-
mulas in a textbook. Let’s convert the
various *“*path loss’* formulas into English:

1) For systems with antennas like dipoles
and Yagis, where we specify antenna gain,
the ““path loss’ goes ap as the frequency
goes up. A dipoleis a fine receive antenna
for 80 meters, but a 5760 dipole isn’t very
useful—it doesn’t intercept much signal,
and it’s too small for a tie clip!

2) For systems with dishes and lenses,
where we specify antenna size, “‘path loss*
goes down as frequency goes up. If vou use
the same dish for 2304, 3456 and 5760, end
run the same power and noise figure on all
three bands, signals will be 8 dB stronger
on 5760 than 2304,

Reference Data for Radio Engineers con-
cludes its section on free-space path loss
with this statement: **As frequency is in-
creased, the fransmit power o the anten-
na sizes can be reduced; it is clearly better
to use the highest frequency for which
generators and receivers are available.””

Remember: Loss on ¢ free-space path is
independent of frequency, the antenna
gain-size correction factors are frequency
dependent.

On line-of-sight paths with no ground
reflections, path loss increases as 20 times
the log of the path distance. In very useful
terms, that works out to 6 dB every tme
you double the distance, or 20 dB if vou
multiply the distance by 10.

Let’s put all this into practice. Suppose
you set up two 5760-MHz systems 100
meters apart. Using a calibrated variable
attenuator in the transmit feed line, you de-
termine that the signal received on the
100-meter path is 46 dB above the noise.
How far apart can these two stations be
and still have a signal above the noise leve]?
First, double the distance to 200 meters—
this reduces the signal by 6 dB, to 40 4B
above the noise. Next, multiply the distance
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by 10, to 2 km—this reduces the signal by
20 dB, to 20 dB abaove the noise. Multiply-
ing the distance by 10 again, to 20 km,
reduces the signa! another 20 dB, down to
the noise level,

Setting up portable {rover) systems on 4
known path and measuring the signal-to-
noise ratio is an excelient way to hoth de-
termine the maximum range of the system
on line-of-sight paths and to verify system
performance,

Obstructed Paths, Trees and
Fropospheric Scatter

When you're attempting to work over
non-line-of-sight paths, many other varia-
bles become important. A few of these are
frequencyv-dependent. such as antenna
height above ground. Most inss mechan-
isms are not very frequency dependent. In
my experience, all of the microwave bands
have very similar propagation on obstruct-
ed paths, after el the bugs are worked out
at both ends of the sysiem.

Over much of the country, even the best
microwave paths have a few trees. How
much attenuation do a few small trees
have? If they are close to one end of an
otherwise line-of-sight path, it’s about
10 dB. If a few stall trees occlude each end
of an otherwise line-of-sight path, the tree
attenuation will be about 20 dB. In other
words, if the microwave system is capable
of operating over a 100 mile line-of-stght
path with no trees, it should he able to work
over a 10-mile path with a few trees at each
end 5

What about dense or big trees? Once the
direct signal is attenuated by 20 dB or so,
the signals bounced (or “*scattered’) from
the treetops will be stronger than the sig-
nals coming directly through the trees.
These scattered signals can be used to com-
municate when line-of-sight signals are
attenuated by more than 20 dB. If one end
of the path is in the ciear and the other is
inside a dense forest, expect 20 or 30 dB
of additional path loss. If both ends of the
path are forested, but with a clear line-of-

Approximate Gain, Size and
Beamwidth of Dish Antennas
gain = 5 -——4—{&&—- = 5DE

Gain (dB) = 7 + 20 log (D)

where
n = efficiency, typically about 0.5
A = area of dish = #r2
D = dish diameter in wavelengths

e 8D
3-dB beamwidth = 5 degrees

A, (effective receive aperture) = 4
(area of dish} = 0.4 (diam)2

These tormulas are generally accurate
to within 10%, or less than
1 dB.—KK78

sight path between the treetops near the
receiver and the transmitter, 40 to 60 dB
of additional path loss may occur. The path
from the forest floor to the nearby treetops,
then along the forest to the treetops near
the receiver, and then down to the receiver,
is called a “‘scattered lateral wave.””!% A
microwave system that can communicate
100 miles in free space may be able to com-
municate 1 mile in dense forest.

