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new IC-2720H 2m/70Cm mobile Transceiuer
REMOTE HEAD. Mounts nearly anywhere! Brocket and separationcable included.

COOLING FAN. Large, adjustable speed.

SPEAKER. Large3.5" speaker
far crisp, clear audio.

DATA JACK. For Packet operation.

LARGE DISPLAY. Easyto Read. Operator selectable Green or Amber display.

DIE-CAST ALUMINUM CHASSIS. Rugged sStrong.

PALM CONTROL. HM-133 RemoteControlMil., with
!COM's exclusive hot keysfor your most used settings.

FLOW-THRU VENTILATION. Directs heated air
awayfrom sensitive electronics.

2 MIC CONNECTORS. Attach Mic to MainUnit ill Control Head!

Encode • 1OdB Attenuotor • Crass Bond Repeot*• Independent Controls • Rugged Construction

Bond RXincludingWeather&Air Bonds • 212 Memory Channels• Remote Control Mic • OMS• DTMF

2M/ 70CM. sow VHF/ 3SW UHF· W/ UUjVU. CTCSS/ DTCS Encode/DecodewToneScon· Wide

IC-2720". True dual band fun.

o
I COM~

Setting a new standard

( www.icomomerica.com )

• HM-133V REMOTE CONTROL MICROPHON E. Contral everythingfram thepalm ofyour hand! ICOM's
exclusive hot keys let you pragram themost usedfeatures for quick access.Biggerbacklit keys allow you
to operateinlowlight conditions.
• DYNAMIC MEMORY SCAN (OMS) . ICOM'sexclusive OMSsystemgivesyou flexibility tocustomize and
manage yourmemory bonks like nootherdualbonder.
• DTMF ENCODE. 12DTMFmemory channelswith upto24 digIT DTMF codes con be used to controlother
equipment.
• RUGGED CONSTRUCTION. Theonepiece, die-cast aluminum chassis ensures reliable operation against
shock and vibrations.Alarge cooling fan on the bockkeepstbe internal components cool andallows you
tooperote in even theharshest enviranments.

Thisdevice hosnotheennpprovedby the FCC. Thisdevice mny not besoldor lensed, or offeredforsoleor lense, unnlnpprowl01the fCChnsheenobtoined.

©10lJ2 ICOM Amenco, Inc 1380 116th Ave NE, 8ellevue. WA98004, 41 5-4S4-81 55. The ICOM1"90is0reqisteredtrodemor,01ICOM, Inc.
All speem"nons oresubject 10chongewithoutnolice or obligution. 1710HCaVHf601

*Formoreinformotionoboutocceptoblecrossbondrepeatoperotion, pleasecoli ourliteraturerequesthotline ot 425-450-6088
and askfar ourcrossbond repeat brochure.

Fresh off the drawing board! With ICOM's newIC-2720Hyou con hove VjV, UjU simultaneous

receive copability, plus V/ Ufull duplexoperation! Each band has independent controls fortuning,

volume, andsquelch. Change fromthe mainband tosub-band with the touch of abutton.Thecom

binationof the '2720H'sone piece diei:ostaluminum chassis and SOWVH F(3SWUHF) of trons

mit power givesyouarugged, powerful package toget yo ur signol out, eveninthe mostdemand

ing environments. With feotures like 0 Remote Mount Head with 11 ' of Separation Coble and

Mounting Hardware, WeatherAlert, andICOM'sexclusive OMSSconSystem, this isone dualband

mobile thathasendlesspossi bilities. Checkwithyour authorizedICOMdealer for maredetails.

It-2720Hfeatures
• SElEaABlEOUTPUT POWER. Output power is selectable in threesteps, SOW (3SWUHF), 20W, &SW.

• REMOTEMOUNTHEAD.The '2720Hcomes standard with aremote mount head, 11' of separation coble,
and mounting hardware, givingyou limi~ess installationoptions. Put the contralheadwhere it's easiest to
operate! Plus, youcon connect themic tothere mote mount head or themainunit.
•acss ANDDTCSOPERATIONWITH TONE SCAN.Get onto the repeater fast! 104x2DTCSand50 acss
codeshelp gain youquickrepeater access. With pocketbeep andtonescon.
• 212 MEMORY CHAN NELS. Atotalof212 memary channels, inclu ding2coli channels and 10 scon edges.
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IRlP Compafi

Crossband Repeat

Guide Function

200 Alphanumeric
Memories

With that perfect size and feel so
many HT enthusiasts have grown to
love, the IW32A is the right radio for
demanding users. Built Mil SPEC
aughi and loaded with the features for

your communication requirements.
your authorized ICOM dealer today
ind out what you've been missing.
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LINt: OF SIGHT
A Message from the Editor

How?

I
njournalism school students are taught that
one of the fundamentals of good journal
ism is every article must strive to answer

the questions who, what, why, when, where,
and sometimes how. Within the pages of the
new CQ VHF we have made a commitment
to move the level of technical expertise high
er than that presented in the previous version
of the magazine. In order to do so, we are striv
ing to answer the last question-"how."

In this issue' s "Op-Ed" piece author Neil
Dabb, KC7GCL, tells us how to further in
volve our families in the hobby. In the lead
story, "Project Starshine," author Bobett e
Doerrie, N5IS, gives us information on how
to get children involved in building a satellite.
She also informs us about a program under
way that strives to figure out-at least in
part-how propagation is affected by the Sun.

During this quarter there are a number of
VHF-and-above contests. In his article
"Working the VHFIUHF and Microwave
Contests as a Rover" author Dan Evans,
N9RLA, drawsfrom his experience as a Rover
to tell us how to successfully work the con
tests in this category.

In an article reprinted from The AMSAT
Journal entitled "AMSAT OSCAR-E" author
Rick Hambly , W2GPS, tells how AMSAT
will answer the continuing interest in amateur
satellite communications with the unveiling
of the AMSAT OSCAR -E project. Gerald
Youngblood, AC50G, in his article "The
'Soft' Radio," introduces us to how software
defined radios work.

In "The First 24 GHz EME QSO" authors
Al Ward, W5LUA, and Barry Malowanchuk,
VE4MA, tell us how they made the first EME
QSO on this very difficult to operate micro
wave band. In "A Beginner' s Guide to
Meteor-Scatter Operation, Part I" and the
accompan ying sidebar "The Perseids: The
'Old Favorite '" Shelby Ennis, W8WN, tells
how meteor-scatter propagation can be used
to complete QSOs on some of the VHF-plus
ham bands.

"The Aviator's Solution to Shack Noise"
relates how author Michael Schell, KF2LF,
adapted a technique used by aviators to reduce
the problem of background noise in the ham
shack. In "A 900 MHz Parrot Repeater" Jim
Labor, KE4NZG, tells how he built a repeater
for an under-utilized ham band.

Combining modem 21st century technolo-
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gy with a 19th century form of communica
tions in order to communicate between moun
taintops via the Sun is the subjec t of "Morse
Code via Mountaintop Heliograph" by Ed
ward Butler, KF6DXX. In his "Antennas"
column, Kent Britain, WA5VJB, tells us how
to build really cheap 2-meter, self-matching
antennas.

In this month' s "Satellites" column Tom
Webb, WA9APM, covers the various radios
available that have enabled so many to com
municate via amateur satellites over the years.
The "PM" column by Gary Pearce, KN4AQ,
tells how the PM mode of communications
has become known as the "utility mode."

Features editor Gordon West, WB6NOA,
along with several of his expert friends, writes
about how to communicate via tropospheric
ducting in "Tropospheric Ducting, Myths and
Truth ." In "What is ATV ?" Dave Ratliff,
W5ATV, writes about how hams communi
cate via amateur television, and in the accom
panying sidebar your editor tells how one ham
radio club used ATV during its recent Field
Day operation. Finally, in his column "Dr.
SETI ' s Starship" author Dr. Paul Shuch ,
N6TX, tells how the interest in looking for
extraterrestrial communications got started
among the scientific community.

What about other items in this issue? In
"Letters to the Editor" you tell us how we are
doing. While some of you gave us flattering
kudos (which we really appreciate), others
took the time to tell us how to improve the
magazine or fix an article that appeared in the
spring edition of CQ VHF. At least a couple
of you told us how disappointed you were with
some part of the magazine or the magazine as
a whole. All of your comments are welcome,
because they are instructive, telling us where
we need to make improvements and/or what
changes we need to make to the magazine.The
"Quarterly Calendar of Events" lists other
opportunities within our niche in which we
can participate, whether it is by way of oper
ating events or conferences.

Finally, our advertisers tell us how much
they believe in CQ VHF by their wanting to
be a part of it. In tum, you can tell them how
much you appreciate their support by buying
the products or services they offer.

How are we doing? I addressed this ques
tion a bit in my coverage of "Letters to the
Editor" above. You too can be a part of the

answer to this question by writing to us. You
also can contribute to the success of the mag
azine by encouraging others to subscribe and
by submitting material for future issues.

Satisfied?
While we are on the subject of encourag-

\ ing others to subscribe to CQ VHF, I must
mention that we also rely on your spreading
the word about the magazine, as word-of
mouth is far and away the most import ant
source of advertising. Statistics show that
every dissatisfied customer tells ten others
about their dissatisfaction. On the other hand,
only three satisfied customers tell others of
their satisfaction.

If you are ha ppy with what you are reading
in CQ VHF, then we ask you to be among the
three to tell others. If, on the other hand, you
are not satisfied, then please tell us first.
Obviously, we cannot please everyone.
However, it is our intention to satisfy your
thirst for good, quality -content VHF-and
above articles, and we need to hear from you
to know that we are on the right track.

The Lineup
Articles that we are working on for the fall

issue include Part 2 of ShelbyEnnis's "Meteor
Scatter Propagation Beginner' s Guide," plus
sidebar information on the Leonids meteor
shower. Speaking of the Leonids, because of
the potential for a meteor storm your editor is
planning a historical look at that shower as a
way of understanding why we can expect a
storm this fall in some parts of the world.

Features editor Ken Neubeck, WB2AMU ,
will reflect more on what took place on the
Magic Band of 6 meters a year ago this fall.
Columnists Kent Britain, WA5VJB; Gary
Pearce, KN4AQ; Dr. Paul Shuch, N6TX; and
Tom Webb, WA9AFM, each will again con
tribute to CQ VHF in the fall issue.

It is too soon to discuss a number of the fea
ture articles that are in the works for the next
issue. What we can say, however, is that
nowhere else will you get as extensive VHF
and-above coverage as in this, your magazine .
In short, I must say that I am really excited
about what is in queue for you!

Until the next issue. ..

73, Joe, N6CL

Visit Our Web Site



For the latest Yaesu news, visi t us on the Internet :
htt p://www.vxstdusa.com



By Neil Dabb,* KC7GCL

OP to
One Reader's Opinion

Ham Radio and The Family

We know that the typical family unit consist s of various
members. As I describe these family members, perhaps
you will recognize some of them.

Teens: Teenagers are interested in TV, food, clothes, and loud
music. School is the place where they congregate to discuss the
injustices imposed on them by the older generation, the newest
fads in music and clothing, and the most recent episode of their
favorite TV show. Teachers will attest to the fact that if teens
show a spark of interest in anything, it is either a mistake, or
the child is ill and should be sent home immediately.

Parents: The parental unit is typically the foe to teens except
on payday , or shopping days, when they supply the massive
amounts of sustenance needed for both teens and other children
in the household. Their hobbies may include ham radio, among
other things, and they would like nothing better than to have
each of their children follow in their footsteps . They have
become experts in the act of juggling the needs of work, chil
dren, each other, and the various hobbies they pursue.

Youth: Young children move through various stages of phys
ical and emotional needs. They learn how to learn, how to read ,
and exactly how to annoy their siblings and parents. They are
intensely curious about the world they live in and frequently are
known to ask the "why" question. Languages are easy to learn
for them (and isn't Morse Code a kind of language?), and if
properly led, they may even develop an interest in amateurradio.

Grandparents and the rest: Grandparents, aunts and uncles,
cousins, and a myriad of other relatives find their way into the
mix of family life, too. Also included in many family units are
the in-laws.

How do we get any or all of these different groups interest
ed in, let alone involved in, the same thing? It may seem like
"Mission: Impossible" (see March 1999 CQ VHF, pp. 38-41)
or "The Impossible Dream" (October 1999 CQ VHF, pp.
36-38), but as I wrote in those articles , it may be difficult but
it is not impossible. For those of you who may have missed the
articles, what follows is a brief overview.

Mission: Impossible
Getting Young People Interested In Ham Radio

From the outset it should be noted that not everyone wants to
become an amateur radio operator (much as we would like to
think otherwise). Some general ideas for getting and keeping
young (and even not so young) people interested would be to
make it fun and let them get their hands on the equipment.

There is a great "fascination factor" that goes along with radio.
Activities such as scouting, camping, science fairs, school clubs,
DXpedit ions, Field Day, and SAREX (the Space Amateur
Radio EXperiment sponsored by NASA) all are good opportu
nities to get young people interested in ham radio.

*#7 USU Trailer Court, Logan, UT 84341-2883
e-mail: <neild @cc.usu.edu>
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The Impossible Dream
Kids Learning and Remembering Radio Facts

First, everyone has his or her own learning style, and what
may seem like common sense to one may make no sense to
another. Part of the reason amateur radio is such a valuable
hobby is because the operators are almost constantly playing
with the equipment and trying to figure out better ways of doing
things. Hands-on is;a wonderful way to learn.

Next, it' s much easier to teach (or learn) 100 concepts than
to try to memorize the answers to 900 questions. Classes, soft
ware, books, and other operators all are available to help any
one who you can get interested in the hobby. Young people have
an easier time learning Morse Code than older people ; take
advantage of this fact. Remember, if at first you don't succeed,
try, try again.

Ham radio is (or at least should be) a family activity. Here
are some areas where ham radio ~nd family life are a good fit:

Communication. Isn't that what ham radio is all about? We
go to great lengths to communicate with operators around the
world. Why not spend some of that time communicating with
family members who share the interest? As family members trav
el, why not make the effort to see if they can contact the home
front? How better to practice your DX skills? In my case, I can ·
pull my daughter 's voice out of the static much more easily than
I can an unfamiliar voice. Families need to talk, and ham radio
is mostly about talking.

Time. Taking the time to develop any kind of relationship is
a major key to its success . Time spent working together on ham
radio projects can be just as rewarding as time spent on vaca
tion or participating in any other activity. In fact, why not com
bine the two? How about a DX vacation? Sometimes ju st stay
ing in touch while on vacation (because we all know how well
we stay together on vacationl) can be a nice way to use ham
radio . Think of the possibilitie s.

Shared Interests. Part of what makes a good friend is shared
interests. While you can' t pick your family, there' s no reason
why you can' t have shared interests and allow those interests
to help you and your family become friends.

It is not uncommon to open a newspaper and find a picture
of five generations of family members seated together. How
many cases of three or even four generations of hams could we
find if we put our minds to it? Recently, in the monthly profile
section of our local newsletter there was a picture of a large
family, and in the text were the callsigns associated with many
of them. Ham radio should be the ultimate family activity.

I would like to see more coverage of family amateur radio
activities in the literature . Of course, there is always the need
for technical and practical information, but stories of three and
four generations of hams, family DX outings, and how ham
radio is bringing families closer together are some of the other
topics that would be appropriate on a regular or even ju st occa
sional basis in a publicat ion. What do you think? •

Visi t Our Web Site
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• 45WVHF(2M), 35W UHF (70CM)
• AMaircraft RX
• 182 memories
• CTCSS encode/decodewllonescan
' Remotehead capable' Auto repeater

• Cool dualdisplay' 50watts
• CTCSSencode/decodew/tonescan
• Backlit remotecontrol mic
• Mil spec 810, C/O/E*'
• Autorepeater
• 113alphnumeric memories

IC-21 DOH 2M MobileTransceiver

-,

IC-YB 2MTransceiver

' 10-2M @100W
• 32 bit IF-DSP+ 24 bit AD/DAconverter
• Selectable IFfilter shapes for SSB & CW
• 102alphnumeric memories

Commercial Grade Rugged
• 5.5W output
• 107alphnumeric memories
• Customizabiekeys
• Autorepeater
• PC·Programmabie
• CTCSS encode/decodewllonescan
• Drop-in trickle charger included

IC-746PRO All Mode 160M-2M

IC-2D7H Dual Band Mobile

Dual Bands at a Single
Band Price!
·2M/70CM
• 70 alphnumerlc memories
• 6Woutput
• CTCSS encode/decode wllone scan
• Auto repeater
• Easy operation!
• Mil spec 810, C/D/E"

1:-T7H 6W, Dual BandTransceiver

• 2Mf70CM I

• Wideband receiver- 30to1300 MHz'
• 200 alphnumeric memories
• Auto repeater
• Includes AANi-Cad's & charger
• CTCSS encode/decodewllone scan
• Mil spec 810, C/D/E"

IC- 7ADual Band Transceiv r

\
\ I

IC-272DH Dual Band Mo i e

IC-756PROII All ModeTransceiver

• 160-6M @1DOW • EnhancedRx performance
• 32 bit IFDSP • SSB/CW Syncronous tuning
• Enhanced 5' color TFT • Multiple DSP controlled

w/spectrum scope AGC loops
• Selectable IFfilter • AdvancedCWfunctions

shapes for SSB & CW • 101 alphnumericmemories

IC-TB1 A4 Band Transceiver

Worlds First4·bander HT
• 6M,2M, & 70CM@5W
'1.2 GHz @1W
• AM, FM, WFM
• 124 alphnumeric memories
• CTCSS encode/decodewllonescan
• RIT andVXDfor 1200 MHz
• Auto repeater

Proven Performance
• 160-1OM/6M/2Mf70CM
• Allmodew/OSP
• HF/6M@100W, 2M@50W

440 MHz@20W
• CTCSS encode/decodew/tonescan
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• CW Keyer Built-in • 101 alphnumeric memories

Remote Moun!ing Kit Included
IC-YBDDD 2MMobile Transceiver ' 2MI70CM ' CTCSSlDTCSencodel

•WIUUNU decode wltone scan
• 75watts • Weatheralert •Wide band RXinc.air & • Independentcontrols
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Project 5tar6hine
Satellites, Students, and Hams

/

Because of the solar activity, Starshine 2
ended its flight sooner than expected and
flamed down on April 26, 2002.

Starshine 3 went into orbit on an Athena
I unmanned launch vehicle from the
Kodiak Launch Complex, Alaska, on
September 29,2001. Its much more ambi
tious venture included 31 laser retro
reflectors which permitted a special track
ing device to follow it, an integrated power
supply, an antenna array, signal-condi
tioning circuitry, and an amateur radio

lantic Ocean off the coast of Brazil on
February 18,2000.

Starshine 2 was the second satellite in
the series to benefit from student involve
ment. Approximately 30,000 'students in
26 countries around the world polished
its 858 mirrors. The crew of the Space
Shuttle Endeavor deployed Starshine 2
on December 16,2001. When the satel
lite was deployed from the Endeavor, it
was rotated with a special cold-gas spin
system to spin at five degrees per second.

The assembled Starshine 3 satellite at the U.S. Naval Research Laboratory. Starshine
lead mechanical engineer John Vasquez is inspecting the satellite prior to its flight
acceptance vibration test. Shown in the photo are some of the 1500 student mirrors,
31 laser retroreflectors, and seven solar-cell experiment clusters that are mounted
on the satellite's surface. Also visible are the Lightband separation system, which
deployed the satellite into orbit, as well as one of the two communication antennas
that will broadcast satellite spin -rate data throughout the satellite 's expected three
year orbital lifetime . (NRL image by photographers Michael A. Savell and Gayle R.

Fullerton, and courtesy Gil Moore, N7YTK)

What do students, mirrors, and amateur radio operators all have in
common? The answer has nothing to do with grooming. Rather, the
answer is satellites. N51S tells us about a very practical, hands-on
involvement in our hobby for students across the country-and even
around the world!

By Bobette Doerrie,* N51S

Past and Future Launches

Gil Moore, N7YTK, had a dream.
While you may not know Gil,
chances are you may know one

of the children who is part of the reality
that has grown from his dream. Gil's
dream was a project to involve students
in building satellites and participating in
scientific research.

Students polish all of the mirrors in the
Starshine series of satellites described
below. These mirrors attach to spun-alu
minum structural hemispheres, and there
are about a thousand mirrors per satellite.
Imagine how a student's eyes light up
when he or she hears, "You are going to
get a chance to help polish a mirror that
will be sent up into space on a satellite."

Three satellites, known as the Star
shine series, have been sent up into space
so far. Their mission is to study the
changes in the Earth's atmosphere caused
by solar activity.

Starshine 1 consisted of a hollow alu
minum sphere 48 em (19 inches) in diam
eter and covered with 878 polished alu
minum mirrors, each of which was 2.5
cm (1 inch) in diameter. Approximately
25,000 children in 660 schools in 18
countries polished these mirrors. The
crew of the Space Shuttle Discovery
deployed Starshine 1 on June 5, 1999. It
remained in orbit for eight months, slow
ly spiraling down because of drag in the
Earth's upper atmosphere. It was con
sumed by aerodynamic heating approxi
mately 80 kIn (50 miles) above the At-

*Rt. 2 Box 504, Booker, TX 79005
e-mail: <bdoerrie@yahoo.com>
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The mirror-polishing kit.

The polishing process.

telemetry tran smitter. Because the sunspots are showing a
double peak in solar activity, the satellite has experienced a
greater degradin g of its orbit than expected. It should re-enter
the atmosphere and flame out in December 2003 , about one
year earlier than originally predicted .

NASA has firmly manifested the Starshine 4/5 dual-satellite
experiment on the STS-114 Shuttle mission to the International
Space Station (ISS) in Janu ary 2003. This satellite will actual
ly be a satellite and a sub-satellite. Instead of releas ing an inflat
able balloon from inside the Starshine 4 satelli te, a 4-inch (10
ern) hollow aluminum sphere, Starshine 5, will be released
shortly after Starshine 4 is deployed from the shuttle. Both
Starshine 4 and Starshine 5 will carry 31 laser retro-reflectors
on their surfaces, and they will be tracked by the International
Satellite Laser Ranging (ISLR) Network and by the U.S. Space
Command. In addition, Starshine students will visually track the
faint flashes of sunlight reflecting from 1000 polished mirrors
mounted on the surface of Starshine 4. All of these data will be
combined to determine the orbit of Starshine 4.

In contrast, Starshine 5 will not have any mirrors and thus
will not be visible to the naked eye , so orbit determination will
be totall y dependent on ISLR and Space Command tracking.
By comparing the orbital decay rates of Sta rshine 4 and

10. CO VHF • Summer 2002

Starshine 5 it will be possible to determine the density of the
Earth's atmosph ere more precisely than has been possible on
prev ious missions.

The plan for Starshine 6 is to include mirrors and a packet
component. How ever, because of the reduc ed Shuttle launch
schedule for the next few years, secondary payloads such as
Starshine may have to wait until 2005 or 2006.

Mirror-Polishing Process
The mirror-polishing process appears to be simple,but it turns

out to be more complex than the instructions indicate. The
process has only three steps the students must perform : take an
aluminum blank (it resembles a large, flat-topped nail), grind
off the majori ty of scratche s and machine circles with alu
minum-oxide slurry, and then polish the blank to a very high
sheen with two grades of diamond paste.The instructions, how
ever, are very detailed and specifically say to move the mirror
on the grinding slurry in small figure- eights. The students dis
covered that thete are three variables in that last sentence, and
they tested each one:

1. The slurry has to stay a slurry, not become a thick paste.
2. Adding water or more liquid slurry prevents the mirror

from having deeper areas ground into it from the thicker areas
of aluminum oxide.

3. "Small" is not in some students' working vocabulary; enthu
siastic football players don't think small! Unfortunately, large
figure-eight motions produce mirro rs that are not flat, but rather
have rounded edges. Figure-eights a re not circles. Therefore,
doing circles for the figures causes the mirror to have strange
galaxy shapes on the face, requiring the mirror to be redone.

After the students ' faces shine with pleasure at completing
the above tasks, there is still one more hurdl e to overcome: The
flatn ess has to be tested with a glass "flat" that is carefully
cleaned and placed on the mirror face. Lightwave interference
produces "Newtonian Rings" that define the flatness. The two
best mirrors in the kit are returned for possible flight use; the
third one stays with the school for its display case.

The Research
Satellites and radio communications are both affected by

solar emissions, in particular solar flare s. Solar flares are a sud
den bri ghtenin g of electromagnetic radiation from the Sun
across the entire spectrum from gamma rays through visible
light to radio emiss ions. Solar flares appear to be caused by a
sudden release of magnetic energy that builds up in the solar
atmosphere. Plasma is heated to tens of millions ofdegrees, and
electrons , protons, and heavy nuclei are acce lerated almos t to
the speed of light. If these atomic particles are stopped in the
solar atmosphere , they produce X-rays and gamma-ray emis
sions which travel at the speed oflight, reaching Earth 8.3 min
utes after they leave the Sun.

Solar flares are very different from coronal mass ejections
(CMEs), although sometimes the two may be related. ACME
travels more slowly and takes two to four days to arrive . One
such CME occurred on January 6, 1997. On that date the Solar
and Helios pheric Observatory (SOHO) coronagraph showed a
mass ejection from the Sun that headed directly toward the Earth.
This CME was probably responsible for the loss of an AT&T
satellite and transmission loss of numerous TV channels.

The large influxes of very fast moving charged particles also
cause communic ation disruptions in HF and VHF radio trans
missions. NASA' s Imager for Magnetopause-to-Aurora Global

Visit Our Web Site



The moment of truth after the polishing process has been completed.

Table 1. Starshine 3 communicatio~s system param eters.

Exploration (IMAGE) satellite showed
that the outer atmosphere diverts some of
the dangerous energy from reaching the
Earth' s surface. The F-layer of the ionos
phere , a charged layer normall y located
approximately 160 to 500 km (100 to 310
miles) above the Earth' s surface, responds
to the influx of charged particles carried
by the high intensity in the magnetos
phere.Two of the F-layer' s features worth
noting are that in daylight it divides into
two layers, F1 and F2, with the F2-layer
being closer to the Sun. Also, because of
the F2-layer' s closer proximity to the Sun,
it is more vulnerable to the effects of the
Sun's geomagnetic activity, and thus pro
vides the reflectivity for long-distance (in
excess of 4000 km, or 2500 miles) com
munications. At mid-latitudes the ionos
phere/thermosphere is heated during ac
tive times. This heating produces an
increase in the height of F2 to 1000 km

Characteri stic
Center Frequency
Data Rate
Modulation
Deviation
Baseband encoding
Scramblin g
Protocol
UplinkIDownlink Multiplexing
RF Tran smit Power
One suggested receiver
Antenn a

(approximately 630 miles) during active
times, which is caused by an increase in
the density of neutral particles, which
increases the loss of ionization at the F2
altitude.

In addition , many of the charged gas
particles become trapped in the Earth ' s
magnetic field and spiral along the lines ,
accelerating to enormous velocities .
Because the field lines form a kind of
donut-shaped pattern around the Earth,
the particles form a plasma cloud that
encircles the Earth during the storms.
Very large storms are fairly rare, but
when they occur, they appear mostly at
solar maximum, about every eleven
years. We currently are coming off a dou
ble-peaked solar maximum, and the
activity in the Sun is still fairly high but
declining rather rapidly.

