Number 10 on your Feedback card

Distributed Capacity
Folded Loop

This ceiling-mount mobile antenna will really go to your head!

you own a Fiberglas™ pickup shell,
motorhome, or boat, this compact 40-
mobile loop will compare favor-

ably with a mobile whip antenna. What's
better, it’s invisible from the outside of the
vehicle.

Over the years, the ham community
has ignored small transmitting loops
for the HF bands. Today, however, we
live in a shrinking world. Everything
is smaller: our rigs, our cars, even our
QTHs.

[ was curious. Would a loop work well
there? Could it compete with a conven-
tional HF whip antenna?

To answer this question, we need to
get back to basics, to understand the
fundamental strengths and weaknesses
of both types of antenna.

Key principles

Compact transmitting loops and mo-
bile HF whips are usually considered
small antennas. Their total size is less
than roughly 1/4-wavelength. How
well each performs depends heavily on
three key issues: (1) radiation resis-
tance; (2) coupling field size (my
term); and (3) antenna height.
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In a full-sized antenna like a dipole,
radiation resistance is comparatively
high—about 73 ohms. In a compact
loop or a mobile whip, the radiation re-
sistance is much lower. Here are the
formulas for the radiation resistance
for a small loop and a short vertical
whip (without loading coil or capacitive
hat):

Loop
Rr = 19500 x (D/WL)*

where

Rr = Radiation resistance in ohms
D = Diameter of loop in meters
WL = Wavelength in meters

Whip
Rr=392 x (L/WL)

where

Rr = Radiation resistance in ohms
L = Length of whip in meters
WL = Wavelength in meters

To illustrate, Table 1 translates the

| loop formula into real numbers. Notice

how rapidly radiation resistance de-
creases with size. Why 1s this important?

John Portune WENBC

724 Celestial Lane

Foster City CA 94404
[John_Portune@mail.sel.sony.com]

In the theoretical world., it isn’t. An antenna
with low radiation resistance, like a
loop or a mobile whip, can radiate just
as well as an antenna with high radiation
resistance, like a dipole. The only differ-
ence will be the voltage and current in
each antenna.

In the real world, however, antennas
also have conductor resistance. The
metal in an antenna is not perfect. All

Loop Rr Cr Efficiency |
Diameter (a) (o) (%)
(Feet)
10 0.49 0,089 85
S 0.32 0.080 80
8 0.20 0.071 74
7 4 0.12 0.062 67
B 0.064 0.053 55
5 0.031 0.044 41
45 0.020 | 0.040 33 |
4 0.013 0.035 I 27
3 0.004 0.027 12
2 0.0008 0.018 4
1 0.0000 | 0.00089 0.05

Table 1. Radiation resistance (Rr), conduc-
tor resistance (Cr), and efficiency of loops
made of 3/4-inch (0.9-in. OD) copper pipe at
7 MH:.




metals exhibit resistance. The problem
is that it's 1n series with the radiation
resistance. Transmitter power gets di-
vided between the two. The part that
goes to conductor resistance is wasted
as heat. The portion that gets to the ra-
diation resistance is the useful part. It
becomes radio waves.

The real culprit is skin effect, the
well-known tendency of RF current to
flow only on the surface of a conductor,
Here is that formula:

R = 0.00096 x V(F/D)

where

R = Conductor resistance in chms/ft
F = Frequency in MHz

D = Conductor diameter in inches

Again, I'll give this equation some
real numbers. For example, let’s take a
large conductor, 3/4-inch (0.9-inch OD)
copper water pipe. At 7 MHz, conductor
resistance is (0.0028 ohms per foot.
That’s not much, you say. Take a look at
the third and fourth columns of Table
1. Even with a conductor this large, for
loops smaller than five feet the conduc-
tor resistance is actually greater than the
radiation resistance. Instead of being a
minor problem, skin effect eats us alive
In compact loops.