These numbers are speculative, but they
represent a current consensus of experimen-
tal and anecdotal data by professional and
amateur radio scientists. In anv case, they
are the best information currently availa-
ble, This is an area in which amateurs can
make a meaningful contribution to radio
seience.

Tropospheric scaiter (also known as
troposcattery is a practical propagation
mode on all of the amateur microwave
bands. The US Army has operated long-
range portable troposcatter links above
3 GHz for many years, Amateur experience
indicates that a 5.7-CiHz station equipped
with a small TVRO dish, a GaAsFET
preamp and a 10-watt amplifier is approx-
imately equivalent to a 150-watt, single-
Yagl 2-meter station—reliable for SSB
communications out to about 250 miles,
and occasionally supporting CW work out
to about 400 miles. During enhancements,
much greater distances are possible.

Antennas

Selecting an antenna for 5760 MHz is
easy: Nothing matches the performance of
a small dish. Approximate formulas relat-
ing the pain, diameter and beamwidth for
dish antennas are given in the sidebar
“*Approximate (ain, Size and Beamwidth
of Dish Antennas,”” For example, a 24-inch
dish at 3.8 GHz has the following gain,
beamwidth and effective aperture, accord-
ing to the formulas given in the sidebar:

Dish diameter: 11.7 wavelengths
Gain: 28 dB

3-dB beamwidth: 7.7 degrees
Effective aperture = 0.15 m

The gain can be improved by up to about
2 dB by using an optimized dish feed.
Several excellent articles have been pub-
lished on such feeds. The recent one by
Barry Malowanchuk, VE4MA, is paiticu-
larly useful, !

Unlike the lower-frequency bands, it’s
fairly easy to develop foo much antenna
gain at 5.7 (iHz. Recall that gain and
beamwidth are inversely related. My
19-inch dish on a small camera tripod has
a nice 10-degree beamwidth. it is ideal for
loaning to high-school students running a
grid expedition to a windy hilltop for their
first taste of microwave Amateur Radio.
Even a [0-degree beamwidih is awfully
narrow when vou can’t see the other sta-
tion and aren’t sure where to point the
antenna. In addition to antenna-aiming
uncertainty, there’s also frequency uncer-



tainty. For the contact to occur, the anten-
na aiming and radio tuning must be correct
at the same time. For beginning operators,
or experienced operators on cold, wet
hilltops with state troopers siowing down
to ask questions, aiming a narrow-
beamwidth antenna can be frustrating.

Building a Basic Station for 5760 MHz

This section presents a basic 5.7-GHz
station. You can improve this station by
adding amplifiers, TR switching and a big-
ger dish. This is in contrast to another com-
mon microwave system concept, in which
an operator huilds a “simple”’ duplex sta-
tion to make a few contacts with one other
station, and then has to build a whole new
station if he or she becomes interested in
working someone else on the weak-signal
calling frequency (5760.1 MHz).

The entry-level station [’ll describe here
is simple, almost foolproof, can be built at
low cost using only new components, and
can serve as the core of 2 moonbounce or
troposcatter system. Of equal importance
is that the entry-level station serves as test
equipment for all of the antennas, feed
lines and amplifiers as they’re added to the
system.

There are two attractive approaches to
entry-level 5760 stations that can be easily
enhanced up through the EME level (and
beyond}. The first approach, used by many
hams afready on the band, is to convert a
Frequency West-type surplus phase-locked
oscillator to 5760 plus or minus 144 MHz,
use a surplus microwave mixer, and retune
a surplus filter to pass 53760 MHz. The
surplus route has some advantages—if vou
have access to the parts, expertise and test
equipment needed to get it up and running:

® [t can be very inexpensive.

* Converting surplus is a long and
honorable Amateur Radio tradition.

* There may be a psychological advan-
tage—it seems easier to start with some-
thing that already works and modify it
rather than (o make something new from
a little Teflon board and a teaspoonful of
parts.

¢ Converting surplus is fun—and is the
perfect excuse for buying and using a spec-
trum analyzer—which is even more {un,
but negates the first advantage.