One of the visual effects of this in
creased solar activity is an increase in

Type/Value
145.825 MHz
9600 bps
Narrow -band FSK
±3kHz
Differentially-encoded Non-Retum to Zero
G3RUH
AX.25 packet radio- APRS packet
Half duplex
1.25 watts from RF power amplifier
Kenwood TH-7D
Pair of quarter-wave monopoles fed

180 degrees out of phase

aurora activity, both in intensity and in
the areas of the Earth affected by auro
rae. Depending on the intensity of such
solar activity, aurora sometimes can be
seen as far away from the Earth ' s North
and South Poles as the mid-latitudes.

This exacerbated level of geomagnetic
activity is what is directl y causing the
degradati on of the Starshine satellites'
orbits. It is the purpose of the Starshine
Project to document this degradation via
the various satellites employed through
out the life of the project.

The Purpose and
Your Involvement

The main purpose of the Starshine
satellites is to determine the density of the
ionosphere as it bulges in response to
solar energy. The same ionospheric ef
fects that cause problems for amateur
radio communication also bring the Star
shine satellites spiraling down , as well as
slow their initial rotation. The inform a
tion gleaned from the research can help
atmospheric ' investigators and hams
looking for band openings as well.

At this point you may be wondering,
"Why the mirrors?" As they reflect the
light from the Sun, these mirrors are vis
ible against the star background with the
naked eye. As the satellite rotate s, the
light from these mirrors appears to flash
on and off. Observers measure the tim
ing of these flashes as well as the posi
tion of the satellite in relation to their
observation points on the Earth's surface
as a way of determining the satellite's
declining spin rate and decaying orbit.

There are several ways amateur radio
enthusiasts and others can become in
volved with the ongoing Project Starshine.
Observers can choose two levels of diffi
culty when they consider being part of the
project: a beginner level that involves just
timing five flashes with a hand timer; and
an intermediate level that involves much
more exact records, with a team approach
to cover all the tasks. For more informa
tion on visual observation and tracking ,
see the website "A Beginner' s Guide on
How to Track Starshine," <http://azinet.
com!starshine/guide_beg.htm>.

The amateur radio transmitter in Star
shine 3 is another way to participate in the
adventure. How does one know when and
where to listen? The Starshine website,
<http://www.azinet.com!starshine>. has
detailed information.

One of Starshine 3' s primary objectives
is to involve more school children in radio
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plete, you select the satellite you are hoping to observe and the
program brings up a chart of times for observation during the
next ten days. Clicking on the date on the chart produces a star
chart, with the path of the satellite marked by a line against the
background of stars.

In my experience as a high school teacher I have found two
kinds of students-those who know the constellations and may
even have a very high-quality telescope, and those who don't
know that there are names for the patterns of the stars and have
no awareness of the phases of the moon. A "Star Party" can
remedy the latter problem, and it can be for hams, for students,
or for both hams and students! Invite your local astronomy club
to help.

Future Participation
The deadline for applying for participation in the mirror pro

gram for Starshine 4/5 was March 31,2002. However, there are
several more Starshine satellites planned for sometime in the
future, and all of them will need mirrors. Gil, N7YTK, is hop
ing to fly a ham transmitter and receiver on Starshine 6. As we
said earlier in this article, though, we may have to wait for a
while because of the reduced Shuttle launch schedule for the
next few years.

Amateur satellites such as the Starshine series sometimes
have "Orbiting Satellite Carrying Amateur Radio" or OSCAR
designations (i.e., AMSAT OSC:;AR-40). The Starshine sat
ellites can qualify because there are only three requirements
besides requesting the designation in writing:

1. The spacecraft's use of frequencies in the amateur bands
must have been coordinated before launch through established
IARU/AMSAT frequency coordination.

2. The spacecraft must have achieved orbit successfully or
have been deployed.

3. One or more transmitters must have been activated suc
cessfully in the Amateur Satellite Service.

If you are interested in inspiring a teacher in a nearby school
to become part of the Starshine Project, have him or her go to
<http://azinet.com/starshine/>. If you are interested in more
information about the project, check the detailed website, or
direct any questions to: Gil Moore, N7YTK, Starshine Project
Director, 3855 Sierra Vista Rd., Monument, CO 80123. •

Additional Information
(URLs and References)

http://hesperia.gsfc.nasa.gov/sftheory .htm (solar-flare theory)
http://iacg.org/iacg/campaign_3/paper.html (scientific discussion of solar research)
http://nmp.jpl.nasa.gov/st5/science/storms.htrnl
http://sohowww.nascom.nasa.gov/explore/faq/flare.htrnl
http://www.eham.netIDXlpropagation (This site has a large number of links.)
http://www.geocities.com!w54xs/propagation.htm (radio-propagation theory)
http://www.nas.edu/ssb/swmeteorology.htrnl (solar-weather information)
http://www.sec.noaa.gov/ (The NOAA Space Environment Center)
http://www.sunspot.noao.edu/PRleruption.html (National Solar Observatory site)
http://solar.spacew.com! (SolarTerrestrial Dispatch URL; includes near real-time MUF map)
http://www.qsl.net/kiOeg/propagation/propprimer.htrnl (The Ionosphere and What it Does,

by Peter A. Norgard, KI0EG)
Radio Auroras, by Charlie Newton, G2FKZ, Radio Society of Great Britain, 1991, ISBN

1872309038
Science News, Vol. 161, May 18,2002
The NEW Shortwave Propagation Handbook, by George Jacobs, W3ASK, Theodore J.

•Cohen, N4XX, and Bob Rose, K6GKU, CQ Communications, Inc., 1995

The unfinished prototype of Starshine 5 that is under con
struction by Skip Dopp ofthe Bridgerland Applied Technology

Center. (Photo courtesy Project Starshine)

science. As part of this mission, science data from experi
mental solar cells mounted on the surface of the satellite will
be downlinked in a manner that will allow schools and radio
amateurs to participate in collecting the data. For this reason ,
the downlink has been designed for compatibility with stan
dard amateur satellite radio ground stations. It is also com
patible with Kenwood TH-7D hand-held radio terminals . The
TH-7D radios contain built-in AX.25 terminal node con
trollers (TNCs) and RS-232 ports. Consequently, you can
receive Starshine 3 downlink signals directly for recording on
a standard laptop or desktop computer.

Schools that purchase TH-7Ds or similar radios will be able
to receive the Starshine 3 signals with their identifying "STR
SHN3 N7YTK" data header in a very simple manner. We ask
that you forward your received packets as soon as possible to
a special radio data collection website , <http://www.epula
tion.com/ starshine>, created for us by Michael Tolchard.

The Starshine 3 Communications System downlink uses
9600 bps frequency-shift keyed (FSK) signals at 145.825 MHz.
Downlink transmissions initially will occur at two-minute inter
vals. (The interval will be shortened to
every 30 seconds if the surface-mounted
solar cells charge the on-board batteries
satisfactorily.) The Starshine 3 Communi
cation Systems parameters are given in
table 1.

How do you know when and where to
look for the Starshine satellites? After all,
what an observer sees is just the sunlight
from one mirror over 200 miles up in
space. Amazingly, this surface is some
times as bright as Venus. The process is
essentially straightforward. The website
<http://www.heavens-above.com> has
the visible times for a number of satellites,
including the Starshine series. To access
this information, you will have to register
with a name and password, and either
enter your latitude and longitude or find
your town on the list.

Once this registration process is com-
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AM5AT 05CAR-E
A New LEO 5atellite from AM5AT-NA

cept. AMSAT OSCAR-E's core subsys tems closely resemble
those of the original Microsats but show the benefit of years of
development and technology advancements.

The subsystems that make up the core elements of AMSAT
OSCAR-E are:

Figure 1. This photograph was taken during ajoint meeting of
the project team and the AMSAT-NA executive committee with
SpaceQuest on February 8, 2002. Shown, clockwise from the
left, are Linda Jacobsen (SpaceQuest); Art Feller, W4ART
(AMSAT-NA Treasurer); Rick Hambl y, W2GPS and Dick
Daniels, W4PUJ (AMSAT OSCAR-E project team); Dina
Lorenzini, KC4YMG (SpaceQuest); Robin Haighton, VE3FRH
(AMSAT-NA President); and Keith Baker, KB1SF (AMSAT-NA
Executive Vice President). In attendance, but not shown, was

Mark Kanawati, N4TPY (SpaceQuest).

• The physical structure
• Attitude control
• Central processor hardware
• Spacecraft flight software
• Power generation and distribution
• Command and control-ground station and satellite
• A basic set of receivers, transmitt ers, and antennas
• Space for optional payloads

The satellite with just this set of subsystems will have an
-impressive array of functions, including FM voice operation
(EasyS at), 9600 bps data channel(s), and a mult i-band receive
capability.

AMSAT OSCAR-E is a Microsat-cl ass spacecraft weighing
appro ximately 10 kg. The spacecraft consists offive solid-alu -

By Rick Hambly,* W2GPS

AMSAT OSCAR-E: Core Subsystems
In the dec ade since AMSAT-NA built the Microsats,

SpaceQuest has made many improvements to the Microsat con-

The next AMSAT-sponsored satellite/ AMSAT OSCAR-E/ represents "a step
forward in the evolution of Microsat technoloqv." according to author
and project team member Rick Hambly/ W2GPS. Here Rick introduces us
to the satellite/ its major subsystems/ and the possible additional payloads
that might be included.

*e-mail: <w2gps@amsat.arg> .
Reprinted/rom the May/June 2002 issue a/The AMSAT Journal by
special arrangement with AMSAT-NA.

AMSAT-NAhas embarked on the construction of a new
Low Earth Orbit (LEO) satellite that will be called
AMSAT OSCAR-E, or "Echo," unti l it achieves orbit

and recei ves the next sequential OSCAR number. Keith Baker,
KB ISF, was referring to this satellite when he introduced a new
"MICROSAT-class project" in the "Apogee View" column of
the Marchi April issue of The AMSAT Journal.

Notice that with this satellite AMSAT is returning to the prac 
tice ofdesignating LEO satellites by sequential characters. This
was last done for AMSAT OSCAR-D, which became AMSAT
OSCAR-8 after launch and commissioning. AMSAT didn 't use
letters for the first four Microsats and the Phase 3 series start
ed again with "A."

It has been 12 years since AMSAT-NA built and launched
the original Microsats in 1990, and more than 8 years since AO
27 was launched in 1993. AMSAT OSCAR-E will put
AMSAT-NA back in the satellite business while providing an
improved companion for AO-27 , which has been very popular
with ham s for the past 8 years, but is getting old . Space and
power are available for one or more optional payloads that will
be provided by AMSAT volunteers.

The AMSAT OSCAR-E project team is led by Dick Daniels,
W4PUJ, and includes Tom Clark, W3IWI, and Rick Hambly,
W2GPS . Oversight of the project team is provided by the
AMSAT-NA exec utive committee and the Board of Directors.
The core of AMSAT OSCAR-E will be built by SpaceQuest,
Ltd., a company that is owned and staffed largely by AMSAT
NA memb ers, including Mark Kanawati, N4TPY, and Dina
Lorenzini, KC4YMG.

The remainder of this article will be divided between an
overview of the core satellite systems and description s of can
didate optional payloads. (The inform ation in this article bor
rows heavily from "Microsat Mission Study Report" by Mark
Kanawati, N4TPY, commis sioned by AMSAT-NA and submit
ted by SpaceQuest, Ltd. to AMSAT-NA on January 9, 2002.)
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ration mechanism will await selection of
a launcher, although one version already
exists for the Russian Dnepr launcher due
to SpaceQues t's previou s use of that
launch vehicle . Dnepr is a de-militarized
Russian ICBM.

A standard commercial shipping con
tainer will be used to tran sport the
AMSAT OSC AR-E to the launch site.

Attitude control
The basic AMSAT OSCAR-E passive

attitude control system consists of two
permanent magnets that align the satel
lite ' s vertical axis with the Earth' s mag
netic field, four hysteresis damping rods
that control the satellite spin rate, and
reflective/absorptive tape that causes the
satellite to rotate about its Z-axis as a
result of solar photon pressure. This sim
ple , no-po wer technique has been demon
strated to work well on several previous
Microsat missions. The solar-induced
spin averages out the thermal load on the
satellite, while the permanent magnets
allows one end of the satellite to point
generally towards the Earth.
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Figure 3. Conceptual block diagram of the AMSA T OSCAR-E spacecraft.
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minum modul es. Each module measures
approximately 9.5 inches x 9.5 inches.
The height of each module is adjustable
up to a total of 9.5 inches. The nominal
useful internal area is approximately 8
inches x 7.5 inches. Each module hous
es a different spacec raft subsys tem.

Modules are interconnected by RF
cables and a wiring harness carrying pow
er, inter-module data, telemetry, and con
trol signals. Four machined rods running
the height ofthe spacecraft are used to bolt
the assembly together. Figure 4 shows a
photo of a typical Microsat structure.

AMSAT OSCAR-E employs a passive
thermal control system and has no on
board propulsion. Almo st all of the satel
lite's surface area is covered by solar \
cells . Some surface area is required for
antenna mounts and launch-vehicle inter
faces. The remaining surface area is cov
ered with thermal absorbing and reflec
tive tape to balance the spacec raft's
thermal behavior.

A separation mechan ism needs to be
designed to adapt the satellite to a partic
ular launch vehicle. Finalizing the sepa-

Figure 2.A mockup ofAMSATOSCAR-E
infront ofan original AMSATMicrosat.

minum trays, each with four walls and a
bottom stacked to form appro ximately a
lO-inch cube structure. A top cover is
provided for the top tray. Six solar pan
els attach to each of the six sides for
power genera tion. In addition, several
antennas protrude from the top and bot
tom surfaces. The photo shown in figure 2
is an example of what the AMSAT
OSCAR-E struc ture might look like,
although the antennas will be quite dif
ferent. Note the similarity to AMSAT's
original Microsats, as shown by the full
size model in the background. The se _
original Microsats were AO- 16, DO-17,
WO-18, and LO-19. They were followed
by the descendents of that legacy, includ
ing 10-26 , AO-27 , MO-30, and SO-41.

Internally the spacecraft consists of a
various electronic subsystems including:

• 4 VHF receivers
• 2 UHF transmitters
· 6 modems
• Flight computer
• RAM disk
• Batteries
• Battery charger and voltage regulators
• Wiring harness
• RF cabling
• RF switching and phasing networks
• 56 channels of telemetry and
• Mag netic attitude control

Figure 3 shows a conceptual block dia
gram of the AMSAT OSCAR-E space 
craft. The items enclosed in dashed lines
are not a part of the basic AMSAT
OSCAR-E mission , but are under con
sideration as secondary payloads.

Physical structure
AMSAT OSCAR-E' s overall structure

consi sts of a stack of five machined alu-
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You just got your ham ticket, the club has been looking

at increasing 6 Mete r activity or it 's just time to get away

from 2 meters. You look at the ads, check the bank account

and figure, maybe next year. .. Not anymore!

Need a reliable rig for 6-meter band openings or public

service and emergency operations? Wondering why you have

to pay for bands you don't plan to or can't use with your

present license?

We have the answer.

Ra nger Co mmunications again sets t he standard for value

with a multi-mode, 6 Meter transceiver that is long on

performance and short on price. The RCI-5054DX is perfect

for the newly licensed ham who wants to try his hand at

local FMoperation as well as the experienced DXenth usiast

who wants an economical SSB or CW 6 meter rig featuring a

quiet receiver, all-mode squelch, extensive shielding and the
,

performance and reliability tha t up to nowyou could only

get with the multi band "high dollar" rigs.

The RCI-5054DX covers the full 6 meter band with an

output power of lOW RMS or 25WPEP. Like the popular RCI

2950DX 10 & 12 Meter rig, the RCI-5054DXalso has

programmable repeater split (up to ±2 MH z in thi s model),

optional (TCSS tone, 10 frequency memory and two

programmable scanning modes. Add a large easy to read

display and you have the perfect rig for home, mobile or

field day. At a suggested retail price of only $349.00, the

RCI-5054DXis an excellent buy for new or old hams alike.

Now Avai lable: Ranger has just introduced a new 100 watt

version-The RCI-5054DX-l00 . Same great features, but higher

output power, and a suggested retail price of only $489.00.

Call us To ll Free to find the dealer nearest you.

ANGER
Communications, Inc.

Toll-free: (877) 536-0772
Email: rci@rangerusa.com website: www. rangerusa .com
401 West 35th Street National City, CA 91950



Figure 4. Typical Microsat structure.

The many advantages of this simple
passive attitude control system are offset
by one significant limitation: The perma
nent magnets cause the satellite to make
two rotations per orbit, resulting in one
face favoring the Northern Hemisphere
and the opposite face favoring the
Southern Hemisphere. The Earth-point
ing direction is on the order of ±20
degrees in the temperate zones, varying
with orbital inclination .

Central processor hardware
AMSAT OSCAR-E includes an Inte

grated Flight Computer, which incorpo
rates the centralprocessor unit (CPU),ran
dom access memory (RAM), RAMDisk,
and modems. All of these functions are
incorporated on a single, multi-layer,
both-sides-populated PC board.

The CPU is a flight-proven, low-power
NEC V53A processor. This processor
first flew in 1993 on AO-27 and has flown
on a number of LEO missions since. It is
based on an x86 core and runs the
Spacecraft Operating System (SCOS) ,
also flight proven on numerous space
craft (see figure 5).

The processor is clocked at 29.412
MHz, running the bus at i4.7456 MHz.
This yields three times greater processing
throughput and three times faster inter
rupt response than previous missions
using this processor.

The boot ROM uses a standard CMOS
EPROM running a variant of the Microsat
Boot Loader (MBL) . The EPROM is
divided into two sections, alternately
mapped into memory space with each
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RESET command. Thus, if a partial fail
ure of the EPROM occurs, the satellite
operating system can still be booted. This
technique has been flown successfully for
several years.

The main memory system is error
detecting and correcting (EDAC) using
bit-wise triple-mode redundancy (TMR).
TMR allows the safe use of wide-word
memory, in this case 512Kx8 static RAM
(SRAM) chips. The overall EDAC mem
ory size is one megabyte. A portion of this
memory space is remapped to allow the
boot read-only memory (ROM) to occu
py the highest memory addresses .

A RAMDisk consisting of 16 mega
bytes of serial-accessible static memory
is provided for bulk storage 'of data. This
memory has no hardware error-correc- '
tion mechanism, so error control must be
handled in software. This technique has
been used successfully since the
Microsats launched in January 1990.

A 16-megabyte NAND-Flash memory
is included for rapid re-booting of the
operating system and application tasks
after RESET. This is modeled after the
successful FLASH operating system
image reload facility of IHU-2 aboard
AO-40.

Six GMSK modems are included. At
least one will be fixed-rate for primary
command and control of the spacecraft.
Each modem is attached to a dedicated
multi-protocol serial port based on the
NEC 72001 SCC. Two of the modem
uplink channels are fitted with firecode
detectors to provide ground-command
able RESET regardless of the state of the
CPU. The variable-rate modems can go as
slow as 600bit/s andas fast as 115.2kbit/s.
The uplink and downlink data rates are set
independently. Two of the modems are
DMA-capable ; the other four are inter
rupt-driven only. Care must be exercised
to ensure the CPU is not overloaded with
interrupts during mission planning and
general spacecraft operation.

Up to eight open-collector N-channel
FETs provide power switching control
(low-side switching), and several bits of
3.3V CMOS-level I/O are included. A
pair of SPI ports is available for com
mand and control functions to various
modules in the satellite. .

Approximately 56 channels of teleme
try will be gathered on board AMSAT
OSCAR-E. Eight-channel telemetry
boards with lO-bit analog-to-digital con
verters are located in four of AMSAT
OSCAR-E's trays . A Serial Peripheral
Interface (SPI) bus links the telemetry

boards to the central processor. Twenty
four telemetry channels are built into the
Battery Control Regulator (BCR) board.
The telemetry includes:

• All of the solar panel voltages, cur
rents, and temperature

• Battery voltages, currents, tempera
ture, and charge polarity

• BCR regulated voltages and currents
• Temperature of the receiver, trans

mitter, central processor, and switching
regulators

• Multi-band receiver signal-strength
indicator and '

• The high-power amplifier output and
reflected power on both transmitters

A dedicated SPI bus is used to channel
the telemetry from the BCR and the indi
vidual telemetry boards to the central
processor.

Spacecraft flight software
The boot loader provides the minimal

set of functions required to verify the
satellite health and load the operating sys
tem. The boot loader runs on the initial
power up, and whenever a software or
hardware reset occurs. Because it resides
in permanent memory and cannot be
changed after launch, the boot loader is
simple, robust, and proven.

The boot loader provides the capabili-
ty to:

• Send acknowledge beacons
• Upload new software
• Download memory locations
• Peak and Poke memory and I/O
• Load software from FLASH or error

detecting and correcting memory
(EDAC) and

• Execute operating system by com
mand or timer

The Spacecraft Operating System
(SCOS) has been used on all of the ama
teur radio Microsat projects to date. The
operating system and the housekeeping
task are contained in EPROM and are
moved into RAM for execution by the
boot loader. In addition to detailed
telemetry reporting, the housekeeping
functions include control of the power
system, transmitters, and receivers. If
needed, it can also support minimal atti
tude control. As was the case for the boot
loader, the operating system and minimal
housekeeping task are unchangeable after
launch. However, updated versions of
these programs can be uploaded and exe
cuted after launch. In order to be robust
and proven, this version of the house-

Visit Our Web Site



Figure 5. AMSAT OSCAR-E central processor unit (CPU) .
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keeping is kept as small as possible. The
list of off-the-shelf programs that execute
as tasks include:

• Memory file manager (M-FILE) from
Surrey Satellite Technology Ltd (SSTL)

• PACSAT File Transfer Level 0 (FTL-
0) from SSTL

• Transmitter Scheduling and Power
Monitoring from SpaceQuest and

• Supervisor Task Loader and Moni
toring from SpaceQuest

The Mission Software provides com
plete control over all aspects of the satel
lite, including experiments and attitude
contro l. This software can be loaded into
FLASH from the ground after launch,
which allows for flexible development
and deployment of new software. The
complete set of software should include:

• Multitasking Spacecraft Operating
System (SCOS) from BekTek

• Advanced Task Supervisor
• TX and RX mixing and control
• Telemetry monitoring, storage, and

reporting
• RAMDISK management and PAC

SAT protocol

• Scheduling for regional satellite access
• Mag net torquer and IR attitude

control
• Optional experiment control
• Additional experimental tasks , such

as the digital recorder

Power generation and distribution
The AMSAT OSCAR-E Power Sub-

system consists of a Battery Control
Regulator (BCR), six GaAs (Gallium
Arsenide) solar panels, matched flight
cells, voltage regu lators, and a power
activation switch. A block diagram of the
power subsystem is shown in figure 6.

The BCR provides a power control sys
tem designed bySpacetjuest for small
satellites. Its function is to convert solar-

ACCESSORIES
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Figure 6. AMSAT OSCAR-E power, telemetry, and attitude control block diagram.

Command and control
ground station and satellite

The Bootloader Command and Control
application communicates with AMSAT
OSCAR-E' s bootloaderto allow the user
to upload necessary code changes, or to
load and execute the operating system
and tasks. This program will need to be
rewritten for AMSAT OSCAR-E. The
current version of this software runs
under DOS.

The Housekeepin g Command and
Contro l program communicates with
each of the tasks onboard the satellite. It
must be customized to support each addi
tional task.' Its primary use is to config
ure the satellite . The housekeepin g com
mand and cont rol software is also
currently DOS based.

The Telemetry Gather ing and Re
porting program is a standalone Win
dows® application that will need to be
developed for downloading and display
ing satellite health information. This
application would monitor a serial port,
listening to the telemetry downlink and
whole earth data files.

with multiple switched and unswitched
outputs.

Separation-switch circuitry is included
on the BCR to tum off all systems while
the satellite is mounted on the rocket. An
external connection port is provided with
two levels of separation switch override
to safely charge satellite batteries and test
the satellite while it is mounted on the
rocket.

A basic set ofreceivers,
transmitters, and antennas

The VHF antenn a consists of a very
thin quarter-wave (l8-inch) vertical whip
mounted in the center of the top surface
of the spacecraft. This piano-wire anten
na connects to the spacecraft with a stan
dard SMA connector, and has been flown
on several previous Microsat missions.

The antenna feeds the low-in sertion
loss bandpass filter prior to entering the
GsAsFET Low Noise Amplifier with a
noise figure of less than 1 dB and a gain
of 18 dB. Addition al filtering is accom
plished by a second bandpa ss filter. A
four- way power divider channels the
incoming signal into four VHF receiverso

Four miniature VHF FM SpaceQuest
receivers are used both for command and
control and for user links. Each receiver
consumes less than 40 mWand weighs
less than 50 gm. Typical sensitivity is
-1 22 dBm. The receiver 's IF bandwidth
can be configured prior to flight at either

"

l I. .' ._ -_ .- -- -- -_._-_ .-
Permanent Magnel I 4 spin rods I

(mightbe replaced by .
attitude control experiment)

Bl ines

and before ground operators establish
control. On-board software can then fine
tune the solar panel and battery-charge
limit set points for maximum perfor
mance with minimum attention .

The GaAs solar panels, which are
mounted on all six sides of AMSAT
OSCAR-E , produce a bus voltage of
approximately 16 volts. The cells have
not been selected yet, but the minimum
efficiency will be 19% and cells with effi
ciencies of up to 28% are available. The
choice depends on their price and avail
ability at the time the solar-panel deci
sion is made .

The battery configuration is six NiCad
cells at 4.4 Ah each with a nominal bat
tery voltage of 8 VDC, dependin g on tem
perature and charge state. These matched
batteries have been flown successfully on
previous Microsat missions and are well
characterized on orbit.

The BCR provides multipl e switched
8-V lines for both transmitters and other
high-power applications. There are also
3.3-V and 4.6-V switching regul ators,
cap able of over 250 rnA output each,

SPI 110

TeIemetry and control

BCR
Battery Charger and
Voltage Regulators r-r;;+L-=:;:::::~

Switchable BV
TXAMP 1·2

Switchable 4.6V
RX1 - 3

Flight Data Processor
15 MHzV·53ACPU -16MBRAMDISK-6 GMSKModems

panel power to system power, and man
age battery charge and protection. The
BCR takes power from solar panels with
necessary restraint so as not to draw too
much current and lose panel efficiency.
The main converter on the BCR uses this
solar-panel power to charge the system
battery, with similar restraint so as not to
overcharge the battery. The battery
charge system sets maximum charge
voltage according to cell temperature, to
maximize charge storage while avoiding
overcharge and cell heating. The charge
regulator is also prevented from reducing
solar-panel voltage below a preset volt
age, to maximize panel output power.
The maximum battery-charge voltage set
point and the minimum solar-panel volt
age set point can be adjusted by external
computer control. The battery-charge
regulator is a switching design with a
measured efficiency of 89 percent.

The BCR is designed to operate au
tonomously, with CPU supervi sion for
fine-tuning of default parameters. The
BCR will safely manage battery charge
during the critical period after separation
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We can interface our transverters
with most radios.

