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Black Box Operation.
Configure the ID-I for virtually

installation

Re-24 Control all
informntion Qnd is included with ID-l.

The future begins here!

Analog FM • Get on the air 1D·1 conhandle standard amateur repeateroperation
with CTCSS encode/decode with tone scon.

Digital Clarity • Any signal recaived in digital mode must codec in order to be
eliminating intermod from your communications.

Spectrum Efficiency • (6.25kHz) voice transmissions are up to 3times more efficient
than analog systems, significontlyless bandwidth! (l5-20kHz typ)

128K Data • Toke advantage of high wi reless connection ID-l extends your
communications well beyond typicol WLAN range, covering miles instead of blocks.

Use Digital Voice & Send Data • Slow down yo ur datastream to 2.4K and yoa can talk
whi le text messages (Of GPS or or..) . Ahom radio first!

Enhanced APRS®. Now you con use a channelfor voice and data! APRS'" orother new
software operations con now be utilized whi le a conversa tionis underway.

Wrillen Directions • Typedirections to assist OX duster info, and more.

Auto Call Sign Registration • Incoming coil signs are stored automatical ly while indig ital
modes. Find out who called while you were away!

Emergency Mode • button draps stationcolis to come in.

10Base TEthernet Connection • On the bockof mdia. Ethernet extentioncable included.

Computer Control • The 10-1 is software contro llable,and the software con be
customized without limitation I lcom sof1ware intertoce control is included.

Don't get left in the dark! Regardless of what Mather Nature throws at you, keep
track of the latest events with Ieom's new 1.2 GHz rig, the 10-1 . While traditional
Amateur Radio allows you to talk to hams in the neighborhood, or around the world
via IRLp, Point to Point communications with the 10-1 can give youhigh speed 128K
data . Thats up to 4times the speed of dial-up!

Phone lines down from snow and ice? Don't worry. Keep in touch withfriends and
family by accessing your E-Mail via the 10-1. Let loved ones know everything is
alright and share the winter wonderland by attaching photosto your e-mails! Access
your favorite Internet news source for the latest current events, or even see how
much longer the storm will last by logging on to the weather networkswebsites.

The fun doesn't stop with the snow! Whether chasing astorm, running ahurricane
net with images, sending photos of the progress of the disaster cleanup, or even
checking out the DOT cameras while stuck in traffic, uses for the 10-1 are limited only
by your imagination! See your authorized Ieom dealer!



IC-208"
Think of it as the '2720H's kid brother· with attitude!

• 2M/70Cl~ • ssw VHF/SOW UHF • 500 Alp hanumeric Memories • CTCSS/OTCS
Encode/ Decodew/ Tone Scon· Wide BandRXt 118-999.990MHz• Remote Control Mic

• OMS • DTMF Encode• 1OdBAttenuator

The legacy af the706MKIIG...nowin QRP configuration !

• HF/6M· lOW-0.1W@13.5VSSB, CW, RTIY, FM/ 4W - 0 lW @13.5V AM • Newly
Designed PA Unit• IntemalAntenna Tuner • Detachable, Remotable Contral Panel • DSP with
Auto Notch Filter8. Noise Reduction • Automatic BatterySaveMode • Automatic PowerScale
Meter " Low Current Mode • High Sensitivity

10-1
Amateur radio will never be the same!

• l.2GHz • lOW/ 1WSelectable • 105 Alphanumeric Memories • CTCSS Encode/Decode
w/Tone Scan • FM (AnalogVoicel/GMSK(Digital Voice/Data) • 128KData • USB Contol
Interface• 10BASE-TEthemet Port · AMBE2.4kbps • PC Control

IC-706mKIIG
Built-in DSPand 100W of output power, yet nobiggerthan most mobiles !

• 160-1OM/6M/2M/70CM• HF/6M@ 100W, 2M@ SOW, 70CM @ 201/1 • 107
Alphanumeric Memories • CTCSS Encade/Decode w/Tone Scan • AM, FM, WFM, SSB, CW,
RTTY; w/DSP • Auto Repeater • Plug-n-Ploy Filters • Backlit Function Keys • Built-inKeyer
• IF-Shift • Tone Squelch • Remote HeadOperation withOptional Equipment

vjv, UjU, VjU Operation!

Large display and simple, independent controls
on each band make for true dual band fun!

• 2M/70CM • sowVHF/35W UHF Output • 212 Memories

• acss 8. DTCS Encode/Decade w/Tone Scon • OMS • Remote

Control Mic • WideBond RXT118-549,810-999 MHz • Auto Repeater

IC-U8000
75W output for power when you need it!

Let your signalbe heard!

• 2M • 75WOutput · 207Alphanumeric Mef1)ories · acss8.

DTCS Encode/Decode w/Tone Scan • OMS• Remote Control

Mic • FM NorrowMode • Weatner Alert 8. Cnannel Scan

2m On aBudget!

IC-2100" 25n
Commercial grade rugged and simple to use!
With superiorreceive IMD and performance!

• 2M • SOW Output • 113 Alphanumeric Memories • CTCSS

Encode/ Decodew/ToneScan • Remote ControlMic• MIL STD

• Auto Repeater • Lorge Keys and Knobs

Step out and up withIeom!
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bers on board the International Space Station. However, such
contacts have been hampered due to the iimitations of the
equipment. Now, with the introduction of Phase 2, amateur radio
operations on the ISS have turned a significant c orner. Inthis issue's
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Pictured is landing piiot Dave Brown holding the airplane shortly
after he successfully landed it on Mannin Beach, Ireland.
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LINt: OF SIGHT
A Message from the Editor

Amateur Radio-On the Air, In the Air

I
n this issue of CQ VHF we feature two different , but similar air­
borne amateur radio appli cations-the use of amateur radio to fly
a model airplane across the Atlantic Ocean, and the introduction of

Phase 2 of amateur radio operations on board the International Space
Statio n. In "A 6-Mete r Rig Flies the Atlantic" Maynard Hill, W3FQF ,
tells of his lifetime dream of flying a model airplane across the Atlantic
Ocean, a feat that he accomplished last Augus t. It ' s a fascinating story
of how one man took his interest in flying model airplanes from balsa
models driven by rubber-banded propellers to an electronically con­
trolled model flown more than 1800 miles over a body of water.

In "Amateur Radio on the International Space Station : Phase 2,
Hardware Systems" Frank Bauer, KA3HDO , et al., describe the tech­
nical side of the next phase of amateur radio operation on board the
ISS. For the past three years we hams have enjoyed the opportunity to
contact the ham radio licensed crews on board the ISS, albeit within
the confines of the limits that Phase 1 presented. Now, after extensive
testing of the equipment and its eventual certificatio n, Phase 2 is begin­
ning to roll out, and Bauer, et al., describe what has been involved in
making it happen.

Where Does Ham Radio Go Next?
In mid-January President Bush was anticipated to make a major pol­

icy announcement related to space exploration. Speculation in the run
up to his announcement involved a debate as to whether to complete
the construction of the ISS, aband on the ISS in favor of a permanent
base on the Moon as a jumping off point for a trip to Mars, or attempt
a direct shot to Mars. Whatever the plan turns out to be, amateur radio
will be there. Long ago, thanks to the pioneering work of people such
as the late Roy Neal, K6DUE, NASA realized the importance of the
role that amateur radio can play in the space program, both from a
health-and-welfare perspective and as a public-relations tool for
NASA, and even as a last resort redun dancy link of communica tions
for the space crews.

It is fascinating to speculate what it would be like to have a perma­
nent base on the Moon. Now, thanks to Joe Taylor, KlJT, and his WSJT
software development, even a modestly equipped ham radio station can
be used for EME communications. With the establishing of a ham radio
station on the Moon, communications with hams at that base would be
even easier, considering the signals would be making only the one-way
trip to the Moon. While NASA anticipates a possible permanent return
to the Moon in 20 18, it is also possible that private groups such as
Artemis Society International (see <http://www.asLorg/>) could be on
the Moon much sooner. No doubt, even with these private concerns,
amateur radio will playa role in these exploration adventures.

Lest We Forget
As we learned last year, space exploration is not risk free. It was about

a year ago when a hugely successful space shuttle mission came to a
tragic end over the skies of Texas. Looking up into the morning sky on
Febru ary 1, 2003, "Antennas" columnist Kent Britain, WA5VJB ,
observed the following and reported it in his Spring 2003 column:

I knew that a landing was planned for the morning, and I had hoped to
watch it go by. Normally it's just a distant fuzzy dot in daylight, although
the pre-dawn passes can be spectacular as it passes over North Texas, head­
ed for Florida. This time I saw a contrail.

"How odd," I thought. "The shuttle usually doesn' t leave a contrail." It
was quite a show, however! I thought it was interesting that they were not
headed toward Florida.They were approximately ten degrees too far south,
and some of that apparent angle was amplified by the unusually steep
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A plaqu e commemo­
rating the astronauts
who died in the
tragic Space Shuttle
Columbia accident is
mounted on the back of
the Mars Exploration
Rover Spirit's high­
gain antenna. Mars
Exploration Rover
engineers designed the
plaque. The astro nauts
are also honored by
the new name of the rover landing site, the Columbia Mem orial
Sta tion. This image was taken on Mars by Spirit 's nav igation
camera. (Top photo via NASA; bottom photo via NASAlJPL)

decent angle. Twenty seconds later I saw a bright dot separate away.
Strange, as I didn't know of anything they could jettison.

Then they passed below the buildings in downtown Dallas. Minutes
later I heard that NASA had lost contact, and I had witnessed the breakup
of Columbia.

I realized immediately that the angle and speed meant they had lost con­
trol of Columbia well before I saw the first streak of that contrail. Only
then would they have plunged that steeply into the atmosphere. The debris
trail passed about 50 miles south of my QTH.

Kent ' s comments are typical of those of so many of us who have
some level of involvement in the space program. We hams identified
with the program principally via our hobby' s connection. When three
of our fellow hams-Mission Specialists Kalpana Chawla, KD5ESI,
Dave Brown, KC5ZTC, and Laurel Clark, KC5ZSU-lost their lives
on board the Columbia, we in the ham radio community especially felt
the loss : Indeed, it was the underlying thought of many of the ham
radio volunteers who participated in the debri s recovery that they were
doing so for their fellow ham s who had died in the disaster.

In memorializing the tragedy, a plaque has been placed on Mars as
part of the Mars Exploration Rover Mission. Engraved on the plaque
are the crew' s names and images of Columbia, NASA' s emblem, the
U.S. flag, and an Israeli flag in honor of Han Ramon, the Israeli pay­
load specialist who also was on board the shuttle.

We can never forget that space exploration is not without risks and
that fellow hams can pay, and have paid , the ultimate price for our
quest to know more about our universe.

Until the next issue .. . 73 de Joe, N6CL

Visit Our Web Site



A 6-mete'r Rig Flies the Atlantic

Sometimes a dream takes a lifetime to a ccomplish. Here W3FQF tells the
story of his lifetime dream of flying a model airplane across the Atlantic.

By Maynard Hill,* W3FQF

Radio-control pioneer Walter Good, W3NPS, stabilizes the wing ofhis "Guff" model
at the RC event ofthe AMA National Model Airplane Championships in Minneapolis
in 1947. His twin brother Bill, W81FD, was the pilot, hidden behind Walt aside of

the 6-meter Yagi antenna.

At age seven, after several failures
I built my first model airplane that
actually flew. That rubber-band­

powered creation of balsa and tissue
paper smartly climbed to altitudes near
30 feet and sometimes stayed up for as
long as 30 seconds! This joyous achieve­
ment was the start of a 70-year addiction
to a balsa-and-glue habit. I confess that I
simply must have the stuff! I built mod­
els during high school, during 21/2 years
in the Navy in WWII, during college, and
during 52 years of marriage and family
life that occasionally got a little rocky
because of my obsession.

After two years of struggles that could
rightly be called failures, in 1949 I suc­
cessfully flew a radio-controlled model
airplane. Success was a vague sort of
thing in those days. What actually hap­
pened is a friend towed my lO-foot-span
glider to about a 250-foot altitude. It
made several figure-8s as it descended,
and was steered to a landing about 200
feet from where it was anchored to the
ground by a cable attached to a 20-pound
black box that was almost as big as a
bread box. This achievement led to a per­
manent addiction to the fascinating joys
of radio-controlled flight.

The radio equipment I used in 1949
was a commercial version of a system
that had been developed by the Good
brothers. Walt, W3NPS, and Bill,
W81FD (later W2CVI), were identical
twins with an identical zeal for radio-con­
trol. Their first RC flights had been made
in 1936, and historians credit them with
being the first hobbyists and radio ama­
teurs to fly RC in the United States, and
perhaps in the whole world.

*2001 Norvale Road, Silver Spring , MD
20906
e-mail: <gabbyhill@aol.com>

www.cq-vhf.com

The Good brothers' post-war RC
equipment was made and marketed by
Harry Geyer under the logo of Beacon
Electronics. The airborne stuff, with its
batteries , weighed about 2lbs. with a 1/2­
hour battery supply-gross by today's
standards, but remarkably light and small
for 1949 vintage radios. The receiver was
a super-regenerative type operated on the
6-meter ham band. The heart of the unit
was a 3A5 vacuum tube whose plate cur­
rent flowed through a magnetically polar­
ized super-sensitive relay. The filament
of the 3A5 needed 100 rna @ 1.5 volts.
The plate current was 6.0 rna @ 45 volts.
These two rivers of electrons add up to
about 0.42 watts, a Niagara compared to

modern PCM (pulse code modulation)
receivers.

It would be a blatant misnomer to call
an afternoon at the field a "flight session."
Most often a couple of hours of relay
adjustment, range testing, and battery
checking ended with one attempt to fly.
I just cannot resist telling the younger
generation of hams about the key techni­
cal problem: The 3A5 tube drew 6 rna
when the super- regenerative hiss was
alive. This current dropped to about 4 rna
when the 6-meter carrier wave signal was
received. The polarized relay contacts
had very fine-pitched threaded screws to
set the armature to hair-trigger from the
insulated point to the electrical contact
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point. Sometimes the 45-volt B+ battery
would sink out of its useful range before
the adjustment was completed. The
choice was to go home or stick an expen­
sive spare in there and start over.

Enough of this! The joy of a success­
ful flight far outweighed the frustrations.

Past Records
During the 1950s Walt Good became

my patient mentor and my very good
friend . He helped me build and fly his
new dual-proportional control system,
which he called TTPW, for two-tone
pulse width. Almost everybody called the
system "too tough to piddle with ," but I
succeeded and became a fairly hot aero­
batics stunt pilot who came close to being
on the American team that went to the
first FAI World Championships for RC
Models in Zurich, Switzerland in 1960.

In 1962, Walt Good pulled some
strings with the British organizers and got
me appointed to be the chief judge at the
second World Championships in Kenley,
England. The Soviet Union sent a team
to this event. I was shocked by the crude­
ness of their models and RC gear. I was
very surprised to learn that a lapel pin
worn by Pietr Velitchkovski, one of the
team members, identified him as a "Hero
of the Soviet Union." He had earned this
honor by setting seven world records for
radio-controlled aeromodels.

On our return from Kenley, Walt and I
persuaded fellow members of the
D.C.R.C. club to hold some record trials .
We figured it ought to be easy to beat
Velitchkovski with our superior RC stuff.
On July 3 and 4, 1963, with help from the
Navy, we assaulted Velitchkovski's alti­
tude record of 7100 feet. We did this in
the restricted air space at the Navy base
in Dahlgren, Virginia. Four competitors
passed Velitchkovski's mark . I went the
highest, 13,328 feet, nearly doubling the
Soviet record.

This event stimulated a third serious
addiction related to aeromodeling. I
abandoned aerobatic competition and
started on a campaign to set world RC
records. Instead of being at the mercy of
human judges who might be biased or
inaccurate for many reasons, record set­
ting is a competition controlled by the
laws in Mother Nature's arena. Success
is rated in terms of rigid numbers, and the
judges are tape measures , clocks, and
other technical devices . In short, I found
it great fun to set up a challenge, to work
on the technical problems, and eventual­
ly, to achieve the goal. You know when

www.cq-vhf.com

The airborne receiver of 1949 vintage, a
Good brothers RC system made by Beacon
Electronics Company in Pittsburgh, PA.
The Fahnstock electrical clips did dual
duty as a place to attach rubber bands as

an anti-vibration suspension .

you are successful, and there's no one to
blame for failures but yourself.

All of Velitchkovski's records were
overtaken by 1970. By 1999 I had gone on
to set a total of 23 world records, 21 of
them in the major categories of piston­
motored altitude, distance and speed in a
straight line, distance and speed in closed
circuit, and duration. The other two were
soaring glider altitude and speed. The first
ten or so set during the 1960s were fairly
easy. The still-current altitude record of
26,990 feet was moderate ly difficult , and
the last ten were downright tough!
Typically, the development and testing
took up to two years and a couple of crash­
es before success was achieved. We
chased models using convertibles barrel­
ing at 70 mph on Interstates . I flew count­
less hours on a racetrack path to perfect
distance models , ultimately setting a
closed-course distance record of 1301 km
with a 13-hour flight. Exciting boredom!
I survived 33 hours and 39 minutes of solo
piloting to set a duration record in 1992.

Back then there was a "Hail Lind­
bergh" rule that said one man must pilot
the model during the entire flight.
Amateur radio technology was used to
reduce the problems of lack of sleep and
changes in metabolism to manageable
levels . A 70~cm band Yaesu walkie­
talkie was used as a beacon located on
the ground near the pilot's position. A
homemade direction-finding receiver on
board the airplane was mated to the rud­
der to make the model loiterautomati­
cally over the beacon. Also , a lO-milli­
watt downlink telemetry transmitter on
the 2-meter band sent down data about
airplane and engine performance. A loud
claxon sounded if something needed the
pilot's .attention. I was half asleep on a
chaise lounge much ofthe time. Happily,

since then the rule has been changed to
allow team efforts.

Further discussion of these past records
can 't be included here, but if you are
interested in learning more about them, a
bibliography of26 of my publications can
be obtained from the librarian at head­
quarters of the Academy of Model Aero­
nautics in Muncie, Indiana.

The Possibility
An accompanying photograph shows

two models that convinced me that it
might be possible for a "true" model air­
plane to fly across the Atlantic Ocean
from Newfoundland to Ireland. A "true"
model airplane for RC records cannot
exceed 5 kilograms (11.023 lbs.) gross
weight (with fuel), and it cannot use an
engine larger than 10 cc (0.6 cu in.) dis­
placement. "Old Faithful IV" had a fuel
load of 4.4 lbs. when it was launched on
its 33-hour 39-minute record flight.
"Marvelous'Martha," the smaller model,
weighed 5.51bs. empty and thus had a 5.5
fuel capacity, within the rules limit.
"Martha" and a-sister called "Stretcher"
established four very difficult distance
records between 1994 and 1998~

"Martha" holds the current closed-course
distance record of 1301 km (808 miles).
Two cross-country records (328 miles
and 427 miles) were set by chasing the
model with a pilot in a convertible that
barreled down Interstate routes 81 and
95. A GPS receiver in the convertible
recorded the speed of the model to be
about 70 mph in level flight (there was
little or no wind). This number was ver­
ified by clocking lap times over the 1 km
closed course during record flights in
1994 and 1998.

At a speed of 70 mph, the drag due to
lift of this model is negligible compared
to what aerodynamicists call profile and
skin friction drag. I have built a dyna­
mometer to measure horsepower, and
simple arithmetic yielded a value-of
0.019 for Cdo (drag coefficient at zero
lift). This number labels her as cleaner
than the famous high-performance, long­
range PSI Mustang of WW II. The
Mustang has a Cdo of 0.021 if all the bugs
are washed off the wings' leading edge .

The dynamometer also yielded numer­
ical values for what is called "specific
fuel consumption" of the engine-i.e.,
how many pounds of fuel are needed to
make one horsepower for one hour. My
simplistic way of thinking told me that if
I slowed the model to half ono mph, the

(Continued on page 68)
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Amateur Radio
on the International 5pace 5tation

Phase 2 Hardware System

The International Space Station enters a new phase of amateur radio
operation. Here the authors g ive the details of how this has come about.

By Frank H. Bauer, * KA3HDO; Sergej Samburov, RV3DR; Lou McFadin, W5DID;
Bob Bruninga, WB4APR; and Hiroto Watari~awa , JJ 1LYU

The International Space Station (ISS) ham radio system has
been on-orbit for over three years. Since its first use in
November 2000, the first seven expedition crews and three

Soyuz taxi crews have utilized the amateur radio station in the
Functional Cargo Block (also referred to as the FGB, or Zarya
module) to talk to thousands of students in schools, to their fam­
ilies on Earth, and to amateur radio operators around the world.

Early on, the amateur radio operators on the International
Space Station (ARISS) international team devised a multi­
phased hardware development approach for the ISS ham radio
station. Three internal development phases-Initial Phase 1,
Mobile Radio Phase 2, and Permanently Mounted Phase3-plus
an externally mounted system were proposed and agreed to by
the ARISS team.

The Phase 1 system hardware development, which was start­
ed in 1996, has since been delivered to ISS. It is currently oper­
ational on 2 meters. The 70-cm system is expected to be oper­
ationallater this year on SSTV.

Since 200 1, the ARISS international team has worked to
bring the second-generation ham system, called Phase 2, to
flight qualification status. At this time, major portions of the
Phase 2 hardware system have been delivered to ISS and will
soon be installed and checked out.

This article provides an overview of the Phase 1 system for
background and then describes the capabilities of the Phase 2
radio system . It will also describe the current plans to finalize
the Phase 1 and Phase 2 testing in Russia and outline the plans
to bring the Phase 2 hardware system to full operation.

Ham Radio Equipment Specifics
The ISS ham radio equipment will reside in two locations

inside the ISS and at least one location outside the ISS. Two­
meter (144-MHz) operations primarily will be conducted inside
the Functional Cargo Block (FGB), named Zarya, using anten­
nas that supported docking of the FGB with the Russian Service
Module.These antennas, designed for use near the 2-meter band
(see figure 1), no longer support docking and can be used per­
manently by the ARISS team. This is the current location of
the 2-meter portion of the Phase I ISS ham radio station. The"
FGB radio system represents a minimal capability that allows

"e-mail: <ka3hdo@amsat.org>
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Figure 1. FGB 2-meter antenna locations.

the ARISS team to support school-group contacts and packet
communications on one band, the 2-meter band.

The ARISS team's vision of supporting several different
international users at the same time on separate frequenc y bands
and different modes (voice, data, television, etc.) require s sev­
eral different antenna systems. The ARISS-Russia team, led by
Sergej Samburov, RV3DR, provided this foundation through
the installation of four ham radio antenna feedthrough ports on
the Russian Service Module. With these antennas in place , the
primary location of the ham station will reside inside the
Russia n Service Module (SM) named Zvezda. The ham station
will be installed near the SM dining table (see figure 2).
Simultaneous multi-band operations can be conducted with
these two (SM and FGB) station locations.

The ARISS team is also working with the international space
agencies to install externally mounted amateur radio equipment

Visi t Our Web Site



Figure 2. ARISS hardware in Service Modu le.

Figure 3. ISS ham Phase 1 system in the FCB .

ToFGB
_ --0 power

Panel

HEADSET·NOISEREDUCING'
40433G·OI
SiN 1001

Additional ARISS Phase 1 hardware
was deployed during two additional shut­
tle flights to ISS. This hardware includ­
ed an additional Packet Module on the
STS- I05 Discovery flight on August 10,
2001 (see figure 6), and additional cables
and modules to support simultaneous 2­
meter and 70-cm operation on the STS-

(Continued on page 62) _
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Ericsson cable
SXISS9840 1IN100 10' 1003

POWERADAPTER
MODULE

SXISS98300
S,NOlo , 02

VlSDID
6/21.'01

Transce iver
Cable
SXISS98400
SIN 1001

TRANSCEIVER
VHF (ERICSSON)
Mp·A·VHF
SIN 0002

FGB RF Cable BNC Male
SXISSOO409
SIN 100 1

Adapte r
Module
SXISS98200
SIN 1001

114wave whip

ISS-HAM Hardware in FGB as of 06/16/0l ,114wave whip

/ Russian Female.-f":;. ..; RF connector

FGB : /

em, a power adapter, an adapter module,
an antenna system, a packet module, a
headset assembly, and the required cable
assemblies (see figures 3, 4, and 5). This
configuration can be-, operated in the
attended mode for voice communications
and eitherthe attended or automatic mode
for packet communications.

Phase 1 Hardware System
Hardware Overview. The ARISS

team has developed all the hardware ele­
ments for the Phase 1radio system .These
hardware elements have been flown to
ISS on three shuttle flights . The Phase 1
system supports voice and packet (com­
puter-to-computer radio link) capabili­
ties. Packet radio has several capabilities,
including an APRS Instant Messaging
type system and a Bulletin Board System
that allows radio amateurs to store and
forward messages and allows the orbit­
ing crew to send e-mail to all hams or to
individuals.

The Phase 1 ham radio system was
developed primarily in the US. However ,
extensive testing and coordination with
the ARISS-Russia team was required,
since it is installed in the ISS Russian seg­
ment. The initial portion of the Phase 1
ISS ham radio system was launched on­
board the STS- l06 Space ShuttleAtlantis
mission on September 8, 2000. This sys­
tem consists of two hand-held Ericsson
MP-A transcei vers for 2 meters and 70

www.cq-vhf.com

on the ISS. This hardware will enable the
crew to communicate with Earth-bound
radio amateurs and school students using
handhe ld systems that can be moved
throughout the ISS. It also will support
communications experimentation that
will enable students and radio amateurs to
receive telemetry data from ISS.



HV7A Mobile Ant.enna Syst.em
For New HFNHF transceivers tlE.~~

(Such as: IC70 6 series and FT100)

MX62M
Use withHF/VHFmobile
transceivers su ch as IC706
series, FTl 00, or combine
2m/70cmand HF rigs.

10m/6m/2m/70cm
40m/ 20m/17m/15m
HF 120w/VHF200w
UHF
54"
1.5:1nominal

The NEW HV7A has 5 band capability:
70cm, 2m, 6m, and 2 HF bands through
use of loading coils. Foldover feature
allows for easy access into low over­
head build ings. Ideal for users of IC706
series and FT100 rad ios.

J; Bands Supplied:
Opt. Loading Coils:
Power, P.E.P.:
Mount Connection:
Length:
SWR:

Optional Loading Coils
HVCl 40m
HVCI4 20m
HVCI8 17m
HVC21 15m

!

t~.l
Recommended Antenna !
Mounts: K400C or K600M '

MX62M Duplexer
Specifications: ~
HF/6m & 2m/70cm bands
1.6-56 MHz LPF I
76-470 MHz HPF ?
(76-120receiveonly)
Walls: 600 PH . ~ ~
Loss: 0.2 dBLPF ~ ,g

0.3 dBHPF ~ _ if If.
IsoI.: 50r -----'! I

~ I ~ ~

SG2000HD SG7500A SG7900A NR72BNMO NR73 BNMO NR2C NR770HA NR770HNMO CR627B
SG7500NMO NR770HB NR770HBNMOCR627BNMO

SPECIALFEATURES:

• Factory pre-tuned/no ad justment
• Highest Performance antennas
• NMO and UHF (PO) base styles

• 24 Kt gold plated connector pin
• No grounding required unless noted
• Fold-over feature on most models

FO LD-OVER

Patented One-Touch Fold-over Feature
(Not avai lableon NR72BNMO , NR73BNMO,
& NR770SA)

HT. ELEMENT
MODEL BAND (MHz) WATTS CONN. IN. PHASING

NR72BNMO*6 2m/70cm 100 NMO 13.B 1/ 4A, 1/2A

NR73BNMO 2m!70cm 100 NMO 33.5 1/2"-, 1·5/8A

NR770HA7 2m!70cm 200 UHF 40.2 1/2A, 2-5/8A

NR770HNM08 2m!70cm 200 NMO 3B.2 1/2A, 2-5/8A

NR770RA 2m/70cm 200 UHF 38.6 1/2A, 2-5/8A

SG7000A*6 2m/70cm 100 UHF 18.5 1/4A, 6/8A

SG7S00A 2m/70cm 150 UHF 40.6 1/21" 2-5/8A

SG7S00NMO 2m!70cm 150 NMO 41.0 1/2A, 2-5/8),

SG7900A* 2m!70cm 150 UHF 62.2 7/8A, 3:5/8A

HT. ELEMENT
MODEL BAND (MHz) WATTS CONN. IN. PHASING

NR2C 2m 150 UHF 55.5 1/2A+l/4A

SG2000HD* 2m 250 UHF 62.6 1/2,,-+3/8A

SG6000NMO*6,9 6m 150 NMO 39 1/4A

CR224A*6 2m/l -1/4m 150 UH F 68.5 7/8A,2·5/BA

CR320A *6 2m/I -1/4m 200 UHF 37.4 1/4A,1/2A
70cm 100/200 2-5/8A

CR627B *6,9 6m/2m/ 120 UHF 60 1/4A, I/2+1/4}j

CR627BNMO *6,9 70cm 120 NMO 60 2-5/8A

1/4A'raledin dBi.

* Notrecommendedfor Magnet Mount
Groundingrequired.
NR770HBsomespecifications but inblockfinish.

NR770HBNMO somespecdicotions but in blockfinish.
52-54MHzonly

." ' .

www.rfparts.com/diamond
Diamond Antenna Division of RF Parts Co. Tel : (76 0) 744 -0 900 • FAX: (760) 74 4 -1 943 • E-ma il: rfp@rf parts .cc



X500HA (UHF-Conn.)
X500HNA (Type-N Conn.)

Ruggedized
Base/Repeater

Antenna CO/V... CONNECTION
AT BASE END

HEAVY DUTY BASE/
RADIAL ASSEMBLY

STRONG JOINT
COUPLINGS

1 Heovydutyaluminum canstructian. 4 1/4A. raled in dBi. Mostrequirement:1.4"·2.4".
2 F:7IBA: 440·4S0 MHz., F718L: 420-430MHz. 5 2m: 146·14B; 100 walts

X50NA X500HNA 3 XSiONJ:144-147/430-440MHz. 6 S2·S4MHz. only; OPGH62adiustable from SO-S4MHz.

BAND: 144=144-1 48MHz., 22M22·225MHz., 420=42D-430MHz.,430=430-440MHz., 440=440 4S0MHz.,1240=1240-1300MHz.

X50NA
The X50NA is an excellent choice where
ruggedness is required in a medium-gain,
dual -band, base/repeater application.

Features

Wide frequency bandwidth
Heavy duty fiberglass radome
Stainless steel mounting
hardware and rad ials
Type-N Cable connection
Compact size foreasy mounting/
installation

Specifica tions:

Freq.: 2m: 144-1 48MHz
rocm. 440-450MHz

Power: 200 watts
Wind Rating: 135 MPH(no ice)
Height:5.6 feet

X500HNA
Diamond Antenna's best base station
repeater antenna. Designed forstrength and
performance, the X500HNA is pretuned to
achieve maximum gain in both the 2m and
70cm amateur bands.

Features

• Heavy duty fiberglass radome
Overlapping outershells for
added strength
Stainless steel mounting
hardware and radials
Strong-waterproofjoint couplings
Type-NCable connection

• Wide band performance

Specifica tions:

Freq.: 2m: 144-148MHz
JOcm:440-450MHz

Power:200watts
Wind Rating: 90 MPH (no ice)
Height: 17.8 feet

:

DIAMOND Mono-Band Base/Repeater Antennas
I:' ' HI. RATEDWIND

MODEL,. "' BAND (MHz) WATTS CONN. FT. MPH (No. Ice)'.

CP22E I 144 200 UHF 9.0 90

DPGH62 1,6 50 200 UHF 21.0 78

F22A 144 200 ,UHF 10.5 112

F23A 144 200 UHF - 15.0 90

F718A 2 440 250 N 15.0 90
,

DIAMOND Dual-Band Base/Repeater Antennas
HI. RATEDWIND

MODEL BAND (M~~) I·A WATTS CONN. FT. MPH(No. Ice)

X50A 144/440 200 UHF 5.6 135

X50NA 144/440 200 N 5.6 135

X200A 144/440 200 UHF 8.3 112

X510NA 3 144/440 200 N 17.2 90

X510MA 144/440 200 UHF 17.2 90

X500HNA 144/ 440 200 N 17.8 90+

X700HNA 144/440 200 N 24.0 90

X2200A 144/222 150 UHF 11.5 112

U200 440/1240 100 N 5.9 135

DIAMOND Tri-Band Base/Repeater Antennas
HI. RATED WIND

M,?D,EL . BAND,(M.~z) WATTS .~• CO~N,~• . FT. MPH (No. Ice)

U5000A 144/440/1240 100 N 5.9 135

V2000A 4,6 52/144/440 150 UHF 8.3 110

X3200A5 146/222/ 440 100/200 UHF 10.5 112

X6000A 144/440/1240 100/60 N 10.5 112

www.rfparts.com/diamond
amond Antenna Division of RF Parts Co. Tel: (760) 744-0900 • FAX: (760) 74 4-1943 • E-mail : rfp@rfparts. com



Russian Power Tubes
in Amateur Radio, Part II

In the Fall 2003 issue of CQ VHF, ND2X began this two-part article on
Russian power transmitt ing tubes, covering general information and
triodes. This time he continues with a discussion of tetrodes and sources
of tubes.

By Paul Goble,* ND2X

As was stated in part one of this arti­
cle, I have been the beneficiary of
information on Russian power

tubes from some extraordinarily knowl­
edgeable hams from QTHs ranging from
my home state of Texas, across the U.S.,
west to Japan, and east to eastern Europe.
We covered triodes last time and will now
move on to tetrodes. The tetrodes I will
cover are the GS-3A, GS-15B, GS-23B,
GS-36B, GU-43B, GU-74B, GU-78B,
and GU-84B. There is tube-specific in­
formation gleaned by this author, either as
empirical measurements or from specific
experiences of hams around the world.

Tetrodes
GS-3A: The GS-3A tetrode (photos 21

and 22) is designed for water-cooling; no
air cooler is associated with this tube . It
is rated at 3000 watts of anode dissipa­
tion to 800 MHz. All indications are that
the GS-3A should perform well from 70
ern down. Internal construction appears
almost primit ive, with large bolts hold­
ing control and screen grid cages in place .
Photo 23 shows the coaxial arrangement
of the tube elements. At this writing, this
tube isunder investigation .A water-cool­
er design is presented at <http ://www.
nd2x.net/kd5fzx-gs3aH20.html>. Re­
sults of the design and prototype of a 70­
em PA will be "published" at <http://
www.nd2x.net/kd5fzx-gs3a.html> when
testing has been completed and data are
available. This tube is priced at around
$50 plus shipping, when it can be found.
Picture s of the GS-3A, the water cooler
installed on the tube , and the internal
structure are shown in photo 7.

*6116 Rue des Amis, San Antonio, TX 78238
e-mail: <nd2x @arrl.net>
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Photo 21. The GS-3A tube.

GS-15B: The GS-15B (photo 24) ,
another of the newer generation of
Russian tube designs, is just under 2.5
inches tall and less than 1.5 inches in
diameter. It has a designed tube life of
over 2000 hours. It is a planartetrode with
a cathode diameter of 11 mm, and it can
support currents of 400-plus milliamps in
amateur service. The grids are flat sheets
with window openings that are in line for
low intercept, resulting in very low grid
currents . Small physical size indicates
that the GS-15B might be useful well
beyond the 1-GHz specification. Tes ts
also show that the filament voltage spec­
ified for 6 to 6.6 volts (6.3 volts, nomi­
nal) can be run at 5500 volts without
decreasing emission and will likely
extend the indicated 2000-hour tube life.

Sockets are not available and are con­
structed as part of the PA designs in
which this tube is used. The anode cool-

Photo 22. The GS-3A tube with the water
ja cket.

Photo 23. Inside the GS-3A tube.
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Photo 24. The
GS-15B tube.

er cannot be detached, but an effective
water cooler has been developed in spite
of this and is presented at <http ://www.
nd2x.net/kd5fzx-gsI 5H20.html>. The
GS-15B has been avai lable for $10 to
$25, depending upon the source . It is used
in the current Russian equipment inven­
tory , and it is increasing in price to the
amateur market.