The second approach to an expandable
entry-level 5760 station involves assembling
a station from no-tune boards, as discussed
in October 1990 JST.% This approach has
numerous advantages, mostly because
microwave technology has come a long,
long way since those Frequency West local
oscillators were built a quarter century ago.
Some of the advantages of the no-tune ap-
proach are:

* You don’t need microwave engineer-
ing taient to get the basic station on the air.

= It uses all new, inexpensive parts, and
you ¢an duplicate or repair it at low cost.

* You don't need any RF test equipment.

e |t is very easy to assemble and very
treliable.
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e Most importantly, a station can be put
on the air by anyone who can build a
Heathkit transistor radio—not just mysti-
cal guru spectrum-analyzer engineers.

System Block Diagram

The bilock diagram of a 5760-MHz trans-
verter system using oo-tune boards is
shown in Fig §. (The block diagram of the
entry-level system using surplus compo-
nents is not shown—it depends on the
available components, and if you're capa-
ble of assembling a microwave station from
surplus components, you don’t need my
block diagram!) Nate that a 1296-MHz IF
is needed with the no-tune 5760 transverter
board. Three options for a 1296 MHz IF
are (1) a 1296 MHz multimode transceiver
{expensive but increasingly popular); {2) an
existing [296 transverter with a multimode
IF transceiver; and (3) a no-lune 1296
board with a multimode 2-meter IF radio.

2-Meter IF Transceiver

Any 2-meter multimode radio can be
used as a microwave IF. Older rigs are sim-
ple, inexpensive, and have poor sensitivi-
ty, which is fine, because the system noise
figure is set by the 1296-MHz [F or
5760-MHz preamp. My favorite is the
ICOM 1C-202, a nearly ideal microwave [F
rig in the $100 to $150 price range. These
radios, unfortunately, are becoming quite
hard to find. The original Yaesu FT-290R

is my second choice, as it is small, has a
few useful bells and whistles and low bat-
tery drain.. The typical price range for these
rigs is about $200 to $300, depending on
condition and aceessories. For those who
prefer a *‘real’” radio, the analog-tuned
Kenwood and Yaesu radios from the
TS-700 era are widely available in the $250
to $350 price class. [ personally prefer dig-
ging for weak CW signals with an analog
knoh, rather than a 100-Hz click-step syn-
thesizer knob.

Antennas

As mentioned earlier, for an entry-level
antenna, it’s hard to beat a 24-inch dish
(UPS shippable and currently around $40
from The Antenna Center [see the sidebar
“Where to Get the Pieces”’]) with a triband
feed designed by Tom Hill, WA3RMX!
{available for $15 from Down East Micro-
wave), mounted on an inexpensive camera
tripod from K-Mart or another variety
store. Feed efficiency can be improved
later, but the 24-inch dish is just about
optimum for both hilltopping and long-
haul tropo work. For what other band can
you buy the same antenna the big guns are
using, brand new, for $407

Communication With Entry-Level Stations

As Table 1 shows, a pair of entry-level
stations are capable of surprising DX from
hilltop to hilltop—roughly the same as a

Where to Get the Pleces

stc; catalog available.

- aluminum dishes; price list available.

price list available.

In addition to fleaa markets and VHF conferences, here are a few places -
" where you tan get the parts you'll need to get on any microwave ham band:

Down East Microwave, RR 1 Box 2310, Troy, ME 04987, tel 207-948.3741, fax
207-948-5157: no-tune transvertars, antennas triband dlsh feeds, components,

Microwave Components of Michigan, PO Box 1687, Taylor, Ml 48180, evening
tel 313-753-4581: components; price list available.

The Antenna Center, 505 Oak St, Calumet, M1 49913, tel 906 337-5062: spun-

Steve Kostro, N2CEIl, RD 1 Box 341A, Frenchtown, NJ 08825, tel
201-834-1304 (2 AM to 7 PM} and 201-896-3584 (after 8 PM): components;
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Table 1
Basic 5760-MHz Station Characteristics
Power output: - 10 dBm (100 xW, or 0.1 mW)

Noise figure (NF): 10 dB
Bandwidth: 100 Hz or 2.5 kHz*
Antenna gain (G,): 25 dBt
Effective aperture (A,): 0.1 mt

Maximum communication distance: 8000 km (5000 miles)**
Routine SSB communication distance: 160 km (100 miles*

SN100:**™ 84 dB

*100 Hz is an approximation for the ear-braln bandwidth when

copying weak CW through an 858 filter,
1G
ifumination and feed-line losses).