Universal Radio
6830 Americana Pkwy.
Reynoldsburg, OH 43068
+Orders: 800 431-3939,
+Info: 614866-4267
www.universal·radio.com

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

The Miracle Whip lets
you operate your new
QRP rig with real free
dom! It is a completely
self-contained, all
band 50-inch telescop
ing whip antenna with
integrated tuner for re
ceiving and transmit
ting that mounts right
on your radio. The
Miracle Whip liberates
your rig from coax,
cables, mounts, tripods
and trees, and gives

you remarkable DX performance from desk
top to picnic table, with no ground required.
Take your portable transceiver anywhere
and operate from 3.5 to 450 MHz with up to
20 W SSB. Only 13 inches collapsed . This
quality product features gold plated rotor
contacts and hand-formed solid brass con
tractors. Manufactured by Miracle Antenna
of Montreal with three year limited warranty.

Order #3256 $148.95 (+'9.95 UPS)

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.

1. Advanced Data Communications for
the Amateur Radio Service (ADCARS)

This payload supports the proposal by
KA9Q and others for applying digital
encoding techniques to improve commu
nication links and bandwidth utilization.
This system would use a wide-band
TDMA single-frequency data link to sup
port multiple simultaneous users and
modes (voice , data, video, telemetry,
etc.). The downlink will be S-band, due
to the bandwidth requirements. The
uplink will be L-band if the single-fre
quency TDMA wide-band uplink is
implemented.

2. L-Band/S-Band Communications
System

This payload, proposed by KA0ESA
of AMRAD, describes a capability simi
lar to that required to support the
ADCARS experiment.

3. GPS Receiver
This payload was proposed by W3IWI

and W2GPS . Unfortunately, the NASA
PiVoT GPS receiver that we had hoped
to carry will not be available. If a receiv
er of the right size and low power require
ment can be found, this payload will be
reconsidered.

4. Active Magnetic Attitude Control
This experiment has the potential for

significantly improving the stabilization
of the spacecraft. Several possible attitude
control system (ACS) configurations will
be investigated. The simplest ACS con
cept is to replace the permanent magnets
with semi-permanent electromagnets.
While physically passive, electronics are
required to polarize and condition the
magnetic rods. Another more involved
ACS concept is to use three miniature
torque rods for attitude control and a mag
netometer for attitude determination.

5. Audio Recorder Experiment
This experiment, proposed by KK7P,

will provide the capability for recording
and playing back any audio channel. It is
particularly useful in recording data from
the multi-band receiver to support the
low-frequency experiment (see -below).

The ADCARS experiment team has
recognized that, with minimal changes,
the hardware for the Audio Recorder
Experiment could also serve the
ADCARS needs for computing resources.

6. Low-Frequency Receiver
This experiment; proposed by

AMRAD , uses the LF capability of the
on-board multi-band receiver (see #9) to
study LF propagation phenomena from

AMSAT OSCAR-E:
Candidates for
Optional Payloads

The following are brief abstracts
describing the optional payloads under
consideration for the AMSAT OSCAR-E
mission. Other outstanding proposals
have been suggested but were rejected in
the first cut by the project team for a vari
ety of reasons, including feasibility,
value to the ham community, cost, power
budget, and risk. It is almost certain that
more cuts will have to be made, because
it is not possible to support all the remain
ing payloads on a single satellite the size
of AMSAT OSCAR-E.

15 kHz or 30 kHz, based on data-rate
requirements. They are capable of pass
ing either analog or digital data up to 14.4
kbit/s . All of the receivers are fed direct
ly into GMSK modems on board the
Flight Data Processor. These receivers
have flown successfully on several low
earth orbiting spacecraft.

AMSAT OSCAR-E has two Space
Quest UHF FM transmitters that have
been flown on several previous Microsat
missions. Each transmitter contains a
PLL-based exciter and a Motorola high
power amplifier. The unique characteris
tics of this design include its small size,
low mass, high efficiency, on-orbit
adjustable output power from 1 to 12
watts, and its nominal operation at 7.5
volts. Analog or digital data rates up to
56 kbit/s and beyond are possible.

The overall gain of the UHF power
amplifier is 39 dB, generating up to 12
watts of RF output with a single carrier
at more than 60% efficiency excluding
the 2-mW exciter. Both transmitters can
be operated at the same time into a sin
gle antenna system. High power on the
UHF downlink is needed to offset the
extra path loss at UHF frequencies bal
ancing the VHF uplink. High downlink
power will also permit transmissions at
higher data rates and/or enable true hand
held voice or data operation. The high
efficiency reduces the heat generated and
absorbed in the spacecraft and increases
the usefullife of the transmitter. The mea
sured output of the UHF high-power
amplifier at 40°C is shown in figure 7.

AMSAT OSCAR-E has a UHF Turn
stile Antenna that is fed by SpaceQuest's
hybrid antenna phasing network consist
ing of a strip-line circuit that provides the
appropriate quadrature phase and ampli
tude to each of four output antenna ports
with less than 0.5 dB of insertion loss.
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Power Efficiency (%)

Figure 7. UHF amplifier RF power output vs. efficiency.

• Faster, more capable IHU processor
• Higher data rates on downlinks
• Autonomous, self-healing, high-effi

ciency power management system
• Upgraded, highly capable software

package
• Store and forward with continuous

monitoring and geographically defined
data forwarding.

These are only partial lists of new and
improved capabilities. Notice that there
are some tantalizing items in these lists
that have not been explained in this arti
cle. They will be explored in future arti
cles. AMSAT OSCAR-E is expected to
be a very popular satellite. •

modes . The user community will see a
strong set of features from the basic satel
lite, even before optional payloads are
added. These include:

• Analog operation including FM voice
• Digital operation including high

speed APRS
• Higher downlink power
• Multiple channels using two

transmitters
• Can be configured for simultaneous

voice and data
• Has a new multi-band, multi-mode

receiver
• Can be configured with geographi

cally-based personalities.
• Has a true circular UHF antenna that

maintains its circularity over a wide range
of squint angles .

For those with an interest in the tech
nical infrastructure of the satellite there
are significant improvements in AMSAT
OSCAR-E:

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.0 0 11.00 12.00 13 .00

Power Output (Watts)

Summary
The core elements of AMSAT

OSCAR-E are under construction now by
SpaceQuest. The AMSAT OSCAR-E
project team is working to finalize plans
for the optional payloads.

There is the possibility that a launch
opportunity might arise before the op
tional payloads can be ready. If this hap
pens, it is conceivable that the spacecraft
would be launched as an Edsysat only ,
with few, if any, optional payloads.How
ever, it is considered likely that AMSAT
OSCAR-E will be the first .in a series of
new low-cost LEO satellites, each to
carry optional payloads of interest to the
amateur community.

AMSAT OSCAR-E will be a step for
ward in the evolution of Microsat tech
nology, with better receivers, higher
power transmitters, and new operating

10. High-Efficiency Solar Arrays
Included in the SpaceQuest proposal to

AMSAT, the additional power that would
be made available for the experiments
would clearly benefit the experiments .
Efficiencies of up to 28% might be
achieved using a combination ofjlexible
cells with a new mounting and substrate
design invented by SpaceQuest.

11. Robust Telemetry Link
This experiment would demonstrate

the value of using FEC and interleaving
encoding techniques to improve teleme
try reception by ground stations. This
technique was developed by KA9Q and
others for AO-40 , where it is now being
considered for implementation.

the unique observation point above the
ionosphere, particularly at 136 kHz.

The receiver and antenna whip are al
ready on the spacecraft, but a new E-field
antenna interface amplifier and antenna
switching hardware will need to be de
signed if this project is to be supported.

7. APRS
This payload will provide a generic

APRS digipeater to support and encour
age mobile and handheld satellite digital
communications. The target ground sys
tem assumes a user with a 9600-baud
integrated TNC/radio with an omni
antenna, either an HT or a mobile. The
spacecraft simply digipeats all UI pack
ets addressed via the paths of APRSAT,
RELAY or WIDE. The spacecraft digi
peater does callsign substitution like all
APRS digipeaters and substitutes its own
call after it digipeats the packet.

While it is not optimal for portable and
mobile users, incorporating an APRS
capability in the spacecraft can be done
within the spacecraft basic bus, requiring
no additional hardware if 9600 FSK is
used with VHF uplink and UHF downlink .
The downlink will have to share band
width with spacecraft telemetry and other
data downlinks . Some switching capabil
ity in one of the receivers may be required.

The implementation of APRS that is
being considered would also allow for a
store-and-forward mode, where copies
of APRS packets are saved until the satel
lite is in range of a known APRS Internet
Gateway station, when the APRS data
can be downloaded at high speed on an
encoded data link for high reliability.

8. PSK-31
Proposed by WB4APR, transponding

using the PSK-31 technique can be ac
complished using the communications
capability of the basic spacecraft bus.
Uplink would utilize lO-meter SSB re
ception through the multi-band receiver
(see below). Downlink would be via one
of the UHF transmitters.

9. Multi-band Receiver/Antenna
Proposed by SpaceQuest, this receiver

has already been tested in space and can
provide a receive capability over a wide
range of frequencies from LF through L
band. The development of the antenna is
challenging, and it is currently unclear if
the broadband antenna would be opti
mized for LFIHF (through 30 MHz) or
for VHF/UHF (10 meters through UHF)
or both . A separate antenna will be pro
vided for L-band.
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QRPTRANSMITTER
Available in 20, 30, or 40 Meters, theseneatlittletrans
mittersput out 1 Watt!

HR RECEIVER
Available in 20, 30, or 40 Meters, 1.0 uV sensitivity
rivals the big rigs...at a fractionof the price!

CW700KEYER
With adjustable pitch & speed from 3-60 wpm, features
true iambickeyingand EPROM memory!
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Visit www.ramseykits.comlqrD
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$99price includes QRP Transmitter kit, HR Receiver kit, andCW700 Micro-Memory
Keyer kit, all thematching case & knobsetsshown.

Visit www.ramseykits.com/qrp toorder this special deal!
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,f Ali newdesign for 2002!
,f Synthesized 88 to 108 MHzwithno drift !
,f Built-in mixer- 2 line inputs, mic input,and line
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,f Super-clean ~F output!

OurFM1 00, used aliovertheworldby serious hobby
istsasweliaschurches, drive-in theaters, and schools,

justgotbetter! Ali newdesign for 2002. Frequency synthesized PLL assures drift-free
operation withsimple front panei frequency selectlon., Built-in audio mixerfeatures LED
bargraph meters to make setting audio a breeze. Thekit includes metal case, whip
antenna andbuilt-in 110voltACpowersupply, < ,

FM100B Super-Pro FM Stereo RadioStation Kit $249.95
FM100BWT 1 Watt, Wired Export Version $399.95

,f Ali newdesign & features for 2002! :::6Iif(lIfJ .
,f Fuliy adjustable RF output '--:;71'-" r·
Our#1 kit for years has just gottenbetterfor 2002!
Totally redesigned, the FM25B has all the features
you'veasked for; from variable RF output, Fconnector
RF outputjack, line input, loop output, andmore.

Includes case, powersupply, whipantenna, audio cables.
FM25B Synthesized FM Stereo Transmitter Kit $129.95

$59.95
$14.95
$9.95

,f 35WRF output, VSWR protected
,f Automatic audio& powercontrols
,f Digital synthesized PLL
,f Fuli frontpanel control
,f 11 0/220VAC, 12VDC operation

Whether yourapplication isexport or LPFM, the PX1 has youcovered. From thecon
tinuous dutypower supply & poweramplifier to the2 linevacuum fluorescent display,
yourstation willbetheeasiest to setup andthe mostreliable for continuous operation.
Fuli microprocessor controls provide a "virtual engineer': Check outwww.hlghpow
erfmfor fuli details. (Nonnally $1795,SAVE $100)
PX1 35W ProfessionalFM Stereo Transmitter $1,695.95

,f New-built-in RJ11 phone jack
,f Large memoryholdsover 500 numbers
,f Bigbold8 digitdisplay, autoinsertion of dashes
,f New-output latch jack
Dialed phone numbers onthe radio, repeater codes, control
codes, anywhere touch-tones areused, youcanread and store

them! Ali newdesign for 2002. Capture those tones withtheTG2!
TG2 ToneGrabber ToneReaderKit
CTG2 Matching Case & Knob Set
AC125 110 VAC Power Adapter

• "':,,;;;:,-'- i"'t •
• -"¢'% ~ .,

$169.95
$109 .95

$9.95

AUTOMATIC COLOR/BW IR CAMERA
,f Colorduringtheday, IRB&W at night!
,f Automaticallyturnson IRlliumination! fffjrJlft'-
,f Waterproof to IP5?standards! ~p'~~j•.
,f Black anodized housing with universal mount
Best of bothworlds! This video camera isawaterproof
COLOR camera duringtheday. When the lightlevel

___... drops, it automaticaliy changes to B&W and turnson its
1built-in IRillumination, with10 IRLEDs. Powered by
• 12VDC andterminated witha professional BNCconnec

tor. BSWonlymodel also available if coloris not needed.
Both in heavy anodized black housing.

Color/B&W IR Waterproof Bullet Camera
B&W IR Waterproof Bullet Camera
110 VACPower Adapter

,f Builtin IRillumination!
,f Sees in total darkness!
Whatadeal! This miniature BSW video camera has 6 high power
IRLEDs builtinto it to provide illumination in totaldarkness! No
need for external IRiliuminators. Attractive black aluminum hous
ingeasily mounts atanyangle withthe built-in swivel bracket.
Runs on 12VDC, andincludes professional BNCoutput plug-in
harness.

CCD303 Mini B&W IR Illuminated Camera $59.95
AC125 110 VACPower Adapter $9.95
<" Check out al/ourothernew cameras at www.ramseykits.com

CCD309
CCD308
AC125

,f Visible andaudible display of your heart rhythm
,f Re-usable sensors included; just likevisitingthe hospital,~~

,f Bright LED "beat" indicator :31I.fflllluc-
,f Monitoroutputfor oscilloscope display ~'r!y. " .
Enjoy iearning aboutthe innerworkings of theheartwhilecover
ingthestage by stage electronic circuittheoryof ECG/EKG sys
tems. Beheart smart andlearn atthe same time! Operates ona

safe andsimple 9Vbattery.
ECG1 ElectrocardiogramHeart Monitor Kit $34.95
CECG Matching Case& Knob Set $14.95
ECGP10 Replacement Reusable Probe Patches (10-Pack) $7.95

•

,f Track downjammers andhidden transmitterswithease!
,f Complete withdirectional antenna kit!

..
. Utilizedoppler technology to trackdownthose transmitters! Utilizes

latest highspeed CMOS technology for signal conditioning andpro
cessing. 22.5degree LED bearing indicator! Includes 5-piece

antenna assembly, andmatching case set.
DDF1 Doppler Direction Finder Kit w/case & Ant. $149.95
DDF1WT FactoryAssembled& Tested DDF1 $249.95

DOPPLER DIRECTION FINDER ,

GIVEAWAYS & SPECIALS EVERY MONTH!
Register to receive our E-Mail specials andyou will automaticallybe enteredin
our monthly drawing! New deals, new specials, new giveaways everymonth!

Register TODAY
~



Working the VHF/UHF and
Microwave Contests as a Rover

During the late summer and early fa ll the ARRL sponsors several
VHF/UHF and microwave contests. For those of us who ca nnot operate
from our home stations, Rover operation is the next best alternative for
participating in these contests. CQ VHF commissioned expert Rover ~

operator N9RLA to write about strategies.

By Dan Evans,* N9RLA

The author at the microphone.

I
am a QTH-challenged, VHF+ weak
signal operator. Many of youmay know
me as N9RLAJR, the "no budget"

Midwest Rover. Several years ago, while
living in an antenna-restricted neighbor
hood, I decided to try VHF contest Rov
ing. I have been firmly hooked ever since!
Over the years I have gained experience
and learned a great deal from the experts.
I now would like to impart some of my
experience and knowledge to you in the
hopes that it will help you in your Rover
VHFfUHF and microwave contest efforts .
For the uninitiated, a "Rover" is a con
tester who opera tes mobile from more
than one grid square. Most VHF contests
have a separate Rover category.

Maximizing Your
Points Per Mile

The approaching VHFfUHF and micro
wave contests and the ARRL September
VHF QSO Party are tailor-made for Rov
ing. The weather is usually pleasant and
activity is high.To take advantage of these
activities as a Rover, we need to focus on
a strategy to improve our contest efforts.
VHF contesting (and contesting in gener
al) boils down to making as many contacts
as possible while picking up as many mul
tipliers as possible. As a Rover, you have
the advantage of being able to add more
contacts and multipliers by moving your
station to various grid squares. The key to
doing well is making the most of this ad
vantage, or maximizing points per mile.

*444 Lynhurst St., Scottsburg IN 47170
e-mail: <n9rla @yahoo.com>
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Adding a second op: Nothing will
help your Rover station more than adding
a second operator. This will allow one of
you to operate the contest while the other
drives, an important safety factor. With
my current setup I usually run solo, and
exce pt for a few FM contacts, I don ' t
operate while moving. I just don't think
it is safe to drive, work the radio, and keep
track of the log all at the same time.When
I am in motion, I turn on the tape recorder
and try to make contacts on FM, which
is a lot simpler. However you do it, re
memb er that nothing is more important
than safety. '

When you are stopped, you become a
small multi-op team, which is a big ad
vantage when 6 meters is open. Dedi
cating one operator to 6 meters during a
band opening will allow you to take full
advantage of the opening, while still
being able to pass stations up to the high
er bands for more points and multipliers.

Considering the above advantages,
you should try to add a second operator
to your Roving whenever possible. This
is also a great way to introduce someone
to the fun of VHF contesting and Roving.

Setup time:A second pair of hands can
be a big help with setup, particularly

Visit Our Web Site



when it comes to antennas. You can 't make points if you aren't
on the air, so reducing setup time is a must.

The amount of antenna setup time usually involves a trade-off
between using large antennas with lots of gain or using smaller,
more portable antennas with a somewhat smaller signal. Can you
get by with using fixed-mounted loops, or do you need the extra
range of a Yagi for each band? The region in which you are
Roving will playa big role in this decision .

Here in the Midwest I need to be able to work into neigh
boring states to pick up contacts. Being restricted to operating
with small antennas is a liability. What works best for me is a
telescoping push-up mast with the antennas fixed in place. That
way I can lower the antennas for travel, but still erect them eas
ily and quickly by myself.

When you are putting together equipment for your Rover sta
tion, always focus on keeping setup time to a minimum. Practice
setting up before the contest so you will have a good idea of
how long it takes to get everything ready.

Route planning: The fine art of route planning is always a
challenge. Again, the key is to focus on maximum points per
mile. Operating from grid corners (the locations where four
grid locators intersect) is a great way to keep travel time to a
minimum while activating the most grids .

There are times, however, when it is worth the extra travel
time to operate from a good hilltop. While operating from sites
near grid corners is more efficient, the extra range that the hill
top provides will allow you to make more contacts. A Rover
needs to have a schedule of when to operate and when to trav
el, and then stick to it.

I like to plan my travel for those times when there are lulls in
activity. For example, for the start of a contest I pick the grid
corner on my route farthest away from home. This way I can
leave several hours before the contest starts in order to reach the
first grid. Allow yourself plenty of time to reach your first grid
and complete setup before the contest starts, as there is usually
peak activity in the first hour.

A big lull in activity generally occurs during the nighttime
hours of a contest. While with most contests there are points to
be obtained overnight for the diligent, a few hours of sleep seems
to be much more productive for me.

After a good rest I start out very early in the morning (around
4 AM) for one of my favorite hilltops, deep in the heart ofEM69.
This hilltop adds about 1.5 hours to my travel time, but it is a
very good site. I try to be there and ready as early as possible
to take advantage of the peak activity on Sunday morning.

One of the toughest parts of route planning is finding good
spots from which to operate. Altitude is everything with VHF,
so a good high spot is great! If these high-altitude locations are
too far away or inaccessible, then they are not much help. If there
is no high-altitude spot available, then you have to improvise.

In EN60 and EN70 I operate from mall parking lots. There are
no hills in that area. Occasionally, I also have used a roadside
park-and-rest area. Basically, you just need a spot where you can
get off the road and be out of the way for an hour or so. Whenever
possible, try to locate good sites before a contest. Mark Herson,
N2MH, has put together a web page to help find Rover sites:
<http://www.intac.cOln/;...mherson/rovesite.htm>.

Publicity: Once you have your route planning done, it's time
to look at advertising. It's hard to make contacts from those rare
grids if no one knows you are there! The best way to share your
plans is via the VHF internet e-mail reflectors, such as
<vhf@w6yx.stanford.edu>, <VHFcontesting@contesting.

www.cq-vhf.com

N9RLA Rover station in EM88.

com>, and <Rover@mailman.qth.net>. I also gather and post
the plans of contest stations on The Rover Resource Page at
<http://www.qsl.net/n9rla>. Try to let everyone know your
plans a week or two ahead of the contest.

You will also want to let everyone at your local club know
your schedule. Announcing your plans at the local club meet
ing will not only add more contacts, it also will inspire new
folks to join the fun of VHF contesting.

This is an opportune time to request scheduled contacts as
well. Making a few skeds is a good way to pick up QSOs and
multipliers during the off-peak times of a contest.

Summa ry
I hope these tips will help you maximize your points per mile.

Taking along another person, minimizing your setup time,
choosing your sites in advance, and careful planning and adver-

~'tis ing should add more points to your contest Rover score. The
upcoming contests are the perfect time to go Roving (see the
"Quarterly Calendar ofEvents " in this issue for details-s-ed.).
Get out there and have fun! •
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The "50ft" Radio
Here is a look at how Software Defined Radios will change the way we
think about radio communications.

By Gerald Youngblood,* AC50G

Audio

~

should think of SDR hardware as being
almost univers al in that virtually any
radio function may be implemented sim
ply by modifying the software.

In commercial radios this offers
tremendous flexibility and cost savings
when upgrading to new modes of opera
tion , as is being demonstrated in new
wireless-phone base stations . For the
amateurradio operator , it means that over
time one radio may perform many
enhanced functions such as new data ,
weak-signal, and digital voice modes.

Local
oscillator

AFLPF

AF LPF

Figure I. Simple direct-conversion receiver.

perheterodyne) radios , with DSP chips
replacing the last intermediate frequency
(IF) stage at a low frequency such as 40
kHz . The performance and functionality
of the DSP radio is still fixed from the
design stage and therefore cannot be
modified by the user.

Enter softwa re-defined radios (SDRs).
The SDR is a radio in which most or all
frequency control, modulation/demodu
lation formats, and bandwidths are de
fi ned in softw are and thus can be changed
after the con struction process. One

Figure 2. Image-rej ect receiver.

Your editor's firs t extensive introduc
tion to software-defined radio (SDR) the
ory was at last year's Central States VHF
Society Conference in Ft. Worth, Texas,
whereAC50G made a challenging intro
ductory presentation on the subject. I
asked Gerald to write a more extensive
article for CQ VHF than the one he pub 
lished in the confere nce 's Proceeding s,
and he obliged with this material. While
this article is illustrative of a 40-meter
application, as Gerald points out, the
beauty ofthe SDR radio design is instant
reprogramming to the frequency ofyour
choice.

This piece also provides an overview
ofGerald 'sf our-part series which began
in the July/August 2002 issue of QEX.
Our thanks and apprec iation go to QEX
Editor Doug Smith, KF6DX,for his coop
eration and assistance to Gerald in his
preparation of this article. -N6CL

Arevolution is occurring that will
change the way amateur and com
mercial radios are built , used, and

maintain ed. Since the beginning of radio
communications, the functionality and
performance of a radio was virtually
fixed from the time it was manufactured .
A design began with a set of specifica
tions that were, in tum , converted into
schematics that were subseq uently con
verted to printed-circuit-board assem
blies . Aside from hard-wired field mod
ifications, there wasn't much that could
be impro ved or upgraded.

More recently, most amateur and com
mercial radios incorporate digital signal
pro cessing (DS?) technology to provide
improved filtering and noise reduction.
Typically, these have been designed
around traditional multi-c onversion (su-

*8900 Marybank Drive, Aus tin, TX 78750
e-mail: <gerald @sixthmarket.com>
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Product
detector

Figure 3. Superheterodyne or fi lter-method receiver.

Mo LI'~<t1
filter ~I.'I

SDRs also offer the potential for significant improvement in
price/performance over traditional analog radios.

A Look Back at Hardware Radios
To understand SDR concepts, let' s first take a look back at

the primary hardware architectures that have dominated radio
construction. In this article I will focus on receiver technology ,
beca use in many cases transmission is the reverse operation of
receiving. Virtua lly all of the principles used i~ I:?SP and SI?R
technologies are analog concepts converted to digital. The ~nn
ciples and the math are the same; however, we can do things
with much more prec ision and flexibilit y in softwar e.

Figure 1 illustrates one of the simplest receiver archit~c

tures-the direct- conversion , or D-C, recei ver. The RF earner
from the antenna is bandpass filtered and mixed directly with
a local osci liator tuned to the carrier frequency. The mixing
process produces outputs at the sum and difference of the car
rier and local-oscillator frequencie s. The subseq uent low-pass
filter easily removes the sum freq uency, leaving only the dif
ference frequency at zero Hertz . Not surprisingly, this archi
tecture is also frequently called a zero IF receiver.

The D-C receiver is wonderfully simple and offers very high
dynamic range if properly designed. One problem with this
architecture is that when we mix the local oscillator with the
carri er, we generate an unwanted image frequ ency that cannot
be filtered out. This image is actually the oppo site of sideband.
Unless we are listening to an AM signal, this unwanted image
will increase the noise level at the receiver output.

To solve the prob lem, image-reject receivers were created as
illustrated in figure 2. These are also referred to as phasing
type, Weaver -method, and quadrature down-conve rsion
receivers. There are a numb er of different ways to construct an
image-reject receiver, but one common analog method is illus
trated here. While this method is not widely used today in com
mercial amateur radio gear, it is the primary architecture used
in SDR designs.

The image-reject receiver is similar to the D-C receiver in
that the RF carrier is directly converted to zero Hertz; howev
er, instead of one mixer, it incorporates two. While both mix
ers are driven from a single local oscillator, one mixer is driven
directly and the other is delayed by 90°. This means we now
have two copies of the incoming carrier that are 90° out ofphase
(or in quadrature) with one another.

We then low-pass filter and amp lify the respective signals
before shifting the phase plu s and minus 45 °, respectivel y.
The math actually works out so that we now can add or sub-

www.cq-vh f.com

tract the shifted signals to receive the lower or upper side
band, respectively.

There isa problem, however, in that slight variations in ana
log component values r~sult in amplitude and phase differences
between the two channels that reduce opposite sideband (i.e.,
image) suppression. An exce llent discussion of how this qu.ad
rature down conversion works is available online in an artic le
by Richard Lyons entitled "Quadrature Signals: Complex But
Not Complicated." It may be downloaded from the web at
<www.dspguru .comlinfo/ tutor/quadsig.htm>.

Until the 1960s, the image-reject receiver was very popular.
At that point , high-performance filter s became available that
allow ed inexpensive constru ction of" multiple-conversion
supe rheterodyne (or filter-method) receivers similar to that
shown in figure 3. Superheterodyne receivers have two or more
mixing stages with intermediate-frequency (IF) filtering and
amplification. .