Application: The GS-15B is rated at
200 watts of anode dissipation through
1000 MHz. Appearances are not deceiv­
ing in this case, and initial tests showed
the GS-15B to indeed be viable above
1000 MHz. It has since been demon-

strated that it will provide on the order of
15.5 dB gain and is thermally stable to
300-plus watts output at 23 cm. Proto ­
typin g showed it to be a surprisingly
strong performer; PAs ha ve been de­
signed for both 33 em and 23 ern. Based
on exce llent results from the initial 23­
em models, appro ximately two dozen of
a single-tube 23-cm PA have been built.
This design and all documentation nec­
essary to reproduce it are presented at
<http: //w ww.nd2x .ne t/kd5fzx -gs IS s.
htm!>. Also at this writing, a single-tube
33-cm prototype, virtually a scaled ver­
sion of the 23-cm PA, is nearly complete.
A 4x GS-15B model has been designed,
and many of the parts are ready for assem­
bly of a prototype.Expected performance
of the four -tube design is full legal-limit
output with something on the order of 50
watts of drive . Data will be published for
all amplifiers as they become available.
The high efficiency of the 23-cm PAs
support the contention that this tube
should also function on the 13-cm band.
Design and proto typing will occ ur as time
permits.

Photo 25 show s a 23-cm GS-15BPA
designed and built by Mats Bengtsson,

KD5FZX. It produces 350 watts output
with 10 watts of drive. Anode water -cool ­
ing is used . Since the air cooler does not
detach as with the triode s, the tube cool­
er is machined (photo 26), ajacket cut to
length (photo 27) and installed (photo 28)
along with a cap (photo 29) and hose
barbs. Then the assembly (photo 30) is
heated and soldered with judicious use of
a prop ane torch and allowe d to cool slow-
ly to room tempe rature. -

GS-23B: The GS-23B (photo 31) rated
power is generally considered to be sim­
ilar to the 4CX1600U. It has a designed
tube life of over 1000 hours . It is a true
coaxial tetrode, with elements arranged
concentrically, one inside the other. At
higher frequencies, radiated heat from the
plate plus the dissipated power in the
scree n will mechanically change the
scree n, resulting in a change in plate/
screen capacitance which can affec t PA
tuning. The only way to minimize this
problem is to have good (preferably
water) cooling to eliminate the heating
from the plate to the screen. It all has to
do with the mechanical design and as­
sembly of the tube . If the grid cage and

(Continued on page 73)

Photo 25. The GS-15B PA designed and
built by KD5FZX.

Photo 26. The GS-15B tube
cooler is machined.

Photo 27. The GS-15Bjacket cut
to length.

Photo 28. The jacket is installed. Photo 29. The ja cket, showing
the cap.

Photo 30.
The ja cket,
showing
hose barbs.
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Fall 2003 Aurora Events and More
The hits of solar Cycle 23 just seem to keep on coming. Here is WB2AMU's
report on the significant happenings of October and November last year.

By Ken Neubeck, * WB2AMU

On October 28, 2003, at 1048 UTC, a major solar-flare explosion was observed
eruptingfro m designated solar region 10486, at the high level ofX17. (LASCO image

photograph by NOAA)

As solar Cycl e 23 progresses toward
its conclusion, both the sunspot
count and the solar-flux values

continue to ratchet lower than they were
a year ago. However, recent solar activi­
ty suggests that this cycle still lives, in the
process prov iding unexpected ex­
citement on the VHF ham bands. What
follows is documentation of some of the
excitement that took place this past fall.

October 2003
On October 28, 2003, at 1048 UTC, a

major solar-flare explosion was observed
erupting from designated solar region
10486, at the high level of X 17 (see the
acco mpanying LASCO image photo­
graph by NOAA). At the time, the level
of the solar flare was the third largest
recorded in the last two decades. The tim­
ing of the flare was such that the sunspot
area from where the flare originated was
in a geo-effective area point ed toward
Earth . Also in contrast to previous solar
flares and coronal mass ejec tions
(CMEs), the wave action from this flare
was traveling at exceptionally high
speeds, in excess of 1200 km/sec.

With the high speed and the geo-effec­
tive direction, impact was expected dur­
ing the day of October 29 . Whil e HF
operators were expecting radio blackouts
and fading up to 30 MHz, VHF operators
had expectations of major aurora events
if the planetary K value was to reach or
exceed 7. Typically, such events take
about two days to travel from the sun to
the Earth, but the exceptionally high
speed of this particular event caused it to
arrive in only one day!

Impact took place at around 0900 UTC
on October 29, and by 1200 UTC aurora
openings were being observed on 6 me­
ters in northern Europe. However, with

*CQ VHF Contr ibuting Editor, 1 Valley
Road, Patchogue, NY 11772
e-mail: <wb2amu@cq-vhfcom>
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the all-important Bz value (the magnetic
field intensity in the all-so-important
north-south direction) showing magnet­
ic-field intensity not quit e favoring
southward, it took a while after impact
for activity to show up in the US. By 1900
UTC aurora appeared on both the 6- and
2-meter band s in the US and Canada. The
opening was fairly strong, as it reached
into a number of the southern US states .
It was during this time that the three-hour
planetary K value reached a peak of 9.

From my QTH on Long Island I ob­
served strong aurora signals on 6 meters
from the neighb oring grid squares in
Connec ticut, Massachuse tts, New Jer­
sey , Pennsylvania, and Delaware. I also
heard some signals on 2 meters from the
Virginia area. There were many visual
observations of aurora in the US, al­
though unfortunately my area was heav­
ily overcast, which blocked viewing .

The opening lasted nearly five hours,
during which time some auroral -E was
heard. For example, at around 8 PM local
time I heard some stations and beacons
from the Midwes t that were auroral-E in
nature. However, no significantF2 open­
ings toward South America and Central
America were heard at the time the auro­
ra opening faded.

Out of curiosi ty I listened on the HF
bands durin g the auro ra eve nt. The
effects of the X-level flare were detr i­
mental to a large part of the HF bands.
Local signals were weak, exhib iting
signs of deep fading. Certainly, it affec t­
ed much of the popul ar amateur radio
ham bands in one way or another, either
in a positive or a negative way !

These types of openings on VHF con­
tinue to amaze newcomers to the VHF
bands because they generally are not ob­
served by most of the operators on the HF

(Continued on page 60)
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Using Antenna Simulat io.n Sof t ware
to Reconfigure Existing Antennas

Is tinkering with your Yagi antenna a fearful task? Using antenna modeling
software, K3YWY takes the mystery out .of reconfiguring your Yagi.

ByCharles W. Pearce, Ph.D.,* K3YWY

The author holding the 222-MHz antenna described in the text.

The antenna simulation software
now available to amateurs certain­
ly has moved antenna construction

from "cut and try" to "calculate and
build," especially for Yagi-style anten­
nas, obtaining professional-style results.
In addition to the original design, I' ve
used such software to analyze and recon­
figure existing antennas.

In my situation, I had a number ofYagis
I wanted to cut down for use in my rover
station.! In your situation, at ahamfest you
may have obtained a Yagi without docu­
mentation and now you would like to
know its characteristics, or you might
have an antenna to which you want to add
some elements, increasing the antenna's
gain. In either case, you can use simula­
tion software to guide you. I used YW,
Yagi for Windows®, obtained with The
ARRL Antenna Handbook, for the exam­
ples described herein,but other simulation
programs should work equally well.

Procedure
To characterize an existing antenna,

use a tape measure to make accurate mea­
surements of element lengths and spac­
ing in inches or metric units, as required
by the program you are using. Once you
have the described antenna as an input
file to your software, you can add or
delete elements and see what effect it has
on antenna gain and pattern as well as the
feed-point impedance. You can also
change element lengths if you are inter­
ested in altering the antenna' s resonance
point or bandwidth characteristics.

Examples
My roving buddy, N3LJK, and I had

obtained a FINCO 220-MHz lO-element
Yagi without documentation at a hamfest

*410 South 12th, Emmaus , PA 18049
e-mail: <cpearce siifast.net»
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(see photo). Simulations indicated the
gain to be 12 dBi for the 9-ft. boom
design . This antenna was too long for our
rover station,but because its construction
was a two-piece boom, it was easy to
remove the front part of the antenna, leav­
ing a 4.5-ft.long Yagi. Next I modeled it
as a 5-element, 4.5-ft. long antenna,
which produced a clean radiation pattern
with a gain of 10 dBi and a front-to-back
ratio of 11 dB at 222 MHz. The program
also indicated that the existing gamma
match would work in this new configu­
ration, as measurements later confirmed.

Another hamfest special I have is a
Cushcraft 432-MHz Yagi which consists
of two 10-element Yagis on a 4-ft. boom
and which was originall y used for satel­
lite work with a phasing harness to pro­
duce circular polarization. The size was
feasible for roving, but it looked like too

many elements for the boom length. I was
also concerned about its resonance point.
Model ing showed gain of 13 dBi and a
front-to-back ratio of 17 dB at 432.5
MHz, with a decent enough radiation pat­
tern. Consequently, I remounted one of
the Yagis on a different 4-ft. boom and
sold the other Yagi on the original boom
at a hamfest.

Other Possibilities
Because modeling is much cheaper

than "cut and try," you can try some zany
things before you put the hacksaw to the
aluminum. You still may need to do some
experimental work , but the modeling
should let you know if your desired result
is feasible . For example, if you have lim­
ited space on your tower or if you are a
rover like I am and can' t stack too many

Visit Our Web Site



Table II. In this case, the author modeled changing the reflector of a long-boom
222-MHz Yagi antenna to be the length of a dipole on 2 meters.

Table I. The results of the author's modeling a 3-element 222-MHz Yagi with a 6­
element 432-MHz Yagi placed 6 inches in f ront ofit. The modeling predicts very lit­
tle effect by the fro nt antenna on the rear antenna. Ifanything, it improves its per-

formance slightly.

antennas vertically, consider the follow­
ing approach:

Instead of stacking beams vertically,
place a higher frequen cy antenna in front
of another on the same boom. The front­
to-back ratio of the higher frequency
antenna will effectively isolate it from
the antenna to its rear, but how about the
rear antenna? How does the antenna in

front of it affect its characteristics? I
modeled a 3-element 222-MHz Yagi
with a 6-element 432-MHz Yagi placed
6 inches in front of it. The results are
shown in Table 1. As you can see,
the modeling predicts very little effect
by the front antenna on the rear an­
tenna. If anything, it improves its perfor­
mance slightly.

Here's another possibility. You have a
long-boom Yagi on 222 MHz, but you
would like to add some 2-meter capabil­
ity. I modeled changing the reflector of
the 222-MHz antenna to be the length of
a dipole on 2 meters. The results are
shown in Table II.

Once again, this looks as if it could
work. The modeling was done as a solid
element, but the 2-meter dipole acting as
the reflector at 222 MHz would have the
coax as a stub at its midpoint. In this case,
there is some difference between what
was modeled and the real-worldconfig­
uration, but the modeling indicates it
may work.

Reference
1. "I Rove; Therefore I Am," C. W.

Pearce, K3YWY, .and W. L. Ziegenfus,
N3LJK, CQ VHF, Spring 2003. or
<www.thegridrangers.org>.

Summary
Whether it's modifying an existing

antenna or trying to see if some out­
landish configuration may work, anten­
na modeling can be a valuable addition
to your toolbox.

Reflector, 2-meter dipole
11.9
20.5

48.7 - j1 2
1.0: 1

222 an tenna + 432 antenna
9.5

11.9
28.6 +j 11.9

1.0:1

lO-element 222-MHz Vag i
12.7
19.5

49 - j3.4
1.0:1

3-element 222-MHz Vagi
9.1

10.7
25.7 + j l1.9

1.0:1

Parameter
Gain (dBi)
FIB ratio (dB)
Impedance (ohms)
SWR*
"Using a gamma match.

"Using a gamma match.

Parameter
Gain (dBi)
FIB ratio (dB)
Impedance (ohms )
SWR*
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A Broadcast-Quality Earphone

Recent southern California firestorm evacuation shelter comms demand
improved earphone capabilities, Here WB6NOA provides some ideas for
solutions to the problem,

By Gordon Wesf,* WB6NOA

A Red Cross commun ications vehicle assisting during the southern California
f irestorms.

During the southern California
firestorms ham radio operation at

. 20 simultaneous evacuation shel-
ters quickl y revealed who was listening
and who was not.

"When I place a call to a shelter com­
municator, I expect that operator to be lis­
tening continuously to his handheld. If it
takes more than three calls to that specif­
ic shelter operator, I will find a replace­
ment ," commented Stan Lord ,
K.A6NMB, an ARES control operator.
"Now I realize that big evacuation shel­
ters such as the Norton Air Force Base
all-steel hangar may be a communica­
tions challenge, but the well-prepared
ham operating his or her handheld trans­
ceiver must not miss incoming radio traf­
fic for the station," added Lord, a veter­
an emergency communicator who insists
on good radio monitoring techniqu es dur­
ing "real" events.

At the Norton hangar shelter, which
housed 500 evacuees, the signal strength
from the base station within the hangar to
personnel within the facility with HTs
was not the cause of missed calls. The
radio operator walking among the evac­
uees simply may not have heard the call
come over his or her handheld or speak­
er/microphone.

What does and does not make for good
reception ? Something as simple as where
youhave your handheld can make a major
difference. For example, hold ing the
handheld so the rubber-duck antenna is
clear of your body will create dramati­
cally improved reception. Conversely,
wearing the handheld on your belt usual­
ly leads to calls that don't make it through
to the antenna resting up against your
mid-section. Locating your handheld
chest-high will improve reception, espe-

*CQ VHF Contribut ing Editor, 2414 College
Dr., Costa Mesa , CA 92626
e-mail: <wb6noa @cq-vhfcom>
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cially if you swap out the small rubber
duck with the very long, flexible single­
band or dual-band whips.

"Speaker microphones may help get
the incoming signals up to earshot of the
operator when the speaker/mic is worn on
a shoulder epaulet," added Lord. "But
down among the sleeping clients in the
middle of the night , any audio out of any
type of speaker is not acceptable, because
it will disturb the weary evacuees , who
are trying to get some sleep."

The obvious answer to good audio is
the traditi onal earphone. You can buy
them just about anywhere, for almost all
ham radio handhelds, and just about any
programmable scanner will accept one of
three common earphone plug configura­
tions. The most common is the 3.5-mm
mono earph one plug. Kenwood hand­
helds use a 2.5-J1lm earphone plug, and
Yaesu handh elds use a 3.5-mm stereo
earphone plug.

While earphone impedances are all over
the board, most ham radio handhelds and

the majority of handheld programmable
scanners have enough audio to drive the
earphone to a comfortable level. In addi­
tion, ham radio accessory manufacturers
such as MFJ, Premier, and Heil have a
variety of headsets that work swell with
specific types of ham radio transceivers.

Important: Make sure you use the
headset recommended fo r specific ham
handhelds. For instance, the MFJ deluxe
headsets are available in three varieties:
the MFJ-288 I with twin plugs for ICOM,
ADI, Alinco, Radio Shack, and some
Yaesu radios; the MFJ -288K for twin­
plug operation in Kenwood handheld s;
and the MFJ-288Y for the Yaesu VX-5R
and ICOM IC-Q7A, which take a single
multi-shaft plug for both TX and RX.The
Heil equipm ent is, of course, the ultimate
in a commercial headset for base, mobile,
and HT operation, plus there are some
dandy (and quite clever) ear and boom
mic setups from Premier.

In noisy environments it may take a
dedicated earphone to channel the audio
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UHF
3L70cm-XP1 $39.95
7L70cm-XP1 $69.95

11L70cm-XP1 $99.95

VHF
2L2m-XP1 $39 .95
5L2m-XP1 $69.95

9L2m-XP1 $119.95

Duals
2L2m3L70cm-XP1 $69.95

5L2m7L70cm-XP1 $129 .95
9L2m11L70cm-XP1 $209.95

Rugged UHF
3L70cm $49.95
7L70cm $89.95

11L70cm $129.95

Our XP Line of quads

mic, remote push-to-talk, VOX, and
other types of amenities for your HT.

Ear Pro's system also allows you to cus­
tomize how long or how short the distance
is for the audio going up the clear, flexi­
ble tube. A short tube run, without the
curly cord, delivers more sparkling high­
frequency sounds. The standard flexible,
clear tube offers an ear-pleasing natural
sound, and an extremely long clear tube is
only suitable with radios that have plenty
of audio output-such as a mobile or base
station for weak-signal work.

During the recent firestorm shelter
assignments, I took on several all-night
assignments . The earphone system from
Ear Pro was my choice, and it stayed in
my ear all night without being uncom­
fortable. I could still hear surrounding
noise out of the same ear that held the
nearly transparent, non-custom, flexible
open earpiece. What a great way to hear
my HT without the traditional heavy
headset or earphone covering up my hear­
ing capability in that ear!

Several of us at the shelter carried our
radio equipment in chest packs, which
kept the antennas always in the open for
radio calls comingin from distant shel­
ters, too. We could hear everything!

If you're planning on attending an
upcoming radio event where you're
going to need a headset for an extended
period of time, consider the advantages
of a lightweight audio tube that you can
barely feel in your ear and that will deliv­
er the kind of audio you are expecting
from your handheld, mobile, or base
transceiver.

Contact Ear Pro Communications,
Inc., 2980-C McClintock Way, Costa
Mesa, CA 92626 ; telephone 714-435­
0442 or 888-327-5992; fax 714-435­
0488; e-mail: <info@earprocom.com>;
web: <http://www.earprocom.com>.

2 Meter
70cm

QUADS

the more heavy-duty systems favored by
SWAT officers. Instead of it costing over
$75 for an ear audio system, the price is
now down to about $25, which includes
the correct type of plug for your particu­
lar type of HT or scanner.

At the end of the flexible tubing is the
capability to go with several different
types of ear-canal phones: a squishy one
that helps minimize outside noises or a
custom-molded ear-canal system that
specifically blocks outside noises; an
amplified outside audio enhancer; cus­
tom and non-custom "whole" ear systems
specifically to allow in outside audio plus
your radio audio; and a host of other con­
figurations that could include remote

The Ear Pro system, which allows the
user to hear vital communications as well

as surrounding sounds.

Continuing the Tradition
Expanding our.Product Line
New mono band & dual band
VHF &UHF Quad Antema designs
have improved performance, lower
weight, easy mount and reduced cost
See our w:bsite www.cubex.bigstep.com or call 703.858.5348

into your ear canal. The problem with the
earphone stuffed into your ear is that
when you get back to a quiet environ­
ment, you may need to remove the ear­
phone in order to hear what someone is
saying to you. Also, the relatively heavy
earphone constantly in your ear canal
often will lead to fatigue. You pull the
earphone out to give your ear canal a rest,
and that's exactly when the emergency
coordinator is calling you over the air!

Red Cross ham operator W5BYG pre­
pares to set up computers at the shelter.

I recently discovered a commercial
earphone and a commercial mic/phone
that I see regularly on the television. It is
identified on TV by the almost invisible
earpiece attached to a nearly invisible
coiled plastic audio tube, going to a light­
weight transducer, which turns your radio
speaker output into acoustic sound that
travels up to the ear. Best of all, the ear
insert doesn't occlude your hearing,
because it has open area in the center,
allowing outside sounds also to get to the
ear canal. The radio audio is channeled
directly into the ear canal, so you hear
every radio call loud and clear.

Ear Pro Communications, Inc. origi­
nally designed the professional tactical
ear units for commercial radios and the
public-safety market. The firm also saw
a need for something for the casual radio
operator who does not necessarily require

Ear Pro
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to a

Conversion of the
ETO Alpha 374 HF Amplifier

6-meter Monoband Linear Amplifier

New opportunities for a vinta ge HF amplifier on the 50-MHz
"ma gic band .II

By George Hall,* N2CG

The ETO Alpha 374 conversion to a 6-meter monoband amplifier.

I
've been operating on 6 meters for the
past 25 years and personally have wit­
nessed substantial growth on this

band . Back in the mid 1970s, 6 meters
seemed to go out of favor with manufac­
turers of new equipment. Most of the 6­
meter ops were using rigs that were made
10 to 20 years earlier. I got on the band
using a 15-year-old transverter.

Six meters sure has come a long way,
so much so that many DXpeditions now
make it a point to have a 6-meter station
operational in addition to 160 and HF
bands. Today one can still purchase used
6-meter equipment, but there are quite a
few new 6-meter monoband and HF + 6
meter transceivers and linear amplifiers
from which to choose.

However, purchasing one of these new
6-meter or HF +6-meter linear amplifiers
may be out of your price range, or per­
haps you can' t justify the high cost ver­
sus usage quotient, which was my con­
cern. If this is your situation and you
possess some basic electrical and
mechanical skills , then don't overlook
the large untapped market of good used
HF linear amplifiers that can be modified
to a 6-meter monoband linear amplifier.

Such was the case when I considered
modifying my rarely used over-quarter­
c.entury-old ETa Alpha 374 linear ampli­
fier after reading Dick Hanson' s article
in QEX. 1 I drew a schematic of how I
planned to modify the amplifier and then
contacted Dick with my proposed modi­
fication . He made some changes and stat­
ed that the ETa Alpha 374 should be an
excellent 6-meter conversion candidate .
(See figure 1.)

*18 Miller Street, Saddle Brook,
u: 07663-5405
e-mail: <n2cg@njdxa.org>
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This article describes a rather simple
conversion approach resulting in reason­
able output efficiency . All parts needed
for this project are readily available and
the total cost is less than $150 if you pur­
chase all new parts , with the exception of
the vacuum variable capacitor which can
be found at flea markets or surplus com­
panies for a fraction of the original new
cost. Another benefit of this conversion
approach is that the entire RF deck is
removed virtually intact, so the amplifi­
er.can be restored to its original design
WIthout too much difficulty (taking
detailed disassembly notes and some
photos is highly recommended).

The main objective of this article is to
show fellow amateurs that with a hand­
ful of parts and basic skills, you can eas­
ily modify a vintage ETa Alpha 374 HF
amplifier and make a formidable 6-meter
monoband powerhou se.

The Conver~ion Process
Important: Make sure the power cord

p lug has been disconnected from the

power source, and power-supply capac­
it?r and bleeder resistors have been fully
discharged before proceeding.

Photo 1. The ETa Alpha 374 amplifi­
er chassis is constructed in two even sec­
tions with the power supply, control
board, cooling fan, control switches,
meter, and meter function switches on one
side and the entire RF deck on the other
side. Since the amplifier's weight is
alm~st entirely on the power-supply side,
makmg the unit rather lopsided for han­
dling, it is highly recommended that the
power-supply transformer be removed .
~his wi.ll aid in the handling of the ampli­
fier while performing the conversion.

To remove the power transformer , first
make absolutely sure that the power cord
has been disconnected from the power
source. Remove the two screws on the
back of the cover lip to remove the cover.
The high-voltage shorting "crowbar"
switch located on the HV rectifier PC
?oar~ must be deactivated by removing
It entirely from the circuit. Next, discon­
nect the two wires (make identification

Visit Our Web Site



Photo 1. Top view of the converted ETO Alpha 374 to 6-meter monoband amplifier.
The right half contains the pow er supply section. Starting at the upper right and
going clockwise in order: the transformer, HV rectifier PC board, meter and relat­
ed circuitry, CB-2 plug-in control board, cooling fan, and cover interlock switch.
The left halfcontains the RF deck section. Starting at the upper left and going clock­
wise in order: the PA tubes assembly with air chamber, pair ofblocking capacitors,
plate choke, T/R relay, L3 tank coil, TUNE vacuum variable capacitor (located below
L3), L4 (located below the porcelain standoff), LOAD air variable capacitor, and

tuned input "T" match subassemb ly.

marks before disconnecting to aid when
reconnecting) from the HV PCB . Re­
move the pair of nuts and flat washers .
Lift the HV PCB off the threaded studs
and position the HV PCB away from the
transformer. Remove the cover interlock
switch assembly and place it away from

transformer. Disconnect the multi-posi­
tion plug/jack connectors . Remo ve four
each 1/4-20 screws and hardware from the
bottom of the chassis. Firmly grasp the
power transformer and pull straight up to
remove it from the amplifier.

Photo 2. The RF deck containing the

_ TUNE and LOAD variable capacitors,
BAND switch, and associated tuning
capacitors, coils, and toroids is assem­
bled as a complete subasse mbly module.
Thus, it is relatively easy to remove this
subassembly as one unit. After the RF
deck subassembly has been remo ved
from the amplifi er chass is, remo ve the
17-170 pF TUNE (original C26 and now
designated C4A) air variable capacitor
from the RF deck subassembly . Thi s
cap acito r will now be installed in the
LOAD position of the amplifier and
secured in place. Install one of the origi­
nal knobs (or another knob to your lik­
ing) so that the indicator points to "0" at
full open and "10" at full mesh . The
remaining RF-deck subassembly parts
will not be needed for this project. All
remaining original RF deck items (anten­
na TIR relay, SWR-meter control circuit ,
RF input jack, RF output jack, PA tube(s)
subassembly with air chamber, and pair
of blocking capaci tors) will remain intact
or modified when called for in the fol­
lowing instructions.

Removal of PA tubes and associated
parts: Removethe PA tubes ' horizontal­
ly mounted air chamber by removing the
four securing screws and pullin g upward
to dislodge the tube chimneys from the
PA tubes. The tube chimneys should
remain glued to the air chamber. Remove
the plate clips from each PA tube and
carefully remove each tube from its sock­
et; stow these tubes in a safe location.
Unsolder the filamen t (violet hea vy­
gauge wire) from the rearmost feed-

Photo 2. View of the original ETO Alpha 374 HF RF
deck subassembly and original tank coil removed from

the chassis.

www.cq-vhf.com

Photo 3. Close-up of the interior of the PA circuit "C " channel.
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Figure 1. Schematic of the ETG Alpha 374 conversion to a 6-meter monoband amplifier.
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Parts List for RF Section of ETO Alpha 374
Converted to a 6-meter Monoband Linear Amplifier

CIA: 3-50 pF/500 volt trimmer
C2A: 1000 pF/500 volt silver mica
C3A: Jennings CADD-30 series vacuum variable 3-30 pF
C4A: 17-170 pFI3 KV air variable (LOAD)
C1, C2, C3, C4: .01 to .05 mFd/500 volt disc ceramic
C5, C6, C7, C9, C39: .01 to .05 rnFd/50 volt disc ceramic
C8, C37, C38: .001 to .005 rnFd/500 volt disc ceramic
ClO, Cl1, C16 through C22: 2300 pF/500 volt feedthrough ceramic
Note: ClG and Cll were not indicated in original schematic. Cl Gis the feedthrough
capacitor for the cathode line; Cll is the feedthrough capacitor for the filament line.
C12, C13: 1000 pF/5 kV transmitting ceramic
C14, C15: .002 to .005 rnFd/3 kV disc ceramic
C34: 5 pF/l kV disc ceramic
C35: 270 pF/500 volt dipped silver mica
C36: 7-100 pF mica compression trimmer

We are your #1 source for
50MHz to 10GHz components,
kits and assemblies for all your
amateur and satellite projects.

Transverters and Down Converters ,
Linear power amplifiers, Low Noise

Preamps, Loop Vagi and other antennas,
Power dividers, coaxial components,

hybrid power modules, relays, GaAsFET,
PHEMT's & FET's, MMIC's, Mixers,
chip components, and other hard to

find items for small signal
and low noise applications . .

We can interface our transverters
with most radios.

D7 through DlO: 1N4148, 1N914B or equivalent

J5: RCA phono-jack chassis mount
J7: 50-239

Please call, write or see
our web page

www.downeastmicrowave.com
for Catalog, detailed Product

descriptions and Interfacing Detail~.

K4: DPDT 15 amp, 26 VDC Allied BOT6-D

Ll, L2: 9 turns, #18 AWG, 5/8 inch diameter, 1 inch long
L3: 2 turns , 1/4 inch diameter tubing, 2 inch diameter, 1 inch long

L4: 4 turns, #10 AWG, 1 inch diameter, 13/ 8 inch long
Ll3: 1 mH miniature molded choke
Note : "LB " is not indicated on schematic, but is the only coil (except for toroid T3) in the
RF wattmeter circuit and is marked "1 mH."

RlO: 100 ohm/lO watt noninductive
R11: 2.2 K ohm/I watt composition
R12, R13 : 22 ohm/liz watt composition
R14, R15: Original parts list stated "Selected in production: 1/ 4 watt comp. " Actual parts

used in project amplifier are 12 K ohm/l/« watt composition
RFC1, 3, 4: 7 flH Z50
RFC2 : 30 turns, #22 AWG on 3/4 inch diameter porcelain rod; winding is 13/ 16 inch long

T3: No information given on original parts list

VI , V2: Eimac 8874 (3CX400A7) ceramic metal air-cooled or equivalent

RADIO MUn.
CiEARHARNESS

Bandolier-style harness has 2 radio pockets,
3 accessory pockets for flashlight , pens, GPS.

eec., and full map pocket, along
with many attachment
points for effective
hands-free operation.

$36.95
www.powerportstore.

CHECK OUT our ultimate 13 and 9 em 76
element LOOP YAGIS with over 23 dBi

gain. Check the new rugged boom. Scrap
your old dish! Get better performance with

low windloading. Welding goggles optional!

GET HOT!
GET A BLOWTORCH

LOOP YAGI
FOR 2304 OR3456 MHz!

~!. DIRECTIVE SYSTEMS
(. 177Dixon Road

.., ' ;~ Lebanon, ME04027
Tel: (207)658·7758 Fax:(207) 658-4337

www.directivesystems.com

connections of the TfR relay K4a. This
length of coax cable may be discarded.

Photo 3. Modification of PA circuit:
Remove T2, the broadband input toroid.
Next remove 15-flH RF choke Ll. The
five-parallel-mounted, 470-ohm, 2-watt
resistor pack that makes up the RIO 100­
ohm, lO-watt swamping resistor pack re­
mained in place on this project amplifier.

Install and solder a 7-'f.lH Z50 RF choke
in place of the original L1 RF choke now
designated RFCI. Install a chassis­
mount phono (RCA) jack, now desig­
nated 13, in the existing hole (no drilling
necessary) where the RG-174 type coax
originally passed through. Install a
jumper, #20 AWG buss wire with

through capacitor; then unsolder the cath­
ode (red light-gauge wire) from the feed­
through capacitor next to the coax-cable
opening. Next cut the RG-174 type coax
cable at any point outside of the "C"­
channel opening. Remove the PA tube
subassembly (mounted on aluminum
"C"-channel platform) by removing the
four securing screws and associated hard­
ware located on the underside of the
amplifier chassis. Pull straight up (some
slight back- and-forth motion may be
necessary) on the "C"-channel sub­
assembly to remove it from the amplifi­
er chassis. Finally, unsolder and remove
the remaining length of RG-174 type
coax cable from the terminal and ground
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Photo 4. The rewound plate choke, original pa ir ofblocking capacitors, and modi­
fied Vi and V2 PA tube plate leads with clips assembly

Teflon ® sleeving, from the center con­
tact of phono jack 13 to the junctions of
Cl , C2, C3, and RI O. All other original
parts will remain in place.

Photo 4. Modify plate choke and relat­
ed plate circuit parts: Remove 100-flH
plate choke L2 and 15 flH choke L3 from
the circuit. The plate choke must be
rewound to prevent self-resonance. Un­
solder winding L2 at the plate connector
end to unwind the entire length of origi­
nal #24 AWG magnetic wire. Unsolder
C14, the .005 flF @ 5 kV ceramic disc
capacitor' s lead, from L2 (do not unsol­
der C14's other lead, because this capac­
itor will be reused in its original place.
Slide the outer horseshoe-shaped contact
toward the inner horseshoe-shaped con­
tact on L2, the porcelain rod, to achieve
a 13/16-inch (20.6-mm) spacing. Cut a 30­
inch (76.2-cm) length of#22 AWG mag­
net wire. Strip off the insulation at one
end and solder to the inner horseshoe­
shaped contact of L2. Then tightly wind
30 turns of magnet wire and solder the
other end (strip the insulation from the
wire) to the outer horseshoe contact of
L2. Note: This 30 turns of #22 AWG
magnet wire on a 3/4- inch (19-mm) diam­
eter by 13/16-inch (20.6-mm) long mea­
sured self-resonance around 86 MHz.

Install the modified L2 plate choke
now designated RFC2 in place. Re-sol­
del'C14, previously unsoldered one lead,
to the inner L2 horseshoe contact. Install
and solder in place a 7-flHZSORF choke
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in place of the original L3 RF choke now
designated RFC3. The parasitic suppres­
sors on the plate leads (original L 10
across R7, L l l across R8, and Ll 2 across
R9) are no longer necessary. Since the
rearmost 8874 tube, V3, will no longer
be used, the entire plate clip with Ll2

. acrossR9 can be unsoldered and removed
from the curve-shaped copper-strap sil­
ver-plated common anode junction. As­
semble two new leads of duplicate length
using liS-inch (3.2-mm) tinned mesh for
the middle and outer PA tube plate leads,
reusing the original plate clips.

Prepare coax patch cables: Assemble
a l o-inch (40.6-cm) length of RG-S8C
coax cable with a phono (RCA) male con­
nector on one end. Prepare the other end
with about 1/2 inch (12.7 mm) of open
leads. Trim off 1Isinch (3 mm) of the cen­
ter-conductor insulation. Attach a 11/2~

inch (38.1-mm) length of liS-inch (3.2­
mm) tinned mesh and solder to the
twisted shield coax end. Install a 3/s-inch
(9.S-mm) diameter piece of heat-shrink
tubing over the coax end to neatly cover
the soldered shield area. Affix a "P1"
label to the phono (RCA) male connec­
tor end. Locate the TJR relay K4a termi­
nals (where original RG-174 type coax
cable was removed). Connect and solder
in place the center conductor of the RG­
S8C to the K4a normally open (NO) ter­
minal. Connect and solder in place a 3/ 16­
inch (4.8-mm) diameter ring terminal lug
to the coax-shield end and connect to

chassis ground (an "L"-shaped alu­
minum ground bracket was fabricated
and secured to the TJR relay with exist­
ing hardware rather than drilling a hole
in the chassis). Next assemble a 16-inch
(40.6-cm) length of RG-S8C coax cable
with a BNC male connector on one end
and a phono (RCA) male plug connector
on the other end. Affix a "P2" label at the
BNC male connector end and a "P3" label
at the phone (RCA) male plug end of this
patch cable. This coax patch cable will be
installed later on in this project.

Photo 5. Assembly oftuned input "T"
match subassembly: A Pomona Elec­
tronics model #2906 die-cast aluminum­
alloy project box measuring 4.2S"x 2.64"
x 1.71" (108 mm x 67 mm x 43 mm) was
used for the enclosure of this subassem­
bly. Drill out openings for mounting of
phono (RCA) jack 11, BNC female chas­
sis-mount terminal J2, variable 3- 50 pF
trimmer capacitor APC-SO, and 2-posi­
tion terminal strip and mount these com­
ponents in place. The two coils are iden­
tical and are made by cutting a B&W
#3040 or Polycoil #1735 or AirDux #510
2 inch (50.8 mm) long by 5/s inch (15.9
mm) diameter 10 TPI #18 wire 1.8-flH
coil in half, creating two each 0.9-flH
coils. Install and solder in place the two
coils (make sure they are mounted 90°
opposite to prevent mutual inductive cou­
pling) as shown. Install and solder in
place a 1000-pF SOO-volt silver-mica
capacitor. Secure the cover to the sub­
assembly enclosure with the supplied
hardware. This subassembly will be
installed later on in this project.

Installation of TUNE C3A capac itor:
An excellent TUNE capacitor for this
project is the Jennings CADD-30 series
vacuum-variable 3-30 pF capacitor ,
which is available in 7.S-kV, lO-kV, and
l S-kV peak-test-voltage models. These
capacitors are very expensive when pur­
chased new, but are very affordable on
the used market. The capacitor used for
this project was the lO-kV peak-test-volt­
age Jennings model CADD-30-011O
(any one of these models would be suit­
able) and was provided with a forward
end split collar clamp, the use of which
is discussed in detail later in this section.