Two additional concerns

What’s more, even the type of metal |
we use to build a loop is important. |

EI_Q_

 Silver 0.94
E_upper [ 1.0

Gold 94
Aluminum it : 1.6 i
;Zhrufium __1 8 _—|
Zinc ‘ 3.4
-Brass 3.7—-49 =
Tin 6.7

Steel ??— 12.7
Lead - 1:-.7.8 k|

Table 2. Relative resistivity of common
metals, compared to copper.
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Fig. 1. The distributed capacity folded loop.

['ve listed the relative resistivities of
some common metals in Table 2. I've
included silver and gold for curiosity
more than practicality. Gold is inter-
esting, however. You might think that
it would be the best conductor. Sur-
prisingly, both silver and copper are

- better. We use gold on connectors not

because of superior conductivity, but
because it resists corrosion.

Copper is really the only choice for a
loop. Even aluminum, which is suitable
for larger antennas, has 60% more resis-

|

tance. We can’t afford this when we |

are fighting skin effect in a loop. Other
metals are worse,

Perhaps you are thinking about
silverplating. It’s a good idea at much
higher frequencies, but at 7 MHz the
skin depth is too thick. Plating does not
become practical until we are operating
at UHF frequencies.

important. Round is best. A flat strap,
for example, suffers much more from
skin effect than a round conductor. Not
only does the RF current move outward,
it also moves to the edges.

For most small loops, 3/4-inch house-
hold copper water pipe is the most reason-
able choice. It has moderately low
conductor resistance and it’s inexpensive.

A mobile whip

Whips don’t suffer as badly from
conductor resistance loss. In the equa-
tions above, you’ll notice that the ra-
diation resistance of a loop decreases

~in proportion to the fourth power of di-

ameter. For a whip, it’s only the sec-
ond power of length. The radiation
resistance and the efficiency of a typi-
cal 40-meter mobile whip are much
higher than for a comparable loop.
Does that make a whip better than a

Also, the shape of the conductor is | loop for mobile? Not necessarily.



whip antenna is not a complete an-
tenna. It is physically only half a di-
pole. It's often called a monopole. The
missing half of the antenna exists, but
it’s a mirror image of the real half of
the dipole in the ground plane under
the monopole. Without it, the mono-
pole would not function. The coupling
field from the real half of the antenna
becomes RF currents in the ground
plane to complete the electrical circuit
of the antenna.

If the ground plane under the an-
tenna is a perfect conductor, the mono-
pole will radiate just as well as if the
other side of the dipole were actually
present. In the typical mobile situation,
however, the ground plane is terrible.

At HF frequencies, the vehicle’s
body is much too small to be the entire
ground plane. The coupling field even
for a short whip i1s many meters in di-
ameter at 7 MHz. Contrast this with
VHE, where the coupling field is only
roughly a meter in diameter. Here the
car body can provide the complete
ground plane.

Soil makes up most of the ground
plane at HE. Compared to a metal car
body, soil is a poor conductor. It varies
with location, but soil resistance is al-
ways at least 10 ohms, even in the best
case.

Like conductor resistance, the soil
resistance is in series with the radia-
tion resistance, and the power again
gets divided. At HF, most of the
transmitter’s power only heats up
WOrmS.

A mobile loop

In contrast, a mobile loop does not
suffer in the same way. First, if isn’t
half an antenna like a mobile whip.
The coupling field can make a com-
plete circuit in space. Part of it does
not have to become currents in the soil.
The other half of the antenna is physi-
cally present.

The second reason is the size of the
coupling field of a loop compared with
a whip. Because the ends are folded
back in a loop, the coupling field is
mostly confined to the center of the
loop. This makes it much smaller than
the coupling field of a whip. Without

field 1s roughly the same as a tiny 12-
inch dipole’s. The loop’s energy be-
comes a radio wave long before it ever
reaches the soil.

Does this mean that a loop is better
for mobile operation? Again, not nec-
essarily. There 1s more to the story.
Here's where we get to antenna height.

Like any antenna, a loop works best in
free space, far away from surrounding
objects. Anything that you place near
an antenna induces losses and lowers
its efficiency.

Because of its very small coupling
field, the electric and magnetic fields of a
loop are more intense than for a whip. In
free space this would not be a problem.
Due to its shape, however, we normmally
have to mount a loop close to the metal
body of the car.