With high-quality crystal or mechanical fil ters, excellent
opposi te sideband suppress ion is possible . The tradeoffs in this
approach, however, are increased complexity, images cau~ed

by mixing the frequencies from multiple stages, and potential
ly reduc ed dynamic range compared to the image -reject meth od.

In a superheterodyne design, the RF carrier is filtered and usu
ally preamplified before mixing the signal to an intermediate fre
quency such as 9 MHz or 455 kHz. Many modem receive.rs use
first IF frequencies in the 70 MHz range to spread out the Image
frequencies so that they are much easier to filter. The signa~ is
then amplified and filtered at the IF frequency before bemg
applied to one or more subsequent mixing and filtering stages.

In figure 3 is shown a dual-conversion example where the sec
ond conversion is from the IF frequency to audio or zero Hertz
(just as we saw in figure 1, except the carrier begins at the IF fr~

quency). This stage is often called a product detector, because It
is a multipli cation process that creates "products" of the beat
freq uency oscillator and the IF carrier frequency.

That' s enough of the history. It's time to move on to SDR
architectures and how they relate to the examples we have just
discussed. To learn more about receiver architectures before
moving on, please read the appropriate sections of the ARRL
Handbook f or Radio Amateurs.)

SDR HardwareArchitectures
. The first thing that one needs to understand is how an analog
radio-frequ ency signal can be converted to digital numb ers ~o

be processed in a computer and translated back to analog ag~I~

as sound. Thi s is accomplished through a process called digi-
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Figure 4. Digital sampling of a
sine wave.
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Figure 5. Superheterodyne re
ceiver with low IF sampling.

tal sampling. (For further study on digi
tal sampling-- 3, refer to the references
provided in the endnotes.) \

A radio-frequency carrier can be
thought of as a sine-wave voltag e that
completes a 360° cycle in a time equal to
the inverse of the carr ier frequency. In
1933 Harry Nyquist proved that one only
has to sample a signal at a rate slightly
greater than twice the signal's highest fre
quency compo nent in order to accurate
ly recreate the signal mathematically .

Figure 4 illustrates a sine wave that is
sampled at four times the frequency of
the waveform. Note that when we sam
ple a 1 V peak sine wave at 0°,90°, 180°,
and 270 °, we will measure 0 V, 1 V, 0 V,
and '---1 V, respectively. If, for example,
the sine wave had a frequency of 40 kHz
and we sampled the signal at 160 kHz,
we would get one sample every 6.25 ms
(i.e., l/160,000).

All SDRs use analog -to-digital con
verters, also called ADCs, to digitall y
sample analog signals so that a comput
er can proc ess them. To conver t back to
analog, a digital-to-analog converter
(DAC) is used. Most computers today
include a sound card that allows audio
frequencies up to 20 kHz in bandw idth to
be recorded and played back by the com
puter. The sound card digitizes the
incoming sound with an ADC and then
stores the sampled signa l in computer
memory.

Applications may then use the samples
to perform various types of signal pro
cessing such as grap hic equalization
(tone contro l) or amateur radio digital
modes such as PSK31. Iri fact , a PC with
a reasonable-quality sound card provides
much of the hardware needed for a pow
erful SDR.

SDRs use three primary hardware
architectures to convert the rad io fre
quenc y (RF) signal t o ana log: super
heterodyne with IF sampling, quadrature

Foreign
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CO also sponsors these fourteen world
famous award programs and contes ts:
The CO World-Wide DX Phone and CW
Contests, the CO WAZ Award, the CO
World-Wide WPX Phone and CW
Contests, the CO World-Wide VHF
Contest, the CO USA-CA Award, the CO
WPX Award , the CO World-W ide 160
Meter Phone and CW Contests, the CO
World-Wide RTTY Contest , the CO 5
Band WAZ Award, the CO DX Award , and
the highly acclaimed CO DX Hall of Fame.
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Figure 6. Quadrature down-conversion and sampling receiver.

D/A H
converter .

DSP,-----HDirect digital
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Figure 7. Direct-digita l-conversion receiver.

down-conversion to baseband (another word for zero IF as
described above), and direct digital down-conversion (DDC).
As technology improves, the goal is to move the AID conver
sion as close to the antenna as possible so as to remove the
imprecise nature of analog circuitry.

The technology now exists to simultaneously sample the
entire HF spectrum in real time.The main problem is the dynam
ic-range limitations of the ADC.

Most DSP transceivers on the market use the superhetero
dyne with IF sampling architecture similar to that shown in fig
ure 5.The product detector,beat-frequency oscillator, and audio
filtering shown in figure 3 are replaced by digital circuitry and
software in the digital signal processor. A typical IF frequency
might be 40 kHz. After AID conversion, the signal is mathe
matically translated from 40 kHz to 0 Hz and filtered using
high-performance, flexible digital filters. However, this is real
ly still an analog radio with a digital back end.

The techn ology rea lly star ts to get interesting when we
examine the other two methods ofconversion. Figure 6 shows
a quadrature down-conversion and sampling receiver where
the AID conversion replaces the phasing and summation func
tions shown in figure 2. With this architecture, we are able to
convert from RF to quadrature baseband in a single step . With
the informat ion from the two channels of digitized signals,
we can extrac t and filter the signals within a bandwidth of
two times the sampling rate of the ADCs . (Note: We are able
to double the bandwidth because the two channels effectively
double the sampling rate.)

With the advent of very-high-speed ADCs and DDCs, it is
now possible to sample signals at rates of up to at least 100

MHz4! This means that with a system similar to the one shown
in figure 7, we can simultaneously digitize large chunks of the
HF spectrum. We can then digitally down-convert the signal to
baseband for subsequent filtering and signal processing.

From the diagram, one can see that virtually every feature of
the radio may be controlled and upgraded through software .
Such a radio would not become obsolete quickly because new
features and enhanced performance are just a software down
load away.

A PC SDR Exa mple
I firstbecame interested in software-defined radios after read

ing Doug Smith ' s 1998 article series in QEX (see endnote 3).
Noting how PCs with sound cards were being used to deliver
new digital modes such as PSK31, I decided to explore how a
complete SDR could be built using a PC and a minimal amount
of external hardware. I also decided to use Microsoft Visual
Basic for the development language to allow rapid develop
ment and ease of maintenanc e.

For this project I chose the quadrature down-conversion and
sampling architecture shown in figure 5. I used a very interest
ing approach called a Tayloe Detector> to achieve the quadra
ture down-conversion. Figure 8 shows the single balanced ver
sion of the Tayloe Detector that I used in my first prototype.

The Tayloe Detector has a number of advantages over tradi
tional mixers: In addition to down-conversion, it functions as
a very high-Q tracking filter centered at the carrier frequency.
It also exhibits an ultra-low noise figure of - 1 dB. I describe
the Tayloe Detector as well as some of the basics of digital sig-
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Figure 8. Tayloe Detector quadrature down-conversion. (Artwork courtesy QEX)

nal processing in more technical detail in the July/August 2002
issue of QEX.6

The SDR-lOOO transceiver is the result of many hours of
study and development. Figure 9 is a screen shot of the front
panel showing a 20-kHz wide spectrum display of the 40
meter CW band . A number of CW signals are visible on the
display . The user can tune to anyone of the signals simply by
clicking the mouse on the display. Ten predefined filters are
provided, along with separate continuously variable filter s for
CW and SSB.

Figure lOis a screen shot that shows the filter shape of the
500-Hz bandpass filter. To generate the display, I fed an anten
na noise bridge into the SDR-lOOO to fill the spectrum with
wideband noise. The SDR-lOOO uses a very-high-performance
filtering method called FFT7 fast convolution filtering with
2048 digital filter taps.

As one can see from the display, this is truly a "brick wall"
filter. The shape factor from 3 dB to 60 dB is 1.058 ! Also, note
that stop-band attenuation is greater than 120 dB. As a refer
ence, the Inrad 705 crystal filter marketed for the Yaesu FT
1000MP has a 6 dB to 60 dB shape factor of 2.6.

The beauty of the SDR is that there is a virtually endless sup
ply of features and enhancements to be added to the radio.
Therein lies the real fun. Many times when I have a new idea, .
within five minutes to five hours it has been incorporated as a
new feature in my radio . Try that with hardware!

Imagine some of the amateur radio applications for SDRs:
• Multimode voice and digital transceiver
• Competition-grade HF-6m radio
• Total digital remote control over the internet
• High-performance IF for microwave use
• Ultra-weak-signal work (below the noise)
• Digital voice modes
• Dream it and code it modifications

SDRs Now and in the Future
SDRs today offer performance and functionality that were

heretofore completely out of reach for the average amateur
operator or experimenter. Virtually all of the concepts
employed in SDRs have been around for many years. Why then
is now the time?
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Astron, Bencher, Comet, Samlex,
Pryme , Alpha Delta , Maldol , W5YI,
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We service most brands.
Warranty service for Kenwood, Icom,
and Yaesu .

cate the amateur community in SDR tech
nology and applications, and fulfill one
of the important missions of the Amateur
Radio Service-to "contribute to the ad
vancement of the radio art."

Notes
1. The ARRL Handbook For Radio

Amateurs (Newington, Connecticut:
ARRL, published annually), refer to sec
tions on mixers, modulators, and demod
ulators as well as receivers, transmitters,
and transceivers.

2.Smith, Doug, Digital Signal Pro
cessing Technology (Newington, Connec
ticut: ARRL, 2001), pp. 2-1 through 2-16.

3. Smith, Doug , "Signals, Samples and
Stuff: A DSP Tutorial (Part 1)," QEX,
March/April 1998, pp . 8-11. This article
along with parts 2-4 is available on the
ARRL website at <www.arrl.org/tis/
info/sdr.html>.

4. See the Texas Instruments GC4016
Digital Downconverter at <www.ti.com!
sc/hpa7107u>.

Three things seem to be driving the
availability of cost-effective SDR solu
tions: the explosion of digital wireless
communications systems (PCS), the
ever-increasing processing power of the
PC, and tremendous advances in mixed
signal integrated-circuit performance
(analog and digital on the same chip).

At the moment, there are few off-the
shelfproducts that will allow the amateur
to experiment with SDRs; however, that
will change soon. Products are on the way
that will allow any PC to become a SDR
through a simple connection to either the
sound card or the USB port.? I also hope
to make the SDR-lOOO available in kit
form sometime later this year.

What are the disadvantages of SDR
technology? I have had a hard time think
ing of technical disadvantages. The real
problem is education and access to infor
mation. To help rectify this problem, the
ARRL has formed the SDR Working
Group-'', of which I am a member. The
mission of the group is to encourage
experimentation and use of SDRs, edu-

Learning More
The best way to get started in SDRs is to make up one's mind to do so. For me it was just

like learning Morse Code. The hardest part was deciding that Ihad the ability to do it. Learning
and applying it was the fun part. The first thing one needs to do is read more about SDRs.
Here are some resources I recommend to help in this task:

Free, or Almost Free

o The ARRL website has a number of SDR articles at <www.arrl.org/tis/info/sdr.html>,
including those on the DSP-lO by Bob Larkin, W7PUA, and a great QEX series on DSP by
Doug Smith, KF6DX. The SDR Working Group has committed to expansion of SDR infor
mation available on the ARRL site.

o One of the best free resources about DSP on the web can be found at <www.
DSPGuide.com>. It not only explains DSP in terms that are reasonably understandable, it
also provides example source code in Basic.

o Another good resource is <www.DSPGuru.com>. which provides a number of good arti
cles, including one (recommended earlier in this article) about quadrature signal process ing
called "Quadrature Signal s: Complex, But Not Complicated," by Richard Lyons.

o Check out Bob Larkin, W7PUA's DSP-lO at <http://wwwyroaxis.coml-boblarkl>.
o If one is into ultra-weak-signal work and EME, then Lief Asbrink, SM5BSZ's website

at <http://ham.te.hik.se/homepage/sm5bsz/> is an excell ent resource, especially the part
about Linrad . '

o Follo w my four-part technical article series about the SDR-1000 design in QEXbegin
ning with the July/August 2002 issue (see endnote 6).

For Purchase and Deeper Study .

o Doug Smith's new book from the ARRL entitled Digital Signal Pro cessing Technology
provides an excellent introduction to DSP from an amateur radio viewpoint (see endnote 2).

- R. G. Lyons has written one of the more readable technical books on DSP called Under
standing Digital Signal Processing, from Addison-Wesley, 1997 (Reading, Massachusetts).

o Another excellent book that delves deeper into DSP communications theory is Digital
Signal Pro cessing in Communications Systems by M. E. Frerking and published by Nostrand
Reinhold, 1994 (New York, New York).

lVhatlVext? ~

Start reading some of the excellent resources on the web and keep alert to a number of
articles that are in the works. If you are interested in connecting with others who are exper
imenting in this area, feel free to e-mail me at <AC50G@arrl.org>.
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Figure 9. SDR-1000front- t
panel interface with wide
spectrum display.

Figure 10. 500 Hz filter shape
and stop -band attenuation
using FFTfast convo lution
filtering. ~

5. Tayloe, Dan, N7VE, "Letters to the
Editor, Notes on 'Ideal' Commutating
Mixers (November/December 1999),"
QEX, March/April 2001, p. 61. Essen
tially the same circuit was described ear
lier in an article by D. H. van Graas ,
PA0DEN, "The Fourth Method: Gener
ating and Detecting SSB Signals," QEX,
September 1990, pp. 7-11. This circuit is
very close to a Tayloe Detector, but has
a lot of unnecessary components.

6. Youngblood, Gerald, AC50G, "A
Software Defined Radio for the Masses,
Part 1," QEX, July/August 2002.

7. FFT, or fast Fourier transform , is a
method of signal sampling originally
devel oped by French mathem atician
Baron Jean Baptiste Joseph Fourier in ca.
1807. The equation known as the Fourier
transform is a mathematical process in
which one can separate any periodic
function into underlying sine and cosine
functions. In April 1965, by way of at-
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tempting to filter noisy signals, Bell Lab
oratories researchers James W. Cooley
and John W. Tukey gathered research that
led to the development of the discrete
Fourier transform (DFT), which later
became known as the fast Fourier trans
form (FFT), a method of Fourier analysis
which decreased the number of calcula
tions needed to analyze the waveform,
thus making it infinitely easier to factor
out "noise" from the waveforms being
analyzed. In this SDR application, FFT
works like a spectrum analyzer to convert
signals from the time domain (similar to
that viewed on an oscilloscope) to the fre
quency domain. See the website <http://
www .n e t na m .v n/ unes coco urs e /
computervisionichap9.doc>for a more in
depth explanation of FFT.

8. Many manufacturers rate their fil
ters from 6 dB to 60 dB. The 3-dB point
is actually a better measurement of the
noise-power bandwidth of a filter and is

a more stringent requ irement than the 6
dB point.

9. Expanded Spectrum Systems has
just released a kit called The Time Ma
chine which provides a straightforward'
quadrature mixer that will allow SDR
experimentation. It currently runs at fixed
crystal frequencies, but input filters are
available for most of the amateur bands.
More information is available at <http://
www.expa ndedspectrumsystems.cOln/>.
Another interesting system uses the
direct digital conversion approach with
the AD664 and AD6620 sampling at 65
MHz. It will communicate with the PC
through a USB port. The web link is
<http://www .rfspace .com>.

10. Members of the ARRL SDR
Working Group include Lief Asbrink,
SM5BSZ ; Gary Barbour, AC5WO ; Bob
Lark in, W7PUA ; Mike Marcus,
N3JMM; Douglas Smith, KF6DX; and
Gerald Youngblood, AC50G. •
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The First 24-GHz EME G50
With improvements in receiver design and the introduction of new software,
Earth-Moon-Earth (EME) communication has become accessible to an
increasing number of VHF+ operators. Some EME veterans, looking for a new
challenge, are seeking to complete EME contacts on increasingly higher ham
bands. A year ago W5LUA and VE4MA were the first to complete an EME QSO
on 24 GHz. Here is their story.

By AI Ward,* W5LUA, a nd Barry Malowanchuk,t VE4MA

Photo 1. Barry, VE4MA, and the 2.4-meter dish for 24 GHz.

On August 18, 200 1 at 1419 UTC
VE4MA and W5LUA completed
the first 24-GHz Earth-Moon

Earth (EME) QSO. Achieving this QSO
required years of engineering effort by
both Barry, VE4MA, and myself (AI,
W5LUA), with help from several other
interested hams. Photos 1 and 2 show
VE4MA and W5LUA with their 24-GHz
EME antenna installations .

EME History
The first amateur moonbounce con

tact, on 1296 MHz, was made in 1962.
Since then moonbounce QSOs have been
accomplished on all amateur bands from
28 MHz through 10,368 MHz. Over the
past ten years EME contacts on all
microwave bands through 10,368 MHz
have been commonplace, and generally
occur on a monthly basis.

Accomplishing EME contacts on the
next highest amateur band, 24 GHz, rep
resents an enormous leap in technology
from that used on the lower frequencies.
Most of the standard construction tech
niques do not work very well at 24 GHz,
and moonbounce requires very high-per
formance systems. Consequently, moon
bounce at 24 GHz represents a supreme
technological challenge!

Technology
For those thinking about 24 GHz EME,

the following three components should
be carefully considered: The recent
improvements in low-noise microwave
transistors make it possible to create good
low-noise amplifiers, although this still

*e-mail: <al wardswagilent.com»
Te-mail: <ve4ma @shaw.ca>
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takes a great deal of skill and patience to
achieve. The commercial satellite indus
try operating in the vicinity of 14 GHz
has created efficient paraboli c antenna
reflector s that might be useful with
reduced-efficiency at 24 GHz.

Even so, as it has been in the past with
the lower frequency experimental EME
work, obtaining high transmitter power
still represe nts .the biggest individual
challenge to success on 24-GHz EME.
Devices calle d TWTs (traveling wave
tubes) which generate high power for fre
quencies up to 14.5 GHz have become

fairly commonplace on the surplus mar
ket. However, they are very scarce for 24
GHz.Pushing the lower frequency TWTs
up in frequency is possible but requires a
considerable amount of patience.

The Path to
The Moon and Back

Beyond the technological challenges,
the high path loss adds a further barrier.
The minimum EME path loss to the
Moon at 24 GHz is approximately 297
dB. Furthermore, the 24-GHz band is
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Photo 2. Al, W5LUA, and the 3-meter dish fo r 24 GHz.

also seve rely affec ted by water-vapor
absorption in the atmo sphere. In high
humidi ty weather situations such as fog
or rain, this absorption of the signals all
but rules out trying to make any type of
DX QSO, let alone trying to compl ete an
EMEQSO.

As with all narrow-band microwave
work, frequency calibration and stability
are details that cannot be overlooked.
Vari ations in these factors between
radios are especially troublesome when
tuning slowly for a really weak signal
while also trying to aim a narro w
beamwidth parabolic dish. Completion
of many moonbounce QSOs on the lower
microwave ham bands eventually be
came easy-but only after finding the
other station's signal!

At VE4MA a well-calibrated frequen 
cy counter was used, while at W5LUA a
rubidium standard was used to lock a
Hewlett-Packard signal generator as a
reference. Because of our calibration
efforts, at the time of our initial QSO both
stations were within a few kHz of where
we expected to find one another. Even so,
before we were well calibrated, it was not
unusual to find each other up to 15 kHz
away from the expected frequenc y of the
other ' s signal.

Because of the relative motion of the
Moon with respect to the Earth , there is
a shift in frequency of the reflected sig
nal as it return s to Earth . This shift in fre-
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quency, known as Doppler shift, increas
es with frequency such that at 24 GHz
there is a maximum of ±70 kHz of shift.

While the Doppl er shift is easily pre
dicted, there are, however, significant
differences in the values predicted by dif
ferent software programs. Ironically, the
old program Real Track, by Mike Owen,
W9IP, seems to be the best, being with
in 500 Hz.

With the difference in latitude between
VE4MA and W5LUA the Doppler shift
between us differed by a maximum of
approximately 12 kHz. Frequency set
ting can be confusing, although it is eas
iest if the first receiving station corrects
the transmit frequency for its echoes so
as to fall on the echoes of the first trans
mitting station.

The rough texture of the moon' s sur
face produces a spreading of a signa l that
is directly proportional to the increase in
frequency, albeit with differing resultant
copy of the received signal for each ham
band. For example, at 2.3 GHz 'the loss
of symbols within a charac ter can make
copy of an otherwise strong signal very
difficult. Progressing up to 5.7 GHz, in
contrast, a CW signal sounds quite musi
cal and is easy to copy, with several dis
crete carriers being heard close together.
At 10 GHz the signal is somewhat like
aurora on 6 or 2 meters.

As we contemplated the challenge of
24 GHz, the big question for us was

"Would the aurora sound be worse than
what we hear on 10 GHz?" The answer
turned out to be no. Paradoxicall y, the
narrower beamwidth of the type of anten
na we used, being less than the subtend
ed angle of the Moo n (i.e., less than 0.5
degrees), seems to actually produce less
spreading than at 10 GHz . The charac
teristic buzz still sounds pretty much like
10 GHz EME (or 2-meter aurora), but it
is less severe.

/

Systems at
VE4MA and W5LUA

VE4MA had the good fortune of
acquiring a Prodelin 2.4-meter (8-foot)
offset-fed dish that was originally intend
ed for 14/12-GHz remote broadcast up
links. Looking like one of the direct
broadcast mini -dishes, this reflector is
very flat, and in theory was thought to
provide very high efficiency and perhaps
even as much gain as the larger 3.0-meter
center-fed Andrew dish at W5LUA (see
photo s 1 and 2).

A fringe benefit of an offset-fed dish is
the ability to locate all the electronics at
the feed point without introducing block
age of the dish' s capture area. The theo
retical gain at 24 GHz was expected to be
near 55 dB over an isotropic radiator,
with a 3-dB beamwidth of 0.28 degree s.

Antenna pointing is a significant prob
lem, as the dish has a I-dB beam width of
0.16 degrees, and the Moon moves across
the sky at a rate of 15 degrees per hour .
Consequently, the antenna pointing must
be updated about every 60 seconds min
imum! Peaking of the antenna is accom
plished manually and is assisted through
the use of a "Moon Noise Meter" such as
a General Radio 12160r 1236, which dis
play s the relative value of the Moon' s
thermal noise being received.

A W2IMU feedh orn was built using
plumbing parts and sheet copper as
shown in photo 3. The final results with
the new W2IMU feedhorn, carefully
optimized in front of the reflector, were
2.3 dB of Moon noise and 15 dB of Sun
noise! This was truly outstanding and the
basis of much optimism for completing
our initial QSO.

A transverter is used to convert the 24
GHz signals to an IF of 432 MHz. The
transverter at VE4M A is homebuilt and
uses surplus components, which signifi
cantly minimi zed the work required. An
ICOM IC-490 70-cm multimode trans
ceiver is used as the IF . A separate 432
MHz to 28-MHz receive converter drives
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Photo 3. The 24-GHzfeed assembly (Rx converter and wave
guide switch) and lower gain W2IMU feedhorn.

Photo 4. Back structure for the 3-meter dish at W5LUA.

an HF receiver and the Moon noise meter.
The system is linear and highly stable so
that CW, SSB , and even FM modes can
be used, if signal levels permit.

The receiving preamplifiers can be
home built, but achieving the very best
noise figures can be extremely difficult.
Having a good noise-figure measurement
system and the patience to tune the ampli
fiers is important. The best results of 2.3
dB noise figure were with an Agilent
ATF360n PHEMT (Pseudomorphic
High Electron Mobility Transistor) FET.
The preamplifier uses WR-42 waveguide,
as coaxial input would be too lossy at 24
GHz. The WR-42 waveguide input also
provides a convenient method of tuning
for lowest noise figure with screws at the
appropriate positions. The best results
were obtained with a three-stage pream
plifier from DB6NT. This unit delivers an
extremely impressive 1.55-dB noise fig
ure and 28-dB gain, which represents the
state ofthe art and was well worth the cost!

The antenna at W5LUA is a 3-meter
Andrew prime-focus dish with an flD ratio
of 0.3 (flD : the dish focal length to diam
eter ratio ; an flD of between 0.3 and 0.6 is
considered to be typical [see photos 2 and
4]). According to Andrew, the 3-meter
dish is rated to 30 GHz with proper back
structuring to optimize the dish's surface.

The dish really began to perform well
when a back structure, which looks like
a tic-tac-toe board, was mounted to the
backside of the dish. The eight points of
the back structure allowed for optimiza
tion of the dish's surface by pushing or
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pulling on the back of the dish to enhance
the accuracy of the dish's surface.

As opposed to using the popular "string
test" to optimize the plane of the dish, the
back structure was used to stress the dish
in an attempt to optimize Sun noise. The
end result was an increase in both Sun and
Moon noise. In the March timeframe,
when I first received my Moon echoes,
the system was receiving 12.5 dB of Sun
noise and 1.3 dB of Moon noise. The Sun
noise is a 3-dB improvement over what
was obtained prior to optimizing the dish
surface. System noise figure at the time
was 2.25 dB . The feed is a scalar feed
optimized per the W1GHZ On-Line
Antenna Handbook (see <http://www.
w l ghz.cx!antbooklcontents.htm>).

The transverter is also homebrew and
is mounted behind the dish on a shelf
along with the TWT. The transverter uses
surplus 23-GHz modules, which provide
50 milliwatts ofdrive power for the TWT.
Cascaded homebrew LNAs were used to
set the system noise figure. The LNA
used to hear my first echoes on 24 GHz
is a homebrew, two-stage W5LUA de
sign using a pair of Agilent Technologies
PHEMT devices, which provided a 2.25
dB system noise figure. I have since
acquired some lower noise-figure de
vices which have produced a 1.75-dB
system noise figure.

The transverteris dual conversion with
a first IF of 2304 MHz and a second IF of
144 MHz. The 144 MHz is piped into the
shack. My IF radio is ~m ICOM IC-271. I
sample some of the 144-MHz IF signal

and down-convert it even further to 28
MHz. The 28-MHz signal feeds both a
GR-1216 IF amplifier for measuring Sun
and Moon noise and a Drake R7 receiver.
Although I used my IC-271 for riearly
every EME and tropo QSO I have made
through 10 GHz , I admit that the R7
receiver produced an easier-to-copy sig
nal off the Moon on 24 GHz. The late ·
microwave EMEer Paul Wilson,
W4HHK, originally used the Drake R7
receiver for his IF on 2304-MHz EME so
it is carrying on the EM E tradition.

Transmitter
Power Amplifiers

As mentioned above, transmitter pow
er is the most difficult undertaking.
Modern solid-state amplifiers are avail
able on the surplus market up to about 1
watt , but above this power rating we must
rely on TWT amplifiers (TWTAs). Most
surplus 24-GHz rated TWTAs are instru
mentation units that are rated at only 1watt
output, while lower frequency TWTAs
(i.e., 12-18 GHz) are usually rated to
about 25 watts. All TWTAs usually are
capable of considerably more power if the
focusing voltages are optimized for the
specific frequency of interest.

The initial work at VE4MA focused on .
trying to get Varian and Hughes 18-GHz
instrumentation amplifiers to move up to
24 GHz. Unfortunately, these amplifier
units often become surplus because the
power supply and/or the TWT itself is
defective. The best results obtained with
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Photo 5. 80-Watt 32-38 GHz Varian TWT, Hughes 10-Watt TWT, and glass
2C39 tube.