In order to limit stray capacitance, the
TUNE capacitor was placed about mid­
point in the RF deck chassis so that its
rearmost fixed end is physically near the
tank coil and pair of plate blocking capac­
itors junction as shown in photo 1.

The capacitor was mounted on a mod­
ified l-inch (2SA-mm) schedule 40 PVC
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Photo 5. The installed components ofthe
tuned input "T " match subassembly.

electrical conduit coupling (Carlon
#E940F) . The coupling was first cut in
half diagonally , creating two equal
pieces. Then a lateral cut (like making a
bracelet) was made in the chosen half
piece. Next a 3/ l6-inch (4.8-mm) hole
was drilled at mid-length, directly oppo­
site the lateral cut. A slight countersunk
edge was placed on the inside opening of
the hole (this is necessary so the capaci­
tor's body doesnot interfere with the head
of the securing screw). Align the cou­
pling outside hole with the opening of a
3/s-inch (9.5-mm) OD x 3/4-inch (19­
mm) long Nylon round unthreaded spac­
er. Position a #8-32 x I l/4-inch long
screw inside the modified PVC coupling
so that the head of the screw is against the
counte rsunk area while the remainin g
length passes through the Nylon spacer.
Install the vacuum variable capacitor in
the modifi ed coupling, secure this assem­
bly to the chassis (drill the appropriate
hole if necessary or utilize the existing
hole), and secure to chassis using a #8­
32 split lock washer and nut.

Cut a 5-inch (l 27-mm) length of l/s­
inch (3.2-mm) tinned-copper mesh strap
and prepare one end for connection to the
#6-32 threaded hole on the TUNE capac­
itor ' s fixed (rear) end using a #6-32 x l/s­
inch long screw. Direct the remaining
length of strap to the vertical porcelain
standoffjunction point in as short a length
as possible with slight slack, and mark the
location for connection of the strap to the
junction point. Cut off the excess tinned­
copper mesh strap and prepare the end of
the strap for connection to the junction
point of the tank coil and the pair of plate
blocking capacitors.

The split-collar clamp mentioned ear­
lier secures in place around the forward
section of the capacitor by means of #6-
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32 threaded hard ware and provides
mechanical contact to the forward (vari­
able bellows inside the ceramic housing)
section of the capacitor for chassis
ground. Position the split-collar clamp so
that the #6-32 tapped holes are level in a
horizontal plane. Next, directly below
and in line with these tapped holes , mark
the chassis for drillin g of a 9/64-inch
(3.55-mm) diameter hole. Insert a #6-32
x 2l/2-inch long pan-head machine screw
from under the chassis into this hole and
direct the screw vertically upward to be
threaded into the split-collar clamp.
Finally, after thread ing the screw through
the two split-collar clamp threaded ends,
secure the assembl y with a #6-32 lock
washer and nut. This will make a very
suitable ground connection, required for
the variable end of the capacitor, as well
as provide an additional fastening point
to keep the capacit or steady in its mid­
point RF deck location.

If a split-collar clamp is not provided
with the intended TUNE vacuum vari­
able capacitor, the ground connection can
be made by using a 11/4-inch (32-mm)
diameter stainless-steel hose clamp at­
tached to the forward (variable bellows
inside the ceramic housing) section of the
capacitor. Attached one end of a lis-inch
(3.2-mm) tinned-copper mesh strap
under a contact area of the hose clamp
mounted around the forward contact area
of capacitor to chassis ground in as short
a lead as possible .

TheOto 10 markings on the front-panel
TUNE dial area are now inappropriate,
because the vacuum variable has a 0 to
20 turns range .Therefore, I made an oval­
shaped overlay from a piece of silver-col­
ored (to blend in with the surrounding
front panel) self-adhesive film and neat­
ly positioned it over the 0 to 10 TUNE
markings. A 15-turn s (20 turns would
have been ideal , but I was unable to locate
one for this project) calibrated dial was
installed as the TUNE control knob ; it
functioned well, because only a few turns
from the minimum end was necessary to
achieve the desired resonance. If a 20­
turns calibrated dial is used, set the dial
so that 0-00 is at one end; conversely,
19-99 naturally will be at the other end.

Since the TUNE capacitor is so far
back and off center from the existing 3/s ­
inch (9.5-mm) hole on the front panel, it
was necessary to use two l/4-inch (6.4­
mm) diameter swiveljoints and a l/4-inch
(6.4-mm) diametei piece (length to be
determined when performing conversion
project) of extension shaft to properly

align the shaft to protrude through the
panel opening .

Winding oftank circuit coils: The tank
coil, L3, was formed by using l/4-inch
(6.4-mm) diameter copper tubing wound
with two turns at approximately l/4-inch
(6.4-mm) to 3/s-inch (9.5-mm) spacing
around a 2-inch (50.8-mm) diameter x l
inch (25.4 mm) long core followed by
about a 33/4-inch (95.3-mm) lateral
length of tubing. When forming this coil,
additi onal length must be allowed on
each end where the tubing is flattened and
curved around for connection to # 10
screws as shown in photo 1. It -is highly
recommended that the copper tubing be
cleaned with a mild abrasive such as a 3M
Scotch-brito" scour pad, followed by

, washing with mild soap and water and
wiping away any residue. Then apply
anti-oxidizing material such as varnish or
clear lacquer. A more desirable anti-oxi­
dizing process would be to have the coil
silver plated. An excellent silver-plating
powder material is available from Cool­
Amp Conducto-Lube Co.2 One-quarter
pound of Cool-Amp silver-plating pow­
der is sufficient to plate many items and
is more cost effective than the less-effec­
tive silver-plating liquids.Ifa silver-plat­
ing material is chosen, it is highly desir­
able to apply the silver-plating agent to a
clean surface of the copper tubing or wire
bef ore winding the coil. Doing so will
yield much better coverage and uniform
application of the silver-plate agent.

Tank coil L4 is formed by using #10
AWG tinned-copper buss wire wound
with four turns at 3/s-inch (9.5-mm) spac­
ing around a l-inch (25.4-mm) diameter
x 13/s-inch (34.9-mm) long core. Since
this coil is made of tinned-copper buss
wire, an anti-oxidizing coating or silver­
plating material is not necessary.

Installation of tank circuit coils and
related components: Install the L3 tank
coil with one end connected to the verti­
cal porcelain standoff junction (where the
pair of .00 I-pF door-knob blocking capac­
itors and TUNE capacitor are connected)
and the other end connected to the LOAD
capacitor as shown in photo 1.

Photo 6. Installation of IA tank coil
and related components: Connect the L4
tank coil with one end connected to the
hor izontal porcelain standoff junction
(where the RG-8 center conductor and
one end of RFC4 are connected) and the
other end connected to the LOAD capac­
itor as shown. Install and solder in place
7-flH Z50 RF choke RFC4 between the
horizontal standoff and ground. Trim the
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ficient room for the P2 BNC connector
with right-angle adapter and patch cable,
so it will not make contact with the under­
side of the amplifier's top cover. Connect
the TIR relay patch cable end with phono
(RCA) plug PI to INPUT jack Jl. On the
remaining patch cable connect the BNC
male connector P2 end to OUTPUT BNC
chassis mount connector 12 (the use of a
BNC right-angle adapter may be neces­
sary). Finally, connect the phono (RCA)
plug P3 end to 13 located on PA circuit
"C" channel.

Initially, position the subassembly box
so that the trimmer capacitor faces
upwards to allow easy access during the
initial adjustments procedure performed
later in the project. Secure the subassem­
bly in place with a pair of #6-32 x 3/s­
inch long pan-head screws with split lock
washers and flat washers. Note: After
tuning for minimum SWR (performed
later in this project), the tuned input "T"­
match subassembly enclosure can be
mounted with INPUT jack connection n
on the bottom and OUTPUT jack 12 on
top with BNC male connector P2 with
BNC right adapter attached facing up­
wards. This will help avoid sharp bends
in the P2 connector as shown in photo 1.

Important Note: The entire RF deck
compartment is a near-air-tight chamber.
Therefore, all unoccupied holes should
either be covered with self-adhesive alu-

essary to block the rearmost chimney for
maximum air flow to the remaining two
PA tubes. Insert a I-inch (25A-mm)
diameter white PVC schedule 40 plumb­
ing-pipe end cap (NIBCO #D-2466 or
equivalent) into the rearmost chimney
opening and secure in place with Scotch
3MTM 27 glass electrical tape or equiva­
lent high-temperature tape. Install the
modified air chamber, being careful each
chimney fully surrounds its intended
tube, and secure the air chamber in place
with the previously removed hardware.

Install tuned input "T" match sub­
assembly: The mounting location of the
tuned input "T" match subassembly pri­
marily was chosen to keep the enclosure
away from the tank coil as well as unre­
stricted airflow of the cooling fan . A
mounting bracket was made using a piece
of lis-inch (3.2-mm) thick x l-inch (25.4­
mm) wide x 5-inch (127-mm) long alu­
minum flat stock. Place the tuned input
"T" match subassembly over .the alu­
minum flat stock and mark the pair of
holes spaced 43/4 inches (120.7 mm)
apart on the subassembly box. Drill out
these holes with a #33 drill, arid then tap
the two holes with a #6-32 pitch tap. This
bracket is secured to an existing cross
bracket on the left-side inside panel uti­
lizing existing hardware and drilling
appropriate mounting hole(s) in the
mounting bracket. Make sure there is suf-

Photo 8. Close-up ofplug-in control board CB-2 showing the location ofALC poten­
tiometer R219 and location ofL201 withthe 7-pH 250 replacement RF choke inplace

of the original 15-pH RF choke.

RG-8 coax free end so that the center con­
tact will connect to the horizontal porce­
lain standoff junction, while the shield is
connected to a nearby ground connection.

Reinstallation ofPA circuit "C" chan­
nel: Reinstall the 8874 tubes to the for­
ward and middle tube sockets (VI and
V2, respectively), leaving the rearmost
socket (V3) unoccupied. The third PA
tube cannot be used in this modification
due to excessive stray capacitance when
the third PA tube is introduced. Connect
and resolder the cathode and filament
wires to their appropriate feed-through
capacitor locations. Reinstall PA circuit
"C" channel in place (make sure cathode
and filament wires don't get pinched by
"C" channel edge) and secure in place
with the previously removed hardware.

Photo 7. Modification and reinstalla­
tion of air chamber: Since the rearmost
PA tube will not be reinstalled, it is nee-

Photo 6. Close-up of coil LA and adja­
cent components.

Photo 7. The modified air chamber and
parts used for modification.
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minum-foil-shield tape (3MTM 1170 or
equivalent) or secured with appropriate­
size screws in all unoccupi ed holes to
maintain air tightness. This will ensure
maximum airflow cooling efficiency as
well as good RF shielding.

Photo 8. Modification to Plug -in
Board CB-2: Remove plug-in board CB­
2 by first removing the securing hard­
ware, followed by pullin g the board
straight up to disconnect from the 44 con­
tacts edge connector. Locate and remove
the 15-flH L201 RF choke (it is the only
exposed wire-wou nd coil choke on the
board). This choke will no longer be used
in this project. Install and solder a 7-flH
Z50 RF choke in place or the original
L201 as shown in photo 8. Reinstall the
plug-in board and secure in place with the
securing hardware previously removed .

Reinstall Power Transf ormer: Re­
install the power transformer and secure
it in place with the previously removed
1/4-20 hardware. Reconnect the multi ­
position plug/jack connectors. Reinstall
the cover interlock switch assembly.
Reinstall the HV PCB in place over the
threaded studs and secure with the previ­
ously removed hardware. Reinstall the
two wires previously removed. DO NOT
install high voltage shorting "crowbar"
switch at this time.

Initial Adjustments
and Tune-Up Procedure

Set the cover interlock switch in "ser­
vice mode": The cover interlock switch
"L"-shaped arm protrudes about 3/8 inch
(9.5 mm) outward. Grasp this arm and
carefully pull while slightly pushing
inward to position the arm slightly far­
ther outward, which will place the switch
in "service mode." In this service-mode
position , the interlock action of the
switch will be bypassed, allowing power
to be applied while the cover is partially
or fully removed.

Install the cover so that the forward
edge is about 5 inches (127 mm) away
from the front-pa nel edge. Very impor­
tant: Make sure the cover does not make
contact with the interlock switch arm.
Doing so may inadvertently set the inter­
lock switch out of service mode.

Connect the antennarelay and RF cable
connectio ns between the exciter and
amplifier. Connect a directional watt­
meter between the output jack of the
amplifier and a suitable dummy load
capable of handling at least 1000 watts
intermittently. A Bird 43 wattmeter with
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elements 25A (25 watts, 25-60 MHz) and
1000A (1000 watts, 25-60 MHz) was
used for measuring output power in this
project. Do not use the built-in wattmeter
on the ETO Alpha 374 amplifier, because
it is not sensitive enough for measuring
low power levels.

WARN ING: In order to perform the
following initial adjustments, the
amplifier must be powered on with its
cover partially removed, creating a
condition that is potentially dangerous
by exposure to lethal high voltage and
RF radiation if mishandled. Take
extreme care when making these ad­
justments; if you feel uncomfortable,
enlist the aid of someone who is quali­
fied and familiar with high-power, vac­
uum- tube linear-amplifier techniques.

Set the exciter drive power to 10 watts.
Switch the amplifier "ON" and allow it
to warm up for at least three minutes (the
meter should illuminate and the cooling
fan will be in high-speed mode). Next,
switch the amplifier into "OPERATE"
and key the exciter with 10 watts drive
in CW mode and adjust the tuned input
"T" -match trimmer capacitor (with a
non-conductive tuning tool) for mini­
mum exciter output reflected SWR.
Once this is achieved, place the amplifi­
er into "STANDBY" and tum the ampli­
fier "OFF."

Remover the power cord from the
power source . Remove the cover and
reset the interlock switch by pushing in
on the "L"-shaped arm. Reinstall the
cover to the full-closed position and
secure in place with the original hard­
ware. Change the Bird 43 wattmeter ele­
ment from the 25-watt to the 1000-watt
element. Reconnect the power plug to the
power source.Switch the amplifier "ON"
and wait for three minutes of warm-up
time. Switch the amplifier into "OPER­
ATE" and key (the use of an amplifier
tuning pulser-' is highly recommended
when tuning any ampl ifier to avoid
excess ive wear on the PA tubes) the
exciter with 20 watts drive in CW mode
while alternately adjusting TUNE and
LOAD for maximum forw.ard output
power on the wattmeter. Increase the
exciter drive power to 40 watts and key
down while alternately adjusting TUNE
and LOAD for maximum forward output
power on the wattmeter. Increase the
exci ter drive power while alternately
adjusting TUNE and LOAD until no
appreciable increase in amplifier output
power is achieved. A good pair of 8874
tubes in this amplifier with 80 watts of

drive should be able to produce over 900
watts output in the SSB position (1.9-kV
plate voltage) and over 650 watts output
in the CW/TUNE position (1.3-kV plate
voltage). The excessive grid current red
LED warning indicator should be con­
stantly observed while tuning. Stop key­
ing if excessive grid is indicated and
adjust the ALC to the appropriate level
for acceptable grid-current limits.

Optional ALC Load Adapter: 'If the
cooling fan is taking a very long time to
operate at high speed (normally within
three minutes), this condition may cause
improper cooling of the PA tubes until
the cooling fan begins to operate at high
speed. This situation was known to occur
after powering on the amplifier within 30
minut es of being previously powered
from on to off.

To correct this condition, a simple
ALC load adapter can be made. Solder a
47K-ohm, I/z-watt resistor between the
center contact of a male phono (RCA)
plug (Radio Shack # 274-321 or equiva­
lent) and shield of this plug. Install this
load adapter in the ETO Alpha 374
"ALC" jacko n the rear panel; this should
remedy the high-fan-speed delay prob­
lem for initial testing purposes . After ini­
tial testing has been completed, install a
phono Male-Female-Female "Y" adapter
(Radio Shack # 274-303 or equivalent) in
the "ALC" jack of the amplifier. Then
install the ALC load adapter to one port
of this adapter. Finally, install a shielded
audio-type cable on the other port of this
adapter to the exciter ' s ALC control line.

If excessive grid current is indicated
(excessive brightnes s of the red LED) on
thefrontpanel while adjusting TUNE and
LOAD for maxim um forward output
power , it may be necessary to adjust the
ALC thresho ld potentiometer (R219
located on plug-in board CB-2 as shown
in photo 8). Note: R219 may be a facto­
ry-selected fixed resistor. If this is the
case, you have the option of selecting a
replacement fixed resistor or installing a
IOO-ohm potentiometer. It was necessary
to adjust R219 clockwise (looking down
with CB-2 in place) about two thirds of
its full travel to adjust the ALC threshold
so as to eliminate excessive grid current.
This adjustment resulted in the measured
output power in this project amplifier as
stated in Table I.

It may be necessary to adjust the L3
tank coil by either compressing (lower
desired operating frequency range) or
expanding (increase desired operating
frequency range) coil L3 to resonate it in

Visit Our Web Site



Contact us for complete info:

MADE IN 'USA

I

Ten-Tee, Inc .
1185 Dolly Part o n Pkwy.

Sevierville , TN 378 6 2
(800) 8 3 3 -7373
www.terrteo.com

6M2 VHflen-lee
6m and 2m $695

CW/SSB/FM
20 watts output power

Features Include:
* Voice Synthesizer ID
* Twenty Voice Messages
* Real Time Clock
* (20) Position Scheduler
* CW Identifier
* DTMF Audio Muting
* DTMF Pad Test
* Remote Base Port
* Internet Firmware Upgrades
* Dual DTMF Decoders
* (40) User Macros
* (50) Event Macros
* (42) Control Functions
* (4) Logi c Inputs
* (6) OutputSwitches
* Fan Control
* CTCSS Encoder Switch

Computer AutomationTechnology Inc.
CAT-250Repeater Controller

Attention Repeater Operators!
The CAT-250 is an affordable pr iced repeater controller with TI voice synthes izer,
remote base port, real time clock and scheduler.

Table I. Amp lifier operating parameters.

Plate Voltage in CW/TUNE position-no load/load: 1600VIl300V
Plate Voltage in SSE position-no load/load : 2300V/1900V
Idle Current (no drive) : 50 rnA
Plate Current (CW/TUNE position-key down CW): 850 rnA
Plate Current (SSE position-key down CW): 900 rnA
Drive Power (key down CW): 75 W
Output Power (key down CW in CW/TUNE position): 650 W
Output Power (key down CW in SSE position): 900 W
Efficiency CW/TUNE position-ke y down CW: 59%
Efficiency SSE position-key down CW: 53%

the desired frequency operat ing range of the band. Very impor­
tant: If adjustment of L3 is necessary , make sure power is off
and discharge the plate before adjusting this coil. After adjust­
ing L3 to the desired frequenc y operating range , check SWR
and adjust if necessary by adjusting trimmer capacitor CIa in
the tuned input "T"-match subassembly for minimum exciter
output reflected SWR as detailed above. This project amplifi­
er was able to achieve a flat 1:1 SWR in the desired frequency
operating range of 50.050 to 50.350 MHz .

Adjusting the built-in amplifier wattmeter: After initi al
adjustments and tune-up procedures have successfully been
complet ed, the built-in amplifier wattmeter can be adjusted for
reading in the 6-meter band. To do so, remove the power cord
from the power source and remove the cover .Press the METER
SELECT "RF FWD 2 KW" button . Apply 100 watts of drive
power at 50.1 MHz through the amplifier into a dummy load
and observe the reading on the amplifier meter. Adjust SWR
meter C36 mica compression trimmer (located above T/R relay
adjacent to the rear panel) so the amplifier meter reads 0.1 kW
(bottom red RF watts scale), which should coincide with exciter
drive power.

Very important: If you want to reinstall the high-v oltage
shorting "crowbar" switch to the HV rectifier PC board, make
sure the power-cord plug has been disconnected from the power
source and the power- supply capacitor and bleeder resistors
have been fully discharged before proceeding. Since the ampli­
fier has a cover interlock switch, the high- voltage shorting
"crowbar" switch to the HV rectifier PC board was not rein­
stalled in this project amplifier. The author installed plastic caps
over the pair of 8-32 nuts on the HV rectifie r PC board for added
safety, as shown in photo 1.

After completing all adjustments, reinstall the cover to
the full closed position and secure it in place with the original
hardware.

Unique ETO Alpha Paint Issues
In ETO Alpha's effort to be innovative, they used a newly

developed texturized paint on some 374 series and 77 series mod­
els that I know of. This paint has a "soft feel" finish (like the fin­
ish on BIC® soft-feel ballpoint pens found today at any office-

Par ts Sources
Maxi-Gain Systems , Inc ., 221 Greencrest Ct., Marietta, GA 30068

(phone 770-973-6261; <http ://www.rngs4u.com>).
RF Partsr Company, 435 S. Pacific St., San Marcos, CA 92069

(order line 1-800-737-2787; <http://www.rfparts.com>).
Surplus Sales of Nebraska, 1502 Jones Street, Omaha, NE 68102

(phone 1-800-244-4567; <http://www.surplussales.com>) .

Options Include:
* 19" Rack Mount Enclos ure: $49.00
* Computer Interface with Windows Q Editor on CDROM: $39.00

..CAT-250 Repeater Controller: $249.00
"'For detailed information including a complete manual, visit us at www.catauto.com

Computer A utom ation Technology Inc.
463 1 N. W. 31st A venue, Suite 142, Fort Lauderdale. Florida 33309

Ph one: (954) 978-6171 - F ax: (561) 488-2894
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Conclusion
Using a little electronic and mechani­

cal skill, it is possible to convert a vin­
tage ETO Alpha 374 amplifier into a 6­
meter monoband linear amplifier without
too much difficulty . This conversion is
rather straightforward in that only the
tank-circuit components are changed,
while the power supply, control board,
and meter circuits remain unchanged
with the exception of one or two compo­
nents on the control board . If need be, the
amplifier can be reverted back to its orig­
inal HF design; just don't forget to save
all of the removed parts! I will be happy
to entertain inquiries or comments at my
e-mail address listed at the beginning of
this article.

Since projects like this are not per­
formed without the help and direction of
others, I sincerely want to thank the fol­
lowing for their support and encourage­
ment: Tony Izzo, K2AMI; Joyce Bir­
mingham, KA2ANF; Warren Hager,
K2UFM; Bud Weisberg, K2YOF; Jim
Joyce, K2Z0; Mario Karcich, K2ZD;
Len Martin, N3NGE; Dick Hanson,
K5AND; and Chuck Reichert, KD9JQ.

Notes
1. Dick Hanson, K5AND, "A Pair of

3CX800s for 6 Meters," QEX, Jan./Feb.
1999, pp. 22-27.

2. Cool-Amp Conducto-Lube Co.,
Lake Oswego, Oregon; phone 503-624­
6426, <http://www .cool-amp.com>.

3. MFJ AMP Tuning Pulser Model
ATP-lOO or MFJ AmplifierSaver Model
214 available from MFJ Enterprises, Inc.,
Starkville, MS; phone 800-647-1800,
<http://www.mfjenterprises.com>. •

made 31/4" X 8" (82.6 mm x 203.2 mm)
plastic acrylic placard (like the material
used to make ID name badges) with self­
adhesive backing was engraved
"ALPHA 374-6" (a number I made up)
and the type of amplifier it is now-"6
METER LINEAR AMPLIFIER." This
placard was neatly positioned on the front
panel covering the band-switch panel
hole and all original HF markings except
for the original "TUNE" and "LOAD"
markings.

If this 6-meter modification is being
performed with the possible intent of
reverting back to the original HF design,
it is suggested a less permanent placard
be applied, such as the 3/4-inch (19.1­
mm) wide vinyl self-adhesive label found
on popular labeling tools.

TE-32
5.25"x 3.3"x 1.7"

TE·32 Multi-Tone CTCSS Encoder $49.95

• Eight programmable,
selectablemessages

• Fully field programmable
via includedkeypad

• Meets all FCC
identification requ irements

• Fully enclosedCTCSS
encoder

• All 32EIAtones from
67.0 to 203.5 Hzincluded

• Perfect for mobile/
base applications

Final Touch
The 6-meter conversion performed on

this project amplifier was intended to be
permanent, so I wanted a technically cor­
rect, while aesthetically pleasing,
"badge" indicating the new operating
parameters of this amplifier to be placed
overthe original HF markings. A custom-

removed. Once the paint is removed,
wipe the cover with a clean towel soaked
with fresh water, making sure to remove
all residue of caulk remover. The top
cover is now ready for minor sanding
(depending on surface condition), fol­
lowed by cleaning, primer painting (use
an aluminum primer paint for best
results), and final finish paint coatings .

Tum the amplifier on one side. Apply
a single line of caulk remover in the cen­
ter of each painted stripe . Use an acid
brush to smear the product evenly on the
painted surface. Wait about 3-5 minutes
and remove the caulk remover and soft­
ened paint with the aid of a plastic razor
blade (do not use a steel razor blade!)
and paper towels. Repeat the process
until all paint is removed . Once the paint
is removed , wipe the area with a clean
towel soaked with fresh water, making
sure to remove all residue of caulk
remover. Tum the amplifier onto its
opposite side and repeat the above
process. The sides ofthe ETO Alpha 374
series have a nice, satin aluminum finish,
so I did not find it necessary to paint over
the original texturized painted area.

• 51 CTCSS Tones
• 106 DCSCodes
• Supports 157RepeaterSubscribers
• On-LineComputer Help
• Repeater CW ID
• Air TimeLoading& AnalysisGraphs
• Signalling Formats: CTCSS

DCS & DTMF

• DIPswitchprogrammable
• Miniaturein size
• 37 EIAtones, 27 non-standard
tones from33.0 to 254.1 Hz included

• ReverseBurst built-in
• Easy3 wirehookup

SS-64 CTCSSEncoder
.66"x 1.08" x .21"

88-64 DIPSwitchProgrammable CTCSS Encoder $28.95

TP-3200 Shared Repeater Tone Panel

Tp·3200D Table Top Version $269.95each 1IiIICS!'
Tp·3200RM-A SingleRackMountversion $279.95 each~

*TP-3200RM-BTriple RackMountversion $279.95 each [ I 10-8 Automatic MorseCodeIdentifier
' Holdsuptothree TP-3200s VISA 1.85" x 1.12"x .35"

Call or write to receive our - 10-8 Automatic MorseStationIdentifier $69.95

full Produ~t Catalog or visit ,-COMMUNICATIONS SPECIALISTS, INC.
our Web site for complete = .. 426 WEST TAFT AVENUE. ORANGE, CA 92865-4296
information at: (714 ) 998-3021 • FAX (714) 974 -3420
http'!lwww com-spec com ,..Entire U.S.A. (800) 854-0547 • FAX (800) 850-0547
••• ... http ://www.com-spec.com

supply store) and originally looked quite
attractive. The entire top cover and two
horizontal strips on each side of the ETO
Alpha 374 series were painted with this
texturized paint. However, after a few
years the paint began to break down and
an oily film began to migrate to the sur­
face, causing the paint to become very soft
and easily scraped or smeared off. Such
was the experience with my 374 despite
being the original owner and taking excel­
lent care of this unit.

Well, I'm happy to report that I've
recently found a product that safely and
easily removes the texturized paint down
to the bare metal surface. The product is
made by 3M and is their Indoor/Outdoor
Caulk Remover #2153 NA in a 1/2 U.S.
pint (8 U.S. fluid ounces) quantity that
can be purchased at The Home Depot,
Lowe's, Sears, and other home-center
and local hardware stores.

Before using this product, read the
caution statement concerning eye and
skin irritation. Shake the bottle well and
apply caulk remover directly to the paint­
ed surface in straight lines spaced 11/2 to
2 inches (38 to 51mm) apart on the ETO
Alpha 374 top cover (remove the top
cover from the amplifier before attempt­
ing paint removal). Use an acid brush to
evenly smear the caulk remover on the
entire top and rear-lip painted surfaces .
Wait about 3-5 minutes and remove the
caulk remover and softened paint with the
aid of a plastic putty knife (do not use a
steel-bladeputty knife!) and paper tow­
els. Repeat the process until all paint is
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7 GREAT New Books from CQ
Heathkit - A Guide to the
Amateur Radio Products

The Short Vertical Antenna
and Ground Radial

Understanding, Building
& Using Baluns & Ununs

by Chuck Penson, WA7ZZE

This greatly
expanded Second
Edition is a must for
collecto rs and Ham
history buffs, but is
a terrific trip down
memory lane for
any Ham who was
there or wishes he
had been. Pick up

this 328-page volume and you won't
be able to put it down!

Order No. HEATHKIT $29.95

by Jerry Sevick, W2FMI

This small but solid
guide walks you
through the design
and installation of
inexpensive, yet
effective short HF
vertical antennas.
With antenna
restrictions becoming
a real problem, this book could 'keep
you on the air!

Order No. SVERT $10

by Jerry Sevick, W2FMI

The successor to
the popular and
authoritative Baluns
and Ununs. Great
deal of new tutorial
material , also
includes new
designs not in his
previous book , and
crystal clear explanations of how
and why they work.

Order No. 2BU $19.95

Ham Radio Magazine Anthologies
Introducing the first four of a new series of anthologies drawn from the pages of Ham Radio
magazine. Now you can enjoy collections of the best material published in Ham Radio magazine ,
conveniently arranged by subject and by original publication date. Choose your interest , your time
period, and choose your Anthology. '

Homebrewing Techniques - This anthology brings together the most useful and practical advice and
techniques for the person who wants to build anything from small solid state projects to beam antennas.

Order No. AHOME $19.95

Test Equipment & Repair Techniques - From building test gear to trouble
---, shooting the rig, this anthology of the best articles on the subject has been carefully

i I ! E..-"II selected to meet today 's needs. Includes techniques and devices that work and
_ '- I are easily duplicated , and gives today's Hams a much-needed helping hand at
l "<- ~~~..! solving equipment problems on their own. Order No. ATEST $19.95

Ham Radio Anthology: Antennas - Carefully selected , these first two antenna
anthologies cover all types of antenna designs and theory from 160 meters through
microwaves. All articles have been selected to be as timely and valuable to today's Ham as
they were to Ham Radio readers of the time. These first two volumes will be followed by two
additional volumes .

Antennas -1968-1972.....0rder No. ANn $19.95 Antennas - 1973-1975.....0rder No. ANT2 $19.95

Buy all 4 Anthologies for only $75 - Save $$ and get FREE Shipping & Handling! ~

--------------------------------------
- Zip _

Name Callsign _

StreetAddress '- _

City stote

QIy Item # Description Price Tota l Price

Shipping and Handling: US and Possessions - Add $5.00 for the first book, $2.50 for the second, and $1 for each addi- I Shipping/Handling
tional book. FREE SHIPPING ON ORDERS OVER $75.00 (merchandise only). Foreign - Calculated by order weight and I
destination and added to your credit card charge. Total

o Visa D MasterCard 0 Discover

Expiration date _

o Money OrderMethod of payment D Check

Credit Card No. _

D American Express

.Eilill
CQ Communications Inc., 25 Newbridge Rd., Hicksville, NY 11801 /516-681 -2922; Fax 516-681-2926

Order Toll-Free 800-853-9797



By Joe Moell,* K00V

HOMING IN
Radio D irection Finding for Fun and Public Service

Championship Foxhunters Gather
in The Buckeye State

F
or many years, weekend television
featured a sports program that cele­
brated the thrill of victory and the

agony of defeat. It covered prominent and
obscure sports of every kind, from arm­
wrestling to Zamboni-racing. However,
there is one sport I never saw on this or
any other show, despite the fact that thou­
sands engage in it every year in dozens of
countries around the world. Most of those
who participate are hams, but a ham
license is not required in order to compete.

The SPOlt I' m referring to has a num­
ber of names, including foxhunting, fox­
tailing , radio-orienteering, and ARDF.
The "foxes" being hunted aren't animals.
They are low-power radio transmitters.
The competitor who uses his or her per­
sonal radio-direction-finding (RDF)
equipment to locate the most foxes in the
shortest amount of time wins.

Foxhunting contests take place all over
the world, sanctioned by the International
Amateur Radio Union (IARU). Local,
regional , national, and international
champions are chosen in separate rounds
on 2 meters and 80 meters. Hunters are
scored individually and as national teams
in five age categories for males and four
for females.

The USA ARDF Championships have
been staged annually since 2001. IARU
Region 2 (North and South America)
Championships first took place in Port­
land, Oregon in 1999. For 2003, the Third
USA Championships and the Second
IARU R2 Championships were com­
bined under the organization and spon­
sorship of the OH-KY-IN Amateur Radio
Club. The club enlisted support from
Orienteering Cincinnati (OCIN) plus
several local sponsors and benefactors.

The result was a top-notch event with
excellent food, lodging, courses, maps,
medals, and almost everything else.
Committee Co-Chairs were Bob Frey,
WA6EZV, of Cincinnati, Ohio and Dick

*P.O. Box 2508, Fullerton, CA 92837
e-mail: <kOov@homingin.com>
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Photo A. Bob Frey, WA6EZV (left) , and
Dick Arnett, WB4SUV, were OH-KY-IN
Amateur Radio Club 's Event Co-Chairs,
leading the team ofvolunteers who put on
the Third USA ARDF Championships.

(All photos by Joe Moell, KfJOV)

Arnett,WB4SUV, of Erlanger,Kentucky
(photo A). Both took advantage of their
experience in the sport, having compet­
ed at the first two USA national Cham­
pionships, the 1999 IARU Region 2
Championships, and the 2000 World
Championships. Besides overseeing
everything else, they set the courses and
even test-ran them.

Running Through tl1e Band
Oxford, Ohio is a quiet community of

22,000 people about 30 miles northwest
of downtown Cincinnati. Nine months a
year its population jumps by 16,300, the
number of students at Miami University.
Founded in 1809, it is one of the eight
original "Public Ivy" schools. Students
must live on campus for at least the first
year, so there's plenty of extra dormito­
ry space in the summer months. Most of

the 40 foxtailers who came to Oxford
seeking medals in the 2003 event stayed
at Havighurst Hall and ate with the sum­
mer students in the dining halls. For
many, it brought back memories of their
own college days .

A true cross-section of ham radio, the
competitors ranged in age from 11 to 70
and came from 14 states, plus Hungary.
Some had run in the ARDF World
Champion ships more than once, while a
few had never been on a full-size radio­
orienteering cour se before . One had
received a kidney transplant within the
past year, and another had had heart
bypass surgery. All were stalwart con­
testers in every'sense of the word.

As April, WA60PS, and I arrived
Thursday morning, July 31, a set of 2­
meter hidden transmitters was on the air
for the first of two practice sessions on
the 2S0-acre campu s. These practi ces
were long enough for folks to thorough­
ly test their ARDF gear, but short enough
that nobody became too worn out to be
ready for the big 2-meter hunt the fol­
lowing day. Everyone was full of energy
and excitement, so it was not much of a
surprise to see one or two running right
through the Miami University Marching
Band as it practiced formations on the
football field.

The exact hunt sites for the next two
days were a closely guarded secret. Many
guesses had been made by Sam Smith,
N4MAP, and others from the Georgia
Orienteering Club who had been to OCIN
meets in the area, but they all were wrong.
Friday morning ' s bus ride was well over
an hour long, ending at Fort Ancient State
Memorial near Lebanon, Ohio. If you
look out from the big overpass on Inter­
state 71 between exits 32 & 36, you can
see most of the hunt area.