For the whip, the metal body is an

asset—it improves the ground plane. |

But for the loop, it is a disadvantage.
Near the metal body of the car, losses
induced by the loop’s intense magnetic
field are unfortunately quite high.

It is just easier to get a whip higher
in the air than a loop. Notice the photo
of my truck. The whip on average i1s
several feet higher than the loop, so it
is less of a “grounded™ antenna.

What can we conclude, then? Is one
antenna the clear winner for mobile

Photo A. Truck with 40-meter Hustler mo-
bile whip. Loop not visible, inside.

operation? Frankly, no. A whip is
easier to get higher in the air, and 1t
suffers less from conductor resistance
loss. However, it suffers badly from
soil resistance loss. Also, it’s ugly.

A loop does not suffer from soil resis-
tance loss and is aesthetically much
more attractive, at least from the out-
side of the vehicle. It, however, suf-
fers badly from magnetic loss in the
car’s body. Therefore, both antennas
are very highly compromised by the
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Photo B. Interior of truck from the driver’s position with loop mounted on underside of
Fiberglas shell. Mount loop with connector forward.
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Photo C. Close-up of the tuning assembly
of the coaxial capacitor.

mobile environment. Neither is sig-
nificantly better than the other.

Later in this article, I will share with
you my personal comparisons of the
two antennas, based on operational ex-
perience. Like most antenna articles,
the proof of the pudding comes from
using the antennas on the air. [ will say
here, though, that my experience with
the loop has been quite good.

Designing the mobile loop

Now that we are armed with all this
theory, let’s design the loop. The first
consideration in the mobile environ-
ment always is space. Realizing that
big is better, I made the loop as big as |

could. It had to fit on the underside of |

the Fiberglas shell of my truck. It'’s a
rectangular loop 47 by 51 inches, but I
made it a little smaller than necessary
so that it would fit on a smaller truck
(my pickup is a full-sized model).
Loops, incidentally, do not have to be
round. Shape isn’t important. Only the
total area of the loop matters. That's
what couples to space, not the shape. For

' | calculating purposes, my 47- by 51-inch |

rectangular loop 1s roughly equivalent
to the round 4.5-foot loop shown in
the figures.

You will notice from Fig. 1 that the
loop is more that just a simple loop.
There is a good reason for this, and I
will get to that shortly. First, however,
we need a little more theory.

The tuning capacitor

A small loop antenna is essentially a
parallel tuned circuit, an inductor in
parallel with a capacitor. By making
the inductor physically large enough to
have usable radiation resistance, the
circuit will act as an antenna. Making
the inductor into a single-turn loop ac-
complishes this nicely. Then, by add-
Ing capacity across the ends of the loop,
usually in the form of a tuning capacitor,
we bring the circuit to resonance.

The capacitor, however, is the diffi-
cult part of this design. Remember,
voltage and current in any small an-

tenna are high. My loop has a radiation |

resistance of roughly 0.02 ohms. A di-
pole. at 73 ohms, 1s almost 4000 times
higher. The voltage and current multi-
ply by this ratio. In a small loop they
can reach tens of thousands of volts,
and many dozens of amps. It takes a
very substantial tuning capacitor to
withstand this.

So I set out to do something about
the tuning capacitor. Could I eliminate

or minimize it? The answer to both of |
these is yes. By taking advantage of |

another characteristic of all antennas, |

Photo D. Close-up of feed loop, made of soft quarter-inch copper tubing. Solder one end di-
rectly to main loop near connector. Solder other end to the center pin of the feed connector:

14 73 Amateur Radio Today * December 1997

eliminated the conventional tuning ca-
pacitor entirely. In theory, all coils also
possess a small amount of capacitance.
We call it distributed capacity.

If we could make the loop large
enough, the distributed capacity would
bring the loop to resonance all by itself.
Loops are naturally self-resonant, with-
out a capacitor, at a circumference of
roughly 1/4-wavelength. On 40 meters,
this would be a loop roughly 10 feet in
diameter.