MHz. NF GAIN PTTNOX S
SP-6 50 < .8 20 Adj. 7501200W 250.00
SP-2000 144 < .8 20 Adj. 750120QW 250.00
SP-220 222 <.9 20 Adj. 650/200W 250 .00
SP-7000 70cm<.9 20 Adj. SOO/100W 250 .00
SP-23 1296 <.9 18 100/10W 360.00
SP-13 2304 1.2 18 5OI10W 380.00
LNA 144 <.4 18 NA 220.00
LNA 432 <.5 18 NA 220.00

I" ~~~ ~~~: :::;g ~~ ~~g:gg
The SP-2000 and SP-7000 are NEW Ultra Low Noise mast mou nted
GaAsFET Preamplifi ers with Helical Filters for the ultim ate in weak
signal performance. SSB Electroni c's SP Series preamplif ers
fea ture: Low Noise figures, high dyn am ic rang e, dual stage design ,
adju st able gain, Helica l or Bandp ass filters , vo ltage feed via th e coax
or a separate line plus the high est RF·Sensed (VOX) and PIT power

~t~~ !..v~I~!.! ~f~~~r~~p~f~~~....!.h~~~:!:.!?~Y.

UEK-3000S 2.4 GHz. MastMount Mode S Converter NF 0.8db 460.00
8S 82424GO A040 2.4GHz. 24- x 39- Mag. Alum. Dish & Feed 130.00
SBB-l MODE ·5' 2.4 GHz. Beacon 147.00
PROTECTOR 2.4 GHz. Downconverter RF Protector 65.00
LT230S 1296MHz 30W Transverter NF < 0.9 dB 1400.00
AS-3000 2 port Antenna Switch High Power DC - 3.0 GHz 180.00
AS-304 4 Port Antenna Switch High Power DC - 600 MHz.180.oo
MHP145 1.5KW 144 MHz. Preamp NF <O.5dB 20dB Gain 475.00
TLA1275MC 100 W. Solid State 1250-1296 MHz. Linear Amplifier
MKU13·0TX .5 W 1268 MHz. TX-UPCONVERTER C
UTM-1200-DLX 15 W MAST-MOUNT 1268 TX-UPCONVERTER A
UTM-120Q-l 1 W 1268 MHz. TX-UPCONVERTER L
GaAsPA20 20 Watt 2304 /2400 MHz, Amplifier L

DB6NT 1268MHz. · 47GHz. MICROWAVE EQUIPMENT
MKU13G2 1296 MHz. Transverter NF -o.sca 1.5W out 405.00
MKU23G2 2304 MHz. Transverter NF -o.eos 1 Wou tput 499.00
MKU34G2 3456 MHz. Transverter NF <1.0dS 200mW output 580.00
MKU57G2 5760 MHz Transverter NF <1.0dS 200mW output 580.00
MKU10G2 10.368 GHz Transverter NF 1.2typ 200mW output 580.00
MKU24TVs 24GHz. x -verter 465.00 MKU47TVs 47GHz X-verter 855.oo

DB6NT TRANSVERTER KITS See a ST Review May '01
MKU13G2KIT••• 285.00 MKU23G2KIT•••305.00 MKU34G2KIT_.•380.00
MKU57G2KIT••• 380.00 MKU10G2KIT... 380.00
Check our wee Site for additio nal prod ucts fro m DB6NT

M2 Inc. Antennas & Rotors
6M5XJ6M7/6M7JHV2021293125212Ml212M5WLJ2M18XXX16 112021232
2MCP14/2MCP22 171/232 436CP30 /436CP42UG 232/272
432-9WLl432·13WL 1711232 6/2/222170cmHO Loops CaIJl
KT-36XA Trl-bander 109B.00 OR2BOOPDCRotor System 1200.00
Call for Great Deals on other .M2 Antennas!

Photo 6. VTU-6l9l TWT bandswitchedfor 10 and 24 GHz.

a Hughes 1177 (l O-watt model) TWTA
was 5 watts output with only about 17 dB
of gain . Notably, the low-frequency min
imum gain specification is 30 dB. With
such low gain; a driver of about 100 mW
is required. The Hug hes 1277 (20-watt
model) TWTA was also tested with very
poor resu lts The best resu lts were ob
tained with a Hughes 1177 amplifier dri
ving a Logimetrics lO-watt, 8- l8-GHz
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amplifier (ITT tube). With this arrange
ment VE 4MA was able to achieve 11
watts on 24 GHz .

VE4MA was able to acqui re four
Varian 1OO-watt 28-GHz TWTs and pow
er supplies. However, these TWTs proved
to be narrow-band "coupled-cavity" tubes
and produced no output at 24 GHz.

(Continued on page 80)

Aircom Plus
. .

dB Loss per 100 feet
1296 2304 3000 5000
5.03 7.04 8.23

dB Loss per 100 feet

1296 2304 3000 5000
3.47 4.87 5.70 7.83

AIRCOM PLUS & ECOFLEX 10:
25 Mtrs/82ft. $71.00 5OMtrs/164ft.S134.00 l 00MlrsI328ft $252 .00
AIRCOM Connectors; Type-N 9.00 PL259 1N-Female I BNC 10.00
ECOFLEX 15 $1.90 ft ECOFLEX 15 Solderless Type-N 15.00

BEKO Ultra LINEAR Solid Slale POWER AMPLIFIERS
BEKO Amplifiers feature: Ultra Linear operation, Oversize Heat Sinks,
VSWR Protection, Switchable Delay Time for SSB & CW/FM, built-in TR
relays, Vox or PIT Control, plus external control of mast-mounted
preamplifiers such as our SP-2000 & SP-7000's. The high power mostet
serles includes power supply. Built for non-stop contest operation!
HLV-160/10 144MHz. 10 in 160 W Out Linear Amplifier 569.00
HLV-160125 144MHz. 25 in 180 W Out Linear Amplifier 569.00
HLV-120110 432MHz. 10 in 130 W Out Linear Amplifier 649.00
HLV-600 144MHz. 10 in 600 W Out w/power supply 2,150.00
HLV-1200 144MHz. 20 in 1200 W Out w/power supply 4,250.00
HLV-700 432MHz. 1 in 620 W Out w/pow er supply 4,200.00

WIMO ISHF DESIGN High Precision YAGIS
SSB Electronic USA is pleased offer the WIMO 1 SHF Design Line of
VHF I UHF I SHF Antennas. The SHF series of Vagi antennas feature:
multiple optimized design according to DL6WU. precision CNC boom
drilling, element length tolerances of better than 0.1mm. All elements are
mounted and exactly centered under robotic control. Short YAGIS -
are end mounted while the long YAGIS U include an under the boom
support. Unlike other antennas, there is absolutely no boom sag!
SHF DESIGN "ELIMINATOR" SERIES"
SHF2328 1240 - 1300 MHz. 28 el. 15.4 dBd Gain· C
SHF2344 1240 ~ 1300 MHz. 44 e1.18.1 dBd Gain U A
SHF2367 1240 - 1300 MHz. 67 e1.19.9 dBd Gain" L
SHF1340 2300 - 2450 MHz. 40 el. 16.6 dBd Gain' L
SHF1367 2300 - 2450 MHz. 67 et, 20.0 dBd Gain"
WIMO HELICAL ANTENNAS
HELlX70-2 430 - 440 MHz. 14 Tum RHC Helical 12.5 dBc Gain
HELlX23-2 1250 -1300 MHz. 20 Tum AHC Helical 13.0 dBc Gain
HELlX-40 40 Turn 2.4 GHz. Helical RHC 16.0 dBc Gain
Check out our WEB site fo r other WIMO I SHF Design products
inc lud ing: X-Quads, HB9CV Direction Finding I Fox Hunt
antennas, full y co llapsible 144, 432, & 1296 portable antennas etc.

SSB ELECTRONIC USA
570-868-5643 www.ssbusa.com

N EW Hours: MT WTF SS 9:00AM - 9:00PM

124 Cherrywood Dr. Mountaintop, Pa . 18707
.'IlC/nSA

Send 2 sta mps for curr ent tlycr. Prtccs subject to change without notice.
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A Beginner's Guide To
Meteor-Scatter Operation Part I

Once considered one of the "esoteric" VHF propagation modes, meteor
scatter has become the easiest way for small 2-meter stations to acquire
new grids in the 500-1200 mile range. In this two-part series W8WN
explains the basics of meteor-scatter propagation and how one can take
advantage of it to complete QSOs on several of the VHF+ ham bands.

By Shelby Ennis, * W8WN

A dramatic shot ofa meteor gracing the night sky at the author's QTH.

"Did anybody else hear that signal?"

Multi-mode VHF transceivers and
small horizontal Yagis are now
common. Man y people have

learned that SSB is great for keeping
schedules with friends in nearby com
munities, providin g much greater dis
tance and more frequency choices than
FM. In much of the country, daily rag
chew QSOs can be heard every morning.

Occasionally, these operators may no
tice some other signals on the band, and
they might try to work enhanced tropo on
144.200 MH z. Because their power is
usually low, their antennas are not up
high, and their experience with extend
ed-range operation is somewhat limited,
the number of contacts they make via this
method is genera lly minim al. If friends
at the local radio club talk about the big
tropo opening or the big aurora last week,
there is often no comprehension of what
they are talking about.

When it comes to meteor scatter, most
people who operate 2 meters have never
heard a burst or a ping (see "Definitions
of Meteor-Scatter Terms" box). If they
were to hear either one, chances are they
would have no idea what caused it.

When the Perseids meteor shower pro
duced several big outburs ts in August
about ten years ago, I was listening on
144.200 MHz. There had been occasion-

*465 Springfield Rd., Elizabethtown, KY
42701
e-mail: <w8wn@arrl.net>
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al overdense bursts and flurrie s of bursts.
Things had been quiet for a while. Then
a station in a nearby grid, whose call I did
not recognize, called me. Soon it became
apparent that he knew nothing about
meteor scatter, about the great shower
going on, or about-all the DX that was
occas ionally being heard.

Before I was able to explain a little
about it (which really wasn' t a good idea
on 144.200 MHz), a huge overdense burst

began. Stations in the New England states
popped in and increased in strength to S9
and above, as the operators gave quick
"CQ-scatter" calls. Within a few seconds,
stations farther south were coming
through, and 144.200 MHz became pure
bedlam.A mass of strong signals from the
northeast, plus a few locals, seemed to be
calling simultaneously. This activity con
tinued for about two minutes, and then the
signals disappeared.

Visit Our Web Site



Definitions of Meteor-Scatter Terms

Blue whizzer : sla ng for a large, overdense burst.
Bolide: a meteor that appears to explode .
Burst: visually, the sudden flare due to disintegration of a mete

or; radio, the sudden appearance ofa signal due to scattering or refrac
tion from a meteor train . Usually used with overdense bursts.

Circumpolar: a shower whose radiant appears nev er to set, rotat
ing aro und the celestial pole but always above your horizon (depends
on your latitude ).

Com et : a ce lestial body, apparently left over from the formation
of the solar system, havin g a more or less solid head surrounded by
a nebul ous luminescen t cloud and an elongated curved tai l when the
head approaches the sun.

Diurnal va r ia tion : a cyclic change tha t varies regul arl y through
out a 24-hour period.

Doppler: the apparent change in frequ ency cause d by the chang
ing distance between a radiation source and an observer.

Dust trail: a concentration of cometary debris bun ched together
(for examp le) by a resonance with the orbit al motion of Jupiter.

Efficie ncy (also called effectivity): relative effe ctiveness ofprop
aga tion in a particular direction fro m the trails of shower meteors.
Ca n be used to determine the optimum time for communication over
a particular path, given the astronomi cal coordinates of the radiant.

F ir eball : a me teor bri ghter than Venus (magnitude -4).
FSK441: a digital HSMS mode, part of the WSJT program.
Hot spot : a point located halfway betw een two stat ions , off to one

side of the mid-point , where the number of suitably orie nted meteors
is statistica lly at a maximum.

HSCW or HSCW M S: meteor scatter using Morse code at speeds
greater than 100 wpm (500 lpm),

HSMS: meteor sca tter at speeds grea ter than 100 wpm (500 lpm),
lOS: ionospheric sca tter; see sca ttering.
JT44: a digital slow-speed, weak-sig nal mode used for EME, tropo

sca tter , lOS, etc. Part of the WSJT program.
Local time: sta ndard time at your location.
LPM: letters per minute (Le tters Per Minute =Wo rds Per Minute

x 5).
Meteor : a streak of light or "shooting star" seen in the atmosphere.
Meteor stor m : a meteor shower producin g a ZHR greater than

1000 per hou r.
M eteorite: a frag ment of a large meteoroid that surv ives the pas

sage through the atmos phere and falls to Earth.
Meteoroid: a small particle that enters the Earth' s atmo sphere .
O verdense burst: the burst produced by a larger particle, caused

when the elec tron den sity exceeds cri tical and the column begin s to

beh ave like a metallic reflector. Reflections may last several to many
seconds in length .

Perihelion: the point of closest approach to the sun by a celestial
body.

Periodic: occurring or appearing at reg ular intervals, but not nec
essari ly yearly.

Ping: a very short (usually <1 second) underdense burst caused
when the ioni zati on of the met eor train is suffi cient to only scatter
the impingi ng signal.

Ping jockey: slang, an amateur radio operator who regularly oper
ates meteor scatter.

Radiant: the point in the sky from which met eors associated with
a given shower appear to origin ate .

Refraction: the change of direction of a rad io wave when it pass
es obli quely from one medium into another in which its wave veloc
ity is different.

Scattering: irregular and multiple refractions of a radio wave
caused by small irregularities in the propagation medium; in this case,
changes in electron den sity in the D- or E-layers of the ionosphere .

Shower: meteors which, if the ir paths are backtracked against the
sky, all seem to come from the same small area.

"Slow CW": Morse code slowerthan 100 wpm (500 lpm): (some-
times, code slower than 50 wpm) .

Specular: reflected without scattering , as from a mirror.
Spike: a sudden, intense enhanc ement.
Sporadic: meteors that seem to appear randoml y, not part of any

recognized shower. <,

Train: the luminous track of ionization left by an entering mete 
oroi d.

Tropo: shorth and for propagation affected by refraction and/or
scatteri ng in the Earth's troposphere.

Tropo scatter: scatter of a radio wave cau sed by irregularities in
the trop osphere.

Un der dense ping: see ping.
UTC: Coordinated Universa l Time; formerly known as Greenwich

Mean Time or Zulu Time. All MS schedules are made in Universal
Time.

W SJ T : Weak Signal communications pro gram by K lJT.
Zenith: the direct ion or part of the sky directly ove rhea d.
ZHR: Zenithal Hourly Rate; the numb er of meteors that an observ

er would expect to see under a dark country sky if the radiant was
directly overhead. Since a pers on ' s viewing situation is seldom this
good, the observed number of meteors usually will be well below the
ZHR. On the other hand , using sensitive radio techniqu es, the number
of recorded pings will often be many times the visual ZHR .

I waited until the band was quiet. Then
I called the nearby station to take him off
frequency and try to explain what was
happening. I called again and again. He
didn 't repl y, and I haven 't heard him
since. Apparently , the explosion of sig
nals scared him so much that he pulled
the plug! He was neither the first nor the
last operator during those Perseids
"spikes" in the early '90s who was heard
near 144.200 MHz asking what was hap
pening, or calling long, plaintive tropo
style CQs, with no understanding of the
DX that was all around him.

If all you work is 144-MHz FM voice
or packet, you probably have never heard

www.cq-vhf.com

a meteor ping.Ifyou do much 50- or 144
MHz beyond-the-horizon work, you
have no doubt heard many pings, and you
are probably at least somewhat familiar
with meteor-scatter (MS) operation.
Your all-mode VHF rig may be too new,
or you may not realize how MS operation
in North America has changed in recent
years. If you fit either of these categories,
then this article will give you some basic
information. For those who are familiar
with MS but have neverreally studied this
means of propagation ;certain parts of the
material presented here will go into a bit
more detail on the subjec t. In addition,
there will be some tips on using the

newest operating methods that can enable
even a rather small station to complete
MS contacts nearly every morning.

Meteor Showers
TheOld Way of Making an
Occasional OX Contact

When amateurs began to actively use
MS in 1955-57, most operation was con
fined to the major meteor showers.
Besides the three regular large showers
(the August Perseids, the December
Geminids, and the January Quadrantids),
operation was soon being attempted dur
ing the smaller showers. The publication
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of W4LTV's first article on meteor scatter! brought a small
number of stations to MS in 1957 and 1958. People realized
that meteor bursts that were long and strong enough to be usable
on 144 MHz were very infrequent, except for the brief peaks
of the "big three" annual showers. Soon nearly all l44-MHz
MS operation was confined to these periods. On the other hand,
50-MHz operators learned quickly that well-equipped stations
could make MS contacts nearly any morning of the year . For
many years the 6-meter band had a number of stations calling
"CQ scatter" every weekend morning.

Amateurs on 2-meter MS would spend the month prior to the
"big three" showers setting up schedules. Prior to the advent of
the internet, home computers, VHF SSB, or even VFOs on
VHF, schedules normally were made by mail (or occasionally
by long-distance telephone), with each pair of stations usually
making three to five schedules for a shower. During the
Perseids, six to eight hours of schedules for three or four all
night sessions were not unusual. Semi -automatic keys ("bugs")
and later automatic keyers (no memories) were manipulated
manually with speeds usually in the 20-50 wpm range. In order
to automate things somewhat, I put a half twist in a 30-second
loop of 1/4-inch audio tape (making a 60-second Mobius strip-)
and used it to key a sensitive relay, which made the long nights
of schedules much easier.

In 1974 W4LTV published his second article on MS opera
tion.' SSB was beginning to be used on the VHF bands, and
soon most meteor-scatter operation was being done on SSB
because of the higher speeds possible (a "fast talker" can call
at about 200 wpm) . A period of 15 seconds became standard,
often with a short break in the middle, hoping to catch that one
big, overdense "blue whizzer" which would allow a complete
contact on one burst only. However, nearly all 144-MHz oper
ation was still confined to the "big three" showers.

Meteor Showers
Bring Much Fun

The reason for operating solely during the peaks of these
showers is because it is only during the peak of a major show
er that enough long pings and overdense bursts are available to
support "slow CW" or SSB transmissions on 144 MHz.

The meteors we experience during the various showers are
debris, which is shed by comets in their passage around the Sun.
If the Earth in its orbit around the Sun crosses the orbital path of
a comet, the Earth's atmosphere sweeps up some of the comet's
debris . The closer this event happens to the time of the parent
comet's passage, the larger the shower is likely to be. Most of
the comets and showers are old, and their debris streams are now
too sparse to produce much of a shower. The Perseids, Geminids,
and Quadrantids are young enough, however, to produce good
showers , yet they are old enough for the debris to be well dis
persed along the comet's orbit. Therefore, we do not expect large
year-to-year variation.

As the outbursts ofthePerseids during the early 1990s remind
us, though, there are exceptions to this general rule. A "mete
or shower" is said to exist when the meteors all appear to have
come from the same small area of the sky. This phenomenon
is only because of perspective, of course, since meteors of the
same stream move along parallel orbits in space. The radiant
is the point in space from which the meteors of the shower
appear to originate. As a rule, meteor showers.are named after
the constellation in which the radiant lies . The number of mete-
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Figure 1. A screen shot of OH51Y's MS-Soft meteor-scatter
software program.

ors does not need to be large-only enough to establish a pat
tern. In fact, many of the smaller showers have a ZHR (Zenithal
Hourly Rate-see definitions at the end of this article) of ten
or less . There are dozens of recognized meteor showers (see the
lists published by the International Meteor Organization,"
American Meteor Society.f etc.).

The "big three" showers still provide the primary opportuni
ty for SSB meteor-scatter contacts, with the August Perseids
remaining the favorite (see sidebar for more on the Perseids).
The December 10-14 Geminids often has a rate which is as high
as, or even higher than, the Perseids. However, the Geminids has
never been as popular as the Perseids, probably because of the .
time of year (the holiday season as well) and its lower velocity.

The January 1-4 Quadrantids is usually the smallest of these
three meteor showers. It has a very sharp peak, lasting only an
hour or so, and if you catch it you may be rewarded with a very
good shower. If you miss the peak, you may wonder if there
even was a shower. The time of the peak is somewhat variable,
and the best radio meteors tend to peak some hours earlier than
the visual meteors. The peak may be rather intense, but the post
maximum is very short. Once the Earth has swept through the
core, it leaves the stream very quickly.

If you want to know the peak time of a particular shower, you
can get the "best guess" from the various meteor websites, or
from OH5IY's MS-Softprogram. 6 Except for the Leonids (more
specifically, the Leonids predictions of Asher, McNaught, et
al.), none of the listed peaks is more accurate than about ±12
hours. Many predictions are not even that accurate. The time
and date simply are based on the best approximation of the time
of the Earth's crossing of the meteor stream that year. These
streams may be multiple, may have concentrations, and may
have had their orbits changed because of gravitational attrac
tion by Jupiter. Besides Jupiter's perturbations, there are sev
eral other mechanisms that can change the orbit of the particles
or spread the particles out in the orbit (or even somewhat pre
vent them from spreading). At this stage of meteor science most
of the listed peak times are not intended to be exact.

Besides these three showers, a few others occasionally may
produce large displays. For example, the June Bootids produced
an outburst in 1998 with rates ranging from 50 to over 100 mete

"ors per hour for over half a day . The big excitement for the past
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Meteors overtaking

the Earth

Meteors swept up To the Sun
by the Earth

Relative rate

Figure 2. The increase in sporadic meteors beginning with the
early morning hours and then declining during the course of
the day until once again increasing in the late afternoon. This

fi gure illustrates why there is an increase.

three years has been the Leonids. With the perihelion passage
of the parent comet, P. Tempelffuttle, in February 1998, it was
hoped that another "storm" (a ZHR greater than 1000 per hour)
such as the one we had in 1966 would be observed. While the
1966 rates were not reached , they did briefly reach storm rates
in 2001,7 and the so-called "fireball storm" of 1999 produced
one of the most beautiful displays most of us have ever seen.
If you were not involved in any of these events, the November
2002 peak is predicted to be the last major display in our life
time (and probably for about a hundred years).

The dust-trail analyses (of David Asher, Robert McNaught,
Esko Lyytinen, and others) have brought the art of predicting the
Leonids to a real science. For more on this subject, go to the bot
tom of the HSMS Hot News page.f and then go to the websites
of the various researchers. Put November 19, 2002, around
0400 and 1040 UTC on your calendar, and watch for last-minute
information.

It's All in the Timing
More important than being aware of the exact time of the

peak (except for showers such as the Quadrantids and Leonids,
which have very sharp peaks) is knowing the proper time for
making schedules in different directions. The optimum time for
a given direction is when the radiant location is at 45 degrees
(or, for practical purposes , about 30 to 80 degrees) above the
horizon.? While communication is possible at other times, the
number of usable meteors is usually greatly reduced. This phe
nomenon is called the effi ciency (also called the effectivity in
some of the older programs and charts). Because the radiants
of the various showers trace different paths across the sky, the
characteristics of these showers in different directions will vary
considerably. For example, with the Perseids there is no good
time for a north-south (N-S) path, but NW-SE and NE-SW paths
can be great at the proper time.

www.cq-vhf.com

As a shower's radiant rises in the east , crosses the sky, and
sets in the west, the geome try of the incoming meteors will
vary continuously, which means that the optimum schedule
direction will continually chang e. OH5IY' s MS-Soft program
can figure this out for you (see figure 1), or you can use
W4LTU's tables. Of course, if the radiant is below the hori
zon, you aren 't going to have many shower meteors available
for use. During every major shower a number of stations will
be on calling CQ after CQ on SSB when the shower is on the
other side of the Earth .

Some of the showers seem to have a larger percentage of
long, overdense bursts because of the higher percentage oflarg
er particles. The difference between the long, overdense bursts
and the tiny, formerly unusable pings is the amount of ioniza
tion, which is related to the mass and velocity of the particle .U'
The cosmic specks we are talking about are tiny. There is still
uncertainty regarding the actual masses of the majority of the
usable meteors, ranging from a tiny fraction of a gram to sev
eral grams . Their composition apparently varies from the
grains-of-sand type to "dustballs," with porous, crumbly mate
rial being the most common. I I Because of such great velocity ,
their kinetic energy is sufficient to produce the ionized train.

The underdense pings are produced when the ionization is
only enough to scatter the radio waves. If the ionization is
intense enough, the incident wave does not penetrate the col
umn freely and the wave is refracted, as though from a metal
cylinder, giving rise to a specular reflection . This is why even
small stations can use overdense bursts , as they can be almost
as effective as a sporadic-E cloud. Unfortunately, overdense
bursts are so rare outside the peaks of major showers that they
are worthless for routine communications on 144 MHz.

Sporadics-and those
"Abominable Pings"

Meteor showers provide an interesting, concentrated period
of operation and the opportunity to use SSB. If you work only
SSB on 144 MHz, the "big three" showers , plus the Leonids,
are your only chances to do much. The occasional overdense
bursts of the few major showers provide very little occasion for
contacts when compared with the daily influx of sporadic mete
ors. Even though the duration of these pings is usually very
short, the number of tiny pings available on many mornings
may surprise you.

"Sporadic" meteors are those which constantly bombard the
Earth and are not associated with any known shower. These
sporadics are of two types: comet debri s and material from the
asteroid belt. (Some interstellar dust also is collected by the
Earth. However, most of this dust is so small, about the size
of the particles in cigarette smoke, that it would not produce
usable ionization.)

Debris from collisions in the asteroid belt is regularly picked
up by the Earth. These chunks of asteroids can be much larger
than the typical comet debris (remember some of the recent dis
aster films") . Fortunately for all of us, most of the debris is peb
ble-size or smaller, but some of it is large enough to produce
an occasional fireball that lights up the sky for hundreds of

,s quare miles.
. Most ofthe "sporadics" are probably comet debris from long
extinct shower streams that have been spread out and are no
longer identifiable as such. These meteoroids are tiny, not pro
ducing enough ionization to create an overdense burst along
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Figure 3. By month, the annual increase in meteor rates.
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The Perseids: The "Old Favorite"
This is still the favorite shower of most MS enthusiasts. Debris

assosiated ¥,ith this sho¥'er h~~been observed fo~~t least 200P
years, as the stream has avery stable, highly inclined orbit which
protects it from strong planetary perturbations. Its parent comet ,
P. Swift-Tuttle, had been seen only in 1862 until it returned
in 1992.

In spite of predictions of margingl increased activity, in 192!
the Perseids caught many by surprise when it suddenly surged
with an outburst on the order of 500 per hour. The next several
years produced great showers, with a new "spike-type" peak at
an unexpected time. Hams made contact after contact in the
largest meteor showers since t~e 1966 Leonids storm! ... •.

The Perseids have now returned to their normal rate, which is
still one of the highest of any of the annual showers. The over
all Perseid activity consists of two components: one flat and very
broad activity level lasting for five weeks, and{.anothe,r..,1evel
which causes the sharp peak rates. The main part of the Perseids
is usually considered to run for about five days, August 10-14,
with the major peak predicted for this year on August 12 at about
1720 UTC. This usually is a fairly broad peak. There often are
enough usable meteors to make schedules worthwhile
full three- to five-night period.