In these 1100 acres were all of the
things needed for a challenging 2-meter
ARDF event: steep hills, deep forest, a
network of trails , and patches of impass­
able terrain. Despite recent rains and
more in the foreca st for hunt day, the

Visit Our Web Site



Photo B. Three days after his l Sth birth­
day, Amateur Radio Newsline's Young
Ham ofthe Year Jay Thompson, W6JAY,
awaits the start of the 2-meter compet i­
tion. He 's using an advanced ARDF
receiver from Australia. Behind him is
61-year-old Bob Cooley, KF6VSE, who
won gold in his category on both bands
at these events and then traveled to the
lARU Region 3 ARDF Championships in

Australia during December 2003.

ground wasn't too soggy but the mos­
qui toes were out in force . Concerned
about some of the radio-orienteering neo­
phytes, WA6EZV and WB4SUV asked
everyo ne to fill out a form with a descrip­
tion of their clothing,just in case a search­
and-rescue effort would become neces­
sary later. The time limit was extende d to
three hours so that newcomers would
have a better opportunity to find all of
their required foxes. 1

It took almost an hour to get everyo ne
onto the course, because IARU rules
require 'separate starts and timing of all
competitors in an age/gender category.
That avoids follow-the-leader problems.
Start and finish lines were 2.6 kilometers
apart, deman ding careful route choice to
avoid bypassing a fox and having to go
back . Shortest course distance for five­
fox compet itors (M2 1 and F2 1) was
about 5 kilometers.I

After hot showers, a full meal , and a
good night' s sleep, everyone j umped
into the buses again on Saturday for the
80-me ter even t. The ride was much

www.cq-vhf.com

Photo C. At age II, Emily DeYoung was
the youngest competitor. Her dad (Brian,
K4BRl) was responsible for the bus
transportation and also competed in the

M40 category.

Photo D. Don't touch this! Mike Minium
ofOrienteering Cincinnati didn't have to
gofar tofind examples ofpoison ivy and
poison oak to show the competitors dur-

ing the opening ceremony .

shorter this time,just across the state line
to Mo unds Recreation Area on the
Brookville Reservoir in Indiana.
Weather, bug s, and result s were abou t
the same . Competitors' times are usual ­
ly better on 80 meters, because HF sig­
nals don 't suffer from terrain reflections
like 2-meter signals do. This time that
was offset by the tougher course, whic h
was 40 percent longer than 2 meters for
five-fox competitors.

The pest overall performance was by
44-year-old Gyuri Nagy HA3PA/

KF6YKN on 80 meters. He found his
required four transmitters in just 1:08:43,
despite having had knee surgery the prior
year. Gyuri was the most experienced of
all the hunters in Ohio, having learned the
sport from experts in his native Hungary.
He organized and led a week-long train­
ing camp for members of Team USA and
Team Australia in his home city of Pees
during the week before the 2002 World
Championships.

Participating in the training camp was
Gyuri 's teenage son Daniel, who had
never been in a formal ARDF competi­
tion . Dad's training paid off, because
Daniel entered the M 19category and cap­
tured gold on both bands. His four-fox
time on 80 meters was less than 10 min­
utes more than his father' s.

At the hardest-to-reach faxes ,OH-KY­
IN members stood by with backup trans­
mitters, ready in case of technical prob­
lems. "One of these spotters commented
about the competitors ," WA6EZV re­
ported. 'The inexperienced ones would
come up, take a picture, fumble for their
punch card, get it out, and punch it. But
one guy came in running like a gazelle,
card in hand. He didn't break stride when
he hit the punch, and he was out of there
in seconds . That was Gyuri."

Best all-required-fox performance by
a fema le was the 1:12:59 time of Nadia
Mayeva on 80 meters. Nadia moved from
Russia to North Carolina a few years ago,
having learne d ARDF in her homeland.
Last year, as a member of ARDF Team
USA, she placed fourth among F35 cat­
egory competitors from all countries on
80 meters at the ARDF World Cham­
pionships in Slovakia.

Nadia brought her 13-year-old son
Emil to Cincinnati for his first ARDF
event. Home training paid off for him, as
it did for Daniel. Emil had second best
time in M19 category on 2 meters and
third best on 80.

YHOTY Takes tothe Course
For another young competitor, the trip

to Ohio was part of a very busy month.
Four teen days after the Championships
ended, Jay Thompso n, W6JAY (photo
B), was in Huntsville, Alabama to receive
the Newsline Young Ham of the Year
(YHOTY) award . This citation was well
deserved, for Jay has packed a lot of
action and public service into his few
years as a ham . Originally licensed as
KF6TTZ, Jay upgraded to Amateur Extra
class and received his special namesake
callsign in December 1998 at the age of
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Transmitter Hunting Every Ham Should Try It!
I went on my first hidden-transmitter hunt before my 13th birthday. My radio-direction ­

finding (RDF) lashup was made from tubes and other parts from an old AM radio in the seat
of the family convertible, with the radio 's wicker -weave antenna up on a pole that I held
high. Dad had to drive, of course. It didn' t work very well, and we didn' t find the transmit­
ter, but I was hooked.

RTTY, OSCAR, ATV- you name it and I have tried and enjoyed it. However, my favori te
for ham radio thrills is still hidden-transmitter hunting, in a vehicle or on foot. For the last
15 years, I have been trying to increase its popularity by writing about it in the ham maga­
zines, so I was delighted when Joe, N6CL, invited me to bring my regular "Homing In"
columns to CQ VHF.

If you have never done any RDF, I hope you will give it a try. Besides experiencing the
adventures of competitive "foxhunts," you will develop useful skills for volunteer en­
forcement and search & rescue. A great way for your club to experience the fun is to par­
ticipate in the annual CQ National Foxhunting Weeke nd (NFW). This year it will be May
8-9. Watch for the announcement in the April 2004 issue of CQ magazine, where you can
read about NFW hunts of 2003 around the USA and the world.

A lot can happen in the threemonths between "Homing In" columns. To keep current, I
invite you to visit my website, «www . homingin.com>, regularly for the latest ham radio RDF
news, including some volunteer wildlife-tracking projects that will be starting soon, as radio­
tagged birds start migrating northward. There are simple RDF projects, Frequently Asked
Questions, a bibliography of articles, and over 200 RDF-reIated web links.

I welcome your questions, comments, and input for "Homing In," including stories and
photos of your local competitive transmitter hunts, interferenc e-tracking efforts, and home­
brew RDF projects..Sending an e-mail to<kOov @homingin.com> is the best way to reach
me, but you can also write to P.O. Box 2508, Fullerton, CA 92837 .

Happy Hunt ing! Joe, Kf}OV

Photo E. Awayf rom the starting line and
into the corridor go two competitors in
separate categories on 80 meters.On the
left is Kuon Hunt, KB7WRG, who went
on to capture silver in her category. On
the right is Charles Scharlau, NZEI, of
North Carolina, winner of gold on that
band and bronze on 2 meters in the

M21 category.

Photo F. You 're never too old to enjoy
ARDF if you stay f it. Paul Bohrer,
W9DUU, took to the Ohio courses at

age 70.

13. The next year he went to the champi­
onships in Portland and brought home
three medals.

The year 2000 was a big one in ham
radio for Jay. In February he and his father
(Richard, WA6NOL) joined the Orange
County Hospital Disaster Support Com­
munication System (HDSCS) and became

very active in that organization, partici­
pating in most of the county 's mass-casu­
alty incident drills at participating hospi­
tals. In the fall, they traveled to Nanjing,
China as members of Team USA to the
ARDF World Championships.

Jay has continued his radio- orienteer­
ing and public -service activiti es, all the
while earning top grades at his high
school. In the summer of 2001 , he went
to the championships in Albuquerque and
captured four gold medals. His HDSCS
emerg ency communications training
paid off when he and his father were dis­
patched to Garden Grove Hospital fol­
lowing the April 2002 Metrolink train
collision in Placentia, California, which
injured over 200 persons. .

W6JAY especially likes to introduce
people in his age bracket to the fun of
amate ur radio at Scouting event s by
putting RDF gear into their hands and
showing them how to find radio foxes.
How did he do at the Ohio champi­
onships? In the IARU Region 2 Division,
M19 category , he captured gold on 80
meters and silver on 2 meters.

Jay and his dad were two of the nine
com petitors from California, the best­
represented state at these champi onships .
Californians took home 18 medals ,
almos t one fourth of the total medals
awarded. The four radio-orienteers from

Georgi a were second among the states,
taking back ten medals. The hams of New
Mex ico had hoped to rank highest in the
medal count, but Jack Stump , KD50EO,
a gold medalist the previous year at Pine
Mountain, had car trouble. He and his son
Chuck, KD5BY U, had to turn back on
their way to Ohio .

Foxhunting Brings smnes
OH-KY-IN put on a big finish-the

closing banquet and ceremonies in a posh
dining room on campus on Saturday
night. Before the medals were passed out,
there were the traditional V.J.P. 'saluta­
tions. A big meal followed by speeches
can be snore-inducing, but not this time.
I especially liked the following remarks
by Joe Phillips, K8QOE, the ARRL Ohio
Section Manager:

There is no question that the 1990s were
not good to amateur radio. There were a num­
ber of "downers" that we all lived through. It
was just the way it was. We were getting older,
club memberships were falling, and so forth.
Many hams were negative, maybe even surly.
But I noticed.ias we were getting to the end
of the decade, that there was a group of hams
that ju st defied that. These transmitter hunters
were the most enthusiastic, the most positive
of all. Any time you saw them walking around
with those little tape-measure antennas , they
were full of enthusiasm.
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California in 2004
The 2003 USA championships will be

hard to top, but planning is already under
way for this year ' s national finals. Santa
Barbara Amateur Radio Club (SBARC)
will host the Fourth USA ARDF Cham­
pionships beginning June 16. This will be
just in time for final selection of ARDF
Team USA 2004 members , who will
travel to Brno in the Czech Republic for
the 12th ARDF World Championships
from September 7-12. USA's team posi­
tions will be filled based on individual
performances in the 2003 and 2004 Na­
tional Championships.

General Chair for this year's USA
Championships is Marvin Johnston,
KE6HTS,oneofNorthAmerica'sARDF
pioneers. A member of USA's first team
to the ARDF World Championships
(Hungary, 1998), he has been on the team
ever since, making trips to China in 2000
and Slovakia in 2002. He took bronze in
his category on 2 meters in Ohio.

Foxtailing fans from all over the coun­
Photo G. Jay Hennigan, WB6RDV, of try plus visitors from abroad will be head­
Goleta, California has been a mobile T-
hunter for many years. In 2003 he went
into training and became the surprise
winner of gold medals in the M50 cate­

gory on both 80 and 2 meters.

Foxhunters brought circuit developing,
home constructing, and kit building back into
the hobby, all of which had been disappear­
ing in our modular throw-it-away age. That
was a big improvement, and it led to smiles
that were in sharp contrast to what much of
the rest ofhamdom was doing in other modes.
I hope that we will live by your example , that
the rest of the hobby will catch up with you
and get smiles on all our faces like you have
when you're out there catching those foxes.
Thank you for showing us that this hobby was .
fun, is fun, and always will be fun.

ing to California this summer. The com­
petitive courses will be open to anyone of
any age, with or without an amateur radio
license . Will you be there? Start practic­
ing now and visit my "Homing In" web­
site, <www.homingin.corn>, for more
information and a link to the official 2004
Championships website, which has regis­
tration and lodging information. You may
also subscribe to a group e-mail list for
updates and discussions of plans for these
and other foxhunting Championships.

Notes
1. In IARU-rules events, anyone who

finishes the course after the time limit is
disqualified, no matter how many foxes
have been found .

2. Those in other categories had to find
only three or four foxes . All IARU-rules
foxes are on the same frequency and trans­
mit for one minute each in rotating
sequence. A separate transmitter on anoth­
er frequency at the finish line provides an
RDF beacon for competitors who become
lost or lose their maps along the way. •

• Low Receive NF • From -20 dBm to 8 W Drive
(typically 0.8 dB) • Sequenced keying output

• High dynamic range front • Built-in 1a-segment
end (+17 dBm mixer) LED wattmeter

• Single-port and dual-port • Stackable, low-profile cabinet
IF connections (1.3"H x 7.8"W x 8.3"0)

XV50, XV144 and XV222 kits: ($349)
Optional crystal oven, XVOVN : ($45)

Visit our web site for details on all of our products.

Congratulations, and thanks to
WA6EZV, WB4SUV, and everyone else
who made the Third USA ARDF Cham­
pionships a success. Other officials on the
event committee were Joe Haltermon,
KD4PYS (medals and artwork); Carol
Hugentober, WA8YL (registration/lodg­
ing); Rick Haltermon, KD4PYR (start/
finish); and Brian DeYoung, K4BRI
(transportation). Other helping hams in
the parks were Judd Sexton, N8RVR;
Ken Croll, N8ASV ; Lynn Ernst,
WD8JAW; and Phil Smith, KG8 AP.
First-aid was prov ided by April Moell,
WA60PS.

www.cq-vhf.com

<.-, E LE C'RA F T
www.elecraft.com

sales@elecraft.com
Phone: (831) 662-8345
P.O. Box 69, Aptos, CA 95001-0069
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By Chuck Houghton,* WB61GP

MICROVVAVtS
Above and Beyond, 1296 MHz and Up

The 1152-MHz Synthesizer

The Qualcomm synthesizer PLL chip (top left) and 10 MHz TCXO (bottom right).

QUALCOMM 1152 MHZ SYNTH

Figure 1. Basic layout and pin-far-pin diagram of the 3036 PLL synthesi zer chip
used on this Qualcomm Synthesizer PC board.
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*Member San Diego Microwave Group, 6345
Badger Lake Avenue, San Diego, CA 92119
e-mail: <clhough@pacbell.net>

This will be the first of many articles
bringing to amateur radio operators
items of microwave interest both in

new developments and surplus material
available for conversion to our sub­
microwave and higher frequency bands.
For over 40 years I have been involved in
conversions, beginning with military-sur­
plus ARC-5s and slowly shifting up in fre­
quency to other items of interest , starting
with a surplus APX-6, which was to be
converted into a 1296-MHz transceiver.

I took the APX-6 out of town with me
to work on while I was attending a com­
pany school on microwave and baseband
IF processing for my emplo yer, Pacific
Telephone. Working on that APX-6 so
many years ago brings back the memory
of attempting the conversion in a motel
room, where I had few tools and spare
parts. The project seemed doomed from
the start. I got the oscillator cavity func­
tioning , however. Until I blew the power
fuse, things were starting to work.

Many lessons learned from this expe­
rience can be traced back to that conver­
sion, which occurred in a faraway town
with few resources and no automobile
available to go scrounge for parts. Using
that memory of what I went through,
understanding what individuals in small
towns must pay in effort and scrounging
ability to locate key component parts to
bring a project to completion, I suppose
I am still working on that APX-6 today.

In this arena, I would like to open with
a very noble tool in a microwaver' s arse­
nal of test equipment-an oscillator, or
much more , an accurate synthesizer that
can be converted from commercial sur­
plus. What I want to cover is a surplus
converted synthesizer for 1152 MHz for
use as an amateur-band-frequency har­
monic marker generator.

This marker is very important in the
frequency ranges of 1296 MHz to our
upper microwave bands of operation, as
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SYNTH STRAPPING FOR 1152 Mhz requires
pin 7,9 &10 grounded as above use top of
capacitor c6 which is ground to tie 3036 pins to.

Figure 2. Strapping detail ofpins 7,9, and 10 of the 3036 PLL synthesizer chip. Use
very-f ine wire to solder to right side ofR6 then loop to top ofC6 (GND). Continue to

R145 and R146. Short pin #16 to pin #17 (GND).

PIN #7

require being lifted (open) are done so
with an X-acto® knife, cutting the pin

. with the sharp blade and gently lifting the
pin up and away from the board to allow
the pin to be pulled "HIGH." See figure
2 for this wiring method.

Figure 3 shows the complete 3036 syn­
thesizer chip covering the pins that must
be changed to the either open or ground­
ed condition. Open pins are pulled up
toward +5 volts (" 1" logic) because of
pull-up resistors internal to the 3036 PLL
chip, and grounded pins are pulled hard to
ground or "0" logic. Also, IC chips U2 and
U4 as shown in figure 1 must be removed
from the PC board, as some of their out­
puts are tied to the 3036 synthesizer-chip
input, and if left intact would interfere
with the pin for pin programming. Cut the
pins on one side of the chip with the X­
acto® knife. Then lift the chip, and with
the knife, break or cut the other side of IC
pins to remove the chip from the PC board.
Make sure the remaining pins of these
chips are not shorting to anything. There
is no need to unsolder these broken pins
or remove the chip by unsoldering the
device. Use theknife to cut the IC pins of
U2 and U4 for a clean removal job.

Kerry, N6IZW, made the operation of
reprogramming the synthesizer to other
frequencies easy by the use of an Excel
spreadsheet. Using this spreadsheet will
allow you to examine other desired fre­
quencies plugged into the spreadsheet,
which will generate the proper pin-for­
pin programming for your convenience.
The Microsoft Excel spreadsheet that
Kerry developed is quite easy to use. All
you do is change either or both of the
"REF" frequencies, which can be 1, 2, or
5 MHz ; then change the VCO frequency
to a unit in MHz to which the unit will
lock up. Solutions are possible to prevent
the PLL chip from pulling the VCO oscil­
lator to the desired frequency attempted.
Without the .00 I IlF chip cap, VCO fre­
quency in the 750- to near 1-GHz fre­
quencies are possible.The addition of the
.001 IlF chip cap to the VCO Q3 makes
the VCO inductor shorter and higher in
frequency . Frequencies in the range of
900 MHz or so to about 1.4 GHz are pos­
sible. It depends on parts placement and
circuit compone nt values/tolerances used
in this conversion.

If you want a copy of the 1152-MHz
programmin g Excel® spreadsheet, look
on at the San Bernardino Microwave So­
ciety web page , <http://www.ham-r adio.
cornlsbms/sd/xlsindx.htm> , which con­
tains useful information. Look under tech

Short together pins
#16 and 17. (17=gnd)

quencies are not possible. To allow the
synthesizer to function at the higher fre­
quency of 1152 MHz, the VCO on the PC
board is modified by adding a .001 ~d
chip cap to shorten the VCO oscillator
tank circuit, permit ting a higher frequen­
cy VCO operation .

The .001~ chip cap is connected from
the top of the arch of the VCO inductor
to ground, bypassing some of the induc­
tor length and makin g the new length
shorter and higher in frequency. Thi s
simple mod raises the frequency of the
VCO to allow the PLL (phase locked
loop/synthesizer chip) to lock the VCO
to 1152 MHz or whatever frequency you
want in the ranges stated above. If you
want low-frequency operation , do not
add the .001 IlF capacitor to the VCO
oscillator circuit. The spot to place the
.00 IIlF chip cap is located about one-half
inch below the center top ground mount­
ing hole just in line with oscillator tran­
sistor symbol Q3. If you place the chip
cap just over the stencil mark Q3, the top
end to ground, and the bottom of the chip
cap to the top of the oscillator inductor,
you will be in good shape. "

Figures 2 and 3 detail the strapping
options for programming the 3036 syn­
thesizer chip to 1152 MHz. Figure 2
shows a convenient method of strapping
ground to PLL chip pins 7, 8, 9, and 10.
I used a 6-inch section of bare wire and
tack, soldered it to the.resistor (R6), then
ran the wire to the Co'(ground) and con­
tinued to pick up the side of R145 and
146, leaving R144 vacant. Pins that

TOP OF C6 GROUND

Left side of 3036 PLL Chip

C6

PIN#8

1152 MHz is related to each and every
band of operation. The relationship for
1296 MHz is related by 1152 + 144 MHz
equals 1296 MHz. Thus, with the 1152­
MHz platform source oscillator and a
mixer with a 2-meter source, you just got
a key element to construct a 1296-MHz
transceiver. Add a filter and an RF pre­
amp, and you have a receiving converter.

What else can be accomplished using
an oscillator with this noble number,
1152 MHz?Ifoperation on the 2304 MHz
band is contemplated, 2 x 1152 MHz =
2304 MHz for an accurate frequency
marker.

The relationship for 3456 MHz is 3 x
1152 MHz; 5760 MHz is 5 x 1152 MHz.
10368 MHz is related, being 9 x. Also, 21
x is equal to 24192 MHz. Having this sim­
ple relation ship to all our microwave
bands is quite a marker for an injection
oscillator. Note that as higher and higher
multipl ication is necessary, the signal
level will need to be increased. This can
be accomplished by use of an MMIC amp
overdriven, which will produce increased
harmonic output at all frequencies.

The Synthesizer
The synthesizer I want to cover here is

a surplus one which can be made to work
over the 750-MHz to about the l-GHz
frequency range with minor modifica­
tions and 1- or 2-MHz step size (figure
1). By step size, I mean that we can oper­
ate on 868 MHz, but not 868.5 MHz, as
it is not a whole number. Fractional fre-
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Figure 3. Pin-f ar-pin programming data to manua lly program
the Qualcomm 3036 PLL synthesizer chip to 1152 MHz.
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Phone: 516-681-2922· Fax: 516-681-2926

www.cq-amateur-radio.com

amateur application, the 3036 chip can simply be converted
from computer- bus to pin-for-pin programming by lifting and
going high on pin #22 , the bus programming control pin.

Powering up the PC board requires two voltages : + IS volts
and +S VDC. If you run from a single + IS-volt supply and
obtain the +S volts from a S-volt positive regulator being fed
from the + IS-volt supply, total current will be in the 1/2-amp
range for load on the +IS supply for newer CMOS PLL chips .
Current may be as high as 3/4 amp for older synthesizer-dev ice
boards. After the basic pin-for-pin reprogrammin g is complete
and you are ready to power up the synthesizer, the unit will be
in either a go or no-go. Its state can be determined by a simple
on-board LED diode.

Thi s LED is the "LOCK" LED . If all is okay, the LED will
blink on and then go off for the duration of applied power. If
there is a prob lem, the LED will be "ON" all the time, and trou­
ble-shooting is necessary. The LED is located just above pin
# 1 on the 3036 PLL chip and a little to the right. It looks like a
surface-mount white ceramic transistor, rectangular in size and
slightly larger than a chip resistor.

The confidence you can have in the accuracy of the LED is
quite good, showing that you are locked to the lO-MHz refer­
ence oscillator. There is, however, the possibility of an error in
the accuracy of the lO-MHz TCXO oscillator. The unit I con­
verted-with luck ofthe draw, TCXO, and an uncalibrated time
base that was not warmed up in my HPS340 counter- measured
the I1 S2 MHz frequency at II S2.0007 MHz. That' s 700 Hz off­
frequency at I GHz, with the counter still warming up and drift­
ing downward. A few more minutes on the counter and it was
getting down to 400 Hz high in frequen cy, and 200 Hz a minute
later. Some TCXOs are adjustable for best accuracy, while oth­
ers are not. It depends on what is available in surplus, another
luck of the draw item here.

Physical size of the PC board is S inches wide by 91/4 inch­
es long. These PC boards fit like a glove into an LMB S" x 9.S"
x 2" aluminum box (part #LMB-S9S2). For higher output level,
there is an MMIC on board (U2 1) that can be used to amplify
the I1 S2 signal to nearly +7 to +10 dBm, which is just right for
mixer injection if neede d. To tum on the MMIC on U21 all that
is needed is +DC voltage. It is supplied through ferrite L42 from
transistor Q6 ju st to the top right of the center top mounting
ground hole. To tum on Q6 and the MMI C, apply ground to the
top of chip resistor R62. Couple I1 S2 MHz RF out of the minia­
ture coax connector TP I to MMIC input, getting rid of filter by
shorting out the filter elements which previously fed the MMIC
input. Cut the input and output traces of this filter to get it out
of the circui t.

Now I will return to the old APX-6 mentioned at the begin­
ning of this article and those days of trying to find good -qual ­
ity components, much less complete PC boards, to make a pro­
ject work without a workbench full of test equipment. I hope I
have saved the best news for last. I have a quantity of these sur­
plus synthesizers on hand for noncommercial amateur use only.
They are available with or without the 10-MHz TCXO, so if
you have a source of stable 10 MHz, you can use it on the syn­
thesizer and save a few bucks. I will make avai lable fully stuffed
PC boards without TCXO for $20 + $S post and pack. Boards
with fully stuffed PC boards, including a lO-MHz TCXO, will
be available for $3S + $S post and pack, both U.S . destinations
only. IF you have any questions about this synthesizer or any­
thing rela ted to ama teur microwave, please e-mail me at
<clhough@pacbell.net> for a promp t reply. •
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TIE PINS 7,9 & 10 TO C6
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19 AND 22. SYNTH NOW
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• Since 1920, the most
complete and most accurate
Amateur Radio callsign
database

• Unreached quality of data.
Quality ranking display

• The most comprehensive
interface

• Multi-lingual: English, Spanish ,
German , French selectable

• Runs directly from CD-Rom , no
installat ion needed

• Tested with Linux/Wine
• Beacon Scheduler displays the active beacon of

the NCDXF/IARU HF beacon system on the index
or on the world map

• Displays the location of your qso partner on one of
the 250 detailed Amateur Radio prefix maps

• 60,000 QSL manager entries
• Available Now from CO!

papers from the San Diego Microwave Group for many other
microwave-related projects. Also, you may send me an e-mail
at <clhough@pacbell.net>, and I will include the spreadsheet
as an attached file in my reply .

The PC board is configured in its original state to be pro­
grammed by a computer-bus arrangement. To configure to an
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CQ's 6 Meter and Satellite WAZ Awards
(As of December 15,2003)

By Floyd Gerald,* N5FG, CQ WAZ Award Manager

6 Meter Worked All Zones
No. Callsign
1 N4CH
2 N4MM
3 JIlCQA
4 K5UR
5 EH7KW
6 K6EID
7 K0FF
8 JFlIRW
9 K2ZD
10 W4VHF
11 G0LCS
12 JR2AUE
13 K2MUB
14 AE4RO
15 DL3DXX
16 W50Z1
17 WA6PEV
18 9A8A
19 9A3JI
20 SP5EWY
21 W8PAT
22 K4CKS
23 HB9RUZ
24 JA3IW
25IKIGPG
26 WIAIM
27 KILPS
28 W3NZL
29 KIAE
30 IW9CER
31 IT9IPQ

Zones Needed
16,17,18,19,20,21,22,23,24,25,26,28,29,34,39
17,18,19,21,22,23,24,26.28 .29,34
2,18,34,40
2,16,17,18,19,21,22,23,24,26,27,28,29,34,39
1,2,6,18,19,23
17,18,19,21,22,23,24,26,28,29,34,39
16,17,18,19,20,21,22,23,24,26,27,28,29,34
2,40
2,16,17,18,19,21,22,23,24,26,28,29,34
2,16,17, 18,19,21,22,23,24,25,26,28,29,34,39
1,2,3,6,7,12,18,19,22,23,25,28,30,31,32
2,18,34,40
16,17,18,19,21,22,23,24,26,28,29,34
16,17,18,19,21,22,23,24,26,28,29,34,37
1,10,18,19,23,31,32
2,16,17,18,19,20,21,22,23,24,26,28 ,34,39,40
3,4,16,17,18,19,20,21,22,23,24,26,29,34,39
1,2,3,6,7,10,12,18,19 ,23,31
1,2,3,4,6,7,10,12,18,19,23,26,29,3 1,32
1,2,3,4,6,9,10,12,18,19,23,26,31,32
16,17,18,19,20,21,22,23,24,26,28,29,30,34,39
16,17,18,19,21,22,23,24,26,28,29,34,36,39
1,2,3,6,7,9,10,18,19,23,31,32
2,5,18,34,40
1,2,3,6,7,10,12,18,19,23,24,26,29,31,32
16,17,18,19,20,21,22,23,24,26,28,29,30,34
16,17,18,19,21,22,23,24,26,27,28,29,30,34,37
17,18,19,21,22,23,24,26,27 ,28,29,34
2,16,17,18,19,21,22,23,24,25 ,26,28,29,30,34,36
1,2,6,18,19,23,26,29,32
1,2,3,6,18,19,23,26,29,32

32 G4BWP
33 LZ2CC
34 K6MIO/KH6
35 K3KYR
36 YVlDIG
37 K0AZ
38 WB8XX
39 KIMS
40 ES2RJ
41 NW5E
42 ON4AOI
43 N3DB
44 K4Z00
45 G3VOF
46 ES2WX
47 IW2CAM
48 OE4WHG
49 TI5KD
50 W9RPM
51 N8KOL
52 K2YOF
53 WAlECF
54 W4TJ
55 JM l SZY
56 SM6FHZ
57 N6KK
58 ' NH7RO
59 OKIMP
60 W9JUV
61 K9AB
62 W2MPK
63 K3XA

1,2,3,6,12,18,19,22 ,23,24,30,31,32
1
16,17,18,19,23,26,34,35,37,40
17,18,19,21,22,23,24,25,26,28,29,30,34
1,2,17,18,19,21,23,24,26,27,29,34,40
16,17,18,19,21,22,23,24,26,28,29,34,39
17,18,19,21,22,23,24,26,28,29,34,37,39
2,17,18,19,21,22,23,24,25,26,28,29,30,34 .
1,2,3,10,12,13,19,23,32,39
17,18,19,21,22,23,24,26 ,27,28,29,30,34,37,39
1,18,19,23,32
17,18,19,21,22,23 ,24,25,26,27,28,29 ,30,34,36
2,16,17,18,19,21,22,23,24,25,26,27,28,29,34
1,3,12,18,19,23,28,29,31,32
1,2,3,10,12,13,19,31,32,39
1,2,3,6,9,10,12,18,19 ,22,23,27,28,29,32
1,2,3,6,7,10,12,13,18,19,23,28,32,40
2,17,18,19,21 ,22,23,26,27,34,35,37,38 ,39
2,17,18,19,21,22,23,24,26,29,34,37
17,18,19,21,22,23,24,26,28,29,30,34,35,39
17,18,19,21,22,23,2 4,25,26,28,29,30,32,34
17,18,19,21,23,24,25,26,27,28,29,30,34,36
17,18,19,21,22,23,24,25,26,27,28,29,34,39
2,18,34,40
1,2,3,6,12,18,19,23,31,32
15,16,17,18,19,20,21,22,23,24,34,35,37,38,40 '
1,2,17,18,19,21,22,23,28,34,35,37,38,39,40
1,2,3,10,13,18,19,23,28,32
2,17,18,19,21,22,23,24,26,28,29,30,34
2,16,17,18,19,21,22,23,24,26,28,29,30,34
2,12,17, 18,19,21,22,23,24,26,28,29,30,34 ,36
17,18,19,21,22,23,24,25,26,27,28,29,30,34,36

.
Satellite Worked All Zones

No. Callsign Issue date Zones Needed
to have all 40

confirmed
1 KL7GRF 8 Mar. 93 None
2 VE6LQ 31 Mar. 93 None
3 KD6PY 1 June 93 None
4 OH5LK 23 June 93 None
5 AA6PJ 21 July 93 None
6 K7HDK 9 Sept. 93 None
7 WINU 13 Oct. 93 None
8 DC8TS 29 Oct. 93 None
9 DG2SBW 12 Jan. 94 None
10 N4SU 20 Jan. 94 None
11 PA0AND 17 Feb. 94 None
12 VE3NPC 16 Mar. 94 None
13 WB4MLE 31 Mar. 94 None
14 OE3JIS 28 Feb. 95 None
15 JA1BLC 10 Apr. 97 None
16 F5ETM 30 Oct. 97 None
17 KE4SCY 15 Apr. 01 10,18,19,22,23,'

24,26,27,28,29,
34,35,37,39

18 N6KK 15 Dec. 02 None
19 DL2AYK 7 May 03 2,10,19,29,34

CQ offers the Satellite Worked All Zones award for stations
who confirm a minimum of 25 zones worked via amateur radio
satellite. In 2002 we "lowered the bar" from the original 40 zone
requirement to encourage participation in this very difficu lt
award . A Satellite WAZ certificate will indicate the number of
zones that are confirmed when the applicant first applies for the
award.

Endorsement stickers are not offered for this award.
However, an embossed, gold seal will be issued to you when
you finally confirm that last zone.

Rules and applications for the WAZ program are on the CQ
website or may be obtained by sending a large SAE with two
units of postage or an address label and $1.00 to the new WAZ
Award Manager: Floyd Gerald , N5FG , 17 Green Hollow Rd.,
Wiggins , MS 39577. The processing fee for all CQ awards is
$6.00 for subscribers (please include your most recent CQ or
CQ VHF mailing label or a copy) and $12.00 for nonsubscribers .
Please make all checks payable to Floyd Gerald. Applicants
sending QSL cards to a CQ Checkpoint or the Award Manager

"m ust include return postage. N5FG may also be reached via e­
..mail: <n5fg@c q-amateur-radio.com>.

*17 Green Hollow Rd., Wiggins, MS 39577; e-mail: <n5fg@cq-amateur-radio.com>
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By Gary Pearce,* KN4A Q

FM
FM/Repeaters-Inside Amateur Radio's "Utility" Mode

Life on 900 MHz
Preventing the Mistakes of Other Bands -

R
eturn with me now to those thrill ing days of yesteryear.
I'm talking about the 1960s, before anyone started mak­
ing ham gear specifically for 2 meter FM. In those days ,

hams used converted commercial or public -safety radios from
companies such as Motorola, GE, Johnson, RCA, and a few
others. The radios were big, heavy , and full of tubes . In those
pre-synthesizer days we re-crystalled the radios for a few local
repeate rs, tuned them up into the ham band, and had a ball . A
four-channel radio was a luxury,but in most towns there weren't
four repeat ers to choose from anyway .

Those days live again, after a fashion, on 900 MHz . If you
think 220 is a neglected band , pity the poor 900 op! There are
now severalgood, brand-new 220 mobile radios to choose from,
and a multi-band handheld with full power, at reasonable prices.
However, nobody builds a 900-MHz ham radio, and the hams
on 900 wouldn' t have it any other way-at least so I' ve heard.

Like 2 meters in the 1960s, if you want to get on 900 FM
(902-928 MHz, actually), you' ll be using radios designed for
commercial use. Yes, the band' s been around for business use
long enough that there is a fair amount of used, surplus equip­
ment. You won' t find any tube rigs, though. It' s mostly small,
under-da sh mobiles and handhelds. The availability has spurred
some interest and a few repeaters in the ham community.

Most of the information in this report came from an article
in the August 2003 SERA (the SouthEastern Repeater
Association) Repeater Journal entitled "The 900 Band : There's
still time to do it right !" by Vester Scott, N8EKA . Vester is an
assistant director for SERA from Georgia, and a big 900-MHz
enthusiast. His point in the column is that the 900-MHz band
could benefit from some plannin g and foresight that didn't go
into band-planning for 2 meters (or any of the other FM bands ).
We'll get to that in a minute , but first, what's 900 MHz like?

Vester says it' s pretty similar to 440 MHz in terms of local
propagation. A lot of hams actually have some experience in
nearby spectrum- 800-MHz cell phones. That and monitorin g
800-MHz trunked public-safety radio around here tell me that
you get the expected faster mobile flutter on noisy signals Gust
as 440 is faster than 2 meters). I'd expect simplex to be pretty
pathetic . However, if you can get a repeater up in the air with
a good antenna and feedline , it ' s going to work well.

We are not alone on 900, though. There are other two-way sys­
tems,pagers, data, and some Part-15 stuff suchascordless phones
and baby monitors to contend with. Vester says it hasn't been
much of a problem. Ham radio is a secondary service there.We're
a notch above the baby monitors, but below everyone else, in-
cluding the boxes that help the police find your stolen car. :"

*116 Wateifall Court, Cary, NC 27513
e-mail: <kn4aq@arrl.net»
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The Johnson mobile/base radio. (All photos courtesy Vester
Scott, N8EKA)

Vester sent me a list of equipment suitable for ham use (see
sidebar). It ' s actually a pretty long list, but you are not going to
be comparison-shopping for your favorite features. Most of
these radios are pretty basic-volume , channel switch , moni­
tor button (squelch knobs disappeared years ago) .A fancy radio
will scan, and ten channels seem to be about the norm.

Ten-Channels Rule . . .
or How the Synthesizer Ruined 2 Meters

This ten-channel deal is key , Me? Space is getting tight on
my 400-memory tri-band mobile . I think I'd feel a little con­
fined in ten channel s, However, then I take a road trip and get
lost among all the available channels and repeaters. I have trou­
ble finding the right CTCSS tone to kerchunk the local machine
in the town I'm passing, and I start to think that they may have
something here . Having just ten channels, with repeaters and
tones coordinated so that I can work everything in range , starts
to have some appeal.