A 47- by 51-inch loop 1s too small to
be self-resonant at 7 MHz. I measured
mine with an FET dip oscillator. It
resonated at 21-22 MHz without a ca-

' pacitor. If I had wanted to use it on 15

meters, that would have been fine. I
mostly work 40 meters mobile, however.

So I added more conductor. To
maintain the required 47- by 51-inch
size, 1 folded the extra length back.
Notice Fig. 1. This is an old trick to in-
crease distributed capacity that I read
in a SO-year-old antenna textbook. The
self-resonant frequency now dropped
to between 13-14 MHz. Again, if I had
wanted to work 20 meters, I would
have been close.

Then by extending the ends of the
loop downward, to form a linear ca-
pacitor, as shown in Fig. 1, I lowered

' the resonant frequency a couple more

MHz. I was getting close. A small air-
variable would have taken me the rest
of the way, had I wanted. My objective,
however, was to completely get nd of
the conventional tuning capacitor.
You'll see my final solution in Fig.
1. It’s a coaxial capacitor also made of
copper pipe. It’s inexpensive and you
can make it yourself. You won’t have

to locate a large, expensive tuning

variable. This capacitor will handle a
100-watt mobile transceiver. I haven’t
tested its maximum power handling ca-
pacity. If you want to run more power,
all you have to do is use larger pipes for
the capacitor.

Tuning the loop

As you can also see, I made the cen-
ter conductor of the coaxial capacitor
adjustable like the slide of a trombone.
With this arrangement | can tune the
loop to any segment of the 40-meter
band. Yes, the loop is a fixed-frequency



device, but so is my mobile whip. I

have to change the length of the whip |

for a different band segment. Where's
the sin in doing the same for a loop? In
my particular vehicle, the tuning ad-
justment is right behind the driver’s
seat.

Also, like any small antenna, the
loop 1s extremely sharp in tuning, but

so is my whip. Any small antenna that |

isn’t sharp isn’t efficient. A small an-
tenna that is broad has high losses. It’s a
law of physics. Incidentally, from band-
width alone I know that the two anten-
nas are very similar in total efficiency.

With the loop or the whip, you must
operate within roughly a 25 kHz win-
dow to stay below 3 to 1 SWR. Other-
wise, you will need to move the adjusting
assembly. For convenience, you could par-
allel the coaxial capacitor with a small
wide-spaced variable. 20 picofarads would
be adequate.

Automatic antenna tuners

While I'm talking about bringing the
loop to resonance, let me say something
here about automatic antenna tuners.
While it is theoretically possible to feed

Photo E. Close-up of the end of triple pipe
sections at the sides of the loop, showing
how to orient pipes and elbows. These sec-
tions increase the distributed capacity of
the loop and lower its self-resonant fre-

quency.

a loop with an automatic antenna
tuner, it’s not a good idea. You’ll have

' the same problem if you use a tuner

with a loaded whip. The tuner is able
to provide a matched load for your
rig. It won’t, however, necessarily
maintain the efficiency of the an-
tenna. Worse yet, you may damage
your tuner.

For a loop or small loaded whip to
work properly, high circulating cur-
rents must flow. Remember, it has low
radiation resistance. Once we tune out
the reactance, high currents will flow
in the low radiation resistance. We
don’t, however, want these high cur-
rents 1n the tuner. If you use a tuner to
cancel the reactance as you move fre-
quency, some of the high current will
begin to flow in the tuner and in the
transmission line. Neither may be able

- to stand it. It 1s best to bring a loop or

mobile whip to resonance by reactance

' located in the antenna, not in a tuner.

That’s why the commercial loops have
heavy-duty motor-driven tuning ca-
pacitors in them. In my particular case,
[ tune the loop by distributed capacity
and the coaxial tuning capacitor. Both
are part of the loop.

Feeding the loop

To couple the loop to your trans-
ceiver, you will need a feed network.
Most conventional feed techniques work

' well. I tried a gamma match, a shunt

maich, a capacitive match, and a loop
match. All of these worked, once 1 got
them tamed. The easiest method proved
to be loop coupling, however. You can
see the details in Fig. 1.