The Perseids is a high-velocity shower (60 km/sec) and cir
cumpolar for those in the mid-northern latitudes, reaching a min
imum altitude at about 1730 local time. (This means a few might
be available at .any time of day or night, although the geometry
will be poor.) They generally are not good for north-south (N-S)
paths, but can be very good for NW-SE (2400-0500) and NE
SW (0800-1200) paths. The radiant is too high for good
E-W paths, but possible (0500- 0800). (TiIlles are in l~cgl stan-
dard time.) o '

Many observers, both visual and radio, have reported the
impression that the Perseids sometimes appears in groups. This
was explained away some years ago as a "misleading statistical
feature." I!0wever, more re8~nt da~a has raisea,the .f'llestion
once again. · ... . .

Which is better for the Perseids, HSMS or SSB? Inrecent years
there have been many comments-for example, "If I had only
bee~ runni~g xxx/or that sch~dule,. :.it wOlll~ ha~e been easy!"
(insert eitl1~r HSJYlS or~SB, for c0Il}Il}ents ipoth ways have beeJ;li
heard). The Perseids is known for its good bursts, and some years
have almost no underdense pings! Thus, SSB may be the pre
ferred mode, especially near the peak.

Burn, Baby, Burn
Meteoroids range from sizes smaller than the particles in cig

arette smoke, which float through the atmosphere without ion
izing, to those so large that they survive their fiery encounter
with the atmosphere and reach the ground as meteorites. The
size of interest for MS communications is approximately that
of a grain of sand, and it is estimated that over 100 million of
these hit the atmosphere each day . Entry velocities range from
11 to 72 krn/sec (24,600-161,000 mph) with an average veloc-

with its specular reflection. They give rise to what once was
called the abominable "ping" by W4LTU, because amateur
radio operators were incapable of using these underdense trails
until the 1980s. These pings typically are very weak and very
short-less than one-half second in length. In half a second the
typical operator can speak approximately two letters of a call.
Because of the weakness of the signal, only the peak of the ping
is likely to be strong enough to be usable. Therefore, with SSB
the average ping would produce a short "uh" or "ah" or some
other meaningless single syllable, and using 25-wpm CW is no
better. The nature of CW allows more of the signal to be used,
but the speed is much slower, giving only part ofone letter. These
examples are for very good pings. Most are much shorter.

The number of sporadics varies greatly according to the sea
son of the year. They also vary over the course of a 24-hour
period, hour to hour, and even minute to minute. Some of the
fluctuations can be explained easily, while others seemingly are
purely random (They may not be, but there is presently no way
to be sure.).

The most obvious variation is the diurnal change. The max
imum number of sporadics occurs around 0600 local time, with
the minimum about 1800, which is the result ofthe Earth's mov
ing through space at 31 km/sec. At 0600 local time, overhead
meteors are moving toward the onrushing Earth, and even very
slow ones are swept up. At 1800, however, only those meteors
with a velocity greater than that of the Earth are able to catch
up and enter the atmosphere, which results in a much smaller
number of meteors in the evening (see figure 2).

There is also a yearly cycle of sporadic meteors. The num
ber dips to a minimum in February and March, begins to in
crease around May, reaches a peak about June-August, enters
a secondary peak about October-December, and then rapidly
declines again to the minimum (see figure 3). Meteor-scatter
operation is typically in the doldrums (but still possible) dur
ing the February-April period. There are no major showers,
almost no minor showers, and fewer than usual sporadics.J? It
has been so bad that on two occasions during the poor period I
even failed to hear K0XP on our morning IS-minute schedules!
(We completed contacts 80% of the time, averaged over a two
year period, with a 94% completion rate during the best times
of the year. 13)

Conditions may also vary greatly even from minute to minute.
It is not unusual to have a lO-minute period with three to five
pings per 30-second period, then have fewer than one ping per
period for the next 10 minutes, followed by another increase.
The reason for these short-term variations is not known. Most
of the meteor researchers say that it is only statistical variation,
which, undoubtedly, much of it is. Recently some people have
wondered if there was not some type of actual physical group
ing at work. (Hams and a few visual observers have reported
this phenomenon for many years.)
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every Element 3 Q&A that
can be on your exam.

GWGM $12.95

approximately as the cube of the wave
length , while duration varies approxi
mately as the square of the wavelength.17

On 50 MHz random MS is possible
nearly every morning of the year with
moderately equipped stations. However,
50-MHz SSB MS seems to have fallen
out of favor. (There are a fair number of
stations on 6 meters daily looking for
HSMS schedules, though.)

The 222-MHz ham band has seen very
littleMS activity,probably because of the
small number of stations on this band .
Those operators who have tried it, how
ever, have found it to be less difficult than
expected.

Likewi se, 432 MHz has seen little
very little activity-with most of the
activity taking place in Europe. Meteor
scatter on 432 MHz requires power and
patience. One-hour schedules are typi
cally run during showers, and the Euro
peans sugges t slightly elevating the
antenna in order to null as much ground
noise as possible.

Higher frequency bands are generally
considered to be unlikely candidates for .
MS operation , although 902-MHz con
tacts may be possible between well-

tiJf-:::~'"i4ff AtIdtotusttte . I
( I
I I
1""..._, 1
I Morse Code I

10-5 I
I_ IL, J
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GW05 $29.95
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more difficult as one goes higher in fre
quency. Both the received power of the
signal and the duration of pings decrease
rapidly with shorter wavelengths. The
received power or signal strength varies

Typical Speeds

500

2000

ff 1500
~

-g 1000
CIlc.en

ity of 45 km/sec.!" depending upon
whether their orbit is approaching the
Earth head-on or from behind. All mete
ors in a given shower will have the same
velocity, while sporadics can have a wide
range of velocities.

The height where meteors ionize is .
usually between 80 and 120 km, with the
higher velocity particles ionizing at the
greater heights. A recent study '> seemed
to show a second group of the high-veloc
ity Leonids ionizing at twice the normal
height-about 250 km. However, no
other indication of this extreme height
has been found, and it is believed by many
that this report was an artifact of the radar
being used.16

Because the ionization height is about
the same as theE-layer, the distancescov
ered by meteor scatter are approximate
ly the same-650-2250 km (400-1400
miles), with the 950-1900 km (600- 1200
miles) range being the easiest to attain.
Maximum distances are, of course, deter
mined not only by the ionization altitude,
but also by the effective height of the
antennas. Thus, distances beyond 2250
km are seldom achieved, with 1900-2150
km being the usual maximum distance for
the averag e station. Distances under
about 600 miles are also difficult unless
the antennas are elevated. Also, side scat
ter (both stations aiming at a common
point about 400 miles from each) is used
sometimes for shorter distances.

Most of this article has dealt with the
144-MHz band, which is where most
meteor- scatter activity takes place. MS is
much easier on 50 MHz, and becomes

Figure 4. A comparison of the speeds of the various modes ofcommunication used
for meteor-scatter work.
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equipped stations and experienced oper
ators during major showers. No contacts
have been reported on this band , and
as far as it is known, no attempts have
been made.

What Has Changed
in MS Operation?

Even though the daily influx of spo
radic meteors had been known since the
beginning of meteor astronomy and com
munications, amateurs seldom used them
until the 1980s. It was at about this time
that Europeans developed a system of
high-speed meteor scatter by modifying
audiocassette recorders. Morse code was
transmitted at a high speed (up to about
2500 lpm, or 500 wpm), and the pings
were recorded and then played back at a
slower speed. This is several times faster
than SSB, and provides a more usable sig
nal because of the difference in the mod
ulation. While this idea goes back to the
very beginning of meteor scatter com
munications in Project JANET18and was
used by some of the early North Ameri
can meteor-scatter operators (using two
or three-speed reel-to-reel tape record
ers), it never caught on over here.

Over the ensuing 15 to 20 years,
Europeans not only made many contacts
during the major showers, they also
began making regular contacts every
morning using only the daily influx of
sporadics. The number of MS contacts
and the number of grids worked rapidly
increased for the Europeans, while North
Americans continued operating only SSB
(or, for a few, 25-wpm CW) during the
major showers.

There were several reports published
concerning what Europeans were able to
do, but North Americans seemed to take
little or no notice of all this increased MS
press . Over the years attempts by sever
al different amateurs were made to intro
duce high-speed CW meteor-scatter
operation over here , but as far as is
known, no contacts were ever made. It is
difficult to make a contact when you are
the only one operating! Consequently,
Europeans continued to make MS con
tacts all year, nearly every day, while the
rest of the world was stuck in the past (see
figure 4).

In Part II of this article, modern high
speed meteor-scatter (HSMS) methods,
as well as techniques for both SSB and
HSMS operation, will be described.

There will also be some information on
the 2002 Leonids, which is predicted to
reach storm levels on November 19!-ed.

Notes
1. Bain, Walter F., W4LTU, "V.H.F.
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provides twice as much surface area in
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North American VHF and above DX Records
Courtesy AI Ward, W5LUA, and North Texas Microwave Society (http://www.ntms.org)

Distance miles (km) Call SignsBand
144 MHz
Aurora
Auroral-E
FAI
lOS
MS
Sporadic-E
TE
Tropo C
Tropo P
Tropo A

222 MHz
Aurora
MS
Sporadic-E
TE
Tropo A
Tropo C
Tropo P

432 MHz
Aurora
MS
Tropo C
Tropo P
Tropo A

903 MHz
Aurora
Tropo C
TropoP

1296 MHz
Tropo C
Tropo P

2304 MHz
Tropo C
Tropo P

3456 MHz
Tropo C
TropoP

5760 MHz
TropoC
Tropo P

10368 MHz
Tropo C

24192 MHz
Tropo C

47040 MHz
Tropo

75.5-81 GHz
LOS

119.98-120.02 GHz
LOS

142-149 GHz
LOS

241-250 GHz
LOS

1347 (2167)
1389 (2236)
1472 (2370)
1775 (2856)
1960 (3154)
2259 (3635)
3933 (6328)
1687 (2714)
2954 (4754)
1469 (2365)

1298 (2088)
1306 (2102)
1364 (2195)
3670 (5905)
1152 (1854)
1345 (2167)
2574 (4142)

1182 (1902)
1268 (2040)
1370 (2204)
2574 (4142)
1413 (2273)

54 (87)
1082 (1741)
2523 (4061)

1287 (2071)
2574 (4142)

1000 (1609)
2469 (3973)

936 (1507)
2469 (3973)

738 (1187)
2469 (3973)

797 (1282)

233 (375)

108 (174)

110.5 (176.8)

7.25 (11.67)

38.3 (61.6)

4.55 (7.32)

KAIZE (FN31TU)-WB0DRLIWA0TKJ (EM18CT)
VE4AQ (ENI9LU)-K5MA (FN41QO)
W0LD (DM78PU)-WA4CHA (EL88QA)
K5JL (EMI5DP)-VEIALQ (FN65VH)
K5UR (EM35WA)-KP4EKG (FK68VG)
WA7GSK (DN13S0)-W4FF (EL96AM)
KP4EOR (FK78AJ)-LU5DJZ (GFIILU)
WB4MJE (EL94HQ)-VEIKG (FN84CM)
KH6HME (BK29GO)-WILPIMM (DL51CE)
WIJSM (FN43NC)-VP5D (FL31UT)

WC2K (FM29PT)-W5LUA (EM13QC)
KIWHS (FN43MJ)-W7XU (EN13LM)
W6QIW (DM04CK)-W5UWB (EL17AX)
KP4EOR (FK78AJ)-LU7DJZ (GF05RJ)
WA4LOX (EL87SK)-WP40 (FK68KM)
W5UWB (EL17AX)-K2YAZ (EN74AX)
XE21N6XQ (DL29CX)-KH6HME (BK29GO)

W3IP (FMI9PD)-W5LUA (EM13QC)
W7XU (EN13LM)-N6RMJ (DMI4CP)
KMlH (FN42HR)-WB4MJE (EL94HQ)
XE21N6XQ (DL29CX)-KH6HME (BK29GO)
WIRIL (FN42AH)-VP5D (FL3lUT)

K3HZO (FMI8QP)-WA3NZL (FM19JG)
K0VXM (EL98PJ)-N5WS (EL09RU)
KH6HME (BK29GO)-N6XQ (DMI2JR)

WB3CZG (FN21AX)-K2DH (EM13PA)
XE21N6XQ (DL29CX)-KH6HME (BK29GO)

W5LUA (EM13QC)-K0VXM (EL98PJ)
KH6HME (BK29GO)-N6CA (DM03TR)

W5LUA (EM13QC)-KQ4PI (EL99HK)
KH6HME (BK29GO)-N6CA (DM03TR)

W5LUA (EM13QC)-W9ZIH (EN51NV)
KH6HME (BK29GO)-N6CA (DM03TR)

WILPIMM (DL34JA)-WB6CWN (DM04EG)

K6GZAl6 (CM97HM)-AD6FP/6 (DM04MS)

W4SW/4 (FM08US)-W3IY/3 (FNlOFF)

W0EOMl6 (CM88QQ)-KF6KVG/6 (CM97AE)

W0EOMl6 (CM87WJ)-KF6KVG/6 (CM87UK)

W2SZ/4 (FM07FM)-WA4RTS/4. (FM08IB)

WAIZMS/4 (FM07JJ)-W4WWQ/4 (FM07JI)

Date

February 8, 1986
June 9, 1991
June 19, 1993
November 8, 1999
December 13, 1985
May 29,1998
February 12, 1978'
November 5, 1994
August 21,1999
May 10, 1988

March 13, 1989 '
August 13, 1998
February 14,2000
March 9, 1983
February 26, 1998
October 11, 1998
July 15, 1989

February 8, 1986
November 17, 1998
December 16, 1992
July 15,1989
May 10, 1988

November 8, 1991
May 22,1998
July 13, 1994

November 29, 1986
July 15, 1989

May 1,2002
July 14, 1994

May 2,2002
July 28,1991

November 12, 1994
July 29, 1991

September 20,2001

September 16, 2000

November 14, 2001

March I, 2002

October 19, 1999

January 01, 2001

February 23, 2002

Above 300 GHz
LOS 0.3 (0.5)

Visible LASER 394 to 750 THz
LOS 154 (248)

Notes:
FAI-Field Aligned Irregularities
lOS-Ionospheric Forward Scatter
MS-Meteor Scatter
TE-Transequatorial

www.cq-vhf.com

WAIZMS/4 (FM07JI)-W4WWQ/4 (FM07JI)

KY7B17 (DM420K)-WA7LYI (DM34TF)

-s,
".-.

Tropo C-Tropo between locations on the continent
Tropo P-Transpacific tropospheric modes
Tropo A-Transatlantic tropospheric modes
LOS-Line ofSight

March 1, 2002

June 8, 1991

The distances givenfor the 120, 145, 241,
and the 322 GHz records are based on
actual latitude and longitude ofboth sta
tions. All other records are based on cen
ter-to-center of6-digit grid-squares.
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The Aviator's Solution
To Shack Noise

If background noise is a fact of life in your shack and loud enough
to interfere with your ability to receive signals, then KF2LF says an
aviator's noise-canceling headset might be the answer, as long as
you have the budget for a professional solution.

By Michael C. Schell,* KF2LF

T
hirty volts low! The prop claws at the air, sending vibra
tions through the frame ofthe craft. I drop the power and
look at the tense faces beside my rig. Life and contesting

lie mirrored in them-rigid, silent, waiting for the start.!
Yet another fan clatters to life and brings me back from the

contest on Roosevelt Field in 1927 to my noise-filled basement
in 2000. My shack is in the furnace room with the following
fans/noise sources-furnace, water heater, and linear amp.
Amateur radio has been my hobby for decades and has kept me
close to my dream of flying. While my eyesight prevented me
from piloting an airplane, ham radio has enabled me to "trav
el" to different continents as a "radio flyer." The yearning to
fly led me to a solution to my noise problem.

First, let us define the problem quantitatively . The ambient
noise level with ju st my Ten-Tee OMNI and computer run
ning is 40.0 dB as measured with a calibrated audiometer. This
situation is acceptable with the Heil Proset headset, which pro
vides a reasonable amount of noise reduction. However, if
either the furnace or water heater fan is on, the noise level
increases to 48 dB, and when both units are runn ing, the noise
level increases to 52 dB! For refere nce, a vacuum cleaner rais
es the din to 81 dB. Normal intelligible speech is in the range
of 400 Hz to 3500 Hz2, with Morse Code at 700 Hz. The human
ear is most sensitive to the audio frequency range from 2 kHz
to 5 kHz . The fan noise occupies the same frequency range.
The fan-generated background noise is equivalent in ampli
tude to normal conversational speech;hence the desire to atten-
uate and cancel the distraction. .

It is beyond the ability ofthe Proset to wipe outthese increased
noise levels. Even David Clark Modell0 ear protectors and the
Koss Pro 4AA headset do little to eliminate the noise. Pilots of
propeller-driven planes have the same problem, and to a much
greater extent. How did Lindbergh tolerate his 33-hour transat
lantic flight with the Pratt and Whitney Whirlwind engine blast
ing in his ears? His solution was stuffing his ear canals with
cotton, but that was no solution for my problem. I still wanted
to hear the radio signals . c.

*11 Fellview Drive, Pittsf ord, NY 14534
e-mail: <mschellur@earthlink.net>
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The David Clark Mode l HI O-13X headset rests behind the elec
tronic noise -canceling module (Model X-L) with the stereo

.phono plugf or the earphones and the aviation microphoneplug.
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Notes
I . The first paragraph of this article is

adapted from page 181 of The Spirit a/St.
Louis, by Charles Lindbergh , Charles
Scribner' s Sons, 1953.

2. Cameron, John R., and Skofronick ,
Jame s G., "Physics of the Ear and Hear
ing," Chapter 13 in Medical Physics by
Wile y-Interscience.

Resource
For further information on the Model

HI 0-13XL noise-canceling headset con
tact: David Clark Co., Inc. , 360 Franklin
Stre et Box 15054, Worcester, MA
01615-0054; phone 508 -751 -5800 ; fax
508-753-5 827 ; e-mai l: <Sale sWWW @
DavidClark.corn> ; web: <http://www.
davidclark.com> .

head sets from Clark, Telex, and others
range from $500 to $680. The cost of a
passive noise-reduction headset for pilots
is comparable to current amateur radio
gear prices. For total noise elimination, the
Model HI 0-13XL is my choice, even with
the $650 price tag.

Now back to piloting the Ryan NYP
from New York to Paris .. . or is it the
OMNI from New York to wherever the
band s will take me?

Modem pilots use headsets with elec
tronic noise cancellation (ENC). A quick
trip to the David Clark website revealed
the Mod el HIO-13XL head set with pas
sive noise attenuation at 27 dB (500 Hz),
rising to 32 dB (2500 Hz). The electron
ic noise cancellation adds another 15 dB.

I ordered the headset (street price $650)
and have been using it for several months.
In the passive mode the noise reduction
is very impressive, with the fan noise re
duced to a background level that is quit e
tolerable. The ENC is eve n more impre s
sive. With the ENC active, the fan noise
is obliterated completely and is not dis
cemable durin g a QSO .

The headset is very comfortable, which
is a considerable achievement in my case
(hat size 73/4). In addition, the audio and
comfort of the HI 0-13XL surpass that of
the other headsets I' ve tried. This is to be
expected, since the comparison is between
amateur radio gear and professional pilot
headsets. The performance increase is
accomp anied by the cost of a profession
al headset. In many cases, the noise can be
decreased simply by the passive attenua
tion of a pilot headset. However, you have
to pay the price: Passive headsets such as
the David Clark Model HIO-30 range in
price from $ 120 to $250, while ANRIENC

Finally, quick and easy access
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A 900-MHz Parrot Repeater
Mult i-Access Amateur Use of 33 cm (902-928 MHz)

We amateurs almost forget that we have an amateur band in the
902-928 MHz frequency spectrum. So totally loaded with non-amateur
users, this band seems to be unattractive to many of us. In spite of this,
KE4NZG decided to go ahead and build a repeater for this band. Making
sure that it was accessible to as broad a group of amateurs as possible,
Jim also included inputs on three separate bands.

By Jim Labor,* KE4NZG

Loud and clear out of the scanner
tuned to 9 19.300 MHz came:
"KE4NZG testin g 900-MHz re

peater. .. ." I had just completed transmit
ting the identical statement on 446 .900
MHz to test the UHF input/access to my
rece ntly installed homebrew 900-MHz
repeater. Seco nds earlier a similar test
proved that the 145.170-MHz VHF input
also worked. After years of the concept
bouncing around in my head and com
ponents being joi ned togethe r, my 900
MH z repeater was built , installed , and
status active!

I had adhered to the saying "use'em or
lose 'em" by launching a repeater that not
only operated with input on 907.300
MHz, but also permitted hams without
that capability to access it through inputs
at 145.770 and 446 .900 MH z. Now I
could actually make use of this 33-cm
band and also provide the use of the
902-928-MHz spectrum to other hams in
my area.

I built my repeater around a Standard
GX-3000K commercial, 800-MHz land
mobile transceiver (photo A). This unit
is a conventional, non-trunked, 64-chan
nel, 25-watt radio . Modification to con
vert it to 900-MHz operation proved easy
with very minimal degradation.

The brain for this well-de signed FM
two-way radio is a 16K 2716 EPROM
integrated circuit. This EPROM was re
programmed to operate on chann el one
only, with an input frequency of 907.300

*925 North Halifax Aven ue. 1010 South
Tower, Daytona Beach, FL 32118
e-mail: <Labor_J@popmail.fi m .edu>
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Photo A. Standard GX-3000K business-band conven tional, non-trunked,
64-channel, 25-watt, 800-MHz transceiver.

Photo B. NHRC-3 repeater controller.

-
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An NHRC-3 repe ater controller (photo
B) wa s integrated into this system . It was
selected for several de sirable features,
including a 90-second stored speech
func tion, DTMF rem ote control , and
multiple programming options. In addi
tion , the "Special ID Mode" permits rea l
voic e identification while operating in
simplex mod e.

Th e "parrot" simplex mode was select
ed as an inexpensive approach, since an
800/900-MHz duplexer alone could co st
well over the total inv estment in this 900
MH z repeater project. Also, this simplex
parrot operation serves well for experi 
ment ers-key your microphone, speak,
unk ey, then hear the results .

To provide 2-meter and 70- cm acce ss
I chose a spare Alinco D1-580 dual-band
HT (handie-talkie). Th e HT accommo
dat es the 145.770-MHz and 446.900
MH z recei ve process. A Comet GP-3
antenna with gain of 4.5 dB on VHF and
7.2 dB on UHF serves as the receive-only
ante nna. Th e decode tone of 103.5 Hz
was programmed to offset false keying of
the 900-MHz transmitter by the HT-style
recei ver. A Comet KP -20 antenna wa s
se lected for the 900 MHz segment. Thi s
antenna features a 7 1/3-foot vertical ele
ment rated at 7 dB gain at 915 .000 MHz .

Several types of coax were tested for
loss and atte nuation at 919 .300 MHz.
These test s were made using the 2 1 watts
from the GX -3000K. The results revealed
that quad-shield 75-ohm RG-6 cable is
very effective. It is also inexpensive. A
good match and tran sfer of RF power to
the KP-20 from the GX-3000K wa s
achi eved. Thi s RG-6 quad-shield feed 
line is very easy to work with , whi le usin g
simple but effec tive F-type connectors

Photo C. Alinco DJ-580 dual-band HT.

MH z and an output frequency of9 19.300
MH z. Nestl ed back in its soc ke t, the
newl y rep rogrammed EPROM was read y
to command ex ternal circuits.

The next step was to realign the receiv
er section and retune the transmitter. As
it turned out, reali gn ing the receive r was
accomplished with only seven po ints of
adju stm ent. Likewise, only seven points
of adju stm ent were required in the tran s
mitt er sec tion.

With ju st over 13 volts of DC power to
the system (unde r-load), RF pow er out
put at 919. 300 MH z was a stable and co n
sis tent 2 1 watts . A sa lvaged Motorol a
Flexar DC power supply accommoda ted
with ease the 7-amps total curre nt re
quirem ent of the co mplete sys tem.

Photo D. Sentrol MPl-206 universal relay board.

"Munified
U J Microsystems

XT-4BEACON - CW Beacon IDer
For VHF beacons . Easyto program, low
power. 5-25 WPM ON-OFF keying. $29.95

XT-4 CW Memory Keyer
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ters each. 5-45 WPM $69.95
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Voice keyers
Band decod er/antenna selector

Prices shown do not include shipping.

Unified Microsystems
PO BOI 133-V

Slinger, WI 53086
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Photo E. The author checking the power supply f or heating under load conditions.

Photo F. Internal view of the completed 900-MHz repeater.

Components and Parts List
Standard GX-3000K business-band conventional, non-trunked,

64-cha nnel, 25-watt , 800-MHz transceiver
NHRC-3 repeater controller
Alinco DJ-580 dua l-band HT
Come t GP-3 dual-band, 2m-70cm base vertical antenna
Comet KP-20 900-MHz base vertical antenna
RG-6 quad-shield coax cab le
Homebrew-type N- to F-connector adapter (See text for deta ils.)
Sentro l MPI-206 universal relay board

for term ination. Incidentally, CATV coax along with the F-con
nectors is useful for the gigahertz region.

Because N-male to F-connector adapters esse ntially are
unavailable, I fabricated my own using a standard RG-8 style
male N-connector and a chassis-mount F-connector. I attached
and carefully soldered these together while maintaining 100-per
cent shielding with minimal insertion loss. At least 90 percent
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Photo G. External view ofthe completed
900-MHz repeater.

of base-station antennas available for the UHF spectrum and
abo ve terminate using female N-connectors. Therefore, my
homebrew adapters provide efficient interface to F-connected
RG-6 cable .

A more difficult task than homebrewing the adapters was locat
ing a useful COS (carrier-operated squelch) line in the Alinco
HT to provide the NHRC-3 controller requirement for a trigger
ing voltage for transmit PIT (push-to-talk) action . I was only
able to find a maximum derived positive- going voltage of 2.2
volts DC, so I began a quest to provide an unsquelched setting
of at least 6+ volts.

Finally , to accommodate the NHRC- 3' s desired keying input
voltage, an option using a Sentrol MPI -206 (universal relay
board) was employed. The MPI-206 provides a 12-volt plus
(switched) line using the low 2.2-volt triggering input. A nice
aspect of the MPI-206 is that it can be triggered by either a pos
itive- or negative-going voltage input with a source as low as an
astounding 3 milliamps!

The task of locating the unsque lched DC-plus voltage required
by the NHRC -3 contro ller in the receive section of the GX-3000K
pin 13 of QR-56 was much easier. A TK 10420 integrated cir
cuit provides a substantial +8 volts. Also, the low-noi se, high
sensitivity receive function necessary at 900 MHz is available
with the GX-3000K with its squelch threshold sensitivity at a
very usable 0.03 microvolts. Two 25C 3358 RF amplifiers in the
front end provide these features. Typical frequency cut-off
approaches 1100 MHz . The GX- 3000K business-band trans
ceiver played a very important role in making this 900 MHz
repeater project move forward from inception to reality.