Planning. We never had a chance on 2 meters. While amateur
radio FM was an infant back in the '60 s and '70s, technology
was changing quickly. Frequency synthesizers pushed crystal
rigs off the market. FCC rules zigged and zagged. As a result,
the band is a crazy quilt. That we standardized a 600-kHz offset
and have mostly the same channels nationwide (give or take the
15- vs. 20-kHz channel-step divide) is a miracle and a testament
to the cooperation and compromise of the repeater builders of
the era (most of whom are still around, so baskin the glow, guys).
However , the band is still a mess. 440 is better, except for the
high-Iow-rightside-up-upside-down input-output fiasco that has

Visit Our Web Site



Equipment Suitable for Ham Use

The following list includes most of the
800-MHz and 900-MHz surplus commer­
cial radios that may be used in the 902-928
MHz FM amateur band, either as-is or after
appropriate modifications and/or program­
ming. That said, it might be wise to study
the mistakes and successes of other intre­
pid hams before you dive in.

Mobile/Base Radios
Motorola

° GTX 900
° Maxtrac 800
° Maxtrac 900
° MCS2000 (900 MHz)
° Spectra 900
° Syntor X 800
° Syntor X 9000 (800 MHz)

Johnson
° 242-8605 (800 MHz)
0242 -8610 (800 MHz)
0242-8615 (800 MHz)
° 242-8640 (900 MHz)
° 242-8655 (900 MHz)

Kenwood
° TK-93 1 (900 MHz)
°TK-940 (800 MHz)
° TK-941 (900 MHz)
° TK-981 (900 MHz)

GE-Ericsson
° Exec II (800 MHz)
° Mastr II (800 MHz)
° MLS 8030 (800 MHz)
° MLS 8031 (800 MHz)
° MVS 800
oMVS 900
° TMX 9315 (900 MHz)

Handheld Radios
Motorola

° GTX 900
° LTS 9000 (900 MHz)
° MTS 2000 (900 MHz)
° MTSX 9000 (900 MHz)
° MTX 900
° MTX 9000 (900 MHz)

Kenwood
° TK-431 (900 MHz)
° TK-481 (900 MHz)

GE-Ericsson
° MPD 800
° M-PA 900
° MTL 900

Repeaters
Many amateur 33-cm repeaters are built

from scratch from the wide assortment of
available radios, duplexers, filters, pre­
amps, controllers , antennas, and other
components. On the other hand , some ama­
teur repeater builders simply modify 800­
MHz and 900-MHz commercial repeaters
from GE-Ericsson, Motorola, Kenwood,
Granger, and others.

www.cq-vhf.com

Kenwood handheld with charger stand.

some parts of the country using the high
end of the band for repeater inputs, while
other areas use it for outputs (and repeaters
howI with feedback during band openings
within a few hundred miles of the divid­
ing line ... and you still have to hunt those
PL tones) . I have to admit that it is the fre­
quency synthesizer that made all this spec­
trum-squandering mass-confusion free­
dom possible .

Vester claims that "uninterrupted and
zero-interference cross-country 2-meter
mobile repeater operation could easily be
accomplished anywhere in the U.S. today
with only four to six different frequency
pairs and a single PL tone, had there been
some organi zed, proactive coordination
in the beginning." He makes a persuasive
case. We would still have a band-full of
repeaters outside the plan, because most
areas of the country have more than four
to six hams who want to put them up.
Wouldn't it be nice, though , to drive a
few hundred miles and always be able to
hit a popular local repeater using just your
first six memory channels, without leaf­
ing through the repeater directory and
futzing with the radio?

900-MHz development is limited
enough today that it" can still be done
there, maybe. Let's slip on the ten-chan­
nel straightjacket and see how.

The Motorola MTX handheld.

First we need to get a band plan in order.
I say this as if it might be easy, but I don't
own a 900-MHz radio or repeater, so for
me it is. There are a couple of band plans
in use out there now-a 25-MHz offset
plan, with repeater outputs between 927
and 928 MHz, and a 12-MHz offset plan
with outputs around 918-921 MHz. These
plans were chosen to accommodate exist­
ing radios. None of the radios were built
for ham service, and some of them will do
the 25-MHz offset, while others won't. If
you could get your hands on some 12-MHz
offset radios, you favored that plan .
Vester's solution: buy two radios.Well, he
isn't always practical, but there's no way
to compromise on this one. We'll concen­
trate on his 25-MHz offset plan, but the
principles can be applied to the 12-MHz
plan. They are compatible in that they
don't use the same frequencies at all, so
there's no interference between them, and
no communicating between them either.

Next pick some channels and program
a radio . The goal here is to use three, or
at most four, channels for the first re­
peaters in any given area. They would be:

1. 927.4875,
2.927.5125,
3.927.5250, and
4. 927.5375 (all with their associated

25 MHz inputs).
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Figure 1. Repeater plan fo r 900 MHz.

Channel 1
Channel 2
Gllarm,el :3

5. 927 .5000 would be simplex, like
146.52.

Now you' ve counted (did you have to
take off your shoe?) and you come up
with ju st five, not ten channels. Well ,
Vester is one of those "simplex on the
output" guys, so he uses up to four more
channels by programming each channel
twice-once as repeat and once as sim­
plex (these simple radios have no "off­
set" button; you get what' s programmed
in a channel, and that 's it). That still
leaves one channel as a "wild card" to
work one rogue local machine. Can you
believe it? Flexibility in ten channels!

Finally, we need some repeaters, and
here ' s where the plan gets meaty. The
repeaters would be coordinated using
something like a cellular approach.
"Channel l," 927.4875, would be coordi­
nated first in any area. It would be reused
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again in 75 miles or so. Channel 2 would
be used for a repeater more or less in
between them, and channel 3 (and 4)
would fill in the holes. A diagram might
make more sense out of it (see figure 1).

Yes, figure I shows perfect circles. No,
we wouldn' t expect repeater coverage to
be that symmetrical or perfectly con­
trolled. In the real world, hams take what
they can get in terms of sites and cover-

(Left) Side view of the Motorola GTX
handheld. (Above) Front view ofthe GTX

handheld.

age. However, it does kind of average out,
and reality can come close enough to the
ideal model such that things work okay.

The full 900 band plan has room for a
bunch more channels, so in the unlikely
(?) event that a city is covered by the four­
channel plan and several more hams want
to put on repeaters, or somebody wants
to be off by himself never to hear a ran­
dom kerchunk from a wayward traveler,
there' s room. -

Having everybody using 100-Hz tone
doesn't sound right to most repeater own­
ers. In ham radio , tone generally is used
to keep signals from the co-channel
repeater users in the next town out of your
machine. On 900 it' s more important to
keep the bleeps and squawks of the other

\ services out of the repeater. Also, once
again, radio limitations mean that you
can't just program in a bunch of tones.

Speaking of programming, you can't
manually program these radios at all.
They take some special software and
maybe a little hardware. You get them
programmed at your local two-way radio
shop for a small charge. Ifyou are one of
those hams who,are always befuddled by
the complexity of today' s equipment, this
might appeal to you. It certainly wouldn't
work on 2 meters (not now, anyway)
unless you were content to just operate a
handful of local repeaters (and I know a
few hams who fit that description . . .
maybe more than a few) . However,
Vester touts 900 for the technically pro­
ficient !There' s aparadox here that I think
I understand, but I'm not sure I can ex­
plain it.

Is it all just a pipe dream? One day will
we see 900-MHz repeaters stretched
across the land, all easy to operate with
the flip of a switch? Vester calculates that
it would take well under 2000 repeaters
to provide 98% coverage to the whole
country!

If nationwide 900-MHz coverage is a
bit ambitious, making the plan work
regionally is more reasonable. Podunk
may never get 900, but it would be nice
to be able to use your 900-MHz mobile
or HT in any major city, the way we
couldn 't do it in the '60s with converted
commercial radios on 2 meters.

Vester would like to get repeater coun­
cils lined up behind the plan. His local
group, SERA, gave the plan a limited
endorsement last year. They didn 't want
to get too deep into band planning for
repeater owners, so they' ve made it vol­
untary for each state coordinator. How­
ever, the band plan on their website,
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<www .sera.org/900.html>,doesnumberthepairs and says they
are "assignable in order." Councils across the country are con­
sidering adopting the plan.

Want to learn more about the 900-MHz (33-cm) band, includ­
ing available equipment and resources? You'll find plenty of
company in the Yahoo AR902MHz group. Check it out, at
<groups.yahoo.comlgroup/AR902MHz>. You can also down­
load a pdf copy of Vester' s article "The 900 Band: There 's still
time to do it right!" from the August issue of the Repeater
Journal.

Question Pool Revisited
Ed Woodrick, WA4YIH, sent me e-mail about last fall's col­

umn on the question pool. I thought I'd share some of the dia­
log. If you missed that column, I picked apart a few of the FM­
oriented questions in the current Technician pool that I thought
missed the mark. One of them, I said, was even dangerous:

T4C06 (A): What is the proper way to interrupt a repeater
conversation to signal a distress call?

A. Say "BREAK" once, then your call sign
B. Say "HELP" as many times as it takes to get someone to

answer
C. Say "SOS," then your call sign
D. Say "EMERGENCY" three times
I didn't like "BREAK," because it isn't universally recog­

nized as a distress call. In some areas, "BREAK-BREAK" is
taught as the procedure to use in an emergency (and until the
last update , that's what the question pool said). I like all three
wrong answers better than the "right" answer.

The Motorola Maxtrac mobile/base radio.

Ed said, "I think that this one might be out of one of the inter­
national procedures , like the phonetic alphabet. I know that this
is definitely the way that I've preached for many years. As you
mentioned, the practice got confusing as the CBers adopted their
practice. Even that came from the same standards, but for CBers
everything became an emergency. But I believe that 'break' is
for urgent calls where 'break-break' is for distress calls."

When I teach a class, I tell the students to answer the ques­
tion with "A," and then forget it and use the word "Emergency:'

Learn with the Best - Gordon West & .W5YI !
Tech, General , Extra, Commercial study manuals, audiotapes, software & more

Technician Class General Class Extra Class
Get into ham radio the right Upgrade to the HF bands Let Gordo help you get your
way - studying with Gordo! by earning your General top ham ticket, Amateur Extra
His new Technician Class Class ticket. Gordo's book Class! His book includes
book reorganizes the Q&A includes all the Q&A memorable answer explan-
into logical topic groups for along with his fun ations to help you learn the
easier learning. His audio explanations that make material and understand the
theory course brings ham learning easy. His audio correct answer. His audio

radio to life and is a great study companion course is a great way to learn if you spend a theory course reinforces learning. The
to his book. WSYI software includes lot of time in your car or truck. The WSYI WSYI software helps you prepare for that
Gordo's answer explanations from the interactive study software gets you ready tough Element 4 exam.
book, making learning easy and fun! for the exam - and to get on the HF bands! Extra Class book GWEM $19.95
Technician Class book GWTM $15.95 General Class book GWGM $12.95 Extra Classaudio theory course includes
Technician audio theory course General Classaudio theory course includes 6 cassette tapes GWEW $29.95

includes 6 cassette tapes GWTW $29.95 4 cassette tapes GWGW $19.95 Extra book + software pkg. ECS $39.95
Tech book +software package NCS $39.95 Book+ software package GUS $34.95 Basic books teach you Electronics!
Tech + General Value Package Learn Morse code Bas~c E/~C!ronics. BELC $17.95

Technician & General Class books + WSYI for your upgrade to General! BaSIC DIgItal Electronics BDIG $17.95
software package . Includes 2 Gordon West 6-tape , audio courses recorded by Gordo . Basic Communications Eled. BCOM $17.95
study manuals, WSYI Morse code software Morse code 0-5 wpm GW05 $29.95 Getting Started in Electronics
& free Part 97 book. TPG $54.95 Morse code 5-16 wpm GW13 $29.95 by Forrest M. Mims

W5YI H 0 S ft Morse code 10-28 wpm GW20 $29.95 A great introduction for any-
am perator 0 ware Code software 0-48 wpm WMC $14.95

Includes all written and code exams, plus one .who wants to learn elec-
WSYI CW software on a CD-ROM, with Get your commercial license! tromcs ~damentals. Inclu?es
free Part 97 booklet 100 projects you can build,

. GROL-Plus book - FCC Elements 1,3 & 8 and great experiments that
HOS (no books) $39.95 for MROp, GROL,and radar endorsement. demonstrate how electricity
HOSB (with 3 studymanuals) $69.95 GROL $39.95 works! GSTD $17.95

GROL-Plus book + software GRSP $69.95

Order today from W5YI; 800-669-9594 or on-line: www.w5yi.org
The W5YI Group • P.O. Box 565101 • Dallas, TX 75356
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Orde r toll free (888) 280·8287

on the air. Recently I was talking to one
of my form er students on the repeater
when Bruce, KC4UQN, broke in just that
way. Wow, did that stand out ! If he had
said "break," I wouldn't have thought
much of it (although I make it a practice
to give the repeater to any breaking sta­
tion quickly, just in case) . The student
was also impressed. The emergency? A
traffic accident Bruce had just witnessed.

I've coordinated ham communications
for some big events (MS- ISO and ADA
Tour-de-Cure bike tours), and I always tell
my team to use the word "Emergency"
when that' s what they have. Repeater traf­
fic can become furious with 40 hams all
standing in line to get a message through.
Our net controls have had to make a con­
scious effort not to be in "contest mode"
to keep everyone from competing to be
first in line.They take a list of stations with
traffic every few minutes and work down
the list. "Break" would barely be recog­
nized above the din (well, these NCOs are
sharp; they'd pick it out). However, when
you hear "Emergency ," the repeater goes
stark silent and stays that way until the sit­
uation is handled . It works.

T9AOl (B): What is the purpose of
repeater operation?

B. To help mobile and low-power sta­
tions extend their usable range

T9A14 (B): When should you use sim­
plex operation instead of a repeater?

B. When a contact is possible without
using a repeater

I said this is outmoded thinking , that
repeaters are now social vehicl es. You
don 't want to hog one and use it to the

• Has all the esse ntial features of
controll ers cost ing much more

II • Assembled & fully tested - not a kit

• Easy to use & simpl e to program

2" x 3 .5 " Order toll free (888) 280. 8287

only $ 7 9 B&D Enterprises
Plus $0 sruppmq P.O. Box 28362 , San Jose, CA 95159=www.bdenterprises.com lEI

SPEAKER LEVEL MIXER
Model: BX2 • Four speaker level inputs.
~ transformer coupled

• 7 watts aud io output

~ • Convenien t front mute switches

5" x 4" x 1.5"

only $139 B &D Enterprises
Plus $5 shipping P.O. Box 28362, San Jose, CA 95 159

III www.bdenterprises.com lEi
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exclusion of others, but there' s no need
to jump to simplex immediately either
(not that anybody actually does that).

Ed didn 't buy my point: "Repeaters
were not created for social value, so you
can' t use that as part of the argument.
Repeaters were created to help mobile
and low-power stations extend their
usable range . That' s a pretty cut and dry
piece of history. "

I' ll agree that it is dry! That is a slav­
ishly technocratic view, locked to histo­
ry and ignoring contemporary use. Even
the history isn 't that accurate.When ama­
teurs adapted repeaters from commercial
service, they instantly became something
they never were before-gathering
places with a new social purpose and
value . Clubs developed with "FM" or
"Repeater" in their names. That may not
have been what the repeater tech had in
mind when he plugged the machine in the
first time, but it happened anyway, and it
is huge. Of course, repeater owners can set
whatever policy they want, but it' s not dic­
tated by the technology-or by history.

Don 't you love it when two old rams
butt heads ?

IRLP, Echolink,
and Public Service

A brand-new ham was gushing to me
about how much fun he was having with
his new hobby, especially talking around
the world on the local IRLP -connected
repeater. He mentioned, without a hint of
being discouraged, how an old-timer had
dismissed that activit y as "not real ham
radio." This new ham , however, has

25 Newbridge Rd., Hicksville, NY 11801
Phone 516·681·2922 FAX 516·681·2926

never known ham radio without IRLP.
Interesting.

I was on the edge of Hurricane Isabel
early this fall, monitoring a lot of radio
activity on HF and FM. I had a new win­
dow to the world .The National Hurric ane
Center was monitoring an IRLP reflector
and an Echolink conference, taking re­
ports from hams in the path of the storm.
The NHC has been doing this on 20
meters for decades. The internetlink gave
lots more hams a path to forward infor­
mation, and many did just that. I was also
able to listen in on coas tal repeaters as
hams prepared for the hurrican e.

Isabel pulled the plug on some of the
linked repeaters by knocking out power,
phone lines, or both . You have to remem­
ber that an internet-linked repeater de­
pends on an outside source for a com­
munic ations path, and that path might not
be reliable. That doesn't mean there ' s no
value, though. Any path may be knocked
out. You become proficient in all the
avenue s available and use the ones which
are still working.

There were a few wrinkles in the Isabel
operation for internet-linked repeaters.
Ever yone naturally wants to be where the
action is, so lots of repeaters were hooked
up to IRLP Node 9210 or WX Talk on
Echolink. For a while, those two services
were linked together. That's too much
togetherness! The repeaters couldn 't be
used for local traffic,because every trans­
mission got poured into the whole net­
work. There were lots of stations jump­
ing injust to ask, "What' s going on?" A
few just stumbled in without knowing
where they were to call CQ (well, okay ,
this is FM and they didn't call CQ, but
you know what I mean).

These are problems that can be ironed
out with some more planning and experi­
ence, and regular operation. If you' d like
to joi n in, there' s a worldwide SKY­
WARN net on IRLP node 9210 at OOOOZ
Saturday nights (7 PM EST in the winter).

Coordination 2004
I'd like to gather information for a col­

umn on the "State of Frequency Coor­
dination." I' ll be combing the coordina­
tor' s mailing list and talking to the guys
at the NFCC, but if you have something
you' d like to say , drop me a line at:
<kn4aq@arrl.net>. 1'11 try to get thi s
together for the Spring issue of CQ VHF.
Till then , -73 , and don 't let that cell­
phone crowd out space on your belt for
the HT. •
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OP to
One Reader's Opinion

QRP: Not Just for HF Anymore
By Bob Witte, K0NR

Many newspapers around the U.S.
print a page entitled "Op-Ed." This usu­
ally runs opposite the editorial page;
hence its name. Sometimes the name
takes on a double meaning, when the
author has a viewpoint opposite to the
editor's. Its purpose is to give a writer an
opportunity to express a view or propose
an idea for discussion in a longer format
than what is normally found in a letter to
the editor. There are many views and
ideasfloating around in the world ofVHF
that are worth considering and dis­
cussing. Please note that the views ex­
pressed herein are those ofthe authorand
do not reflect the views ofCQ VHF or its
editorial staff. -N6CL

Do QRP principles apply to VHF and
higher? Mention "QRP operation"
and most amateur radio operators

think of a small CW transceiver for the
HF bands . Mention "VHF QRP" and the
response may be more like, "What's the
matter; your transmitter broke?"

The surge of interest in QRP is largely
focused on the HF bands, and most weak­
signal operation on the VHF bands is high
power, for good reason. Putting together
a competitive weak-signal station re­
quires careful attention to every decibel
in the system-receive sensitivity, trans­
mission-line loss, antenna gain, and yes,
transmitter power. On the other hand ,
there is something to be learned from the
QRP community about having fun with
amateur radio.

What is QRP?
QRP is normally defined as operating

with 5 watts of output power or less. If
you dig a little deeper , you'll find that
low-power operation carries a lot more
with it. QRP is generally associated with:

• Compact, portable, battery-powered
equipment (often used portable in the
outdoors)

• A personal challenge and/or a mini-

*kOnr@arrl.net
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malist approach (get the job done using
efficient equipment)

• Emphasis on operator skill (espe­
cially CW operation)

• Contesting or other events that pro­
mote QRP activity

Are these elements of QRP operating
relevant to VHF and up?

Our VHF equipment is not always
compact and portable, but in recent years
there has been a significant reduction in
the size and weight of VHF-and-up
equipment. It started with the combina­
tion HF/VHF/UHF mobile rigs from
ICOM (IC-706) and Yaesu (FT-100). For
QRP enthusiasts, the FT-817 from Yaesu
is a backpack-ready, 5-watt rig that spans
HF through 70 cm. (Unfortunately, none
of these rigs include the 222-MHz band.)

Now that I think of it, we should include
the older single-band, all-mode rigs such
as the FT-290R and the IC-502. More
important, we seehams using these rigs for
VHF/UHF mountaintop and grid expe­
ditions. Yes, there is a matchbetween com­
pact, portable operation and VHF and up.

With regard to taking on a personal
challenge in radio operating , the weak­
signal VHF/UHF enthusiasts are already
there. The higher bands were once
thought to be of no use except for limit­
ed line-of-sight propagation. The weak­
signal ham community has proven that
idea wrong.

The weak-signal VHF world also puts
an emphasis on operator skill, including
the use of CWo You must be a fast and
efficient radio operator to make contacts
when VHF band conditions are marginal
or changing rapidly. Most serious VHF
operators have had the experience of try­
ing to work a distant station on SSB, then
switching over to CW to complete the
contact. Whether or not you like using
CW, it does get through tough conditions
better than phone, so it is important to
have it in your bag of tricks . .

With regard to contests , this is where
QRP VHF is formally established. The
major VHF contests have a special entry
category for QRP operation, with a max­
imum power level of 10watts, not 5 watts.
The A,RRLcontests refer to this category

as "Single Operator Portable," while the
CQ World-Wide VHF Contest just calls it
"QRP." The intent of these categories is
to encourage portable operation, presum­
ably from a rare grid or mountaintop loca­
tion. Examining the ARRL June contest
results for the past six years (1997 through
2002) reveals a relatively consistent aver­
age of about 27 entries in the QRP cate­
gory. While there is QRP contest activity,
it has plenty of room to grow.

As you can see, we can check the boxes
of all of the main QRP elements as apply­
ing to VHF and higher.

Necessity,
the Mother of Innovation

Sometimes available technology forces
us to run QRP. Power levels do tend to
decrease as the frequency of operation
increases, because moving electrons
around is more difficult at higher fre­
quencies. For 'example, the Kenwood TS­
2000 transceiver runs 100 watts on HF
through 144 MHz but drops down to 50 ,
watts at430 MHz and 10watts at 1.2 GHz.

Transverters for 10 GHz may have an
output power of only a few hundred mil­
liwatts, with amplifiers available to boost
the signal to 5 or 10 watts. When work­
ing the highest bands, you may find your­
self running QRP levels even if you want­
ed more power. (However, antenna gain
is easier to obtain with shorter wave­
lengths.) Also, the higher you go in fre­
quency, the less turnkey the equipment is,
and more construction and experimenta­
tion are required.

Give QRP a Try
If your VHF (and higher) ham radio

activity has gotten a bit stale or if you are
just looking for a new challenge, QRP
may be the answer. For some people, it
simply will be the challenge of making
contacts using less power. For others, it
will be combining QRP operation with
portable operation from a favorite hill,
mountain, or tall building. Some hams
may focus on the microwave bands as a
new technical challenge. Whatever your
preference, give QRP VHF a try.
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By Tom Webb,* WA9AFM

SATELLITES
Artificially Propagating Signals Through Space

Frequently Asked Questions

Over the past several issues of CQ
VHF magazine we' ve explored
numerous aspects of getting into

amateur satellite operation s. As with any
subject, you just can 't cover every last
point, however. Therefore, I took some
thoughtful moments to record some of the
more common questions I get from folks
who have taken the plung e into space
communications. Here are but a few
"Frequently Asked Questions" that prob­
ably fell by the wayside in our previous
discussions.

"I've been listening fo r UO-14, but
have heard nothing. Is it still opera ting?"

Unfortunately, U0-14 has ceased oper­
ations. After many years of faithful ser­
vice and thousands ofQSOs, UO-14 went
"silent key" in late October 2003. First
launched in 1990, UO-14 began its ser­
vice as a PACSAT (digital satellite) . As
it was "ride sharing" with other, non-ama­
teur services, UO-14 was switched to a
non-amateur service for the Volunteers In
Technical Assistance to provide commu­
nications for remote areas of Africa.Later
UO-14 returned to amateur service as an
FM voice repeater. UO-14' s 5-watt
downlink enabled folks with simple rub­
ber-ducky antennas on a dual-band HT to
conduct amateur satellite communica­
tions. At present, SO-4l and SO-50 have
taken UO-14' s place. Go to the AMSAT
website, <http://www.amsat.org>, for
information on SO-4l and SO-50 and the
latest news on the UO-14 replacement ,
OSCAR-E "Echo."

"My tracking program says the bird is
in view, but I don 't hear anything. What 's
wrong?"

There could be a variety of reasons. It
well may be the bird has been shut down
by the command team to upload new soft­
ware or fix a software/hardware configu­
ration problem. The Internal House­
keeping Unit (IHU)- i.e ., the main
computer-may have shut down the bird
to allow batteries to recharge. Several

*10421 SE 55th, Oklahoma City, OK 73150
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amateur satellites "ride share" with other
satellites that have scientific - or govern­
ment-sponsored missions. Thus, the ama­
teur satellite transponder well may be
shut down in deference to these missions,
which have a higher priority. If you sub­
scribe to the At\1SAT reflector (again, see
<http://www.amsat.org>), you can get
the latest information on the amateur
satellite system and the most current sta­
tus of your favorite bird. Another possi­
bility is that your tracking program is giv­
ing erroneous data. This can be caused by
a variety of factors, including out-of-date
Keplerian elements, the program has
been given an inaccurate position of the
observer (your station),or the time in your
PC is inaccurate.

"Where can I get an accurate time hack
f or my computer?"

There are numerous sites on the inter­
net to get a "time hack" for your com­
puter. Accurate time is important for pre­
cise satellite tracking . One source is
integrated into the trackin g program
Nova For Windo ws®. Go to the Setup
menu, select Time, and then select
Internet Time Set. The resulting dialog
box will give you the option of a partic­
ular scheduled time synchronization or
having the operation performed when you
open Nova. You can also select from a
variety of time servers, depending on
your location. Another source is Pre­
cision Time, which is found at <http ://
www.precision-time.com>. This source
require s you to download files. When
opened and loaded, Precision Time (and
Date) provides manual or scheduled time
synchronization of your PC clock.

"What is the best coax to usef or satel­
lite operation?"

If your coax run from station to anten­
na is less than 100 feet, any good-quality
coax from the RG-8 family'will do quite
nicely. For that short a run, high-dollar
hardline or heliax will not give you any
return on investment, unless you get an
absolutely outstanding deal on it-i.e.,
free! Now let me contradict myself: If you
plan to run L Mode (23 em) from the

shack, you'll definitely need hardline or
heliax even for short runs . For runs in
excess of 100 feet , you need to begin
looking at hardline , heliax, or very high­
quality coax from the RG-8 line. One big
disadvantage with heliax/LMR cable is
the cost of connectors. However, keep an
eye out at hamfests for good deals on
those high-dollar connectors. Quite often
you can find good-quality, undamaged
heliax with connectors already mounted!
Feedline is one part of your shack you
shouldn' t skimp on, regardless of your
operating interest.

If you have a long run to deal with and
if you must use the high-priced coax, con­
sider using duplexers at either end. The
duplexer will allow you to mix the sig­
nals in the shack to one feedline and then
split them at the top of the tower.
Triplexers are also available to mix/split
HF with 2 meters and 70 em. I've been
using this arrang ement for years with
great success. When I first began using
the duplexers, I had a run of 130 feet to
deal with. Now the distance is only 85
feet, but it' s such a convenient setup that
I stuck with it.

Here is a comment on 9913: This coax
came out in the early 1980s and was billed
as "the poor man' s heliax ." It was great
stuff except for one flaw, water aspira­
tion- i.e., it sucks up water like a sponge.
The problem was in the design. To make
9913 as efficient as possible, Belden used
an air dialectic . This made 9913 a long,
empty tube.With heatingJcooling effects,
water could be sucked into the "tube" and
really foul up things. Even carefully seal­
ing the connectors didn't solve the prob­
lem, as water could migrate through
microscopic openings in the outer cover.
The newer versions of 9913 have a foam
dialectic, which solves the water problem
and still retain s outstanding low-loss
characteristics.

"I plan to use L Mode uplink on AO­
40, but Illy coax run will be fa irly long.
What's a good solution?" ,

Your best bet is a transverter on the
tower. To operate L Mode (23 em) from
the shack, your rig would have to be
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equipped with 23 em. Some satellite rigs
such as the Yaesu FT-847 don't have 23­
em capability; the ICOM IC-910 has a
DIY module you can install; the Kenwood
2000 has a module, but it must be facto­
ry-installed (see the Fall 2002 issue of CQ
VHF for a discussion of satellite rigs).
Also, you definitely would need heliax
feedline. If you go with a transverter, you
wouldjust need a coax switch on the tower
to switch the IF between its regular anten­
na and the transverter. Using a transvert­
er would minimize the feedline run
between the antenna and transverter. The
main concern with a transverter is to make
sure you don't overdrive it with too much
power. All in all, a transverter is the most
cost-effective way to go.

"For a preamp, which would be best
for satellites, GaAsFET or dual-gate
(DG) MOSFET?"

Actually, for the current crop of satel­
lites, you could operate successfully
without a preamp, except for AO-40,
where an S Mode (13-cm) preamp will
certainly give you an edge. Ifyou do plan
other VHF/UHF activity, consider these
factors: The GaAsFET will give you
great gain (+25 dB) with very low noise
(around 0.5 to 0.7 dB), as opposed to the
DG MOSFET, which has moderate gain
(+15 dB) with higher noise (around 1.5
dB). The GaAsFET is a definite must for
low-level signal work, either terrestrial or
EME (Earth-Moon-Earth), or where
strong signal interference isn't a problem .
The downside with a GaAsFET is that the
"active component" is sensitive to static
discharge or nearby lightning strikes. In
contrast, the DG MOSFET is quite suit­
able for satellite, ATV, or other opera­
tions where noise figure or higher gain
isn't a factor. The DG MOSFET isn't as
sensitive to static discharge as the
GaAsFET. However, if you shack mount
your preamp, go with the GaAsFET, as
the loss in the coax run is added to the
noise figure of the preamp. As mentioned
above, a 1.5-dB noise figure can quickly
climb to 4-5 dB due to coax loss in the
case of the DG MOSFET.

"Where is the best place to mount a
preamp? In the shack or on the mast?"

Mast mounting wins hands down!
Your preamp is where it can do the most
good-i.e., as close to the antenna as pos­
sible. Some purists will mount the pre­
amp right on the antenna connector. For
2 meters that's probably a bit over the top,
but 13 or 23 em would be a reasonable

www.cq-vht.com

configuration. The most important factor
in mast mounting is weatherproofing
your preamp . A weatherproof unit will
handle the elements and will also have
mounting hardware. However, this
doesn't mean you can't mast/tower
mount a preamp that isn't weatherproof.
In this case, a shelter or cover is required
to protect the preamp.

For several years I successfully used an
air-conditioner disconnect box mounted
at the top of my tower to house an
Advanced Receiver Research 2-meter
preamp. I also mounted a 2-meter/70-cm
duplexer in the box. Even though the
duplexer was considered weatherproof,
the extra protection didn't hurt. Just for
good measure, I also tucked ina couple
of power connectors, which carried
switching voltage for the polarity relays
into the box. The main problem with this
arrangement was that it also made a
dandy shelter for red wasps! If you use
this type of enclosure and you're not sure
if wasps have taken up housekeeping,
take a broom handle up the tower with
you and give the enclosure a couple of
whacks. If wasps come out, hustle your­
self back down the tower, get a can of
long-distance wasp spray, and take care
of your unwelcome guests.

Heavy-duty plastic food containers
also work well, but they degrade over
time because of exposure to the sun and
elements . Another possibility is an enclo­
sure for a lawn-sprinkler timer. They're
designed to handle the elements, are rel­
atively weatherproof, lightweight, and
easy to mount, but they do tend to be a
bit shallow in depth, which limits avail­
able space. If you must mount your pre­
amp in the shack, remember you are
adding the loss of the coax between the
preamp and antenna to the noise figure of
the preamp. That is, if you have a 0.5-dB
noise figure but 3 dB of loss in the coax
run, your noise figure jumps to 3.5 dB.

Even if the equipment you mast mount
is considered weatherproof, give it a good
look to make sure there are no openings
that could allow in unwanted moisture.
My neighbor introduced me to Star Brite
Liquid Electrical Tape, a product de­
signed to waterproof and seal electrical
connections for lawn-sprinkler control
lines. It can be found at most do-it-your­
self hardware stores. It simply is brushed
on to provide a seal. I used it to seal gaps
inside the case of the 2-meter/70-cm
duplexer. It comes in avariety of colors
and also works well for sealing coax and
powerconnectors.

FT-857
HF-6M 100W,
2M SOW, 440 20W
Ultra Compact
Detachable
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VX-7R
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220 MHz - 300 mW
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would divert any interest from the neigh­
bors. If you don' t have a balcony, just step
outside in a public area with your portable
antenna and operate. I doubt whether your
lease will pro hibit that, but chec k with
management anyway. Working "fixed
mobile" from your car is a sure-fire way
around any anten na restrictions.

"I hear some sort of interference on
the AO-40 S Mod e (13-cm) down link .
What is it?"

Amateurs have "secondary" status at 13
em, so we can't dema nd the equipment be
shut down , but the diplomatic approach
will probably win the day. Things such as
a cordless phone, a multi-point microwave
dis tributio n syste m (i.e., wire les s cab le,
WiFi, audio/visual senders), and certain
.government radars also have use of the
spectrum, A very clear char t of the chan­
nel s for the S02. l l b allocations can be
found in figure I , courtesy of Steve
Fri edl ' s Weblog (http://www.unixwiz .
net/images/S02 l1 bchannels .gif) . As you
can see, Channel I is ju st above the S
Mode downlink for AO-40. Essenti ally,
you have a "reverse TVI" situation.

To locate the interference, firs t look
within your ow n home. Do you have a
cordless phone or a wireless network sys ­
tem? If you do, try cha nging channels .
Most of the consumer equipment defaults
to Channel l , so move itto a higher chan­
nel and see if the tro uble goes away. If
you don' t have any of that type of equip­
ment in the hou se, check with your neigh­
bors. If they have any of the gear men ­
tio ned above, explain your situation and
ask if they wou ld help you by briefly shut­
ting down the suspected equipme nt. If
that cure s the probl ems, offer to he lp
change the chan nel selec tions to higher
in the spectrum, preferabl y to around
Channels 9- 11. Emphasize that changing

"With AO-10 and AO -40; the delay
betwee n the time 1 speak and the time 1
hear it on the downlink is very distrac t­
ing. 1s there any way to cure that? "

No, there isn' t. When you transmit, the
signal travels to the satellite, sometimes
as far as 30,000 mile s, and then makes a
return trip for a total path of60,000 miles.
The de lay is usually less than half a sec ­
ond, but just enough to throw you off.
One way is to concentrate on what you're
saying. If you practice this enough, you
soon will train yourse lf to ignore the
downlink delay. If that isn ' t an op tion,
just turn down the receive audio.

"I live in an apartment complex where
no antenna s are allowed. How can 1work
satellites ?"

If you want to restric t your"activity to
LEO (Low Earth Orbit) satellites, step­
ping out on the balcony (if you have one)
with a hand-held antenna, .such as the
Arrow Antenna , would allow you plenty
of act ivity (see the Fall 2002 column of
for a discussion on antennas). You might
even be able to convince the manager to
let you discreetly mount a pair of M2 Egg
Beater antennas on the balcony. Covering
them with some artificial vines/p lants/ etc .

"What is the best rigfor satellite oper­
ation ?"

Th is is a tough question ! Eac h person
has his or her unique situation- i.e ., what
equip ment the operator already own s
verses the equipmen t tha t might be need­
ed. Th e kind of satelli te activity in which
you wish to par ticip atewill be a factor.
Economics pl ays a big part, too . You
might review thi s column in the Summer
2002 issue of CQ VHF magazine . Several
sate llite rigs are reviewed along with sug ­
ges tio ns for incorporating currently
ow ned equipment.
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"Does the crossboom have to befi ber­
glass or would a metal one be okay?"