To my surprise, the shape size, loca-
tion, and wire size of the coupling loop are
not critical. For durability, I made it out of
1/4-inch soft copper wbing. Make 1t

. roughly one-quarter of the diameter of the

main loop. Mine 1s a rounded rectan-
gular loop roughly four inches by 18
inches.

The most convenient place to locate
it appears to be at the midpoint of the
main loop. Here the impedance 1s very
low. Solder the grounded end of the
coupling loop directly to the main
loop, as shown. Mount the feed connec-
tor on a small copper strap also soldered
to the main loop.
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Item

49-inch lengths, 3/4"
copper pipe

45-inch lengths, 3/4"
copper pipe

35-inch length, 1"
copper pipe

36-inch length, 3/4"
copper pipe

43-inch length, 3/4"
copper pipe

18.5-inch lengths,
3/4" copper pipe

47-inch lengths
(min.), 3/4" schedule
80 PVC pipe

3-inch lengths, 3/4"
copper pipe

18-inch length, 1/2"
copper pipe

Elbows, 3/4" copper

Reducer, 1" to 3/4"
copper

End cap, 3/4" copper
End cap, 1/2" copper

Strap, 1/2" x 2-1/2" x
1/16" flat copper

Screw, 1/4-20 RH
brass

Nuts, 1/4-20 brass

Screws, 10-24 x 2-
1/2" RH brass

Nuts, 10—24 brass

Feet of tubing, 1/4"
copper

S0-239 connector,
chassis mounting

Teflon~ for insulators (see

text)

Table 3. Parts list for folded loop.
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Constructing the loop

Cut all the copper pipe pieces to size
according to the parts list. Make the cen-
ter conductor of the coaxial tuning ca-
pacitor roughly a foot longer than
specified. You'll need this for final
tune-up. Then assemble the entire loop
unsoldered, flat on the floor. Before sol-
dering the pieces together, you will
need to get a good picture of how
everything fits.

Pay particular attention to the three
parallel pieces at the sides of the loop.
Note that the middle pipe does not lie
in the plane of the loop, like the other
two. When viewed from the top, the
three side pipes form an equilateral tri-
angle. Make certain to space the two
that lie in the plane of the loop by three
inches. Connect the elbows at the ends
of the side sections with the three-inch
pieces of pipe specified in the parts list.

Also, be careful to space the two
pipe pieces in the center of the loop
half an inch apart. This spacing is
important in order to obtain ad-

 equate capacitance at the ends of the

loop.

Then solder the entire loop together.
Clean all connections thoroughly with
steel wool and apply a coating of solder
flux. This is important. 1 used liquid
rosin flux, but the acid paste type is
fine also. Use a propane torch. The
biggest soldering iron will not be ad-

equate. Any type of solder is fine. I |

used electrical-type.

Be careful not to allow too much
solder to collect on exterior surfaces.
Surface solder will reduce conductiv-
ity. Use a file to clean surfaces down
to bare copper again. Afterwards,
clean off the flux with solvent. It
isn’t necessary to polish the loop.
Moderate surface corrosion will have
little effect on performance. I spray-
painted the loop to match the interior
color of my truck.

Next, install the three pieces of |

schedule-80 PVC pipe. Their function
1s to keep the loop rigid. Drill holes
through the loop and the PVC pipe for
the screws. Do not, however, drill a hole
through the coaxial capacitor. I used the
PVC pipes to mount the loop in my ve-
hicle. You may make them longer than
specified for easier installation.

Now solder together the tuning
assembly of the coaxial capacitor.
Remember to solder a brass 1/4-20
nut inside the three-quarter-inch end
cap that fits on the end of the loop.
Use a stainless steel bolt and nut to
hold the brass nut in place during
soldering.

Then fabricate the insulators that
separate the inner and the outer con-
ductors of the coaxial capacitor. If you
have access to machining facilities, turn
them from Teflon™ or polystyrene.

A word of caution. Not all plastics
are suitable. The electric field inside
the capacitor is intense. Many plastics,
PVC for example, exhibit too much di-
electric loss. I constructed my insula-
tors by wrapping heavy half-inch
Teflon™ tape around the center con-
ductor and securing the outer end
with electrical tape. In any case,
make the insulators as small as pos-
sible. Most of the capacitor’s dielectric
should be air.