I reali ze that detai ls are lacking in this article, but my pri
mary purpose was to report what was done. For anyone inter
ested in duplicating my efforts, I will be happy to provide
details. Please contact me at the e-mail address at the beginning
of this article. If you are in the Daytona Beach area, plea se feel
welcome to use the repeater. •

Repeater Inputs and Output
Repeater inputs: 907.300 MHz, 446.900 MHz, and 145.770 MHz
Repeater output: 919.300 MHz
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LETTERS TO THE EDITOR

Editor, CQ VHF:
Ijust received CQ VHF Spring 2002 in the mail today. I've been look

ing forward to its return . I have the March-December 1999 issues; I enjoyed
the magazine very much. I still subscribe to CQ. I enjoy HF somewhat, but
my first love is VHFIUHF. I am currently involved in 50, 144, 222, and
432 MHz weak-signal activity ;VHF packet; APRS (both mobile and base) ;
VHFIUHF TV DXing ; and I am learning about the digital modes on VHF
(SSTV, PSK-31, WSJT , etc.). Heck, I'll even work FM simplex on 2 meters
during some good tropo openings .

I've been a ham since January 1997. Most of that time I've been on
VHFIUHF . I use the above modes for propagation along with monitoring
the Propagation Loggers most of the time. People would be surprised how
useful packet is in seeing which direction the propagation is coming from
and from how far . TISH:KD5CJR-6 node is eight miles from me. It is very
useful to see the Nodes List on it.

I'm passing the word that CQ VHF is back and looks to be very infor
mative and interesting. The most interesting articles to me are the ones of
actual operator setups (Rover, EME, weak signal, Ssatellite, etc.) . I am
enjoying reading about the KA0Y "dish" and the Rover setup ofW7DHC.
Wow! That is awesome stuff and it gives people like me ideas.

Thanks again and keep up the good work.
Jeff Dover, KU4WW (via e-mail)

Editor,CQ VHF:
I just received my first issued of CQ VHF and it 's great. The arti

cles are written at a good technical level and provide much needed
information for the VHFIUHF enthusiast. I think that this magazine
will -also create new VHFIUHF enthusiasts within our amateur com
-munity. I'm glad to see it's a "can't put it down" magazine!

Greg Sarratt, W40ZK
President, DeKalb County Alabama Amateur Radio Club

Technical Coordinator, Alabama ARRL Section (via e-mail)

Editor CQ VHF:
I picked up the Spring 2002 edition of CQ VHF on a chance trip to Ham

Radio Outlet in Atlanta. Overall, this is a good effort! The article by KIJT
on JT44 was the most readable and informative article on a new mode I have

. ever had the pleasure of reading. Another A+ goes to "Cheap 435 MHz
AMSAT Antennas." But [quoting the "Dr. SETI's Starship" column] "sight
ings, abductions, Roswell, crop circles, Area 51 ... have defied explanation" ?
Only if one suffers from some sort of psychosis. Leave this sort of drivel to
Art Bell; you are right on target without it. 'Truth, not tolerance!"

Mark Christopher, WR8Y (via e-mail)

Editor, CQ VHF: ,
First, let me add my congratulations on the return of CQ VHF. I think

it fills a definite void for the VIU community.
I read the article by VE3ERP on page 42 in the spring issue re parabol 

ics and wanted to add some comments. I recognize that this is an intro
ductory article and not an in-depth study , yet I feel it would have been more
appropriate if the author had used vocabulary that is commonly found in
literature on this subject. That way someone wishing to learn more about

. parabolics would not have to relearn the basics .
Regarding the shape of a parabola: For RF purposes at least , the shape

is classed by the focal length to depth (f/D) ratio as opposed to "acceptance
angle"-a term I have never encountered, although it may be in use in fields
other than RF.

Under the heading of "Does Size Really Matter ?" I believe the term effi
cient is misused. A larger dish is not necessarily a more efficient receiver
of signals . Dish efficiency is a function of how accurately the surface con
forms to the ideal mathematical curve and also perhaps hole size if mesh
is used. If the feed is included, then efficiency of the feed itself also needs

www.cq-vhf.com

to be included, as well as how the feed illuminates the surface . This need
not be a technical issue , as an analogy of a floodl ight illuminating the sur
face can be made.

Finally, figure 4 is incorrectly referred to as a Smith Chart , when in actu
ality it is a polar plot. In practice, even polar plots are not nearly as mean
ingful for parabolas as is a rectilinear plot , as this type of plot gives more
immediate information as to sidelobe levels and how many degrees off the
main beam the sidelobes are located. This information may be gleaned from
a polar plot but with less accuracy and involving more time.

For those wishing additional reading I highly recommend Paul Wade's
(WI GHZ) "On-Line Antenna Book" at:<http://www.qsl.netlnlbwtlpreface.
htm>. This is a wonderful source of parabolic surface and feed information
for the beginner right up through the seasoned antenna engineer.

Dale Parfitt, W40P (via e-mail)
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Morse Code

Mount aint op Heliograph
While Morse code may be taking a back seat in the world of
communications, diehard hams who love to practice the art w ill
continue to find ingenious ways of doing so. Dipping back to 19th
century technology and adding the communic ations of 21 st c entury.
VHF ham radio, KF6DXX describes how he uses Morse code to
communicate mountaintop to mountaintop via the sun. As magic ians
say, "It's all done with mirrors!"

By Edward Butler,* KF6DXX

This article is, in part, a follow-up to a previous article ("2
Meter Mou ntaintopping with Mirrors") which appeared
in the February 1999 issue of CQ VHF. It also describes

further investigation into the art of sending Morse code via heli 
ograph between mountain peaks. Some of the techniques and
equipment utilized in this project were discussed in the above 
cited article .

Along with my fellow hikers in the Palomar Amateur Radio
Club (PARC), I have explored many interesting areas of our local
mountains and deserts here in southern California. Several years
ago we decided to try mirror signaling between some of the peaks
on which we were hiking. This activity took on a life of its own,
and as we became more involved in it, the distances between the
mountain peaks we chose gradually increased .

In the spring of 1999, Bob Gonsett, W6VR, and Tom Chester,
KF6H PS, on Keller Peak (7882-foot elevation) in San
Bernardino County, California exchanged signals with my sta
tion on Cuyamaca Peak (65 12-foot elevation) in San Diego
County over a 90-mile path.

On February 24, 2002, John Lee, KT6E, Jeff Carlson,
KG6AXR, and Ray Deza, KF6ISS, on Mou nt San Antonio
(10,062-foot elevation) in San Bernardino County comp leted
a 11O-mile non-code mirror signal exchange with my station
on Cuyamaca Peak in San Diego County.

Radio communication between peaks using our 2-meter
radios was essential to confirm that we had seen signals from
the opposite peak. We used 147.555 MHz simp lex or "triple
nickel" for our llO-mile contact between peaks. Battery power
and a rubber-duck antenna proved to be all we needed for our
line-of-sight liaison communications.

Shutter Design
A few years ago, I started looking into the possibility of send

ing an actual message with mirrors- heliograph Morse code,

*4722 33rd St. Apt. 12, San Diego, CA 92116-1806
e-mail: <ebbutle r@juno.com>
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Ed, KF6DXX, sending heliograph Morse code from a moun
taintop in southern California . A heliograph is a device
designed specifically for using sunlight reflected offa mirror

to send messages.

which turned out to be quite a challenge . Numerous ideas for
a suitable mechanism were considered but rejected because
they were either impractical or too expensive. After consider
able digging, I decided that a mirror aimer and a separate shut
ter with louvers would be the most workab le approach.

In researching this project, I found two books whic h were
extremely help ful in planning the design of my heliograph
shutter. These books are Great Days of the Heliograp h, by

Visit Our Web Site



and out of the light path. Our 2-meter radios are used for feed
back while the mirror is adjusted during the aiming process,
which continues until the receiving station reports seeing a
steady beam of reflected sunlight.

Mirror and shutter are mounted on separate tripods, and once
a steady beam of light is achieved , the shutter is quickly placed
in the light path (in front of the mirror). The approximate rate
of movement of the sun across the sky is 15 degrees per hour.
Therefore, frequent adjusting of the mirror is necessary to keep
the light beam on target. -

Maintaining accurate aiming is done by using a simple, but
ingenious method which was developed by the U.S. Army/in
the 1880s and is described in detail in Coe's book. A dark-col
ored patch or piece of tape is placed on one of the shutter.lou
versoA similar patch placed on the face of the mirror creates a
shadow area in the beam of reflected light. Once the beam is
reported to be on target, the shutter must quickly be placed in
front of the mirror so that the shadow falls on the louver patch .
The shutter is then opened briefly several times so the receiv
ing station can confirm seeing flashes of light.

As the mirror's shadow spot drifts with the sun's apparent
movement, the mirror must be adjusted about twice a minute
to maintain alignment. It is important to move only the mirror
and not the shutter or the tripods.

First Field Test
Finally, it was time for a field trial to see if! could send read

able Morse code with a mirror and shutter. On July 21, 2001,

Bernie, N6FN,practicing with the heliograph on Iron Mountain.

Lewis Coe, and Apache Wars: An Illustrated History, by E.
Lisle Reedstrom.

After several months of trial and error with various shutters,
I came up with a design using five horizontal louvers, each
about 1.10 inches wide by 6.00 inches long. The louvers are
attached to axles cut from a 0 .125-inch diameter drill rod.

The frame is made of aluminum extrusion with a cross sec
tion of 0.125 inch by I inch. The ten axle holes in the frame
had to be hand honed to match the axles, which, as it turned
out, were slightly oversize. A small tension spring activates the
shutter return after each keystroke. With some judicious.cal
culation, I managed to keep the keystroke length relatively short
at about one-half inch. The first prototype shutter represented
about 40 hours of work, while the second and third were copied
with slight modifications to the original design and took about
16 hours each to build.

Setup and
Sending Technique

The half-inch keystroke length is quite adequate for sending
a very rapid series of Morse code dits. On the other hand, the :::
dahs are deliberately made about five seconds in duration for
the purpose of making it easier for the receiving station to dis
tinguish them from dits.

Initial aiming of the mirror is done with the shutter set aside

www.cq-vhf.com

6N2 VHflen-lee
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Contact us for complete info:
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Some of the accessory tools used in mountaintop heliography.

The mirror aimer (left) and shutter (right) with the shadow spot used f or alignment
visible on the louvers.

A Little Physics
When viewed from Earth , the sun's

disk occupies about one-half degree of
arc in one's field of view. Likewise, the
sun' s image reflected by a mirror as a
beam of light is also about one-half
degree wide. If one reflects sunlight onto
a wall using a square mirror, the patch of
light on the wall will be square at first.
Moving back some distance, one will
observe that the light now forms a disk.

Interestingly, the size ofthe disk is in
dependent of mirror size, although one
must move farther back with a larger mir
ror before the light forms a disk. A larg
er mirror , however, will make a much
brighter and more intense disk than a
smaller mirror. Disk size approximately
equals the tangent of 0.5 degrees times
distance.

Note: One should never view the sun
directly, or through any optical device,
including mirrors. Aiming a beam of sun
light at another person or vehicle can be .
very dangerous.

For a fascinatin g description of the
power of sunlight and mirrors, I highly
recommend the book The Mirr or And
Man, by Benjamin Goldberg (1975).

the least , this successful trial was ex
tremely satisfying.

This was a first attempt, conducted at
a speed of probably less than four words
per minute, and the distance was rela
tively short in comparison to our previ
ous non-code signals. However, it did
prove that transmitting messages by sun
light using 19th century technology could
still be an interesting and fun project in
the 21st century.

We were aided, of course, by having 2
way radios at our disposal, which was an
advantage obviously not enjoyed by our
predecessors. On the other hand, we
didn 't have professionally manufactured
equipment and Army Signal Corps train
ing as they did.

Postscript
In the future I hope to increase the dis

tance between our signal stations and
transmit a complete message along an
extensive path between several mountain
peaks.

I amindebted to those fellow hams who
initially stimulated my interest in mirror
signaling. Their help , their encourage
ment, and their willingness to trudge up
many high peaks so we could exchange
signals are appreciated.

ing flashes northward to get my light
beam on target, which took only a few
minutes. Then we were ready for our first
heliograph Morse code transmission.

At first Bernie experienced difficulty
distinguishing the dits and dahs I was
sending him. After transmitting a few
trial letters for demonstration purposes, I
was able to send several complete words
which he received without error! To say

Bernie LaFreniere, N6FN,stationed him
self on the 2696-foot elevation Iron
Mount ain, located east of Poway,
California. About 12 miles to the south,
I hiked up the 1591-foot elevation
Cowles Mountain, with all my signaling
gear, two tripods, and a 2-meter hand
held radio.

After waiting about 20 minutes for the
morning haze to burn off, I began send-
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QUARTi::RL~ CALi::NDAR OF i::VENTS

Oct. 6

Oct. 27

Oct. 20

Oct. 12
Oct. 13

Meteor Showers
August: The Perseids- on page 42 of this

issue Shelby Ennis , W8WN, discus ses the
possibilities for this year's Perseids meteor
shower. The important date and time to re
member are Aug. 12 at 1740 UTe.

Octobe r: The Draconids is predicte d to
peak somewhere between 0315-0630 UTC on
Oct. 9. The International Meteor Organization
is suggesting the remote possibility of a storm,
with the peak favoring Asia east to western
North America.

November: The Leonids- a rare double
peak meteor storm is predi cted for this year 's
Leonidsmeteor shower. First, at 0356 UTC on
Nov. 19 western Africa , western Europe,
nort hern Canada, and northeastern South
America should experience storm leve ls.
Next, at 1036 UTC most of North America
will experience storm leve ls of meteor-scatter
prop agation. For more information on this
storm see the fall issue of CQ VHF and the
VHF-Plus column in the Nov. issue of CQ
magazine. For more information on the above
meteor- shower pred ictions visit the IMO's
website: <http://www.imo.net>.

30 of next year. The object of the contest is to
work as man y U.S. states and Canadian
provinces on each of the VHF+ ham bands as
poss ible . Winners of the contest are acknowl
edged at the society' s annual conference held
the fourth weekend of July. First throug h third
place receive a plaque while all other winners
recei ve certificates. More information and
entry blanks may be found on the society 's
website: <http://www .csvhfs.org> .

August: The ARRL UHF and Above
Contest is scheduled for Aug . 3-4. The fds t
weekend of the ARRL 10 GHz and Above
Cumulative Contest is Aug . 17-18.

September: The ARRL Septem ber VHF
QSOParty isSept. 14-15. The 144 MHz Fall
Sprint is Sept. 16. The second weekend of the
ARRL 10 GHz and Above Cum ulative
Contest is Sept. 21-22. The 222 MHz Fall
Sprint is Sept. 24.

October: The 432 MHz Fall Sp r int is Oct.
2; Microwave (902 M Hz and above) Sp rint
Oct.12; 50 MHz Fall Sprint Oct. 19. The first
weeke nd of the AR RL International EME
Competition is Oct.~6-27.

November: The second weekend of the
ARRL International EME Competit ion is
Nov . 23-24.

Complete rules for the ARRL contests may
be found in the QST issue the month prior to
the contest or the month prior to the first week
end of conte sts extending over two months .
Complete rules for the Fall Sprints may be
found at the Southeastern VHF Society (spon
sor) website: <http://www.svhfs .org> .

Contests - »;

July 2002 -June 2003: The annual Central
States VHF Society States Above 50 MHz
Contest began on July 1 and will end on June

*EME conditions courtesy W5LU U.

Nov. 24
Nov . 27

reservations as soon as possible by calling the
hotel direc tly at 817-36 1-9797 (don' t use the
web-page form ), and ask for the AMSAT
group rate ($75/day plus taxes). For more
information visit the AMSAT-NA website
<http://www .edtexas.com/amsat/> .

Very good EME cond itions.
Highest Moon declination.
New Moon.
Moo n perigee.
Very good EME conditions.
First quarter Moon.
Very poor EME condi tions.
Lowest Moon declination.
Full Moon.
Modera te EME conditions .
Moo n apogee.
Last quart er Moon.
Highest Moon declination. Very
poor EME cond ition s.

New Moon.
Moon perigee. Very good EME

conditions.
First quarter Moon.
Lowest Moon decli nation. Very
poor EME cond itions.

Full Moon.
Mod erate EME conditions.
Moo n apogee.
Last quarter Moo n, highest Moo n
declination. Very poor EME
conditions.

New Moo n and Moon perigee.
Goo d EME conditions .

Lowest Moon declination.
First quarter Moon . Very poor EME
conditions.

Moon apogee. Mo derate EME
conditions.

Oct. 21 Full Moo n.
Oct. 26-27 ARRL International EME

Competition first weekend.
Highest Moo n decli nation. Very
poor EME conditions.

Oct. 29 Last quart er Moon.
Nov . 3 Moo n perigee. Good EME conditions.
Nov . 4 New Moon.
Nov . 8 Lowest Moo n declin ation.
Nov . 10 Poor EME conditions.
Nov . 11 First quarter Moon.
Nov. 17 Poor EME conditions.
Nov . 18 Moon apogee.
Nov . 20 Full Moon.
Nov. 23 Highest Moo n decli nation .
Nov . 23-24 ARRL International EME

Com petition second weekend.
Moderate EME conditions.
Last quarter Moon .

Sept. 13
Sept. 15

Sept. 7
Sept. 8

Aug. 4
Aug. 6
Aug. 8
Aug . 10
Aug. 11
Aug. 15
Aug . 18
Aug. 19
Aug. 22
Aug. 25
Aug. 28
Aug . 31
Sept. 1

VHF+ Calendar

Sept. 21
Sept. 22
Sept. 23
Sept. 29

Conventions and Conferences
The ARRL and TAPR 21st Annual Dig

ital Com munications Conference is sched
uled for Sept. 13- 15 at the Denver Marriott
Southeast Hotel, Denver, Colorado. This is an
international forum for rad io amateurs to
meet, publi sh their work, and present new
ideas and techniques. Presenters and attendees
will have the opportunity to exchange ideas
and learn about recent hard ware and software
advances, theories, experimental result s, and
prac tical applications. Topics include, but are
not limited to, software-defined radi o (SDR),
digital voice,digital satellite communications,
Global Position System (GPS), precision tim
ing, Automatic Position Reporting System®
(APRS) , short messaging (a mode of APRS),
Digital Signal Processing (DSP) , HF digital
modes, internet interoperability with amateur
radio netw orks, spread spectrum, amateur
radio use of 802 .11 technologies, using TCP/
IP networking over amateur radio, mesh and
peer to peer wireless networking, emergency
and Homeland Defense backup digital com
munications, using Linux in amateur radio,
and updates on AX.25 and other wireless net
working protocols. For more information and
conference regis tra tion, visit the website:
<http ://www.tapr.org/tapr/dcc/index .html> .

The 9th Annual Pacific Northwest VHF
Conference will be held in Bend, Oregon, on
Sept. 27-28. Sponsored by the recently
formed Pacific Northwest VHF Society, the
event will kick off with a Friday evening no
host "Pizza Bash," where old friend ships can
be renewed and new ones made . Saturday's
program will include a catered breakfast and
a daylong schedule of well-known speakers.
At the end of the day a brief annual business
meeting of the Pacific Northwest VHF Society
will be held. Cos t for this conference is $25.

A flyer and registration form are available
in electronic forma t from the society's web
page at <http ://www .qsl.net/pnwvhfsl> . For
those without internet access , information
may be obtained by sending a note and SASE
to Pacific Northwest VHF Society, P.O. Box
527, Preston, WA 98050.

Normally held in August, this year the
Eastern VHFIUHF Conference will be held
Oct. 24-27 at the Radisson Hotel , Enfield,
Connecticut, in conjunction with the Micro
wave Update Conference. It is sponsored by
the Northeast Weak Signal Group. For the lat
est information and reservations visit: <http://
www .microwaveupdate.org/> .

The 20th Space Symposium and
AMSAT-NA Annual Meeting will be held
Nov. 7-1 1 at the Lockheed Martin Recreation
Are a, which is located in the Nort h Texas
Metroplex, Fort Worth, Texas. The nearby
AmeriSuites Fort Wor th/Ci tyview has been
desi gnated as the official hotel. Make your
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By Kent Br itain,* WA5VJB

ANTtNNAS
Connecting the Radio to the Sky

Really Cheap Antennas for 2 Meters
Self-Matching Antennas

Photo 1. A 2-meter "Cheap Yagi."

Table 1. Dimensions for the 144.2 MHz SSB and AMSAT "Cheap Yagi." In tables
1 and 2 all dimensions are in inches. Spacings are allfrom zero starting at the refl ec
tor. Refl ector aridDirectors are madefrom 3116" diameter material. Ifyou can't find
3ll6-inch diameter material and want to use l/s-inct: material for the elements, you
need to make the l/s-incb diameter element .25 inch longer to compensate f or the

smaller element material.

hobby tubing, #10 or #12 solid-copper
wire, and solid ground wire were used as
elements.A drop of "Super Glue," epoxy,
RTV (room-temperature vulcanizing), or
my favorite, "Liquid Nails," can be used
to hold the elements in place. Regarding
the U-bolt, please note that I replaced the
usual hex nuts with wing nuts. The wing
nuts are very handy at Rover sites or for
Field Day. If you expect your antenna be
out in the weather much of the time, a.

D4D3

33.0
40.5

D2

36.5 36.5 32.75
34.0 52.0 70.0

Number of Elements Reflector Driven Element D1
3 Length 41.0 * 37.0

Spacing 0 8.5 20.0

4 Length 41.0 * 37.5
Spacing 0 8.5 19.25

6 Length 41.0 * 37.5
Spacing 0 7.5 16.5

*See fig ure 2for details on the driven-element (DE) dimensions.

around. I counted 116 antennas! Now for
the scary part: That 116 number is just the
top layer!)

Construction
The boom is 3/4-inch square,or I/2-inch

by 3/4-inch wood (see figure 1). I put a
brace where the driven element and U
bolt holes had weakened the wood, which
was a personal choice. Aluminum rod,

The simplified feed of this self
matching antenna design uses the
structure of the antenna itself for

impedance matching . The design started
with the driven element and loading
effects , while the other elements provide
the impedance matching back to 50 ohms.
No Gamma rods, no Deltas, no Ts, no
other impedance-matching methods and
their complex parts are needed .

There are some design compromises
for the feed impedance. These are the
asymmetrical feed, simple measure
ments, wide bandwidth , and the ability to
grow with the same spacing. In addition,
we are trading some gain for a clean pat
tern. While you might squeak another 0.5
dB out of a "Cheap Yagi," it is going to
be complex and difficult to build the
antenna. The self-matching antenna pre
sented here can be built for about $5.
When it comes to dBs per dollar, the
design will be hard to beat.

The antennas were designed with
YagiMax and tweaked in NEC, and the
driven element was experimentally deter
mined on the antenna range . Typically,
you will see about 8-dBi gain with a bit
over 20-dB front -to-back ratio for the
three-element version. The four-element
version measures 9-dBi gain with a 30
dB front-to-back ratio, while the six-ele
ment version give you 11-dBi gain with
about 35-dB front-to-back ratio.

It is possible to go longer than six ele
ments. Dave Blaschke, W5UN, has had
good luck with 16-foot-long wood boom
Quagis in the past, but I felt that a six-foot
boom, using a 3/4-inch wood, with six ele
ments was about the limit for Rover oper
ations. I will not publish a design I have
not prototyped and tested on the antenna
range. Because extremely long Yagis
take up a heck of a lot of room in the
garage, I have not developed any longer
versions. (To give you an idea of my prob
lem, I just stood in the middle of my
garage and counted the antennas stacked

*1626 Vineyard, Grand Prairi e, TX 75052
e-mail: <wa5vjb@cq-vhf.c om> .
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800·206·0115
www.powerportstore.com

Carries your mobile radio anywhere.
Padded water proof backpack, now
comes with more antenna pockets
and tie-downs, lower compartment
for larger power supply. Call us 24/7

Long Shadows Radio Ranch
41541 Dublin Drive
Parker, CO 80138

ll&Ibe )?lntenna lab oflenber
(The "WHEEL" folks)

a Custom House
speciali zing in VHF/UHF

horizontal omni's, and
circular polarized dish feeds.

Simple
Projects for the Ham, the
Student, and the Experimenter"
gives only a hint at the fun and
satisfaction to be found between the covers of this
little book. Dave Ingram, K4TWJ, has pulled togeth
er a wide ranging collect ion of do-it-yourself elec
tronics projects from the most basic to the fairly
sophisticated, and even touching on the frivolous.

You'll find an interesting and very do-ab le array
of useful devices: station accessories for VHF
FMing, working OSCAR satellites, joining the fun
on HF, trying CW, building simple antennas, even
a comple te working HF station you can build for
$100.

Add a measure of practical tips and techniques
on how to build electronic projects yourself, and
you've got an information-packed book that will
keep the newcomer or the most experienced home
brewer busy for many a pleasant weekend.

• EiI

T
1/8" dia. Rod

I 1"

n:----~) ..i..

38 1/2"

3/4 x 3/4 Wood

Two Meter Driven Element

...-.
May be trimmed for best SWR

Figure 1. Dimensions for the driven element used on all versions of the 2-meter
Cheap Yagi.

Photo 3. Small pieces ofbrass or copper hobby tubing slipped over the ends ofthe
driven element can be moved during testing to find the best element length.
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Number of Elements Reflector Driven Element D1 D2 D3 D4
3 Length 40.5 * 36.5

Spacing 0 8.5 19.75

4 Length 40.5 * 37.0 32.5
Spacing 0 8.5 19.0 40.0

6 Length 40.5 * 37.0 36.0 36.0 32.25
Spacing 0 7.5 16.25 33.5 51.0 69.0

*See fi gure 2 f or details on the driven-element (DE) dimensions.

Table 2. Dimensionsfor the FM-optimized "Cheap Yagi. "

Driven Element Detail
(Not to Scale)

Solder the /'~
Coax to the J COAX

Driven element'lt.

-.-
Tie-Wraps

Figure 2. Attaching the coax to the dri
ven element.

quick coat of spar varnish , clear spray
paint, or even house paint will waterproof
the boom.

The Driven Element
A good hard-drawn copper wire or

hobby brass tubi ng can be used to build
the dri ven element (photo 2 and figure 2) .

Fo r this design I use d silicon bronze
welding rod. The welding rod is cheap,
easy to solder, and stiff. If you look care
fully, you will see wh ere I used a few
inches of hobby tubing to splice two
shorter pieces of welding rod .

Computer programs just cannot model
thi s driven element we ll . Therefore, the
best dimensio ns are determined on the
antenna range. Th e loop is about an inch
wide, but the spacing is not critical.

Straightening the Coils
Gerald Williamson, K5GW, of Texas

Towers, showed me the following trick
for making coils of alumi num and cop
per wire straight and stiff.

Uncoil and cut off the amount of wire
you think you are going to need, plus a
foo t or so . Put one end of the wire in a
vise (or use a strong frie nd with a pair of

pli ers). Put the other end in a dril l. Pull
the wire so it is tight, with 20- 30 pounds
of force, and with the drill put abo ut two
turn s per foot twist in the wire . The stress
hardens the soft metal and makes it nice
and straight!