**Represents a 0-dB signal-to-noise CW signal at the human

hearing threshold,

fRepresents “'armchair copy' S8B (20 dB above the noise in a

2.5-kHz bandwidth).

*"*Expected signal-to-noise ratio in a 2.5-kHz bandwidth of two
identical 5760-MHz systems aimed at each other over an

unobstructed 100-mile path.

and A, are for a 24-inch dish with 25% efficiency (includes

Fig 2—A complete 5760-MHz station and 24-inch dish antenna, less
IF transceiver and 12-V power supply, mounts on an inexpensive

camera tripod and is ready to go anywhere!

pair of 1)-GHz Gunnplexer stations with
small dishes. A pair of operators willing to
locate the appropriate set of grid squares
and hilltops can easily work VUCC, Entry-
level stations are nearly ideal for contest-
ing because they use no amplifiers that
could oscillate or fail, no expensive micro-
wave relays with their associated connec-
tors and switching-voltage complications,
and they can be mounted right at the dish
to eliminate feed-line loss and ail the other
complications of using feed lines. The
entry-level station is all many operators will
ever need, and smart contesters experiment
with entry-level stations before adding the
complexity of amplifiers and relays. Fig 2
shows a complete entry-level system built
entirely from Down East Microwave no-
tune boards.

Entry-Level Stations as Test Equipment

The nature of microwave hamming is
such that you either own two complete sys-
tems for each microwave band or are with-
in driving distance of another station. The
ideal piece of test equipment for a
5760-MHz. station is a second 5760 station.
If each is an entry-level station made from
no-tune boards, then the approximate
power output, noise figure, antenna gain,
and so forth, are known and, more impor-
tantly, stable,

One rule needs to be followed: The local
oscillators (1.Os) in the two transverters
necd to be on slightly different frequencies.
Otherwise it’s impossible to separate the
up- and down-converted microwave signals
from [F-signal leakage (sometimes called
breakthrough). Normally the natural off-
sets of fifth-overtone crystals are more than
enough to provide the needed LO frequen-
vy offset, but if you're not sure whether the
signal you’re hearing is at 5760 MHz or IF
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hreakthrough, wave vour hand near the an-
tenna and listen for Doppler fluctuations,
or breathe on the L0 crystal to change its
temperature, which should provide enough
frequency shift for you to bear casily.

A number of useful tests are possible by
setting up two stations as described in
Table 1 facing each other over a path of
about 100 m.

* Place a 40-dB pad in the 1296-MHz IF
line of each system. SSB signals should be
just barely readable both ways. With pads
in the JF lines and signals at the **just-
barely reacdable’ level, vou can compare
the effects of different dish feeds, feed lines
and filters. By using C'W, disabling receiver
AGC and using an audio-output meter
calibrated in decibels, you can make quan-
titative comparisons. If a standard-gain an-
tenna is available, you can also make
antenna-gain measurements.

* You can determine frequency offsets
and study the effects of time and tempera-
ture on stability. [ write the frequency off-
set (fe, ““S760.100 MHz = [44.126 MHz")
on each transverter with an indelible
marker.

* On the bench, an entry-level system
can serve as a low-level source for aligning
filters and measuring amplifier gain, filter
ioss and transmission-line loss. In receive,
the entry-level system provides a way to
listen and cornpare signal levels in trans-
mitters.