Initial tune-up

For initial tune-up, a dip oscillator is
most convenient. When you built the
loop, you left the center of the coaxial
tuning capacitor longer than required.
With mine this way, the loop resonated
at roughly 6.5 MHz. Then, with a tub-
ing cutter, I shortened the center con-
ductor mn small increments until I
brought it onto the 40-meter band. I per-
formed the initial tune-up by hanging
the loop on short ropes from the ceil-
ing of my garage. You may want to
leave the center conductor just slightly
too long, to allow for final adjustment
on the vehicle. The resonant frequency
did not change much when I installed
it in my truck, however.

Once you get the loop in band, an
SWR bridge is sufficient to indicate the
resonant frequency of the loop. The
SWR bridge is a permanent part of my
mobile installation. It dips sharply as
I quickly tune across the band while
applying very low power.

You will adjust the coupling loop in
much the same way. First, tune the main
loop to resonance. Then bend the cou-
pling loop until the SWR is best. I was
able to obtain an almost perfect match.
The procedure is remarkably simple to



perform. Once you find the correct shape
and position, you will never again have
to adjust the coupling loop.

How well does the loop work? Very
well, thank you. As I promised earlier,
let me give you some comparisons be-
tween the loop and my mobile HF
whip.

The whip is the popular Hustler™
mobile antenna with the large high-ef-
fictency kilowatt resonator. It’s
mounted at the top center of the tail-
gate, on the spare tire rack. This 1s a
good location because of the Fiberglas
back on my truck. All of the whip 1s
above the metal body. I installed a
shunt-feed network at the base of the
whip to be sure that the whip was
properly matched to 50 ohms.

At the operating position, I installed
a two-way coax antenna switch and
two identical feed cables to make the
comparison. In all cases I operated
both antennas on the same frequency,
very near the resonant frequency. Power
was the same for all tests, roughly 100
watts RMS.

What did I find? To be honest with
you, there isn’t very much difference.
Most of the difference is caused by the
height of the loop compared with the
whip. Being lower, the loop puts more
of its energy straight up. Therefore, I no-
ticed the biggest difference mn ground
wave contacts. Here the loop is usually
an S-point weaker on both receive and
transmit. For short skywave contacts, the
loop is at times the same as the whip. On
receive, the loop is less sensitive to noise. In
terms of making an effective contact, this
offsets the slightly weaker signal.

My conclusion is that the loop 1s a
good mobile antenna. A large mobile
whip may be a little better. The more
compact types that are popular today
would be the same. The loop obviously
won’t work on every vehicle, but for
the ham with a Fiberglas truck shell,
motor home or boat, the loop is cer-
tainly worth considering. It might be
your best answer on a vehicle totally
without a metal body. I want to try it on
a large Fiberglas boat, for example.

I mounted my loop so that I could
easily remove it from the truck. On
camping trips it is an outstanding per-
former if I hoist it up into a tree. Give
it a try—you won’t be disappointed. &

tl"-‘aer‘Vaud Satellite Descrambling 1998 includes all
satellite fixes $15.95. Satellite Hacker Package
$39.95. Hacking Digital Satellite Systems Video
$39.95. One year Subscription to Scrambling News
includes web $29.95. Best Deal. Everything here

DIRECTION FINDERS

ﬁ VECTOR-FINDER

HAND-HELD
PHASE SENSE
ANTENNAS FOR
VHF DIRECTION
FINDING. USES
ANY FM RCVR.
ARMS FOLD FOR
STORAGE.