There is spirited debate on this point.
A non-conducting boom (fiberglass,
PVC, or wood) protects the circular pat­
tern if you are using a crossed-element
antenna. The fiberglass booms can be
pricey, as opposed to one fabricated from
PVC pipe or wood. Booms from these
materials also have the unfortunate ten­
dency to sag after a few years of use. From
the standpoint of using a metal boom, it
will have no impact if you are using lin­
ear, end-mount, or dish antennas. How­
ever, if used with a crossed-element an­
tenna, several knowledgeable folk s
contend that the distortion with a metal
boom is minimal. The big advantage with
a metal boom is strength. It won 't sag
(unless you use a thin-wall mast with
heavy antennas), and it will have mini­
mal maintenance.A compromise is to use
nonconductive material in the immediate
area of the antennas, slip the nonconduc­
tive boom into a metal boom, and center
the metal boom in the rotor.
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which you would have anyway, and
you' re set. However, some transceivers
don't have sufficient capacity to handle
some mast-mounted equipment. Most
transceivers can only handle 300-400 mil­
liamps of current, which is fine for most
preamps, but well below what is needed
for a transverter. You can use "outboard"
equipment to insert voltage on the coax.
Typically known as "Bias T' s," they are
placed in the line just after the transceiv­
er. The operating voltage is applied to the
"T," and in tum to the coax. Bias T' s are
available commercially, but if you want to
"roll your own," go to <http://www.qsl.
net/n9zia/wirele ss/appendixF.html#14>.
Another factor is that you can' t place
power/SWR meters in line with coax car­
rying operating voltage, so if you like to
keep an eye on your power/SWR, you'll
have to arrange a system to switch the
meters in/out ofthe line. Personally, I pre­
fer direct feed. It does require extra cable
being run up the tower, but I feel as if I
have more positive control and provide
greater current capacity.

"I plan to put my preamp and/or S
Mode converter on the tower. Will feed ­
ing thepowe r through the coax cause any
signal loss?"

The loss would be negligible, presum­
ing you have the minimum connections.
The ideal situation is power applied to the
feedline by your radio at the antenna con­
nector and picked off the feedline at the
preamp/converter ' s connector. Is\ there
loss? Yes, but you would need some very
sophisticated equipment to measure it. If
you start inserting coax connectors up
and down the feedline, it will add up,
especially if they are not installed prop­
erly. Most preamps, converters, and
transverters come with the option of
being powered directly or by the feedline.

"My tracking prog ram seems to be off
in its predictions. What 's wrong?"

First, make sure you have the very lat­
est Keplerian elements for your tracking
program. You can subscribe through the
AMSAT website (see <http: //www.
amsat.org» to have "Keps" sent to you
via e-mail on a weekly basis . Also, make
sure your computer clock is accurate.
Even if you have the latest Keps, if your
computer is several minutes off, you' ll
miss apass or at least you won' t have your
antennas pointed at the right piece of the
sky. Also, make sure you have your loca­
tion accurately entered into the tracking
program. An error of just a few degrees
of latitude or longitude can give erro­
neous readouts. Check your exact loca­
tion with a GPS receiver. Although some
tracking programs give you canned loca­
tions to use (typically, the location of city
hall), these might be miles away from
your actual location.

"Is there any advantage or disadvan­
tage to powering preamps or converters
through the coax?"

First, it' s very convenient to use your
feedline to carry operating voltage up the
line. You simply connect the feedline ,

channels won 't adversely affect their
operati on and in fact may help it, as it will
move their equipment to a less-used fre­
quency. A point of special note is that
some of the 2.4-GHz (l3-cm) cordless
phones "frequency hop," and Gary
Gonnella, W6RYO, has done some inter­
esting studies on the problem as it relates
to these 2.4-GHz cordless phones. His
results can be found at <http://www .
w6ryo.com/2ghz_interference.htm>.
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"How critical is it to be able to switch
antenna polarity?"

Again, spirited and scholarly debate
has occurred regarding polarity switch­
ing. From personal experience in work­
ing LEO satellites, it is critical. It makes
the difference between hearing and not
hearing the downlink. Although right ­
hand polarization is considered the
default for amateur satellites , James
White, WD0E, authored a study on this
very subject (http://www.amsat.org/
amsat/intro/pswitch.html) which may re­
solve any questions. As for a polarity
switch , most crossed-element satellite
antennas come equipped with one.
However, if you need to fabricate your
own polarity switch, take a look at the
article by Howard Sodja, W6SHP (http://
www .amsat.org/amsat/articles/w6shp/
antjips.htrnl), or review Chapter 10 of
the Satellite Experimenter's Handbook.

"Why can't the Space Shuttle be used
to launch amateur satellites? "

First of all, the shuttles are grounded,
but even when they return to service,
they're not really a suitable launch plat­
form for amateur satellites. The shuttle
orbit is well below amateur satellites, so

some sort of propulsion system would be
needed to move the satellite to a higher
orbit after release from the shuttle. Also,
the shuttle missions , especially those
regarding the ISS (International Space
Station), work with a much higher prior­
ity, so space and time are not always
available. Scheduling is also a factor.
Activity for most shuttle missions is
arranged years in advance and on a very
structured plan. Unlike commercial pro­
jects, construction and certification of
volunteer-built satellites cannot always
meet/match the shuttle's timetable.

"I tried using the new SO-50 bird, but
can't get into it and the S-meter reading
are pretty low. Do I have an equipment
problem?"

Not really. First, keep in mind that SO­
50 requires sub-audible tone (88.5 Hz)
for access; this is a first for amateur radio
satellites. This prevents the unintended
interference UO-14 suffered from sus­
pected unauthorized operation by some
fishermen. From the receive standpoint,
the downlink transmitter is only putting
out about 144 milliwatts. Even with a
directional antenna with preamp, a read­
ing of 5 to 7 is about the best you'll get

on the S-meter. However, if you can hear
'em, then don't worry about what the S­
meter says.

"Is it true that a new bird is due to for
launch in spring of2004?"

The AMSAT OSCAR-E, or "Echo ,"
has a target launch date of31 March 2004,
four months ahead of its original May
launch date. Echo is a microsat 9.5 inch­
es on a side and will be in a Low Earth
Orbit. Echo will be capable of three
modes of operation: VHF uplink/UHF
downlink, 1.2-GHz uplink/ 2.4-GHz
downlink, and HF uplink/UHF down­
link. Also, there is the potential of VHF
uplink/2.4-GHz downlink, 1.2-GHz
uplinklUHF downlink, and HF
uplink/24-GHz downlink operations.
Echo will also include analog FM oper­
ation, high-speed digital, and a PSK31
repeater with a lO-meter uplink on SSB
and a UHF FM downlink. For detailed
information on Echo, see the July/August
2003 issue of The AMSAT Journal.

This should answer quite a few of your
FAQs. If you have more questions, or
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QUARTERL~ CALENDAR OF l=Vl=NTS

- EME conditions courtesy W5LUU.

Quarterly Calendar
The followi ng is a list ofimportant dates for EME
enthusiasts:

this URL, click on the VHFIUHF link to get
to the contest information.

2 GHz and Up World Wide Club
Contest: Sponsored by the San Bernardino
Microwave Society, this contest runs from 6
AM on May 1 to 12 midnight on May 2 (36
hours). The object is for worldwide club
groups of amateurs to work as many amateur
stations in as many different locations as pos­
sible in the world on bands from 2 GHz
through Light. Rules are available at: <http://
www.ham-radio.com/s bms/c1ub_contes t/
2GHzUp.pdf>.

Conventions and Conferences
Southeast VHF Society: Their 8th annual

conference will be hosted in Atlanta, GA, on

Contests
WSJT Six Meter Mileage Marathon:

This event is scheduled between January 31
and February 9. For more information, see the
Six Meter Worldwide DX Club website:
<http://6mt.com/co ntest.htm>. Mailing ad­
dress: Six Club Contests, c/o Way ne Lewis,
W4WRL, 3338 South Cashua Dr., Florence,
SC 29501-6306 ; e-mail: <w4wrl @aol.com>.

European World-Wide EME Contest
2004: Sponsored by DUBUS and REF, the EU
WW EME contest is intended to encourage
worldwide activity on moonb ounce. Multi­
pliers are DXCC countries plus all WNKNE
states. This gives an equal chance for stations
in North Americ a, Europe, and Oceania. The
rules reward random QSOs, but do not penal­
ize skeds on 2.3 GHz or above. The contest
dates and band s are as follows:

First weeke nd: 432 MHz, 2.3 GHz to 5.7
GHz, 6-7 March, 0000-2400 UTe.

Second weekend: 144 MHz, 1.3 GHz and
10GHz, 27-28 March, 0000- 2400 UTe.

Sections and awards include the following:
QRP 144 MHz < 100 kW EIRP, 432 MHz
<400 kW EIRP , 1296 MHz <600 kW EIRP,
and >= 2300 MHz no separate QRP/QRO cat­
egories. The QRO category on 144,432, and
1296 MHz, stations with EIRP equ al to or
grea ter than stated above . The PRO category
includes non-amateur equipment or antennas.
PRO stations will have their scores listed sep­
arately. There are no separate multi-operator
classes. Multi -operator and QRO stations will
be highlighted in the general classifications.
All QRP/QRO band winners and QRP/QRO
mult iband winners (1st place) will receive a
free one-year subscri ption to D UB US maga­
zine. In each band/section, certificates will be
sent to the top ten entries and to the highest
scoring station in the southern hemisphere .

For a valid QSO, both stations must transmit
and receive both callsigns + TMOIRST + R.
During a QSO,on any band, liaison by any other
means (e.g., DXcluster, internet, telephone) is
forbidden. There is no restriction on modes, but
entrants must not cause inter-mode QRM.

For additional rules and for answers to gen­
eral questions contact <info@dubus.de> .

Spring Sprint s: These short duration (usu­
ally four hours) VHF+ contests are held on
various dates (for each band) during the
months of April and May. This year's dates
and times are as follows: 144 MHz, April 5,
7- 11 PM local time; 222 MHz , April 13, 7-11
PM loca l time; 432 MHz, April 21, 7-11 PM
local time; Microwave, May 1, 6 AM to I PM
local time ; and 50 MHz, May 8, 2300 UTC
Saturday to 0300 UTC Sunday. Sponsored by
the East Tenn essee Valley DX Association,
information on these contests can be found on
their websit e at <http://www.etdxa.org> . At

www.cq-vhf.com

Feb. 1
Feb. 3
Feb. 6
Feb. 8
Feb. 13
Feb. 15
Feb. 16

Feb. 20
Feb. 22

Feb. 28
Feb. 29
Mar. 6
Mar. 7
Mar. 12
Mar. 13
Mar. 14
Mar. 20
Mar.21
Mar.27
Mar. 28

Apr. 4
Apr. 5
Apr. 8
Apr. II
Apr. 12
Apr. 18
Apr. 19
Apr. 24
Apr. 25
Apr. 27
May 2
May 4
May 6
May 9
May I I
May 16
May 19
May 21
May 23
May 27
May 30

PoorEMEconditions.
Highest Moon declination.
Full Moon.
Good EME conditions.
Last quarterMoon.
VeryPoor EMEconditions.
Moonperigee and lowest Moon
declination.
NewMoon.
Good EME conditions but near
New Moon.

Moon apogee and first quarter Moon.
VeryPoor EMEconditions.
Full Moon.
Good EME conditions.
Moon Perigee.
Last Quarter Moon.
VeryPoor EMEconditions.
NewMoonand Vernal Equinox.
Moderate EMEconditions.
Moon Apogee.
First Quarter Moon. Very Poor EME
conditions.

Good EME conditions.
Full Moon.
MoonPerigee.
VeryPoor EME conditions.
Last Quarter Moon.
Moderate EMEconditions.
New Moon.
Moon Apogee.
Poor EMEconditions.
First Quarter Moon.
ModerateEMEconditions.
FullMoon.
Moon Perigee.
Very Poor EME conditions.
Last Quarter Moon.
Moderate EMEconditions.
NewMoon.
MoonApogee.
PoorEME conditions.
First Quarter Moon.
Moderate EMEconditions.

April 23-24. The new location will be the
Holiday Inn Hotel & Suites in Marietta, 2265
Kingston Court, Marietta, GA 30067 (770­
952-75 81). Be sure to mention "Southeastern
VHF Society Conference" to get the specia l
room rate. (For those who have attended the
SVHFS conference in Atlanta before, -this
hotel is about two miles north on 1-75 from the
previous hotel.)

Copies of the registration form and the con­
ference flyer are ava ilable at <http://www.
sevhfs.org>. Have yourregistration in the mail
and postmarked by March 23, and you will
qualify for the pre-re gistration prize drawing.

Dayton HamVention®: The Dayton
HamVention® will be held as usual at the Hara
Aren a in Dayton, Ohio May 14-16. For more
information, go to <http://www. hamvention.
org>. N6CL is scheduled to be one of the
speakers at the VHF forum.

Calls for Papers
Calls for papers are issued in advance of

forthcoming conferences either for presenters
to be speakers, or for papers to be publi shed
in the conference s' Proceedings, or both . For
more inform ation, questions about form at,
media, hardcopy , e-mail, etc., contact the per­
son listed with the announcement. To date this
year the following organization s or confer­
ence organizers have announced calls for
papers for theirforthcoming conferences:

Southeast VHF Society (see conference
dates announcement above): Contact Ray
Rector, WA4NJP, <wa4njp @bellsouth.net>.
The deadline for submitting papers is as soon
as possible.

38th annual Central States VHF Society
Conference: July 22- 25, at the Delta Mea­
dow vale Resort and Conference Centre in
Mississauga (Toronto), Ontario , Canada. The
deadline for submitting final papers is May
1. Submit your propo sal as soon as possible to
Bob Morton, Technical Chairman and V.P., at
<ve3bfm @csvhfs.org>.

11th International EME Conference will
be held on the campus of the College of New
Jersey, in Ewing,NJ,August6-8 .Submit your
proposed paper/t alk topic as soon as possible
to Marc Franco, N2UO, <eme2004@qsl.net>.

Meteor Showers
The Lyrids meteor shower will be active

durin g April 19-25. It is predicted to peak
around 0410 UTC on 22 April. This is a north­
south shower, producing at its peak around 10
to 15 meteors per hour, with the possibility of
upwards of 90 per hour.

A minor shower is the p i-Pupp ids and its
predicted peak is around 0900 UTC, April 23.

The above inform ation courtesy the Inter­
national Meteor Organization and their web­
sit, <http://www .imo.net>.
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The Frontlines: HSMM
Developments in Amateur Radio- Part I

In a nutshell, HSMM amateurs throwaway the little indoor rubber-ducky
antennas that come with the gear and replace them with
outdoor antennas.

By John Champa,* K80CL

In the previous issue of CQ VHF we
discussed the basics of HSMM radio
and how to get started. What is a ham

to do with all this high-speed data capa­
bility? Let us now examine a few of the
exciting new applications for HSMM
radio in more detail.

If you read the Fall 2003 issue of CQ
VHF, you already know that HSMM
stands for High Speed Multi-Media radio
networking. That is a mouthful, but none­
theless, it is not a specific operating mode,
but rather a radio networking direction
within amateur radio. Commercial folks
often call this sort of radio mobile com­
puting. The current developmental
emphasis is on adapting to amateur radio
use. The inexpensive, easy-to-use, com­
mercial, off-the-shelf (COTS) microwave
spread-spectrum digital packet-radio gear
is readily available from most office and
computer supply stores. This equipment
is known in the commercial market as
wireless local area network (WLAN) or
WiFi gear. In a nutshell, HSMM amateurs
throwaway the little indoor rubber-ducky
antennas that come with the gear and
replace them with outdoor antennas. They
set the gear for operations on the provid­
ed channels 2 through 5 and operate in the
amateur radio 2.4-GHz band.

History
Amateur radio research into spread

spectrum was started in 1981 by the Am­
ateur Radio Research and Development
Corporation (AMRAD) and continues to
this day by organizations such as the
Tucson Area Packet Radio (TAPR)

"Chai rman. of the ARRL Technology Task
Force on High Speed Multimedia (HSMM)
Radio Networking; Moon Wolf Spring, 2491
1tsell Road, Howell, M148843-6458
e-mail: <k80cl@arrl.net>

56 . CO VHF . Winter 2004

group and the ARRL HSMM Working
Group (http://www.arrl.org/hsmm/). The
initial project was described in the May
1989 issue of QST and was reprinted in
The ARRL Spread Spectrum Sourcebook.
Current amateur research into spread
spectrum can be found in the AMRAD
and TAPR newsletters. Also, it is on the
HSMM webpage noted above. A thor­
ough explanation regarding how spread
spectrum works can be found in the cur­
rent edition of The ARRL Handbook.
Because of the considerable research
progress being made in this area by radio
amateurs , the spread-spectrum portion of
future editions of The ARRL Handbook
will be revised considerably.

HSMM radio, although digital, is not
primarily a keyboard radio communica­
tion medium, as in conventional HF and
VHF packet radio. The throughput data
rates in HSMM are significantly higher,
typically 700-900 kbps or better , de­
pending on the signal-to-noise ratio.
These data rates are equal to 12to 16times
faster than typical internet dial-up speeds
«56 kbps). At these high data speeds
hams can operate two-way full-motion
streaming video and audio called amateur
digital video (ADV). ADV is about half
the resolution or quality of a VHS tape,
but it is still of sufficient quality for many
image communication purposes.

Also used in HSMM radio is voice over
IP (VoIP), which is the same technology
currently used to carry voice traffic be­
tween linked FM repeaters over the inter­
net. Even interactive e-gametraffic is pos­
sible. HSMM radio is multimedia radio.

HSMM radio networks are not like
other radio networks with which you may
be familiar. Although round-table dis­
cussions are conducted, most operations
of the HSMM radio local area networks
are automated or semi-automated links ,

much like those experienced using
\ TCP/IP over the internet; thus, the nick­

name of Ham + Internet = Hinternet.
Accordingly, many HSMM stations are
on the air continuously in an unattended
mode of operation .

Remote-Control HSMM
Remote-control HSMM has some

unique hamr adio network applications
and operationalpractices that differenti­
ate the Hinternet from normal Wi-Fi hot
spots, also known affectionately as
Internet Cafes (Starbucks®, etc.). You
may have read about these in the popular
press . HSMM techniques are used for
system RC (remote control) of amateur
radio stations.

Time and Cost Sharing
of Ham Stations

One of amateur radio's greatest chal­
lenges, particularly in high-density, res­
idential areas, is constructing antennas,
particularly high tower-mounted HF
antennas , which work without inciting
the entire neighborhood. Often, except
for a few contest weekends or a band
opening, these high-profile amateur sta­
tions are idle most of the time. They rep­
resent a significant investment in time
and resources, and the burden could be
shared easily. Implementing a portal to a
remote HF station via 2.4 GHz is easy to
do. Most computers now come with built­
in multimedia support. Most amateur
radio transceivers are capable of PC con­
trol. As you will further see in this paper,
adding the 2.4-GHz networking is rela­
tively simple. The only speed humps are
getting the small 2.4-GHz antenna
mounted outdoors (in deed-restricted
communities), but such antennas are rel­
atively small when compared to a full-

Visit Our Web Site
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HSMM Surfing and Interactive E-Games
Sharing some high-speed internet access (Cable, DSL, WISP ,

or in the case of an amateur radio club or repeater group, per­
haps a shared T-1 circuit) with another amateur is a popular
application for HSMM radio. Over half the U.S. population is
restricted to very slow dial-up internet connections «56 kbps)
over a plain old telephone service (POTS) line. Getting a high­
speed internet connection, even a shared one, feels like you have
discovered a new universe !

Note: If you use an HSMM microwave radio repeater (a.k.a.
an AP) to share high-speed access to the internet, don't forget
amateur radio content restrictions-e.g., no commercial for­
profit business e-mails, etc. Don't worry about pop-up ads.Pop­
up ads, although a nuisance, are no more illegal than, for exam­
ple, an amateur television (ATV) station transmitting an outdoor
scene and inadvertently picking up a billboard in the station
camera, or your car AM/FM broadcast radio being heard in the
background when talking on the local FM repeater. Such back­
ground sources are merely incidental to your transmission. They
are not the primary purpose of your communications, plus they
are not intended for rebroadcast to the public.

Do you have an old or a spare PC around? Use it as a server
on your area HSMM radio network. Then it is possibl e to do
things such as play interactive games, complete, with sound
effects and full-motion animation (see the Neil Sablatzky, K8IT,

size. three-element, 20-meter monoband Yagi on a 20-ft. high
tower. Even high-gain ,2.4-GHz-band antennas such as the
Comet® Model X2427 rated at 25 dBi, or the Diamond®
Antenna Model 2400Y19 rated at 19 dBi gain, are small and
unobtrusive. Here are the details on how one amateur radio oper­
ator, Darwin Thompson, K6USW,has done it with the Kenwood
TS-480SATIHX.

Kenwood recently introduced its new TS-480SAT/HX radio,
which can be controlled over a LAN and the internet. After get­
ting the radio, go to the Kenwood website and download the
two programs for the TS-480SAT/HX (http://www.
kenwood.netlindexKenwood.cfm ?do=SupportFileCategory&
FileCatID=3). The ARCP-480 is the radio-control software. The
ARHP-lO is the radio host program. Follow the instructions
included with the software to make the cables to interface the
radio to your computer. With ARHP-lO running in the com­
puter attached to the transceiver and the ARCP-480 running in
a laptop PC with a microphone/earphone headset attached, you
can control the radio and use VoIP on your HSMM radio sta­
tion to transmit and receive audio, etc. It is as simple as that!

This system RC concept could be extended to other types of
high-performance amateur radio stations. For example, HSMM
radio can be used to link your current station or home office to a
high-performance amateur radio VHFJUHF station, EME sta­
tion, ATV station, or OSCAR 40 satellite ground station. These
types of ham stations have large blocks of idle time and are ripe
for the HSMM radio time-sharing experience .This could be done
on a time-share and cost-share basis by the local amateur radio
club or repeater group. The link would be back to members'
homes, which do not allow, or simply can't afford, such large,
complex, and expensive outside antenna arrays with associated
high tower(s).

For more details on how this station remote control is easily
done, see the article "Remote-Control HF Operation over the
Internet" (or Hinternet, in this case), by Brad Wyatt, K6WR, on
pages 47- 48 of the November 2001 issue of QST.
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Amateurs Complete 82-mile Two-way DSSS Link on 2.4 GHz
While some of us complain of not being able to communicate from room to room with

our wireless cards in our computers, ARRL HSMM Working Group Chairman, and CQ
VHF magazine feature writer John Champa, K80CL, reports that ARRL High Speed
Multimedia (HSMM) Working Group member Ken Cuddeback, NT7K , and his students at
Weber State University in Ogden, Utah recently completed two-way direct-sequence spread­
spectrum (DSSS) communication on 2.4 GHz over a distance of 82 miles. The WSU stu­
dents-including one ham, Brandon Checketts, KG4NZV, and several prospective
licensees-broke the current world record of establishing a wireless link on 2.4 GHz with
DSSS (using IEEE 802.11b WiFi protocol) . Cuddeback reported that his students used
PrimeStar dishes with unamplified Cisco Aironet 350 cards in each laptop. "We set up a
NetMeeting session and transferred a 2.5 MB mp3 file successfully," he said. The Cisco
WiFi cards run about 100 mW.

Portions of this report courtesy the ARRL Letter online edition, December 10, 2003
(http ://www.arrl.org). •

HSMM column in the Fall 2003 issue of
CQ VHF for guidelines on using e-games
on the air in amateur radio). This can be
lots of fun and attract new club members.
In the commercial world these are called
WLAN Parties . For purposes of HSMM
radio research, playing e-games is an
excellent method of testing the true speed
of your station's Hinternet link.

HSMM Radio
in Emergencies

The HSMM radio driving force is
Emergency Communications Support
(RACES, ARES , etc.). Why are
EmComm organizations so interested in
HSMM radio capabilities?

1. They realize that the amount of dig­
ital radio traffic on 2.4 GHz is increasing
and operating under unlicensed Part 15
power limitations cannot overcome this
noise.

2. They need a high-speed radio net­
work that can simultaneously handle
voice, video, and data traffic for their
emergency communications.

3. The cost of a commercially (govern­
ment) licensed high-speed data network is
more than they can collectively afford for
use only during emergency conditions and
exercises , which may be conducted only
three to four times per year.

4. They also know that they continu­
ously need to exercise any emergency
communications system and have trained
operators for the system for it to be
dependable.

5. Amateur radio HSMM operations
under amateur radio Part 97 regulations
solve the problems of the above limiting
factors . They can run more power than is
allowed under Part 15 unlicensed operat­
ing, they have high-speed multimedia
capabilities , they are cost effective (ama­
teurs can do with $50K what Motorola
can do for $250K), and they can be exer-

cised daily or weekly by trained volun­
teer ham communicators doing what they
do naturally.

Imagine being at an emergency scene
and being able to send live video images
of what is happening back to everybody
on the HSMM microwave radio network
using inexpensive web cams. The video
could also be sent to an Emergency
Operations Center (EOC), while at the
same time submitting a written report (a
long list of survivors, etc.) and simulta­
neously talking to the EOC using VoIP.
Often all that is needed is an old or used
laptop computer equipped with a wire­
less local area network enabled PC
Memory Card International Association
(PCMCIA) card with an external anten­
na jack. In HSMM jargon, such a card is
called an RIC, meaning a radio interface \
card. Connect any of the small and inex­
pensive (about $20) digital cameras, or as
an alternative, some Kodak and other
consumer-grade digital cameras used for
family snapshots also have a video out­
put port. Then connect the RIC to a short
Yagi antenna. Except for the RIC and the
little antenna, many amateurs may al­
ready have all this gear!

In a recent CQ magazine survey
("What You Have Told Us," CQ, Sep­
tember 2003, p. 40) 8% of the respon­
dents reported already using some kind
of wireless networking, so there is al­
read y a growing understanding of the
technology within the amateur ranks.
Therefore, it is not difficult to put togeth­
er an EmComm team and bring them
quickly up to speed with HSMM radio
(sorry for the pun ... hi). While on the
topic of speeds, here are some interesting
findings from HSMM field experiments.

Data Rates: 802.11 links are essential­
ly spread spectrum (see the Spread
Spectrum topic in the chapter on Mod­
ulation types in any ARRL Handbook) . It
can provide fast internet-type speeds sim-

ilar to a cable modem or DSL, even over
many miles, provided that you have good
antenna systems. The actual speed you
obtain on your link will depend in large
part on the signal-to-noise (SIN) ratio. The
better the signal levels on the link, the
higher the speed . The HSMM Working
Group research has found that although
manufacturers of 802.11b (DSSS modu­
lation) equipment claim a maximum raw
data rate ofll mbps, and 802.l1g (OFDM
modulation) has a claimed maximum raw
data rate of 54 mbps, the actual data
throughput is significantly less. Why?

One reason you have already read
about: As the signal-to-noise ratio de­
clines, especially over the distance of
many miles as experienced in the
Hinternet, so does the data rate. However,
there are other factors.

It should be noted that both approach­
es are radio, so they are either transmit­
ting or receiving all the time, but not at
the same time. They both use a collision­
avoidance (CA) technique that results in
half-duplex operation. Before transmit­
ting , it listens to the channel first to make
certain it is c lear. That means the actual
maximum theoretical data throughput is
approximately half the data rate , or 5.5
mbps and 27 mbps, respectively.

In actual practice, we have found that
with network overhead and other factors
included, the real data throughput with
maximum signal-to-noise ratio is ap­
proximately 3 mbp s and 15 mbps,
respectively. With a weaker signal, data
rates will decrease even further. For
example, my maximum data rate to my
wireless internet service provider
(WISP), called MediaNet® and 4.5 miles
away, using 802.11 b is approximately
900 kbps, more than 16 times faster than
my old dial-up ISP.

Nonetheless , if more data throughput
is needed for EmComm, etc., it should be
possible to double those numbers . For
example, an ARES amateur station might
run the HSMM link using two acce ss
points (APs). One device could operate
on channel 2 using a horizontally polar­
ized antenna and the other on channel 5
using a vertically polarized antenna.
Keep the antennas ten wavelengths apart
(this is only about 40 inches on 2.4 GHz).
It is certainly worth a try .

HSMM Radio Relay
When trying to extend the length of an

HSMM link, the most obvious means
would appear to be to run higher power
and place the antennas as high as possi -
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ble, as is the case with VHFIUHF FM re­
peaters. In both the U.S. and Europe there
are several dramatic exampl es of this
being done, single links extending 70 and
80 kilometers and more. This is the excit­
ing approach often used by conventional
micro wave DXers, both amateur and
commercial. Check out the great com­
mercial photos and English text transla­
tion at this Polish website: <http://www.
interline.pI/interline.php?sO=1&s I= I&s
2 = I&s OO= I& s Ol = 1&sx = 2&s =
czytelniai l l Okm>.

Even more impressive, an amateur
radio operator and HSMM Working
Group member leading a group of inno­
vative students at Weber State University
in Utah recently established a new
HSMM radio world DX record. They are
using standard wireless equipment (no
amplifiers) and old modified satellite TV
dish antennas (see sidebar).

As interesting and challenging as all
this DXing with HSMM radio is, HSMM
is network radio, and in some areas of the
country taking this approach with 802.11,
at least in the 2.4-GHz band, may cause
some interference with other users. Other
means of getting greater distances using
802.11 on 2.4 GHz or other amateur
bands should be considered.

Many current HSMM networks are of
relatively low-profile design. They de­
pend on several low-power sources and
radio relays of various types. For exam­
ple, two HSMM repeaters (known com­
mercially as access points [APs], about
$100 boxes) may be placed back-to-back
in bridge mode such that they simply will
act as an automatic radio relay for the
high-speed data. Using a series of radio
relays of this or other similar designs on
a string of friendly amateur towers, some
great path lengths are possible. To en­
courage the amateur research and inno­
vation in this radio-relay area, under con­
sideration is an HSMM Radio Relay DX
Award. The rules for such a competition
might consist of merely measuring the
maximum distan ce competing 'stations
can retransmit or relay the entire contents
of this article (including the photos) or a
standardized video and audio clip. The
actual data rate achieved could also be
used to compute the scoring of points for
the link. The primary stipulation, of
course, would be that the entire path must
be on the air. The possible use of high-aIti­
tude radio relays (balloons, rockets, and
other experimental aircraft, etc.) may be
permitted.However, no internet tunneling
links (VPN) would be permitted for pur-

poses of the award, although this is a com­
mon Hintemet practice for normal opera­
tions. If you are interested in such an
award being developed, send me your
ideas about how such a contest might be
conducted. If enough interest is shown, a
sponsoring organization such as this mag­
azine or the ARRL will be approached to
establish some contest guidelines.

In Part 2 (HSMM Operations) and Part
3 (Hinternet Infrastructure) of this series
we will discuss some other considera­
tions in HSMM radio:

• HSMM Area Surveys
• HSMM Antenna Systems
• Runnin g higher power
• Information Security
• HSMM frequencies
• HSMM on 900 MHz, 3.5 GHz, and

5'GHz
• Proposed HSMM Network Infra­

structure
• HSMM Interface with ICOM D­

STAR systems
• Recommendations
For complete details on the many

sources and types of inexpensive gear and
antennas to get-started in HSMM radio,
see "How To Get Into HSMM ," pp. 30­
36 in the Fall 2003 issue of CQ VHF, and
check out <http://www.arrl.org/hsmm/>.
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photogenic shacks , antennas , scenics and personalities. These are the people you work,
the shacks you admire, the antenna systems you dream about!

This fifteen month calendar (January 2004 through March 2005) includes dates of
important Ham Radio events such as major contests and other operating events, meteor
showers, phases of the moon, and other astronomical information , plus important and
popular holidays . This calendar is not only great to look at, it's truly useful too!

Please note: We will not be offering a Classic Radio Calendar for 2004
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On the morning of November 20, con­
tacts via aurora were made-i.e., John
(Mick) , McM anus, WI11, in Rhode
Island worked Bill Coury, N8UUP, in
Michig an and others in the Midwest.

During my noontime lunch break at my
work QTH I was able to hear a fair
amount of aurora signals. I worked K4QI
(FM06), KIWHS (FN43), W3TDF
(FM I9), and WI11 (FN43) on 6 meters.
I also heard W4MYA on 2 meters, but I
did not work him, as I did not have my
beam with me in my car. Then I found it
amazing that I could work KC2HLI in
FN30, a station on Long Island (only 15
miles away by direct path), via aurora
backscatte r, which probably traveled a
distance of over 100 miles (see figure 1).
Likewise, I heard a few of the local low­
power beacons in my area coming in via
the aurora backscatter path-i.e.,
K2ZDIB in FN20 in New Jersey. Indeed,
the condit ions were pretty good for hear­
ing low-power stations.

During this event the aurora traveled
quite far south. While clouds caused my
not being able to see it, those in areas of
the United States as far south as Florida
and New Mexico viewed the aurora dur­
ing that evening. Later that afternoon, at
2000 UTC, while the aurora was still
active in some spots, there was a brief F2
opening between various stations in the
·U.S., such as WIJJ in Rhode Island and
N8UUP in Michigan into parts of South
America and the Caribbean, where
HPI AC, HC3AP, 9Z4BM, FS/W3ARS,

WB2A MU/2
Hauppauge, Long Island

15 miles direct
path

KC2HLI
Lindenhurst, Long Island

there were some moderate aurora open­
ings that were observed in Canada and the
northern US on 6 meters. Subsequent
flares were observed being emitted from
other regions of the sun, with many at the
X-level. Unfortunately for VHF operators
(but maybe fortunate for HF operators and
satellite owners) , the subsequent flares
were not geo-effective because the erup­
tions occurred when the affected area was
at the limb of the solar disk. When erup­
tions do not take place in the central area
of the sun, as viewed from the Earth, they
do not generally result in a direct hit on
the Earth' s geomagnetic field.

November 2003
Then on November 4 a record-break­

ing event was observed with a flare reach­
ing the level of X28 (best estimates) and
coming from the eastern limb of the sun.
As stated above, this is not a particularly
good geo-effect ive position, and the re­
sult was that little impact which would
result in aurora events on the VHF bands
was observed . A difference of three days
would have made quite a major impact in
terms of propagation and perhaps major
damage to the orbiting satel lites and
maybe even to power grids in Canada.

Nearly one solar rotation later, during
the middle of November, more solar
flares from sunspot areas that were still
active were being reported . VHFers care­
fully watched these active areas to see if
something would break, and indeed it did.

Figure 1. The aurora was so low and strong that WB2AM U at his work location was
able to work KC2HLI by the backscatter path rather than the direct pa th!
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Fall 2003 Aurora Everrte and More (from page 14)

bands. For example, Kaz Soong, K8KS,
a relative newcomer to 6 meters from the
Michigan area, had only experienced his
first 6-meter sporadic-E openings some
weeks earlier. During these openings he
found himself in the throes of a decent
CW pile-up . As a result, he worked many
new grids, both close by and far away.

Despite the enhancement, subsequent
days did not yield any significant F2 or
TEP events on 6 meters . The HC8GR
beacon was heard in some areas, such as
Texas and southern Californi a, indicat­
ing a narrow F2 path. However , it was
surprising that not more F2 propagation
was observed , because the solar-flux val-
ues were over 200 for seven days in a row,
reaching a peak of almost 292 on October
29. In the past, several days of 200-plus
values usually translated into F2 open­
ings! From these observations, it is clear
to me that other ingredients are needed
for sustained F2 openings, such as those
observed during the fall of 2001.

The sun continued to remain active after
the events of October 29. On October 30
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and KP2L were some of the stations that
were worked.

I was able to hear some southern sta­
tions via aurora briefly on 6 meters, and
the activity on 2 meters was a bit better
than the late-October openings. I managed
to work a new grid on 2 meters with
KlGUP, FN54, in Maine. By the way, I
do not have a permanent station for 2
meters yet, so I used my 3-element beam
in the driveway at 15 feet, feeding into the
FTlOOradio in the car, running at40watts .