Enhancing the Entry-Level Station

The entry-level transverter is the heart of
a more elaborate station for working over
obstructed paths, and via troposcatter and
moonbounce. Moving up to the next level
requires adding 5760 MHz gain to the
transmit and receive signal paths. You need
three things to do this: (1) 2 way to separate

L

Fig 3—This simple utility amplifier, suitable
for 903, 1296, 2304, 34886 and 5760-MHz
transmitting and receiving use, consists of
three MMICs, three ordinary resistors and
five chip capacitors.

the transmit and receive signal paths; (2)
a receive preamplifier; and (3) a transmit
power amplifier,

The easiest way to split the transmit and
receive paths is with a pair of microwave
relays. These are espensive, but are often
available surplus at hamfests and flea
markets. Once the transmit and receive
paths are separated, you can add ampli-
fters. A particuiarly useful amplifier for
low-level transmit and receive use is shown
in Figs 3 and 4. At 5760 MHz, the three-
MMIC circuit has a gain of about 15 dB,
a noise figure (NF) of about 7 dB and a few
milliwatts output. Station enhancements
are discussed in more detail in my article
in the Proceedings of the 1991 Central
States VHF Conference.'*

Grid-Hopping Operating Hints

Here are three suggestions that have been
useful in the Jast ten vears of microwave
grid hopping at KK7B:




0.01 p

+12V L 4

180 11

OUTPUT

r
MSAQSAE

INFUT

MSAO986

MSAOQ86

Fig 4—Schematic of the utility amplifier. Chip capacitors and MMICs are available in small
quantities from Down East Microwave, Microwave Components of Michigan, and several

other sources.

¢ Set up and test everything (both sta-
tions) the week before the contest or grid
expedition. Fix any loose connectors,
charge batteries and make sure everything
is ready to go.

¢ Pick a reasonable liaison frequency.
2-meter FV hand-helds are useless for all
but the shortest microwave paths. Two-
meter SSB radios with 5/8-wavelength
whips are okay for medium-iength paths,
but remember that even the simplest pair
of 5760 stations with 24-inch dishes is capa-
ble of operating SSB over a 100-mile path.
With amplifiers, the 5760-MHz system will
outperform 2-meter SSB stations with
150-watt “bricks” and Yagis! During the
last tew KK7B/8 multiband grid expedi-
tions, I've used 5760 MHz as the liaison fre-
quency for the lower bands!

* Work your own grid square first by
setting up both stations a couple of
hundred feet apart. This confirms that
everything still works, permits a final check
on operating frequencies, and gives you at
feast one contact on the band, in case the
weather turns foul or something fails.

¢ Most ““line-of-sight” microwave paths
have a ground-reflected component.
CGround-reflected signals may add or sub-
tract with the direct signal. Sometimes aim-
ing a dish antenna a few degrees above the
horizon improves signal strength by reduc-
ing the ground-reflected component.

Conclusions

The 5760 stations described in this arti-
¢cle are portable, lightweight, reliable and
can be battery powered. They can be oper-
ated from home stations, but the rea/ fun
begins when you take the station to a
hilltop or beach. You can earn a 5760-MHz
VHF-UHF Century Club (VUCC) award
by working just five grid squares on 5760.
Obtaining VUCC from a portable location
is not only practical, but is generally easier
than working five grids from a home sta-
tion. This is one of the few areas in ham
radio where you can be a “*big gun’’ while
living in an apartment, dormitory, barracks
or ‘‘controlled community’’! Two-foot
dishes fit nicely in the trunk or back seat

For what other band can
you buy the same antenna
the big guns are using,
brand new, for $40?

of a car, and a backpack station is entirely
feasible.

An operator who concentrates on 5760
and coordinates with other 5760 operators
can stay happily busy for an entire contest
weekend. And this is without even con-
sidering adding a couple more bands to
vour setup, which yvou can do easily using
no-tune transverters and a multiband dish
feed.” You don’t even have to get permis-
sion in advance to set up a camera tripod
and small dish at a scenic overlook.

Perhaps best of all, you get to drive

Feedback

See R. Campbell, *“A Single-Board, No-
Tune 902-MHz Transverter,” July 1991
OST, p 28. There are three errors on the
part-placement diagram (see the revised
section of the overlay, which includes the
local oscillator, in the lower right part of
Fig 3 on page 28 of July Q87): RY was in-
correctly positioned, and C13 and R7 were
omitted. QST regrets these errors. Thanks
to readers and Rick Campbell, KK7B, for

bringing these corrections to our attention.

around and enjoy the hilltops and beaches
between contacts, instead of gritting vour
teeth in front of an overloaded 2-meter rig
while vour neighbor works the rave grids
with his legal-limit amplifier!
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