TYPE VF-142 144-220 MHZ $5139.95
TYPE VF-1420 LEFT-RIGHT LEDS &
144-220 MHZ $239.95

AUDIO,
TYPE VF-142QM SAME AS Q MODEL
EXCEPT FREQ.144-500 MHZ $289.95
TYPE VF-121Q 115-130 MHZ

PLUS 121.5 MHZ ELT FREQ $379.95
CALL ABOUT HF DF, ADD g4.su S/H

ATTENUATORS

RADIO ENGINEERS
7969 ENGINEER RD, #102
SAN DIEGO, CA 92111

£619-565-1319 FAX 619-571-5909
CIRCLE 58 ON READER SERVICE CARD

CA ADD TAX

Pay TV and Satellite Descrambling

1998

only $99.95. C.0.D. is OK. $6.00. Free catalog.
Scrambling News
1060 Niagara Falls Blvd.
Tonawanda, NY 14150

= il | SN LFTY C o E 3 f——
sCrunbhhimenews . cogm

j 6 ] .
CIRCLE 36 ON READER SERVICE CARD

AR 1 _]I' L) | l 1 I'.I'. 1'." 1

HamCall™ CD-ROM
U.S. & International - Over 1,406,000 listings

—r—

.

P International Listings, and all the latest
U.S. listings, including vanity calis!

The HamCall CD-ROM allows you to look up
over 1,406,000 callsigns from all over the world,
including over 270 callareas.

The same CD works in DOS, Windows 3.x, Windows 95,
and Macintosh. On a PC running Windows or DOS, youcan
look up hams by call, name, address, city, state, ZIP, call sign
suffix, county, andnow SOUNDEX last name searching.
PC'scanalsoview raphs, EDIT records, and calculate
BEAM HEADING and DISTANCE. Macs can retreive by
call, lastname, and ZIP.

«Displays latitudeongitude for aimosteveryU.S. and DX call
based on city or town for greater precision.

«Calculates beam heading and distance from your home
QTH automatically. Dislance is measured in miles and
kiometers.

*Prints standard 1-up labels for QSL cards, and can now print
g;ﬁf&nﬂattﬂ for each ham. Also supports copyand
Also on HamCall are over 140,000 cross references from

old to new calls, over 3 300 photographs, over 33,000 e-mail

addresses, and muchmore.

Price is $50.00 plus $5.00 shipping U.S., $8.00 intemational.
BUCKMASTER

6196 Jefierson Highway
Mineral, VA 23117

e-mail: infoe buck.com

:
-.:.“'.-

10:893-9141 (fax)
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REPEATER HEADQUARTERS
Make “Commercial Quality” repeaters
from GE and Motorola Mobiles
» 45 Watt VHF Micor from $99
» 40 Watt UHF Master |l from $199
Conversion Information Available!
http://www.versatelcom.com

Orders: 800 456 5548
VersaTel s re Progean

FAX: 3072663010

COMMUNIGATIONS
CIRCLE 259 ON READER SERVICE CARD

Features superbly accurate: * baromet-

wind speed/direction * indoor and out-
door temperature * wind chill tempera-
ture * rainfall.

Introductory savings in effect thru 1/31/98.

QOur 22nd Year
k"ﬁsit our Home Page to see and try our Weather Stations: www.peetbros.com

The ULTIMETER® 2000 tracks more
than 100 values to help you alert others
to dangerous weather extremes and
protect your own equipment.

Instant access to: »*
today’s highs and lows * long term highs and lows *

time/date for all highs/lows = rain totalst for today, yes-
terday. and long term * alarms, and much more. Easy to install.

ric pressure * 3-hr. pressure change * sensors add’l.) Other ULTIMETER mod-
indoor/outdoor humidity * dew point{ ¢ els starting at $179.

KEWThe Weather Picture’

An eyepopping add-on to your ULTIMETER

This new wall unit with its elegant teak or brushed alu-
minum frame displays all the vital weather data you pre-
select, without having to press a single button. Big red
numerals are easy to read from across the room, day
or night. Interfaces with your ULTIMETER Weather
Station, lets you customize data display. In two sizes.

732-531-4615 1-800-USA PEET FAX 732-517-0669
PEET BROS. COMPANY, 1308-7127 Doris Ave., Ocean, NJ 07712

current valuese

Only $379 plus shipping (7Optional

*Even WearherWarch magazine (May,
‘06) concludes “the best we have seen.”

Size shown: 153%" x 114"

© 1997 Pect Bros. Co.
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