Because of the excellent conditions that
were occurring, little effort was required
to work some stations. The effect of the
aurora was that the signals were nice and
wide on 2 meters, and CW was the only
way to go. Also, some of the signals had
Doppler shift on them, particularly those
which had both ground wave and
backscatter. Later I also tried my hand at
6-meter QRP with 10 watts, and I worked
as far west as N8CJK in EN84 and as far
north as K3KYR in FN24.

By 0100 UTC on November 20 the
aurora activity finally began to fade. For
two 3-hour segments during the latter part
of the day throughout the peak of the

aurora activity the K-index reached 8.
This opening differed from the event in
October in that the B; value was favor ­
ing sustained southward values, which is
necessary to produce geomagnetic
storming and aurora for all but the most
pole-ward locations.

No more aurora activity was observed
the next day. There was some decent TEP
activity on 6 meters into Florida, and later
in the evening K8ROX managed to work
ZP6CW by an apparent sporadic-E link
into the TEP path. Some aurora was still
observed in Europe on November 22 and
later in the day for a while in North
America . A subsequent flare apparently
triggered this event after the big one
occurred . With the active sun being the
way it was in both October and November,
it became a tricky exercise to determine
which of the lesser flares corresponded
with the aurora events on Earth.

Even so, TEP and F2 events continued
to appear on 6 meters in the ensuing days,
primarily in a north-south path . They
were not confined to the stations located
in the southern U.S. At around 2345 UTC
on November 22, both N8UUP and

N8CJK in Michigan worked V3lMD in
Belize with very loud signal reports! At
the time of this writing it seems it is pos­
sible that more events may continue
throughout the end of November.

In Conclusion
It would appear that there is still life in

solar Cycle 23 for special VHF activity.
HF operators are not too fond of aurora
activity because it cuts down on propa­
gation. However, during such events 6­
and 2-meter operators watch conditions
intently. It is significant to note that there
were some trace amounts of F2 activity
triggered by the aurora, and 6-meter oper­

,ators gathered a lot of valuable informa-
tion during these solar events.

One question that serious VHF
operators ask is "When the aurora
subsides, will it be F2 or will it be auro­
ral-E that occurs?" That is always the
thing worth' waiting for on 6 meters . In
light of these solar events, VHFers are
well advised not to give up monitoring
the bands or putaway their radios for the
next year or so! "
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Amateur Radio on the International Space Station (from page 9) ----- _

Figure 4. Ericsson radio.

108 Endeavour flight on December 5,
2001. Details of the Phase 1 system are
described in reference 1.

Antenna Assemblies. In 2002, a set of
four antenna systems, developed by the
ARISS team, was deployed during three
Russian EVAs (Extra Vehicular Activ­
ities-i.e., space walks). These antennas
will support the Phase I and Phase 2 sys­
tems in the Service Module. Once
checked out, the specially designed an­
tenna assemblies will permit operations
on HF (20, 15, and 10 meters), VHF (2
meters), UHF (70 em), and the micro­
wave bands (L and S band). These anten­
nas also permit the reception of the
Russian Glisser EVA video signals (2.0
GHz). This dual-use (harnlEVA video)
capability is the primary reason the \
ARISS team received access to the four
antenna feedthroughs located on the out­
side of the Service Module .

The four antenna systems were devel­
oped to make maximum use of the anten­
na feedthroughs . They were installed
around the periphery of the far end of the
Service Module (see figure 7). Three of
the antennas (WAI-WA3) include
VHFIUHF flexible-tape antennas . WA4
includes a 2.5-meter flexible-tape HF
antenna. The antenna systems were
developed by the US, Italian, and Russian
ARISS partners .

Each antenna assembly consists of a
mounting plate, spacer, black striped
handle, Russian handrail clamp, orange­
colored VHFIUHF (or HF) metal flexi­
ble-tape antenna with black Delrin
mounting collar, LIS-band flat spiral

antenna with a white Delr in radome
cover , diplexer (mounted underneath the
plate), and interconnecting RF cables
(see figure 8).

The antenna systems were launched on
the Space Shuttle Endeavour flight on
December 5, 2001. The two up-looking
(zenith) antennas, WA3 and WA4, were
deployed by EVA (space walk) in Jan­
uary 2002, and the two down-looking
(Nadir) antennas , WAI and WA2, were
deployed by EVA in August 2002.

Antenna-installation EVA procedure
development and training was led by
Sergej Samburov from Energia with sup­
port from the ARISS-USA team.

Phase 2 Hardware System
Hardware Overview. The Phase 2

hardware system is expected to exploit the
new antenna systems installed on the
Service Module. Two new radio systems
will be installed as part of Phase 2. These
systems will augment the two Ericsson
radio systems already on-board the ISS as
part of the Phase 1 system. The combined
Phase 1 and Phase 2 system will provide
more capabilities for the crew and permit
simultaneous, multi-mode operations by
more than one crew member.

The Phase 2 development is a joint
Russia , US; and Japan activity. Develop­
ment was led by Russian team member
Sergej Samburov , RV3DR. The Russian
team was responsible for certifying the
hardware for flight and providing the ride
on the Progress launch vehicle. The
Japanese team provided (donated) the

Figure 5. Phase 1 hardware. ,
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Kenwood 0 -700 Specifics
The ARISS and Kenwood teams agreed

that the Kenwood European model radio,
D-700E, would be used for flight and
ground operations. This radio had already
been certified by the Russian team.

Several modifications were made by
the Kenwood Japanese and Kenwood
Moscow (Bermos) teams to prepare this
radio system for flight. These included:

1. Developing a special Memory Con­
trol Program (MCP) to support repro­
gramming of the radio in the US, Japan,
and Russia to ARISS specifications.

2. Changing the packet radio default
parameters, as specified by the ARISS
team, in EEPROM memory .

3. Enhancing the "repeater mode" of
the radio system.

4. Replacing the power cable and the
microphone and control-head cables with
flight cables to allow certification of the
hardware to the Russian requirements.

Figure 8. Antenna systems WA1-WA4. ·

tion experimentation using the WA4
(high-frequency) antenna and the FT-100.
This radio also supports higher output
power capabilities on 2 meters and 70 cm.

Figure 7. Antenna location from end ofService Module.

WA2
SXISS99600~WAl (V/U Antenna) 7700mm
SXISS00414 (EVA CABLE) SXISS99600- WA2(V/U Antenna)

SXISS00406 (EVA CABLE)

WA1
5700mm

Kenwood radios to the ARISS team and
made specific hardware and firmware
modifications to the radio system to pre­
pare it for flight. The USA team, in con­
junction with the Japanese and Russian
teams, developed the Program Memory
software which provides a powerful sys­
tem with a very user-friendly interfacefor
the crew.

One of the two radios qualified for
flight is a KenwoodTM-D700.This radio
supports 2-meter (144-146 MHz) and
70-cm (435--438 MHz) transmit/receive
operation and L-band uplink operation .
This radio provides a higher output power
capability (10-25 watts) than the Phase 1
radio system and can support FM and
packet operations . The higher power
capability should allow nearly horizon­
to-horizon signal reception using simple
hand-held radios or scanners.

The other radio is a Yaesu FT-100. This
radio system will permit operation in the
high-frequency bands. Of particular in­
terest is performing ionospheric propaga-

The entire set of Phase 2 hardware con­
sists of the Kenwood and Yaesu radios,
an RF tuning unit for the Yaesu radio sys­
tem, interconnecting signal and RF
cables, two specially developed Energia
power supplies, a power distribution
assembly developed by the USA team, a
computer, and the 70-cm Phase 1 hard­
ware system. These will be mounted on
a Velcro- backed table (see figure 9).
These radio systems will be connected to
the four Service Module antenna systems
through a Russian developed antenna
switching system (see figure 10). A
schematic of the hardware configuration
is shown in figure 11.
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Figure I O. RF layout ofiSS ham radio systems.

Figure 9. Phase 2 hardware housed in Velcro table.

WA4WA3

2m170cm HF
Yaesu
FT-100

radio. This means that once a PM has been
selected by the crew, this only configures
the radio to a known default pair of chan­
nels. The crew member can still tune to
any channel after that. Thus, with a push
of two buttons and a rotation of the main
dial, the crew member can operate on mul­
tiple modes and different frequency pairs.
While this architecture offers the ultimate
in flexibility (millions of combinations),
it also provides a user-friendly interface
of the five PMs to always return the radio
to a known initial state.

Each of the 200 memory channel s can
support separate TX and RX frequencies,
offsets, and PL or CTCSS tones. The
D700 is a dual radio system, and although
it only supports two channels at a time, it
is very important to remember that each
channel consists of both a disp layed
receive frequency and a separate transmit
frequenc y. Thus, at any time there can be
up to four frequencies involved in radio
operations. Since the microphone and
PIT (for voice) can be using one chan­
nel and the TNC can be using the same
or the other channel, or even can trans­
mit on one channel and receive on the
other, there are many conventional (e.g.,
simplex, split) and non-conventi onal
(e.g., cross band, repeater, CTCSS­
enabled command uplink digital chan­
nels, etc.) ways to use these combinations
for ARISS.

Yaesu FT-100 Specifics
The ARISS technical team working on

the Yaesu project has specified several
modifi cations to the Yaesu radio system
to prepare it for flight. These include:

1. Replacing the power cable and the
microphone and control-head cables with

Glisse r

WA2

Phase 1
(Ericss on)

70 em

Glisser

WA1

Kenwood
D·700E

RFSwitching
Assembly

The PMs remember the following
types of parameter s for the radio:

• Default channel for left side and right
side of radio

• Which side of the radio the micro­
phone and PTT will activate

• On which side of the radio the TNC
will receive and on which side it will
transmit

• The function of the several "so ft
keys" on the radio front panel

While the MCP program stores all 200
frequency channels in the radio, the PMs
do not store any combination of channel
frequencies other than the initial two
defaults for the left and right side of the

knowledgeable licensed crew member s'
experimentation

PM 1: Voice Operations (monoband)
PM2: Voice Operations (cross band/

repeater)
PM3:APRSlPacketand BBS operations
PM4: Attached PC and Packet opera­

tions
PM5: Emergency Voice and alternate

960Q-baud Packe t operations
PM-off: No defaults . This mode is for

5. Reducing the maximum power out­
put of the radio to 25 watts.

6. Replacement of the 6-pin data con­
nector with an 8-pin connector. One of
the additional pins on this connector sup­
ports an 8-VDC output capability.

7. Incorporating a channel designator
for the front panel as the default instead
of the frequency information.

The architecture of the radio interface
to the crew was carefully crafted by the
US and Japanese team to make the D-700
a powerful radio system with a simple
user interface . A set of five default op­
tions, or Programmable Memories
(PMs), were embedded in the D700 to
support ISS operations (see figure 12).
The advantage of these five PMs is that
they can be restored by the crew at any
time with a two-button key press. With
the 200 different frequency channels, the
nearly 100 TNC parameters, and the vari­
ety of applications for this radio on orbit,
the default configurations are absolutely
critical to being able to maintain com­
munications with the crew under all con­
ditions. These five PMs reduce opera­
tions to these fundamental configuration
baselines:
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Figure 11. Power distribution schemat ic.

flight cables to allow certification of the hardware to the Russian
requirements .

2. Reducing the maximum power output of the radio to 25
watts.

3. Replacing the PVC RF cables and connectors on the back
of the radio with SMA connectors. Attached to these are Teflon­
coated RG-142 antenna cables with N connectors.

4. Tuner cable replacement with flight cables.
5. Replacement of the 6-pin data connector with an 8-pin con­

nector. One of the additional pins on this connector supports a
12-VDC output capability.

Since the FT-100 supports HF operation and the WA4 anten­
na is a single 2.s- meter vertical, the ARISS team felt that it would
be best to supply a tuner with the radio to minimize SWR con­
cerns and optimize signal output (see figure 11). The ARISS USA
team is working closely with the Yaesu team to modify their
existing FT-100 auto-tuner for ham radio operations on ISS.

Development of the Yaesu system was concluded in
November 2003.

Power Distribution Assembly
One of the primary issues in a household is sufficient and easy

access to electrical receptacles . A similar issue exists on ISS.
There just aren' t enough receptacles where they are needed. With
the three radio systems being installed in the Service Module
(Phase 1-70 em, Phase 2- Kenwood, and Phase 2- Yaesu), the
need for electrical receptacles for the ISS ham radio system could
become a major issue.

The power distributi on assembly (see figures 11 and 13)
resolves this problem and several other potential issues on ISS.
The power distribution assembly allows the ISS ham system in
the Service Module to be plugged into only one ISS receptacle.
It also provides a power shutoff capability via switches and cir:.
cuit-breaker protection for each radio system. This not only pro­
vides an additional level of safety, but also provides an addition­
al shut-down feature that is critical for satisfying the ISS EVA
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Figure 12. Kenwood D-700 PMl crew display.

Figure 13. Power distribution assembly.

Figure 14. Power converter.

safety requirements. With the power distribution assembly, there
will be no need to plug and unplug ISS ham radio items due to
insufficient receptacles.Thus, this assembly serves to reduce wear
and tear on the power cables, improving system safety.

The power distribution assembly is being developed by the
USA team with strong support from the Russian team. While

-t he unit will be fabric ated in the US, several of the parts, par­
ticularly the electrical connectors , are Russian supplied. The
current plan for the power distribution assembl y is to fabricate
the flight unit , certify it for fligh t in the US and Russia, and then
fly it on-board the next space shuttle. Since the Yaesu system
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will not be deployed until the spring of
2004, this deve lopment and delivery
schedule appears to make sense.

Power Converters
Two fully redundant, flight- certified

power converters were developed by the
Russian Energia team and were supplied
to the ISS ham team for use as part of the
Phase 2 radio system (figure 14). These
power supplies convert the 28-VDC ISS
power to 13 VDC for use by the Kenwood
and Yaesu radio systems. Since the
power converters are fully redundant, the
ISS ham team will have adequate power
capabilities for all the radio systems even
if one of the power converters fails.

Phase 2 Delivery,
Testing, and Checkout

The final version of the flight MCP
software was delivered to the Russian
team by the USA team on July 17, 2003.
Just prior to that, the Kenwoo d Japanese
team delivered the final firmware load to
the Kenwoo d Japanese (Bermos) team
for installation into the D-700 radio. The
Bermo s team and the ARI SS-Russia
team, led by Sergej Samburov, complet­
ed the hardw are and software modifica­
tions to the radio system in late July and
readied the Phase 2 hardware system for
flight. The initial set of Phase 2 hard­
ware-including the Kenwood D-700
radio, interconnecting cables, power con­
verters, and RF switching system-was
delivered to the Baikonur Cosmodrome
in Kazakhstan in early August. The Phase
2 hardware was launched on the Progress
12P rocket on August 29, 2003 and
docked with the ISS on August 31. The
Velcro table is already on-board ISS and
is awaiting equipme nt installation.

A series of tests were conducted by the
Russian and US teams on the Phase I and
Phase 2 hardware in November 2003 at
the KIS facility (Service Module engi­
neering model equivalent) located at
Energia in Korelev (Moscow area),
Russia. These tests were conducted in the
Service Module equivalent to validate that
the Phase 2 and 70-cm and 2-meter Phase
I systems were compatible with the other
electrical systems on the Service Module.
Other testing included some RF testing
with the flight-identical antenna systems
and the Phase I and Phase 2 hardware.

Upon completion of these tests, and the
completion of the necessary paperwork
by the ISS ham radio team and the
Energia leadership, Mike Foale and
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Alexander Kaleri , the Expedition 8 team,
were told that the equipment was cleare d
for installa tion in the FGB. Early in
December they installed the Phase 2 and
Phase I 70-cm hardware.

Once installed, the ISS program gave
the green light to use the equipment on
December 20,2003. The next day, Mike
Foale was on the air on voice. The pack­
et system has also been activated . The
remaining Phase 2 hardware, including
the Yaesu radio system, was to have been
launched on the Progress 14P flight
planned for earlier this year.

Future Hardware
Deployments

Follow-on Phase 2 Hardware. Two
future projects are envisioned to improve
the capabilities of the Phase 2 system.
These include the deve lopment of the
tuner for the Yaesu radio system and the
certifica tion of an SWR/power meter.
These two projects will be developed and
flight certified by the US team and flown
on a future shuttle flight.

SSTV
A Slow Scan Television (SSTV) system

will be deployed on ISS. The SSTV sys­
tem for the ISS ham radio station was in
development as of this writing. This sys­
tem will consist of a software interface,
developed by the MAREX-MG team, and
a hardware interface, developed by the
AMSAT-NA hardware team. Prototype
hardware and software systems have been
developed and the flight-system fabrica­
tion started. The SSTV system will allow
digital still pictures to be uplinked and
downlinked in both crew-tended and
autonomous modes. The ARISS team
expected the SSTV system to be flown on
Progress flight 14P in January 2004.

Conclusions
The ARISS-Intern ational team, with

help from Kenwood and Yaesu, has
developed the ISS Phase 2 ham radio sys­
tem. The Kenwood system is currently
on-orbit and will soon be operati onal on
ISS. The team expects that the Yaesu sys­
tem will be operational in spring 2004.
This multi-national develop ment effort
presented many challenges to the team.
Despite these challenges , the tremendous
teamwork and optimistic spirit resulted
in an outstanding new capability on ISS
that we expect to set the standard in space
for years to come.
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Dedication
This paper is dedicated to the memory
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tem. Our thoughts and prayers are with
you, old buddy.
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A 6~meter Rig Flies the Atlantic (from page 7)

Forty-power binocularsfor the pilot and a 50-power telescope
for the "driver" were mounted on a gun mount for altitude

record attempts at Dahlgren, Virginia on July 4 & 5, 1963.

The Airplane
Detailsaboutthe TAM-5model werepublishedin the January2003

issues of Model Airplane News and Model Aviation. Here is a terse
summary:

The dimensionsareshownon a three-view.The structurewas most­
ly balsa with mylar covering. The dry weight was 6.0 lbs. and the
fueled weightwas 1/4 ounce under the l l lbs, (5 kg) allowed.The fuel
was Coleman stove fuel with 16oz of IndopolL-50 lubricant per gal­
lon; 1.5 oz. of fuel was left in the tank on landing. A C&H Electronics
cm spark ignition systemsuccessfullyfired about 8112 million times.
An Aveox brushless motor core was used as an alternator to provide
power for all the electrical stuff. The custom-designed autopilot, its
harness, its Piezo electric gyro, its pressure sensor, and a GPSreceiv­
er weighed 8 oz. The engine, no longer manufactured,was a 4-stroke
10cc OSFS61.The propellerwas a 14"x 12"woodenZingerwith the
trailing-edgesanded to razor-sharpnessbefore polishing and painting
with epoxy.

A standard hobby radio-control system, Futaba 8UAP, on 50.880
MHz was used for practiceflight andfor launch and landing.The dig­
ital data stream in the autopilot's central processing unit was teleme­
tered to ground by a lO'rnw transmitteron 434.075 MHz. The anten­
na on this unit was a wire dipole mounted in the horizontal stabilizer
transverse to the fuselage axis. This setup gave a fore and aft range of
about 8 miles when the model was at 1600 feet altitude. This unit
weighed less than 1/2 oz. A laptop computer on the ground displayed
latitude, longitude, altitude, engine rpm, ground speed, heading, as
well as elevator and aileron servo positions. These data sets arrived
once a second when the model was in local range.

The same data sets were broadcast, once a minute by an Argos
wildlife trackingtransmitter.The TAM modelsplayed arole in exper­
iments aimedat addingGPS data to the Argos locating methods. Data'
sets received and recorded by Argos satellites were sent bye-mail
messages to the Newfoundland operations center. Typically, reports
came in once or twice an hour, depending on when various satellites
of the Argos family were over the NQ;thAtlantic.

engine ought to run eight times as long,
because powerrequired to fly an airplane
nominally increases with the cube of the
speed. We flew 13 hours at 70 mph dur­
ing her last record in closed course. Eight
times 13 hours times 35 mph computes
to a possible range of 4200 miles. Wow!
That's New York to Rome! However,
another factor is that there would be extra
drag due to lift when flying slowly. There
are textbook equations that predict the
penalty. I threw all these numbers at my
hand calculator and still came up with a
predicted range of 3700 miles.

I am a pessimistic optimist who has pub­
lished my "smart Alec" rule as a warning
to dreamers and theoreticians. The rule
states that for small air vehicles you should
take wind-tunnel data, propeller-efficien­
cy estimates, engine performance, and
textbook equations, and divide the pre­
dictions by two to get a realistic estimate
of what will happen in the real world.

During 1996 and 1997, I built arid test­
ed Martha-like models with fatter fuse­
lages and longer-span wings. We flew
racetrack patterns with a Garmin 75 GPS
receiver on board to try to find the opti­
mum wing, propeller, fuselage length and
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width. The numbers looked okay, and the
1998 closed-course performance beefed
up our optimism. "Let's go for it!" was
the vote of the team of helping friends.

We knew we would need money , so the
Society for Technical Aeromodel Re­
search was formed and announced at a
"Gathering of the Eagles" at the Academy
of Model Aeronautics in Muncie, Indiana
on September 11, 1998. The goals of the
society were two-fold: One was to honor
and remember Captain John Alcock and
Lt. Arthur Whitten Brown, who flew the
first non- stop flight across the Atlantic
from Newfoundland to Ireland on June 14,
1919. The other was to show young peo­
ple that model airplanes can be creative,
educational, and fun .

The First Attempt, 2002
The technical plan wa s straightfor­

ward. The distance from St. John's, New­
foundland to the west coast of Ireland is
about 1900 miles. My real world rule said
we ought to make that. We would launch
and climb out using radio control on the
6-m,eter ham band. When the model
reached the 300-meter altitude, we would

switch to autopilot control and the model
would use GPS position data to steer a
great circle route to a predesignated place
on the Irish coast. There, a pilot would
take over from the autopilot and fly it
down to a landing, again on the 6-meter
ham frequency . Canada and Ireland both
allow ham operators on 6 meters.

At first I thought it would be fairly easy
to achieve the goal. The technical chal­
lenges seemed reasonable. We would
have to convert "Martha" to slow flight
configuration, add GPS steering, and
away we'd go!

Wrong! It took three years and six
crashes to develop the software and test
the autopilot in modified "Martha"
designs . Finally, in late July 2002 we
packed four TAMs (transatlantic aero­
models) in a Dodge caravan that my wife ,
Gay, drove for five days to St. John's .The
serial numbers were TAM #18 through
#21. I had made 17 models with various
design modes in order to arrive at the
"best chance" design.

The model used for the first attempt
was re-labeled TAM-I. It was launched
from Cape Spear, the easternmost point
of the North American continent, on
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These two models set six different world records in the 1990s and produced data that
suppo rted the idea that a transat lantic aeromodel fl ight should be possible.

Three of the four competitors who surpass ed the Soviet-held altitude record were
Howard McEntee, W2S1, Walter Good, W3NPS, and Maynard Hill, W3FQF.
Mclintee was a well-known columnist and technical writerfor ham radio and mode l
airplane magazines from circa 1937 to 1970. Walt and his brother Bill fl ew the first
hobby-type RC model in 1936. The fourth successfu l competitor was Bill Northrup ,

a well-known columnist for Model Airplane News and Model Builder Magazine.

TAM-3 and waited for good weather.
Well, good weather never arrived. The
predictions for August 18th were mar­
ginal, and when we went to the Cape for
a try, dense fog rolled in at 7:00 PM so it
was a no go.

The weather out to sea was still mar­
ginal, but we threw TAM-3 on the 19th
and hoped. We launched at 6:00 PM to
beat the fog. This model made 479 miles
in 8 hours,before the satellite telemetry
disappeared . She had been looking good,
rpm 3900, altitude 300 meters, and right
on course on a 62-degree heading. In­
frared weather images from NOAA satel­
lites showed heavy rain in her path and
we think that a downpour did her in.

Our "cheap" tickets home were for
August 22, so we had run out of time for
a TAM-4 attemp t. We packed up our
goods and headed home, depressed by
having failed to achieve our goal, but
encouraged by TAM-3' s "right on!"
technical performance.

This project has been manned by an all­
volunteer group of about 20 fellow mod­
elers and amateur radio enthusiast s. I
don't think "abused" is the right word to
describe their condition after the 2002
attempts , but "well used" is certainly
appropriate . After some debate and
recognition that another attempt in 2003
would not entail the intense testing of pre­
vious years, the team agreed to go on.

The 2003 Flight
During the winter and spring of 2002­

2003, I searched for and found one seri-

The software fix took three days of
hard work by Joe Foster and Les
Hamilton. I looked for flaws in the engine
ofTAM-3 but found none. The weather
was bad over the Atlantic, and Paul
Howey, our landing pilot in Ireland,
reporte d horrible rain and wind there.
Eight days went by while we worked on

August 8, 2002. Launch time was about
8:00 PM Newfoundland time. We hoped
to land in daylight in Ireland about 33
hours later at 8:30 AM Ireland time. The
Newfoundland-Ireland time difference is
31/2 hours.

Fizzle! TAM-l went into lazy 300-ft.
diameter circles and drifted out to sea
when the autopilot was engage d. We
think we may have damaged an aileron
servo during a rough landing after a test
flight earlier in the day.

TAM-2 was launched two days later.
No circles this time! It took off on a bee­
line, straight out of sight in about 4 min­
utes. It looked good, but telemetry said it
was headed southeast toward the Azores,
not northeast toward Ireland. The engine
faltered, and the sparse data indicated that
the plane was dropping into the sea after
only 17 minutes of "Wrong-way Cor­
rigan" flight.

A flaw in the software codes was the
culprit that made the model head off with
a 6D-degree error. This flaw was not
detectable in our Maryland tests, because
we never turned the model loose toward a
distant waypoint. For safety reasons, we
flew racetrack patterns within visual sight
of the pilot, or else we programmed the
thing to fly 3 or'4 miles along a rural road
where we could chase it in a convertible.
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Maynard Hill prepares to launch TAM-5 at Cape Spear,
Newfoundland at 7:45 PM on August 11, 2003.

TAM-5 is on the way, headed into a west wind that was to be
a tailwind when it turned onto a 62-degree heading toward
Ireland. The tailwind fizzled during a good part ofthe 38-hour

52-minute flight.

Landing pilot Dave Brown and a crew ofIrish hams took this photograph at a mon­
ument erected to honor R.A.F. Captain John Alcock and Lt. Arthur Whitten Brown,
who made the first non-stop flight across the Atlantic on June 14, 1919. The monu­
ment is at Round Stone Bog, Ireland. TAM-5 landed on a grassy spot on Mannin

Beach about two miles from this monument.

ous flaw and a couple of minor ones in
the engine-fuel-alternator systems. I was
surprised , for I felt that after ten years of
working on these OSFS6l engines, I
should know everything there is to know
about them. Not so! As we started out for
Newfoundland in late July 2003, I pri­
vately wondered if still other things might
crop up to do us in. The longer I worked
on this obsession, the more difficult it
seemed. I'd lie awake at night thinking
about the myriad of things that could go
wrong, wondering how many more were
hidden and starting to think, "Hey! May­
be success isn 't possible ."

Nevertheless, my zeal surmounted my
doubts, and during that same time, with
generous help from a young high school
student, Cyrus Abdollahi, I built six more
TAM airframes and broke in and tested
fuel consumption of six engines by run­
ning each of them about 25 hours. Lynn
Bronson, Julian Cottrell, and Joe Foster
assembled five new autopilots and har­
nesses, each of which had to be put
through "shake and bake" ground tests.
Then each had to be tested in flight. One
ofthese brand-new "all up" birds, TAM­
26, didn't make it. It disappeared into the
woods shortly after its virgin launch on
July 18,2003, with its autopilot, engine,
gyro, alternator, altimeter, and telemetry
transmitter all gone-gone! gone! gone!
-in spite of air and ground searches.

On July 26,2003, Gay and I set out for
Newfoundland with a van full of five all­
up TAM models and auxiliary equip­
ment. Three days out we took a break

from the Trans-Canada Highway and
went onto a scenic route along the north­
ern coast that the Nova Scotians call the
"Sunrise Trail." In mid-afternoon on this
warm, blue-sky day we found ourselves
in Pictou, a charming resort village on the
water. Giving ourselves up to tourism, we
visited a museum dedicated to the build­
ing of a replica of the sailing ship Hector,

a three-masted wooden ship that had car­
ried 179 Scotch immigrants to this near­
ly barren shore in the l770s. We searched
the ship 's record for family names we
knew, climbed up into the captain 's quar­
ters, tried to imagine 179 people in a
space about the size of a Greyhound, and
became thy quintessential tourists. This
interlude was fascinating and erased all
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thoughts of possible failures. Neither of
us was eager to get back on the road. Gay
had long been privy to my fears, and as
we climbed back into the van, she smiled
and said, "You know, Maynard, this is a
long way to go to throw five little red air­
planes into the water !" We laughed ,
grasping the futility of worrying on such
a lovely day.

We threw TAM-4 to the ocean with an
8:00 PM launch on August 8, 2003 . After
about 7 hours and 430 miles of flight, it
sent no more signals to the tracking satel­
lites. The weather was fair with mild tail
winds. Data about ground speed and alti­
tude had been normal. The closeness to

A drawing ofthe TAM-5.

TAM-3' s demise in 2002 brou ght on
speculation that it might be carburetor
ice. I couldn' t buy that explan ation,
though, because the engine had run fine
in my shed at temperatures down to 20
degrees and at humidities near i OO% at
many temperatures . Somebody suggest­
ed the Bermuda Triangle had a cousin off
Greenland. Cyrus thought the ,Icelandic
navy gunboats needed target practice. We
didn' t have a clue!

Weather over the Atlantic was predict­
ed to stay mild through the 11th but would
go to the dogs soon after. A quick turn­
around by a tired crew got TAM-5
unpacked, trim flight tested, fueled, and

weighed for a launch at Cape Spear at
7:45 PM Newfoundland time. Ordinar­
ily, it takes me about 4 hours of engine
run and fuel-consumption measurements
to gain confidence about the needle-valve
setting. I had trouble with a fussy filter
and had to replace it. I had only about a
half-hour of measuring before it was time
to proceed to Cape Spear. I was leery and
debated scrubbing the launch , but
because of the poor three-day forecast 1
decided to proceed and hope.

The even ing fog that plagued us at
Cape Spear in 2002 did not happen in
2003. TAM-5 was launched into clear
sunset skies. Beautiful ! Everyone
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A 10-mw transmitter on 434.075 MHz was used for local
telemetry to a range ofabout 8 miles. The dipole antenna was

oriented f or maximum fore and aft range.

A photograph of TAM-5.

cheered! I wished I could see the airplane. Alas, I couldn't find
it in the sky beyond 200 feet.

There was a little crosswind for the first 500 miles out of St.
John, and ground speed was about 43 mph for the first 10 hours.
After it passed the Greenland triangle, a mild tailwind put aver­
age speed up to about 55 mph. All day on Sunday, the 10th, the
satellite data said the engine rpm was fluctuating from 3200 to
4100-very abnormal and scary. Altitude was a porpoising path,
up to 320 meters, down to 270.This was also abnormal and scary.
It appeared the needle valve was set on the lean side of a prop­
er fuel mixture. Engine power was a bit weaker than was need­
ed to make these TAM models get "up on the step" for a clean
cruise. We could worry, but there was nothing to do but hope.

TAM -5 plodded along and reported in all day Sunday. Then
from 1:00 AM to 4:00 AM Monday, Newfoundland time, there
was no satellite data. It sure looked like another goner.

We were telephoning the Ireland crew to go back to bed,when
Cyrus announced there was new satellite data. Call Ireland !Tell
them it' s still flying! Not only was it still airborne, it was fly­
ing better. After 32 hours the rpm was smooth at 3900, the alti­
tude steady at 300 meters, and auto-elevator trim had gone from'
nearly full "up" to the normal slight "down" trim. It was still
dark in Newfoundland, but 4:00 AM Newfoundland time is

72 . CO VHF • Win ter 2004

7:30 AM Irish time. TAM-5 was now in early morning sun­
shine over the Gulf Stream. Apparently, it liked flying in the
warmer air with a much lighter fuel load. However, the weak
tailwind was now mostly a crosswind and ground speed was
back down to about 46 mph. It was still 300 miles from the Irish
coast and would have to fly for another 61/ 2 hours. We had a
fingernail-chewing cliffhanger on our hands! If I had set the
needle at its usual slightly rich setting, the model would have
run out of fuel in about 36 hours. Now we needed it to fly for
381/2 hours. I kept hoping that the faulty setting would yield
the extra time.

Imagine the stress when we passed the 38.5 mark and were
still about 20 miles from shore. It would be horrible to have it
go that far and then fall short of the designated spot! The Irish
crew picked up the short-range telemetry about 8 miles and 10
minutes off the coast. It was coming in right on the 95-degree
programmed heading. The entire tech crew had their eyes on
the horizon at 275-degree bearing, searching for a glimpse of
the plane. They could detect it coming on the instruments, but
they couldn't see it. The slender model sneaked in over the
coast, and some children in the crowd looked straight overhead
and shouted, "There it is! It ' s up here!"

At 2:08 PM Irish time, Dave Brown, AMA's president , who
had agreed to be the landing pilot, brought the plane in a mere
5 feet from the spot. His wife, Sally, was on her cell phone to
Cyrus Abdollahi, who quietly stated with a big grin, "It' s on '
the ground." A cheer went up in the St. John ' s operations cen­
ter. I did not jump about or shout' with glee as I had done for
other records. I did no "high fives ," and I am not much into
male hugging. I buried my head in Gay' s shoulder and quietly
wept for joy. We had accomplished what seemed impossible
only a few hours ago.

All of the requ irements of the Federation Aeronautique
Internationale rules for world records were met, and two new
records for piston-powered radio-controlled aeromodels have
been certified. A distance of 1882 miles exceeded the previous
record of 517 miles set by Ron Clem of California in 1998. A
duration record of 38 hours 52 minutes 19 seconds exceeds the
previous record of 33 hours 39 minutes 22 seconds that I set in
October 1992. The holders of these new records are Maynard
Hill , builder of the model; Joe Foster, launch pilot; and Dave
Brown, landing pilot.
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Russian Poweriubes in Amateur Radio, Part II (from page 13)

Photo 31. The GS-23B tube.

the screen cage windows are perfectly
aligned, the resulting screen current will
be very low and stability improved.

A tube that shows high grid and screen
current does not have the grid and screen
cage windows perfectl y aligned, and
some accelerated electrons hit the screen
inste ad of passing through the window.
In addition, a tube that responds well to
drive that has norm al grid and screen cur­
rent but low efficiency prob ably has a
small variation in the distance between
the elements around the circle. Any vari­
ation in this distance will accelerate the
electrons in a non-symmetrical fashion
around the circle, and they will arrive out
of phase. There is nothing we can do
about this effect from outside the tube .
Thi s behavior is frequency dependent,
becau se the phase error gets smaller at
lower frequency. This is why a tube such
as this would work well at 70 em, but not
at 23 em.

Photo 32.The GS-23B with the air-cool­
er fins removed.

www.cq-vhf.com

The air cooler is not easily removed,
although a process for irre vocabl y re­
moving it piece by piece is show n at
<http ://w w w .nd 2 x .net/kd 5 f z x­
gs23H20 .html>, along with details for a
water cooler. Photo 32 shows a GS-23B
with air-cooler fins removed. One sepa­
rates the cooling finsby inserting a screw ­
driver in the seam between fins on the
outside of the coo ler. Eac h fin is then
grabbed with needle-no se pliers and wig­
gled until it breaks off. It takes approx i­
mately 20-30 minut es to remove all fins.

Sockets are not available and are con­
structed as part of the PA designs in
which this tube is used. The center sock­
et from an SO-239 UHF chassis connec­
tor is perfect for the filament-only con­
nection. Dimensions for the remainder of
the connections can be found at <http://
www. nd2x.net/kd5fzx -gs 23PA.html>
along with details for construc ting a
23-cm, 1000-plu s-watts GS- 23B PA.
Thi s tube is generally avai lable for
approximately $150 delivered, but I have
seen it for as little as $109 plus shipping.

Photo 33. The KD5FZX 23-cm PA with
water-cooled GS-23B installed.

Application: Th e GS-23B tetrode is
rated at 1500 watts of anode dissipation
through 1000 MHz and will easi ly deliv­
er 1500 watts at HF and through 70 em
with 3000 volts on the plate and 525 volts
on the screen (these values exceed the
2500 volt and 500 volt limits shown in
the spec ifications) . Wit h 100 watts of
drive at these voltages it is poss ible to
exceed 1300 watts of.output on 23 em
with no thermal driftAt relatively low
dut y cycles one may expect full legal
limit on 23 ern without thermal drift. The

Photo 34. The GS-36B tube.

Photo 35. The GU-43B tube.

KD5FZX 23-cm PA shown at <http://
www.nd2x.net/KD5 FZX.htm1> (photo
33, with water-cooled GS-23B installed)
proves this assertion. After testing over
three dozen tubes, it appears that only
one in six or seve n GS-23Bs will work
prop erly on 23 em. The ones which do
work do so very well. The 23-cm PA pic­
tured was once pushed to 1700 watts out
(into a dummy load). No problem !Tub es
that do not perform at 23 em can still per­
form well at 70 cm. One tube that would
only deliver 400 watts on 23 em when
tested was installed in a 70-cm PA at the
QTH of Richard Ewing, K07N, and it
easily exceeded full lega l limit (dummy
load , again).

Also, in preparing these NOS, old­
stock tubes for use it was discovered that
the 24 hours of gette ring usually consid­
ered sufficie nt often was not enough.
Three to five days was found to be far
more effec tive!
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GS-36B: At 2.6 inches tall, this tube
(photo 34) is similar to (and sold by
Svetlana as) the 4CX400A. It is specified
to have full ratings through 500 MHz ,
with a design life over 1000 hours. I only
have a Svetlana tech bulletin which pre­
sents information about it. With proper
attention to power-supply voltages and
socket pinouts, it would appear to be an
excellent candidate to replace 8122
tetrodes in existing PAs.

GU-43B: With 1000 watts of anode
dissipation rating to 100 MHz and a
design life over 1000 hours, this tetrode
(photo 35) is an excellent candidate for a
full legal-limit PA for HF through 6
meters. It is a large tube, at 5 inches tall

and weighing 3.3 pounds. An article in a
Russian-language radio publication
shows an HF PA application, the only
GU-43B information found by this
author (to date).

GU-74B: Generally considered equiv­
alent to, and sold by Svetlana as, the
4CX800, the original Russian military
tube manual rates the GU-74B (photo 36)
at 600 watts of anode dissipation through
250 MHz.Hams who use it say it performs
more like a 900- to 1000-watt anode dis­
sipation tetrode. It plugs into a bare (no
grid rings, etc.) 4CX250B socket.

It is capable of full legal limit on 2
meters, and it seems to be standard prac­
tice to run the screen at 320 to 340 volts Photo 36. The GU-74B tube.

Photo 37. The GU-78B tube .

in spite of specifications of 300 volts as
maximum, and 2500 volts on the anode,
with maximum specified as 2000 volts .

The grid-driven, single GU-74B VHF
PAs present neutralization challenges.
The passive, resistively swamped input
circuits seem to be preferred to solve the
PA oscillation problem. Another solution
would seem to be using two tubes, as no
reports of instability have been noted in
such PAs, e.g. the rock-crusher built and
sold by Marko Cekow, LZ2US, and
described at <http://www.nd2x.net/
lz2us-3 .html>. The GU-74B is available
for as little at $50 plus shipping, but the
most common price seems to be $70
delivered. Russian sockets can also be
found for $20 to $45 each .

GU-78B: Although information is
beginning to trickle in with respect to the
GU-78B (photo 37), I have no significant
war stories or rumors to relay regarding
this tube. Joe Bell, G4PMY, owns a
Russian ZIL communications truck with
a GU-78B transmitter. His two picture­
filled articles about this truck make fasci-
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ing credible science. This validated the \
wetware -the substance between the
ears of our erstwhile amateurs.

I showed an image of the candidate
signal to aroom full of radio astronomers
at the , National Radio Astronomy
Observatory in Green Bank, West
Virginia, home of the world's first SETI
search in 1960. One professional observ­
er exclaimed, "You landed that one on
1470.5 MHz , didn't you?"

"How did you know that?" I asked ,
stunned.

"Oh, we've seen this baby before.
She's a classified US Navy satellite."

"Can you tell me more about it?"
"Well, yes , I could," my colleague

grinned, "but then I'd have to kill you."
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Only $135
Save $116

Ginpole for Rohn
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DR. SETI'S STARSHIP
(from page 84)

us confidence in the capabilities of our
signal-analysis techniques-thus vali­
dating the software.

3. Most important, our amateur
SETIzens did not ring up The Times of
London, the BBC, or (heaven forbid!)
The Sun (that bastion of journalistic
excellence), and proclaim, "ET is call­
ing me." Rather, they opted to abide by
The SETI League's Signal Verification
Protocols and Ask Dr. SET/. As a result,
we had our first solid evidence that non­
professionals were indeed capable of
shunning sensationalism and conduct-
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Photo 38. The GU-84B tube.

nating reading (see <http://www.nd2x.
net/Zil Radio Truck.htm» ), The GU­
78B tetrode is rated at 2500 watts of anode
dissipation through 250 MHz; predicted
tube life is not specified. Svetlana sells it
as the 4CX3000. One current eBay price
is "buy now" for $350 plus shipping.

GU-84B: Also at this writing, even
though since the beginning of 2003 there
has been a surge in interest and e-mail
traffic regardin g the GU-84B (photo 38)
in HF PAs, I have no significant war sto-

ries or rumors to relay about this tube.
Promises of pictures and operational
parameters have been made by two or
three hams who are in the midst of gath­
ering parts in preparation for buildin g .
amplifiers using the GU-84B. Like the
GU-78B above, the GU-84B is also rated
at 2500 watts of anode dissipation to 250
MHz and has a designed tube life of at
least 1500 hours. It is also referred to as
the 4CX2500. Current eBay price is "buy
now" for $160 plus shipping, but a quick
Google search turned up $122 plus ship­
ping from a second source, and $66 plus
shipping from a third.

Tube Sources
It has become fruitful to search the

internet for tubes by their designator. Be
sure to search under all variations in order
to cover the internet in an exhaustive
manner. For example, if searching for the
GS-35B, search under GS-35B, GS35B,
GS-35, GS35, gs35, gs-35, gs-35, and gs­
35b.A few of these will bring up the same
(or very similar) listings, but one never
knows, so search under all the different
ways of writing a given tube type. Dr.
Alex, UR4LL, does not always have

It has become fruitful to search
the internet for tubes by their
designator. Be sure to search
under all variations in order
to cover the internet in an
exhaustive manner.

every tube type one might desire, but he
is very reliable regarding those items
which he does have (see the list at
<http ://www.nd2x.net/ur4ll.html>). so
do not hesitate to e-mail him at
<alex@zcrb .kharkov.ua>. Also, search
under "sellers" such as "paveljpop" and
"anthonywelsh" on eBay. A search for
"Russi an transmitting tubes" using your
favorite internet search engine will also
tum up several sources, some of which
are commercial and expensive. At this
writing, though, with care and shopping
Russian tubes can be found and pur­
chased for very reasonable prices.

I continue to look for data and other
material on Russian tubes. If you have
appropriate information, please contact
me via the e-mail address listed on the
first page of this article. •

800·737·2787
760-744-0700 Fax: 760-744-1943 E-mail: rfp@rfparts .com

~~eu4
RF Parts Company inspects each tube, and Certifies
that these tubes meet their manufacturer's specifications
for quality and performance.

Quality
Transmitting Tubes

for Communications
and Industry

Please check our website for a full list of available tube numbers:
www.taylortubes.com

5726 810 811 A 833A1C/D 5867A 3-500ZG 4-400AC
4CX2506 3CX1500A7 3CX3000A7 3CX10000A7 3CX15000A3

3CX15000A7 4CX15006 4CX10000D . . . too many to list

Please add $3 Shipping & handling for 1set; $4 f or 2 or more set s.

CQ Communications, Inc.
25 Newbridge Rd., Hicksville, NY 11801

Finally, quick and easy access
to back issues of Ham Radio
Magazine!

These sets include high qual ity black
and whit e scanned pages which are easy
t o read on your screen or when print ed.

30,000 pages in all!
Enj oy th is enormous stockpile of mat erial including

construct ion project s, theory, ante nnas, t ransmitt ers,
receivers, amplifiers, HF t hrough microwave, t est
eqUipment, accessories, FM, SSB, CW visual &digital modes.
All articles, ads, columns and covers are included!

This collection is broken down int o 3 sets - by year.

Each set includes 4 CD-ROMs:
1968 - 1976 Order No. HRCD1 $59.95
1977 - 1983 Order No. HRCD2 $59.95
1984 - 1990 Order No. HRCD 3 $59.95

Order all 3 sets and save $29.951-
All :3 Sets - Order No. HRCD Set $149.95
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By Kent Britain,* WA5VJB

ANTtNNAS
Connecting the Radio to the Sky

Horn Antennas

Horns areamong the simplest gain
antennas. In simple terms, you are
collecting radio waves and fun­

neling them down to a monopole anten-
na. They are difficult to mess up electri­
cally, and no matter how you mess them
up, they usually still have gain.

Photo A shows one of three IS-dB gain
horn antennas. In photo B, on the horn
end of the large antenna in the previous'
photo I have two more IS-dB gain horn
antennas. Of course, the big one covers
the 2.3- and 3.4-GHz bands, while the lit­
tle ones cover the 24-GHz band at the low
end and 3S GHz at the high end. It shows
how simple a horn antenna is.

*1626 Vineyard, Grand Prairie, TX 75052
e-mail: <wa5vjb@cq-vhf com>

In figure IA we show the waves com­
ing into the opening of the horn and
reflecting down into the waveguide. The
waves hitting the edge of the horn have
to travel farther than the waves going
straight in. They all don't arrive togeth­
er, or in phase. The easiest way to mini­
mize this problem is to make the sides of
the horn longer, as in figure IB ; now you
have less phase error. If I make the open­
ing wider, I'll catch more signal, which
is certainly a trade-off. An optimum horn
is one in which these two design para­
meters are compromised for the best
trade-off. It also means that you can make
it bigger , or longer, without changing
gain very much. As I said, horns are pret­
ty "idiot resistant."

This time I'm going over a download-

able spreadsheet program that you can
use both to design horn antennas-and to
analyze an existing design. To download
the program, go to CQ VHF website,
<www .cq-vhf.com> and highl ight this
issue of CQ VHF magazine . The program
is also available

l
from the North Texas

Microwave Society site;just visit <http://
www.ntms.org>.

Start with the waveguide size you plan
to use. The program contains a lookup
table if you can' t remember the dimen­
sions ofWR-90 (waveguide). Now enter
the frequency range in which you are
interested. Go ahead and make it a pretty
wide frequency range, because horns are
very broad band antennas. The frequen­
cy range of your waveguide is a good
starting point. Next, you' ll need to enter

Less than half of WA5VJB 's horn antennas.
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Figure 1. Phase error ofa horn antenna. (A) The waves coming into the opening ofthe
horn and reflecting down into the waveguide. The waves don't arrive together, or
in phase. (B) The easiest way to minimize this problem is to make the sides of the

horn longer:

Photo A. One of three 15-dB gain horn antennas.

Photo B. Two more 15-dB gain horn antennas on the horn end
of the large antenna in photo A. The big one covers the 2.3­
and 3.4-GHz bands, while the little ones cover the 24-GHz band

at the low end and 35 GHz at the high end.

the length of the sides along with the width and height of
the opening.

Note that gain goes up as frequency goes up. If it doesn't,
you have way too much flare to your horn. You also can quick­
ly see that to get more and more gain, you have to make the
horn longer and longer. Photo C shows some homemade 24

A B

GHz horns again. Note just how long I had to make the 25-dBi
gain horn.

Another good antenna program that does several antenna cal­
culations, including horns, is WIGHZ's HDLANT program.
Just go to <www.qsl.net/NlB'W'T> and download HBL_3B3 .
If you are good at bending sheet metal, this one will print out
a template with which to make the antenna.

Horns as Reference Antennas
I like to use a horn antenna as my test reference antenna when­

ever possible. Built to the program dimensions, the gain will
be within a few tenths of a dB of its theoretical value. They
make great low-cost reference antennas for antenna ranges or
EMI/EMC (electromagnetic interference/electromagnetic
compatibility) work. .

Patterns
The spreadsheet program will also let you tailor the beam

pattern for your needs .
If you want to use the horn as a dish feed, it will be impor­

tant to get the E and H patterns matched as shown in figure 2.
If you want to use the horn on a microwave beacon, then the
pattern in figure 2B might match your needs more effectively.
Perhaps you want a communications link and your desire is to
minimize side interference? Then pattern C might be best. This
spreadsheet is a very powerful design,tool.

~dges ~ .
In photo D you see a pair of horn antennas with ridges. The

ridges lower the usable frequency of the horn. If I have a 6-10­
GHz horn, the ridges can make it into a 4-10-GHz horn. The
horn on the right works from 4 to 10 GHz. The horn on the left
with the extreme ridges works from 1.2 to 18 GHz. This one
has two sets of ridges because ithas two coax connectors, allow­
ing it to work on vertical and horizontal polarization at the same
time. Yes, the two ports could be used to generate circular polar­
ization with a power divider and phase shifter, but only over a
narrow frequency range. There is an easier way to get circular
polarization out of a horn antenna, however.

You can use the spreadsheet program to give you a good idea
of the gain of a ridged horn, but only over the frequency range
of the waveguide. For that 4-IO-GHz horn, the program would
only work over the 6-IO-GHz operating bandwidth of a rec­
tangular waveguide that size.

Polarizer
The horns shown in photo E have a

sheet of plastic in the horn. You'll
notice that it's at a 45-degree angle to
the waveguide. This is one version of
a polarizer that induces circular polar­
ization. When you want circular polar­
ization with a pair of Yagis, you make
one phasing line a quarter wave or 90
degrees longer. You can also get the
same phase shift by mounting one
antenna 90 degrees behind the other.
That's much like what is being done
here. When the signal passes through
the plastic, it is dragged, or slowed
down. Put in just the right amount of
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Photo C. To get more and more gain, you have to make the horn
longer and longer. Here are some homemade 24-GHz horn

antennas. Note just how long the 25-dBi gain horn is.

Photo D. A pair of horn antennas with ridges.

plastic, and part of the wave is delayed 90 degrees and the other
part is not. This induces circul ar polarization.

Lens
A lens can be used with a hom antenna in two ways. The

large lens in photo F came from a British 43-GHz system. The
lens was used to focus the waves into the receiver, much like

Photo E. These horn antennas have a sheet ofplastic in them
which is at a 45-degree angle to the waveguide. This is one

version ofa polarizer that induces circular polarization.
\..,..-- - - ---

Photo F. This large lens. from a British 43-GHz horn-antenna
system, was used to foc us the waves into the receiver.

using a large magnifying lens to focus light. The two smaller
horns are being used at 24 GHz and 47 GHz. When you have
a hom antenna this short , there is a lot of phase error in the hom.
The radio waves at these frequencies are less than half an inch
long, and coming from the edges of the hom, they have to trav­
el much farther than that. Phase error can be more than 360
degrees! That can make the math fun! One important part of
optics is that light (and radio waves) traveling through glass or
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Figure 2. Controlling the E and H patterns ofa horn antenna (see text ).
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Photo G. The top and bottom brass sheets for the horn antenna.

Figure 3. The effects ofa lens on a horn antenna.

Photo H. The completed horn antenna.

plastic travels more slowly through these media than it does
through air. Therefore, the waves going through the thick cen­
ter portion of the lens are slowed down; waves going through
the thinner edges are slowed down less (see figure 3). Now
all the waves can arrive at the throat of the hom together and
in phase.

Construction
There are many ways to build a hom antenna. Using old sheets

of PC board is my favorite . The PC board can be cut with a
shear, or when it's thin, a paper cutter. Sheet brass , sheet tin,
or almost any other solderable material can be used. Here we
have a simple sheet-brass hom on WR-90 waveguide, WG-16
for the UK readers (photos G and H). The opening of the hom
is 3 inches wide by 2 inches high, and the sides are 3 inches
long. You can expect about 16 dBi gain from this antenna on
10.3 GHz.

Flanges and Waveguides
One way to build a hom is by using a waveguide flange and

building the hom on the flange. Short sections of waveguide
are usually easier to find. This is also good with aluminum
waveguide that is very hard to solder. Photo G shows the top
and bottom sheets . Super Glue® works well; epoxy glue works
better, but takes longer. After the glue has hardened, bend up
the top and bottom right at the opening of the waveguide and

www.cq-vhf.com

Figure 4. Aperture blockage, or the part of the dish shadowed
by its own feed.

then glue on the sides. Make sure you have a really snug, tight
fit between the four sides. When all the glue has set, solder the
four seams. In 15 minutes you have a finished hom, as shown
in photo H. At the opening, I usually solder along the inside of
the hom. As you get back closer to the waveguide, you'll need
to solder along the outside seam: If your solder techniques are
better than mine, and you're using brass waveguide, you can
solder the entire assembly .

Letters, Letters . .. We Get Letters
From Rick: Last time you mentioned not getting rated gain

from a dish since the feed blocked it?
Perhaps "aperture blockage" would have been a better term.

The feed of the dish is blocking some of the signal bouncing back
off the surface (figure 4). With a really big dish, this is a rela­
tively small problem.As the dish gets smaller and smaller, a larg­
er percentage of the dish is blocked, because the feed is staying
the same size. A second problem is that the preamp is looking
into its own reflection. Unless the preamp is perfectly stable, and
they rarely are, this often will make the preamp oscillate.

- »,

I'll be happy to help you the best I can with your antenna and
microwave questions. Just contact me at the snail-mail or e­
mail address on the first page of this column . •
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By Tomas Hood,* NW7US

PROPAGATION
The Science of Predicting VHF-and-Above Radio Conditions

Radio Aurora

A coronal mass ejection's plasma cloud comes toward the Earth. (Courtesy NASA)

One man's garbage is another' s trea­
sure. Space weather and the state
of the Earth's geomagnetic field

might be thought of in the same way. That
which degrades HF (high frequency) radio
propagation might create conditions for
useful VHF (very high frequency) radio
propagation. During times of minor to
severe geomagnetic storm activity, the
ionosphere loses its ability to refract HF.
At the same time, however, these geo­
magnetic storms often trigger auroral sub­
storms that create areas of ionization capa­
ble of reflecting VHF signals. This mode
of propagation,called radio aurora, offers
a challenging yet exciting opportunity to
increase your grid-square count.

Many years of aurora l observations
reveal that peak periods of radio aurora
occur close to the equinoxes-that is, dur­
ing the months of March and April, and
again in September and October. Of the
two yearly peaks, the grea ter peak, in
terms of the number of contacts reported,
occurs during October. However, some
of the stronges t levels of geomagnetic
storms are in the spring. The minimum
yearly activity occurs during the months
of June and July, with a lesser minimum
during December.

When active aurora is seen in the auro­
ral zone, a strong magnetic disturbance is
usually also observed there. These dis­
turbed magnetic fields often are much
stronger than those of a geomagnetic
storm, but are strictly local, fading away
quickly as one moves equator-ward. This
sugges ts that the currents that disturb the
magnetic fields flow somewhere near­
by-probably near the auroral arcs. The
Norwegia n physicist Kristian Birkeland
(whose portrait appears on Norwegian
currency) carefully observed auroral dis­
turbances and concluded that the currents
flow para llel to the ground, along the
auroral format ion. Because electrical cur­
rents must flow in a closed circuit, and
because these magneti c disturbances
seemed to be caused by processes taking
place in distant space, Birkeland pro-

*P.O. Box 213, Brinnon, WA 98320-0213
e-mail: <cq-prop-man@hfradio.org>
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posed that the currents came down from
space at one end of an arc and returned to
space at another end.

In 1910 Birkeland perfor med a series
of experiments to reproduce many of the
characteristics of the aurora that he had
observed durin g his expeditions. He
placed an electromagnetic sphere, coated
with fluorescent paint, inside a vacuum
chamber and projected a beam of elec­
trons at the sphere . This enabled him to
view the trajectories of streaming elec­
trons. Birkeland was able to accurately
reproduce how solar wind would make its
way into the Earth's magnetic poles, and
was able to simulate the auroralovals near
the Earth's magnetic poles.

Finally, in 1954, auroral electrons were
actually observed by sensors aboard a
rocket launched into an aurora by Mere­
dith , Gottlieb, and Van Allen , of Van
Allen's team at the Univers ity of Iowa.
The .Van Allen team discovered the
Earth's radiation belts, now called the
Van Allen Belts.

Continual researc h has revea led that
aurora is caused by the large-scale inter­
action between the Earth's magnetic field.

and the solar wind. The magnetic field
around the Earth, called the magnetos­
phere, is distorted by a flow of charged
particles, mainly protons and electrons,
which flow away from the sun. This flow
is called the solar wind, which also con­
tains magnetic field lines . On the wind­
ward side, the side mostly facing the sun,
a bow shock is formed, while on the lee­
ward (opposite) side, the magneto sphere
is dragged out into a long tail. This mag­
netosphere acts as a giant shield around
the Earth, blocking the solar-wind parti­
cles. However, there are distinct regions
in the magnetosphere where solar-wind
particles may enter the Earth ' s upper
atmosphere. Solar-wind particles can
enter direct ly via the dayside cusps, or
having been trapped in the plasma sheet
around the Earth, they can enter via the
enclosed magnetic-field lines at the polar
aurora l oval on the night side.

In 1961, Dr. Jim Dungey of the Imper­
ial College, United Kingdom, predicted
that cracks might form in the magnetos­
phere when the solar wind contained a
magnetic field that was oriented in the
direction opposite to a portion of the
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Polar cusps are narrow regions ofrecently"opened" or merged magnetic-f ield lines
mapping to the high-latitude ionosphere just poleward ofthe last closed fi eld line on
the Earth 's day side. These regions are centered on local noon and extend approx ­
imately two to three hours in longitude and approximately one degree in latitude.
The open fie ld lines ofthe cusps are connected with those ofthe interplanetary mag­
netic fie ld, which allows the shocked solar-wind plasma of the magnetosheatli to
enter the magnetosphere and penetrate to the ionosphere. (Courtesy NASAlIMAGE)

Pole is located roughly at 73.5 degrees
north latitude and 100 degrees west lon­
gitude, near Resolute Bay, Canada. This
is the point where magnetic medians con­
verge. The geomagnetic pole, however,
which is the center of the auroral oval, is
located at the northwest tip of Greenland
at 78.5 degrees north latitude and 69
degrees west longitude. It is the northern
axis of the mathematical field of closest
fit to the actual magnetic field of the
Earth. Using this geomagnetic pole, we
define a set ofl atitude and longitude coor­
dinates, known as the geomagnetic coor­
dinates. The auroral oval during average
solar activity lies in a ring between about
70 and 75 degrees north geomagnetic lat­
itude, and can grow during geomagnetic
storms and shrink during very quiet geo­
magnetic activity periods, extending far­
ther south on the nightside than on the
dayside. That means that as the Earth
rotates beneath the aurora, a given loca­
tion will be nearer the oval at night than
during the day.

When the interplanetary magnetic field
lines are oriented opposite to the magne­
tosphere' s orientation, the two fields con­
nect and allow solar-wind particles to col­
lide with oxygen and nitrogen molecules
in the upper atmosphere of these ovals.
This causes light photons to be emitted .
When the molecules and atoms are struck
by these solar-wind particles the strip­
ping of one or more oftheir electrons ion­
izes them to such an extent that the ion­
ized area is capable of reflecting radio
signals at very high frequencies. This ion-

Model of the inner magnetosphere . (Courtesy NASAlIMAGE)

All of this takes place within an area
known as the auroral oval. These are
rings of a radius roughly 1500 miles, cen­
tered on the Earth' s geomagnetic poles
(not on the geographical pole, nor even
magnetic poles). The geographic North
Pole is located at 90 degrees north lati­
tude and is the point where the lines of
longitude converge. The magnetic North

Map showing geomagnetic latitude.
(Courtesy NW7US)

Earth ' s field. He postulated that the two
magnetic fields would interconnect
through "a process known as magnetic
reconnection and form a crack in the
shield through which the electrically
charged particles of the solar wind could
flow. In 1979, Dr. Goetz Paschmann, of
the Max Planck Institute for Extrater­
restrial Physics, Germany, detected these
cracks using the International Sun Earth
Explorer (ISEE) spacecraft. Recently,
the Imager for Magnetopause to Aurora
Global Exploration (IMAGE) satellite,
along with the four-satellite Cluster con­
stellation that flies far above IMAGE,
revealed the direct correlation between a
proton aurora (non-visible) and the flow
of ions through these cracks.
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Magnetosphere diagram showing plasma sheet and polar cusps.
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vember 2003. It is typical during the
decline of a solar cycle to see one or two
periods of renewed solar activity, but this
one was spectacular. The largest flare in
recorded history occurred on November
4, 2003, measuring X28! We began to
record flares during the 1970s and have
seen many X-class flares. This one over­
whelmed the sensors for over 13 minutes .
The flare came during a period of intense
solar activity , during which many M- and
X-class flares occurred. The sunspot
activity was very high, and the overall
result was incredible VHF and UHF
propagation . We not only had radio auro­
ra, but we had continual F-layer, long­
range DX propagation due to the high
1O.7-cm flux.

Finally, as we moved into December,
the sun settled back down, although with

The magnetosphere . (Courtesy NASA/IMAGE)
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iting the solar system for quite a long
time. Over this long period , the debris left
with each pass into the inner solar system
has been distributed pretty evenly along
the path of its orbit.

This materi al isn 't quit e evenly dis­
tributed, however, as there have been
some years with outbursts of higher than
usual meteor activity . The most recent of
these outbursts occurred ino1982, with
others occurring in 1803, 1922, and 1945.
The outbursts are unpredictable and one
could even occur this year.The best time
to work this shower should be from mid­
night to early morning.

-
The Solar Cycle Pulse

Geomagnetic activity went wild during
the last part of October and early No-

While there are no major meteor show­
ers during February and March, April has
one major meteor shower-the Lyrids ,
which peaks on April 22.While this show­
er peaks at about 12 meteors per hour, or
about one per every five minutes on aver­
age, radio bursts occur more often.

The debris expelled by comet Thatcher
as it moves through its orbit causes the
Lyrids. It is a long-period comet that vis­
its the inner solar system every 415 years
or so. Despite this long period, there is
activity every year at this time, so it is the­
orized that the comet must have been vis-

Meteors

ization occurs at an altitude of about 70
miles, very near the E-Iayer of the ionos­
phere. The level of ionization depends on
the energy and amount of solar-wind par­
ticles able to enter the atmosphere.

While correlations exist between visi­
ble and radio aurora, radio aurora could
exist without visual aurora . Statistically,
a diurnal variation of the frequency of
radio aurora QSOs has been identified
that suggests two strong peaks, one near
6 PM and the second around midnight,
local time.

VHF auroral echoes, or reflections, are
most effective when the angle of inci­
dence of the signal from the transmitter,
with the geomagnetic field line, equals
the angle of reflection from the field line
to the receiver. Radio aurora is observed
almost exclusively in a sector centered on
magnetic north . The strength of signals
reflected from the aurora is dependent on
the wavelength when equivalent power
levels are emplo yed. Six-meter reflec ­
tions can be expected to be much stronger
than 2-meter reflections for the same
transmitter output power. The polariza­
tion of the reflected signals is nearly the
same as that of the transmitted signal.

The K-index is a good indicator of the
expansion of the auroral oval, and the pos­
sible intensity of the aurora. When the K­
index is higher than 5, most hams in the
northern states and in Canada can expect
favorable aurora conditi ons. If the K­
index reaches 8 or 9, it is highly possible
for radio aurora to be worked by stations
as far south as California and Florida.

Expect an increase in geomagnetic
storms, and auroral activity as we move
through March and into April. For the
daily conditions, you are welcome to
check my propagation resource at <http://
prop.hfradio.org>, where I have the cur­
rent planetary K-index, links to various
aurora resources, and more.
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continued coronal-hole activity. However, we saw very little
radio aurora . There were reports of sporadic-E and some tro­
pospheric opening s.

The smoothed planetary A-index number s from March to
May 2003 are 19.4, 20.0, and 21.0, continuing the expected
increase during 2003 . The month ly readings from September
through November 2003 are 19, 32, and 31. The winter read­
ings will see a downward trend.

The observed smoothed sunspot numbers from September
through November 2003 are 48.8,65.6, and 67.2, generally lower
than the last reporting period.Even with the intense activity from
October and early November, the overall solar activity is clear­
ly moving toward the solar cycle minimum. The smoothed
monthly 1O.7-cm (preliminary) numbers from September
through November 2003 are 112.3, 153.1, and 152.1. The
smoothed month ly sunspot numbers forecast for February
through Apri12004 are 43.4, 40.6, and 38.0, while the smoothed
monthly 10.7 em is predicted to be 103.5, 100.7, and 96.5 for the
same period.

How's EME?
Are you trying your hand at Earth-Moon-Earth (EME)

DXing? What makes for good conditions, in your experience?
A lot more research is needed to fully understand the dynam­
ics of working DX via moon reflection. How does a geomag­
netic storm affect EME propagation? What about flares?

I was exchanging e-mail with Jim Shaffer, WB9UWA. We
were discussing what made for good EME conditions. He wrote:
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Ham Radio Outlet 6 www.hamradio.com
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Aurora can be a real killer of EME signals on 2 meters. Of course,
a good old thunde rsto rm will affect RX (noise) . Wind can move the
array too much for safety or for aiming. Ice will free ze some rotors.
Rain can detune an array that has its peak gain right at the operating
frequency. That is why it is modem practice to tune the Yagi gain a
bit high in frequency.

There is not really good genera l agreement on what is going on as
it relates to the sun activity and EME conditions. One contention is
that the ionosphere will never degrade the signal level substantially .
In many recent months, now bordering on years, there has been vari­
able EME condi tions. Often this is blamed on the sun's activity. One
obvious and measurable effect is sun noise. Normally I measure about
8 or 9 dB sun noise on my 18.5 dBd Xpo l array . With some recent sun
activity I have measured as much as 25 dB sun noise. Some have men­
tioned the magnetic field as a possible source of trouble.

The degr adation often shows up as additional QSB with some short ­
lived peaks reaching normal EME levels. The effect can be different
in different parts of the world. The degradation has been observed by
Xpo l stations (mine is one of them), so Faraday is not to blame here.
The degradation by whatever the source is can be as much as 12 dB
over an extend ed perio d of time and more often around 6 dB. When
this is going on, it can make you tear your station apar t looking
for problems.

Inte rTronic Solutions 15 info@intertronicso lutions .com
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Feedback, Comments,
and Observations Solicited!

I am hungry for a pulse on the real world of VHF and UHF
weak-signal propagation . Please send your reports to me via e­
mail, or drop me a letter about your VHFfUHF experiences
(sporadic-E, FAI, aurora, and/or meteor scatter). I'll create sum­
maries and share them with the readership of CQ VHF. I look
forward to hearing from you.

Until the next issue, happy weak-signal DXing.

-73 de Tomas, NW7US

Reach this dyn amic audience with your advertising message, contact

Arnie Sposato at 516-681-2922, FAX 516-681-2926, or e-mail:

arnie@cq-amateur-radio.com.

Check out our Web site at:
www.cq-vhf.com
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By Dr. H. Paul Shuch,* N6TX

DR. StTI'S STARSHIP
Searching For The Ultimate DX

"Then I'd Have To Kill You."

Anomalous signal detected by SETI League members Ken Chattenton, G4KIR , and
Trevor Unsworth, GfJECP, on May 10, 1996, at 1471':5 MHz, using a surplus 3.5­
meter dish. The signal exhibited clearly audible digital modulation, with a 270-H~

bandwidth. Its Doppler shift of-25 Hz/min . marks it as RFIfr om a Low Earth O,:blt
(LEO) satellite. Though clearly not of extra-terrestrial origin, this signal gave Project
Argus its firs t real worko ut, testing both the sensitivity ofour receiving st~tions and

our ability to recognize terrestrial and satellite interference. (GfJECP Image)

, ,we' re getting a carrier , all
right ," confirmed Trevor,
who was barel y able to

conceal his excitement.
Ken' s fingers flew over the keyboard,

his eyes never leaving the monitor.
"Frequency?" he asked.

"Fourteen seventy-one point five," an­
swered Trevor, tweaking the tuning dial
on the ICOM 7000 receiver. "It' s steady
at S2. I've marked the local sidereal time.
Shall I ring up the BBC?"

"Are you daft, man? Let's not forget
the verification protocols! Check for
modulation , and be quick about it."

"It's CWo. .. No, there are sidebands .
Looks kind of like modem tones. Low
baud."

The two English radio amateurs were
manning their radio telescope , much as
they had during every spare waking hour
for the past three weeks, in search of an
intelligent signal from the stars. As UK
Co-Coordinators for Project Argus, the
all-sky survey launched by The SETI
League on Earth Day, April 21, 1996,
their job was to assist other British hams
in building sensitive microwave listen­
ing posts. Their 3.5-meter diameter dish
and associated electronics were put
together as a demonstration station, and
now they were demonstrating the pa­
tience and deliberation for which their
100 combined years had uniquely pre­
pared them. They were systematically
analyzing an anomaly .

"Doppler's kind of high. Tens of Hertz
per minute. I'm betting it's a LEO."

Ken' s colleague knew that Low Earth
Orbit satellites were the bane of SETI, the
scientific Search for Extra-Terrestrial
Intelligence. Fortunately, their Doppler
shift, a change in radio frequency caused
by their motion relative to the Earth, made
such manmade sources readil y distin­
guishable from signals of interstellar ori­
gin. Still, there was something odd about
this particular signal.

The Argus concept had been born in the
States a year and a half earlier, in response

*Executive Director, The SETl League, Inc.,
<www.setileague.org>
e-mail: <n6tx@setileague.org>

84. CQ VHF • Winter 2004

to Congress canceling all of NASA' s
SETI funding . For just a couple of years
NASA had conducted a modestly funded
SETI effort from headqu arters at the
Ames Research Center in Mountain
View, California. Consuming just one
tenth of one percent of NASA' s science
budget, or about five cents per American
per year, NASA SETI promised to be one
of the best scientific bargains of all time.
Then the budget-balancers axed it, reduc­
ing the US national debt in the process­
by point zero zero zero six percent.

A group of American microwave ex­
perimenters was not about to let the search
die for lack of intelligence in Washington.
Ken Chattenton , G4KIR, and Trevor
Unsworth, G0ECP, had heard about their
amateureffort at theWorIdScienceFiction
Convention in Glasgow the previous sum­
mer, and they were the first Europeans to
sign on. Now their many months of effort
and training were being put to the test.

"Save to disk ," commanded Trevor
unnecessarily, forKen was already doing
so. "Let' s get a GIF, and also maybe a
WAV file. We 're going to have to Internet
this one."

The signal amplitude rose smoothly ,
then fell. "Wow!" exclaimed Ken.

"Let's not be hasty," cautioned Trevor.
"I think it' s time to Ask Dr. SETl. "

It was a moment of great excitement ,
for this "Wow!" event exhibited many of
the characteristics we would expect of an
intelligently generated microwave signal
from space. Still, restraint was the order
of the day. The two SETI hams sent their
signal file to Dr. SETI (that's me).

The signal looked for all the world to
have originated from space , but its
Doppler shift (that artifact of relati ve
motion which makes railroad whistles
and radio signals alike change in fre­
quency over time) was suggestive of near
space. This appeared to be a Low Earth
Orbit satellite that Ken and Trevor had
snared. Still, it was a worthy detection,
for three reasons: ,

1. This was an extremely weak signal,
which spoke well forthe sensitivity of our
participants' homebuilt receiving equip­
ment-thus validating the hardware .

2. The Doppler shift was instantly evi­
dent in the computer printout, which gave

(Continued on page 74)
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