Using Your Cheap Yagi
Build the antenna reasonably close to

the dimensions, and the SWR will be less
than 2 to 1. Th e low SWR is safe to use
on the air without having to actually check
it ; 1.5 to 1 is a more typical SWR. You are
welcome to tweak it. For my tweaking, I
use a small section of copper or brass
hobby tubing slipped over the end of the
driven element. Slide it in and out, and
then solder it at the best point (photo 3).
The hobby tubing is also a quick fix if you
trimmed the end a few too many times.

To see just how low I cou ld go , I played
with the driven-element design on my
network analyzer, and I got it right down
to the uncertainty in my directional cou
pler, about 42 dB return loss (RL). Return
loss doesnot equ ate very well to SWR.
However, a ,-;42 dB return loss would be
the equivalent of an SWR of less than
1.007 to 1.

Next Time
In the ' fall issue we are going to talk

about log-periodic antennas. As alway s,
I welcome your comments and sugges 
tion s for this column.

Reader Feedback
My article "Cheap 435-MHz AMSAT Antennas" published in the

spring edition of CQ VHF generated over 50 responses. The most
common comment was "I don't understand how that shorted-out dri
ven element can work!"

Well, there are a lot of antennas that are a DC short. Examples are
folded dipoles, J-poles, and even a Ringo Ranger. It is an impedance
thing-take my word for it. It works just fine!

Three readers even ran the antennas through computer models.
NEC-based programshave trouble modeling the driven element, giv
ing some unusually low impedances. However, if youjust substitute
a regular dipole for the driven element and look for about l8-ohm
impedance, you will get a good approximation of a "Cheap Yagi."
NEC programs don' t model the closely spaced parallel elements in
the J driven element very well, however.

One of you even redesigned the antenna, and squeaked .32 dB
more gain out of it. The tiny little detail is that all dimensions were
to the nearest .0001 inch! Come on, guys, this is done with hand
drills, wood, and ground rod wire! With Yagiantennasyouarealways
making trade-offs among bandwidth, impedance, gain, and con
struction tolerance. With a variable impedance match and tight con
struction tolerances, it is possible to get another 1/2 dB out of a Yagi
of the same length, but it is not going to be cheap, nor easy to build.

An interesting comment was made by a backpacker. He says he
just wads up the antennas and sticks them in his backpack. When he
gets to the mountaintop, he kind of straightens the elements.
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Photo 4. UHF log-periodic antennas .

Typically, the antennas are good for about ten straightenings before
he must spend $3 and build a new one.

At the Belton, Texas hamfest earlier this year I saw an enterpris
ing lad selling "Cheap Yagis" for $25 each. The most amazing part
was that he actually sold at least one!

The strangest reader comment, however, was a request to devel
op a 692-MHz 72-ohm version. These "Cheap Yagis" are now being

. used by several Cubans to pick up UHF TV out of Florida!

Visit Our Web Site



By Tom Webb,* WA9AFM

SATtLLITtS
Artificially Propagating Signals Through Space

Now That I Can See It, What Do I Need to Talk to It?
Earth to OSCAR-Over

When last we gathered here, our discussion was about
software with the premise "You can't work' em if you
can't see 'em." Proceeding on the assumption that we

all have selected a tracking program that fits our needs, we'll
focus on what is needed in the shack to communicate via satel
lite. Again, when asked, "What does it take to get on satellite?"
after suggesting a good tracking program, I'll ask what equip
ment you already have.

Most folks unknowingly already have gear in their
shack/car/back pocket to work satellite; a multi-mode
VHFIUHF mobile or base rig, a dual-band handheld, or one of
the newer "DC to light" mobile transceivers can work the low
earth orbit (LEO) satellites with ease. That old lO-meter multi
mode transceiver sitting in the comer of your "Turbo Belchfire
5000" HFNHFIUHF base rig has a great potential as an inter
mediate frequency (IF) for a converter or transverter. Our dis
cussion this time will cover the specific features you should be
looking for in a satellite rig, the newest gear available , some
oldie but goodie rigs that still hold their own, and a bit of his
tory of some of the gear that led the way into the age of ama-
teur satellites . .

Features, Bells, and Whistles
In selecting equipment for satellite communications there are

a few requisite features, and quite a few "bells and whistles" (nice
to have, but not show stoppers).
. First, and foremost, you will need VHF and UHF capability;

a transceiver or transverter will do nicely, but let's focus on
things all in one box. All-mode is best (FM, USB, and LSB),
but if you plan to stay just with the LEO birds, FM will do just
fine. For communicating with the high-orbit birds (AO-lO and
AO-40), full duplex will be needed-i.e., hearing your own
downlink signal. A transceiver specifically designed for satel
lite work will have this feature; a separate transmitter andreceiv-

. er will also allow this if the manufacturer provides an optional
interface. For the LEO birds, full duplex is nice, but you can
work them without it.

Your rig will need a headphone plug , as hearing your own
downlink signal could result in what we call in polite terms
audio coupling-i.e., feedback. For transmit control, VOX is
nice, but again, that is not required. The main advantage of hav
ing a VOX feature is it frees your hands for other activity .
Variable power output is a real plus. The LEO birds can be
accessed with just a few watts; the high-orbit birds require out
put in the 75-100 watt range.

The one feature almost exclusive to satellite equipment is
auto-tracking. This feature allows the uplink and downlink fre
quencies to change simultaneously to compensate for Doppler

*10421 SE 55th, Oklahoma City, OK 73150
e-mail: <tmwebb@ionet.net>

www.cq-vhf.com

Photo 1. The ICOM IC-9IOH is the latest offering from ICOM
for satellite work. The 9IOH is 2 meters/70 em only with 1.2
GHz option. It replaces the IC-82IH. The-"set-and-forget" fea
tures are menu driven, with frequently used functions on the
front panel. The small size and light weight are great for
portable operation or limited desk space. (Photo courtesy

RigPix, <www.rigpix.com»

shift. For high-orbit birds Doppler shift is relatively slow, and
manual tracking works nicely, but auto-tracking is a great fea
ture to have and makes operating a breeze. With FO-20 and 29,
which use SSB, however , Doppler shift approaches the speed
of light and auto-tracking is almost a must.

If you are going to use preamplifiers on the mast, converters,
or transverters , a rig that supplies 12 VDC through the coax
saves a lot of time, effort, and expense. With converters , be care
ful not to put a signal up the coax with the converter online .
Some rigs put a very brief, but very lethal , burst of RF up the
coax when first turned on. Get into the habit of switching unpro
tected converters and preamps offline after you finish operat
ing or before powering up the rig.

The Latest Shiny, New Gear
If you are looking for the latest, greatest box packed with all

the technology known to humankind, there are only three rigs
currently on the commercial market specifically designed for
amateur satellite work: the ICOM IC-91OH, Kenwood TS-2000,
and Yaesu FT-847.

IC OM IC -910H. The IC-91OH (see photo 1), which graces
your author's shack, is a follow-on to ICOM's IC-821H (more
on the 821 later). The 910H arrives with 2 meters and 70 em stan
dard issue; there is an optional l.2-GHz module also available.
Choices of USB, LSB, FM, and CW are available, as are digital
inputs. The 91OH, as the "H" implies, has a high-power capabil
ity-up to 100watts on 2 meters, 75 watts on 70 em, and 10watts
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with the option 1.2-GHz module. On the low end of power out
put , 5 watts is the minimum on 2 meters and 70 ern, 1 watt on
1.2 GHz. Why ICOM didn 't allow the power control to take the
output to zero will remain one of the mysteries of the age.

Size is one of the big advant ages with the 9 10H (9 1/2" wide
by 311/16" high by 913/32" deep). To achieve thi s small pack
age, there is no internal power supply-12 VDC from a 25
amp external supply, if you please. The 910H weighs in at a
mere 10 pounds, so mobile and portable/ Rover activity is
quite conven ient.

A flip-down stand pro vides a good view of the large LCD
screen, which improves ventilation. Th e coo ling fan comes on
whenever you transmit, which is a bit disconcerting at fir st, but
it assures the operator that coo ling air is always moving through
the rig.

The 910H has separate connectors for 1200- and 9600-baud
packet. A separate accessory socket also provides connectivi
ty for digital communications . Two meters and 70 em have their
own antenna connectors.

For terrestri al/repeater work, each band has 99 regu lar mem
ories , six scan memories, and one call frequency. For satellite
comm unications, ten memories are avail able. There is a grand
tota l of 212 memories ! Th ere is no feature to skip a mem ory
channel during scan, but with a scanning speed of 20 cha n
nel s/second at the high rate, and ten channels/second at the low,
a skip feature would not be of much use.

A warning conc erning the microphone connec tor : Voltage is
present on the audio input pin to run electret microphones. If
you plan to use a microphone that can be damaged by volt age,
install a blocking capacitor!

The pric e for the IC-91OH is hovering around $ 1200 at
this time.

Kenwood TS-2000. Ken wood ' s most recent entry into the
satellite arena (the TS-790A was their previous effort) is the
TS-2000 (see photo 2). First introduced at the 2000 Dayton
Hamvention®, the list of its features seemed to include every
capability a ham could want: HF ; 6-meter, 2-meter , 70-cm, 220
MHz receive (no tran smit, go figure); an optional1.2-GHzmod
ule; DSP filter; full duplex for satellite work; a built-in TN C;
and a fist full of connectors on the back.

The TS -2000 comes in four versions: the "off the shelf '
model; the standard model with a remote control he ad for
mobile work (also known as RC-2000); or the TS-B2000, which
has no front panel and uses the remote head exclusively. The
fourth version, the TS-2000X, comes with the aforementioned
1.2-GHz module already installed . By the way, the l .2-GHz
module must be factory installed (no do-it-yourself), so if you
have any thought s of opera ting L mode ( l.2-G Hz uplink) or
ATV, you might give serious thought to the "X" version from
the get go, as the factory installation later is an add itional $75
over the off-the-shelf price of the TS -2000X.

Power output is 100 watts (25 watts on AM-yes AM!) fro m
1.8 MHz to 148 MHz, 50 watt s on 70 em , and 10 watts on 1.2
GHz. As with the IC-910H, the minimum power is 5 watt s, I
wa tt on 1.2 GHz. As mentioned, the TS-2000 has a generous
co mplement of antenna, accessory, and interface connec tors
on the back. Th e rarel y see n "RX ANT" (i.e., receive-onl y
antenna) is present for converters. The 2000 also has a unique
feature for AO-40 operators using S mode (2.4-GHz down
link): The actu al receive frequenc y (2.4 GHz), rather than the
IF frequency, can be displ ayed . This feature goes all the way
to 19.999 GHz!
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Photo 2. Ifyou want fea tures, you have to have-buttons, and
the TS-2000 has lots off eatures to go with that fro nt panel
fu ll ofcontrols. With HF, 6 meters, 2 meters, 70 em, a f acto
ry-installed 1.2-GHz option, DSP, and built-in TNC, it has
just about everything a ham could want. (Photo courtesy

Kenwo od Communications)

The built-in TNC is intended for packet-cluster tuning and
Ken wood ' s "S ky Command II+" feature. Sky Command would
give the capability of remotely controlling the 2000 with a com
patible HT . However, that function is not yet authorized by the
FCC. The TS-2000 can be yours for around $ 1700, the TS
2000X aro und $2000.

Yaesu FT-847. The third satellite rig in our trio is the Yaes u
FT-847 (photo 3). Yaesu made abit of history when it intro
duced the 847. It was the first amateur transceiver to include
HF, VHF, and UHF all in one package (before you IC-706 oper
ators howl in protest, the original 706 only went to 2 me ters;
70 em came later). The 847 isa feature-p acked unit with not
only standard-issue HF capabilities, but with full-up satellite
capability as well. Essenti ally, the 847 was the next-generation
replacement for the much-l oved FT-736 (more on the 736 in a
bit). Yaesu underscored the flexibi lity of this unit by tagging it
the "Earth Station."

The 847 gives you 100 watts from 160 through 6 met ers and
50 watts on 2 meters and 70 em. Like the TS-2000, it has AM
capability with 25 watts output.

The rear panel sports four antenna connectors: HF, 6 meters ,
2 met ers, and 70 em. Unfortunately, Yaes u didn't pro vide a 1.2-

Photo 3. The "Earth Station, "as Yaesu calls the FT-847, was
the first amateur radio transceiver to cove r HF, 6 meters, 2
meters, and 70 em. The 847 replaces the "satellite work
horse, " the FT-736. The 847 is the only ama teur radio trans
ceiver to include the Alaskan emergency HF f requency.

(Photo courtesy RigPix)
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GHz option. It is likely that they presumed most L-mode fans
would go with a mast-mounted transverter. There is no "receive
only" antenna connector, but several 847 support pages on the
internet provide a modification to add this handy feature. (The
847 enjoys a world-wide following, with several excellent
internet support pages.)

The 847 is slightly larger than the IC-91OH and about half
again as heavy, but it still is a compact unit, occupying mini
mal desk space. You can change the background color of the
large, easy-to-read dial to either blue or orange.

One feature not found on any other amateur transceiver except
the 847 is its capability of operating on 5.1675 MHz (single chan
nel only), the emergency communications frequency for Alaska.
The one feature absent on the 847 is VOX. The official compa
ny statement is "Satellite operators don't use VOX, and since
this is really a satellite radio, it isn't needed." The absence of
VOX on the 847 has been the subject of spirited debate. If you
really must have VOX, a third-party unit is available through
International Radio, also known as InRad (http://www.qth.
com/inrad/index.htm). In addition, InRad offers several filter
options for the 847.

The FT-847 currently is priced at around $1300 after manu
facturer/dealer incentives.

Oldies but Goodies
Yaesu FT-736. The FT-736 (photo 4) is the "Grande Dame"

of satellite rigs. Introduced in 1987 as a replacement for the FT
726, it is a "plug-and-play" all-mode satellite rig. Its predeces
sor, the 726, released in the early 1980s, comes only with 2
meters as standard issue with two open slots for other bands.
The 70-cm (There were two 70-cm boards, one for the lower
half and one for the upper half of the band.), 6-meter, and the
full-duplex boards are operator-installed options. The 726 has
10 watts output , no auto-tracking, and no VOX. Despite the
lack of "bells and whistles, " the 726 is a solid, basic satellite
rig. However, the all-mode 736 has it all-right out of the box:
2 meters, 70 ern (full band), full duplex, 25 watts out, two open
slots for additional bands, and an array of features usually found
on upscale HF rigs. Owner-installed options include 6-meter,
220-MHz, l.2-GHz, and HF boards.

The HF board is a little-known option. It covers 10 meters
(for Modes A, KA, KT, and transverter duty), 15 meters, 12

Photo 4. Although no longer produced, the Yaesu FT-736 is the
workhorse of the satellite community and has a very loyal fol
lowing. It comes standard with 2 meters and 70 em, with full
duplex as a standard feature ; 6-meter-, 220-MHz, and HF
boards are options. An ATV adapter is also available.

(Photo courtesy RigPix)

www.cq-vhf.com

meters, and (believe it or not) 11 meters! The HF board pro
vides 10 watts out on all bands, and it is great for working
QRP on 10, 12, and 15 meters. An external ATV adapter is
also available.

Both the FT-726 and 736 have internal power supplies, but
the units can be run on 12 VDC with adapter cables. Although
no longer produced, the 736 is still considered the workhorse
of the satellite, EME, and VHFIUHF community, and the rig
has a very loyal following. Both rigs can still be found at
hamfests, but don't expect to get a well-equipped 736 at a
cheap price!

ICOM IC-821H. The IC-821H was the first ofthe compact,
all-mode satellite rigs. Its predecessor, the IC-820H, was intro
duced in 1994. Although the 820H had excellent specs, it was
badly flawed as a satellite rig. The ICOM folks revisited the
design, and the IC-82lH was the result.

The 82lH has 2 meters and 70 em, full duplex, and a collec
tion of impressive features. To keep the unit small, an external
12 VDC is required. It provides 35 watts on 2 meters and 45
watts on 70 ern. Unlike the 91OH, the 821H has no provision
for additional bands-i.e., 1.2 GHz.

Operation is fairly intuitive with the "set-and-forget" func
tions on the menu, with frequently used functions on the front
panel. For PacSat operators, the 821H has excellent character
istics at both 1200 and 9600 baud. One clever feature allows
the operator to "spot" a frequency and tune away, and when
you tune back over the "spot" frequency, the radio beeps at you.
An ICOM unit just prior to the 820/82ili was the IC-970-a
respectable satellite rig from the technical standpoint, but big
(real big) and very pricey. The 970 didn't remain in the ICOM
stable long.

Photo 5. The Ten-Tee 2510B was produced in the early 1980s.
The first edition, the 2510, had "operating" issues and was
called back and redesigned, resulting in the 2510B. The unit
was configured with a 2-meter/10-meter converter and 70-cm
10-watt transmitter. A PTO circuit allowed auto-tracking. It

was a clever design for its day. (Photo courtesy Ten-Tee)

Ten-Tee 2510B. The 2510B (photo 5) was produced in the
early 1980s. The first edition, the 2510 (like the IC820H), had
"operating" issues and was called back for redesign, which
resulted in the 251OB. The unit was configured with a 2- to 10
meter converter and 70-cm lO-watt transmitter. An external 10
meter receiver was required for downlink receive. To conduct
communications, the lO-meter IF is first set to 29 MHz. Using
the 251OB main tuning knob, find a downlink signal. Press the
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Speaking of Single-Digit OSCARs...
OSCAR 7 Returns from the Dead

In the main text ofhis column, WA9AFM reminisces about early
satellite stations "way back when, " when OSCARs-Orbiting
Satellites Carrying Amateur Radio-had single digit s. Well, much
to everyone's amazement, one of those single-digit OSCARs has
made a surprise return to the ham bands! Here's what was known
at press time:

After a silence of some two decades, the AMSAT OSCAR-7 satel
lite returned to the air in mid-June, according to AMSAT and the
ARRL. The satellite was launched in 1974 and operated for more
than six years before going silent in 1981 after a battery failure. No
one has any idea how long the satellite might remain active, and both
organizations caution that certain contacts through AO-7 may not be
strictly legal under today' s rules.

According to the ARRL, Pat Gowan, G3IOR , was checking out
some interlopers on the 2-meter amateur satellite sub-band when
he heard a "very familiar" slow-speed CW beacon which he later
determined to be OSCAR 7. Several satellite enthusi asts made con
tacts via AO-7 over Field Day weekend. AO-7 Project Manager Jan
King, W3GEY, said he was "blown away" by the news and specu
lates that the satellite 's batteries, which shorted as they failed 21
years ago, are now somehow "un-shorting" and putting the space
craft back on the air. Howev er, AMSAT officials say they are cer
tain that the batteries are not actually storing power, but simply
allowing the satellite to run off the solar panels whenever it is in
sunlight , creating what King calls "a daytime only satellite. " It now
edges out AO-lO (launched in 1983) as the oldest functioning
amateur satellite.

Legal Questions
The transponders on AO-7 are set up for both Mode A (2 meters

up, 10 meters down) and Mode B (70 em up, 2 meters down), and

the mode that is activated appears to be strictly random. Changes in
international radio rules over the past 30 years have removed the AO
7 Mode B uplink frequencies of 432. 125--432.175 MHz from the
range permitted for satellite uplinks, now allowed only in the 435
438 MHz subband. AMSAT reminds operators visiting its website
that "Potential users should realize that when they are uplinking to a
satellite, they are no longer operating in the Amateur Service but
instead operating in the Amateur-Satellite Service ." In addition, the
ARRL notes that FCC rules require that space stations (satellites) be
controllable from Earth, and it is not known yet whether that is pos
sible (Ed. note: AO-10 has been operatingforyears without any abil
ity to control it from Earth, and no one has questioned the legality
ofAO-10 contacts on that basis.)

The bottom line, according to King, is the amazing discovery that
even "a cheap spacecraft built by a bunch of hams, without very many
high reliability parts and without designing for a radiation dose like
this, can last for 27+ years in space as far as a majority of its elec
tronics is concerned."

If you have some of the equipment Tom discusses in his column,
especially for Mode A (jor which there are no real legal issues),
download the latest Keplerian Elements for AO-7 or check the
AMSATwebsite (www.amsat.org), and make some "old-time satel
lite" contacts before this one goes away again!

AO· 7 Frequencies
Mode A: Uplink 145.850-145-950 MHz; Downlink 29.400

29.500 MHz
Mode B: Uplink 432.125--432.175 MHz (use of these frequencies

may be illegal ; see notes above); Downlink 145.920-145.980 MHz
Beacons: 29.500, 145.700 MHz, 435.100 MHz (Additional bea

con on 2304.1 MHz was never activated .)

"Spot" button (which produces a steady
CW signal) , adjust the lO-meter IF until
you hear your own downlink signal, and
then release the button. You are now in
an auto-tracking mode with a PTO cir
cuit doing all the work (a clever design
for its day) .

Unfortunately, the recall and redesign
delayed the 25l0B from reentering the
market, and newer feature-packed satel
lite-oriented equipment captured the
satellite community's attention . At Ham
Com in Dall as this year I suggested to
the Ten-Tee folks that they revisit the
25l0B with the thought toward opti
mizing it as an "S" Mode rig; we'll see
what the future brings .

But What About...
What about using the IC-706MKIIG,

FT-lOOD, FT-8l7, dual-band HTs/mo
bile rigs for satellite communications?
Well, yes and no. For the LEO satellites
on FM (ISS, UO-14 and AO-27) they
will do a good job. Although not full
duplex on Mode J (2-meter uplink, 70-
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em downlink) , by using a single-chan
nel uplink (2 meters) and tuning for best
downlink signal (70 em), mob ile/
por table satellite communications is eas
ily accomplished.

It is possible to work one of the LEOs
using a regular mobile antenna. How
ever, for portable work many folks use
the famous "Arrow Dual-band Antenna"
(more on that another time). Regardl ess
of which rig you might use for LEO com
munications , keep the power low; 5 watts
often will be quite enough.

As mentioned, without full duplex
(being able to hear your own downlink
signal), adjusting for Doppler is very dif
ficult for worki ng the likes of AO-lO
(yes , it 's still working) or AO-40 . Having
said that, some folks have been able to
work the high-orbitbirds with the 706 and
FT-lOOD. It wasn 't easy , but they did it.

When OSOAR
was Single Digits

,OSCAR 3, launched in March 1965,
was the first amateur satellite that was

actually used for amateur communica
tion, with 2 meters for uplink and down
link. OSCAR 4 used a 2-meter uplink
and 70-cm downlink, the first Mode J
configuration. In the early days, bird
chasers had to cobble together stations,
as no dedicated satell ite equipment was
on the market and the available equip 
ment was really suited to space commu- .
nications. As birds were launched, Mode
A quickly became the dominant mode,
2-meter uplink and lO-meter downlink.
Most folks used some form of CW
transmitter, as 2-meter SSB rigs were
few and far between (and rather pricey).
By using any SSB HF rig, the lO-meter
downlink was easy.

What could be called the first piece of
amateur radio equipment built for satel
lite communications was the FDK (later
KLM) Multi-2700 (photo 6). The 2700
had an all-mode 2-meter transceiver and
a lO-meter receiver all in one box. The
unit had no tracking, so Doppler com
pensation was a manual operation. In its
day, however, the 2700 opened the door
to equipment specifically designed for
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Photo 6. The FDK (later KLM) Multi-2700 was the first ama
teur radio transceiver designed with satellite communications
in mind. It's a 2-meterall-mode transce iver and 1O-meterreceiv
er all in one box. Although there was no interface between the
2-meter and lO-meter units, the single-container design led the
way to the satellite rigs we enjoy today. (Photo courtesy RigPix)

satellite communications. The 2700 is a rare item nowadays.
You might find one sitting on a table at a hamfest, though. Don't
overlook the 2700 as a backup rig or even as an IF rig.

Other early pieces of equipment were the ICOM/Yaesu/
Kenwood "twins"-i.e., the single-band, all-mode rigs on VHF
or UHF.

ICOM had a neat series of "mini" rigs which were very basic.
They were in a vertical format and had internal battery capa
bility and a built-in or external antenna. The IC-202S was the
2-meter version; the IC-402 was for 70 em. Also, there was a
6-meter model, the IC-502. ICOM has had a long history of
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"twin" rigs. One accessory, the CT-16, permits some of the
ICOM "twin" series to track for Doppler compensation.

Yaesu had several "twins ." One pair was designated the FT
480R for 2 meters and the FT-780R for 70 em. They had 10
watts output and a clever desk-mount console, which allowed
for a common microphone. Yaesu also produced two great
"back-packing" rigs, the FT-290MKII for 2 meters and the
790MKII for 70 em. Again, no tracking was available, but they
had "snap-on" 25-watt amps, internal battery supply, and pret
ty decent specs. For Rover/mountaintop work and satellite com
munications they are a dandy combination.

Kenwood has offered several single-band VHF and UHFall
mode mobile rigs with similar capabilities, including the TR
751 for 2 meters and the TR-85 1 for 70 em. Kenwood seemed
to favor the base-rig market with the likes of the 2-mete~'TS
811 and the 70-cm TS-71l. Keep an eye out for some of the
older single-band gear, which is still quite usable for satellite
work, especially as an IF for transverters .

\

One More Time
At the risk of repeating myself (Okay, I'm repeating myself,

as I said this in my first column.) , get a copy of The Radio
Amateur's Satellite Handbook by Martin Davidoff, K2UBC.
This is the "bible" of amateur satellite communications. Pub
lished by the American Radio Relay League, it's available for
$25 through a variety of amateur-radio supply houses, from
the ARRL, or from AMSAT Headquarters (850 Sligo Avenue,
Suite 600, Silver Spring, MD 20910-4703; telephone 301-589-
6062). •

AMSAT WANTS YOU!

AMSAT-NA invites you to be on the cutting edge
ofAmateur Radio technology.

Join AMSAT, the Radio Amateur Satellite Corporation.
AMSAT membership connects you with a worldwide group of
Amateur Radio operators who share an active interest in designing,
building, launching and communicating through both analog and
digital Amateur Radio satellites.

By joining AMSAT, you will receive specialized satellite 'how to'
information and the AMSAT-NA Journal, along with detailed
guidance that will help you enjoy Amateur Radio's leading
frontier. In addition, specialized tracking software is available
by donation.

Satellite operation will allow you the widest reaching DX
capability w.ith the smallest antenna size, great for those with local
antenna restrictions! AMSAT is actively planning several
new satellites, in additon to our on-going educational programs.

loin today ! Dues are $36 in the U.S., $41 in Canada and

Mexico and $45 elsewhe re . Payment must be in U.S. funds, by
check, money order, VISA or MasterCard. ~•...
~MSAT-NA 850 Sligo Ave., Suite 600 ~:"

Silver Spring, MD 20910-4703
(301) 589-6062 Fax: (301) 608-3410 AMSAT
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By Gary Pearce,* KN4AQ

FM
FM/Repeaters-Inside Amateur Radio's "Util ity" Mode

Utility Mode?

Jim (Coz) Cosby, WA3RQD, operating with Will Pope, N3WP, as N3WPIRo ver. The
pair traveled f rom Philadelphia, PA to Mt. Mitchell, NC (6684 f eet high, the high
est peak east ofthe Mississippi ). You can drive right up to the parking lot on the sum
mit ofMt. Mitchell. The mountain sits on the eastern edge ofthe Smokies and offers
an unobstru cted view in a wide arc f rom northeast to southwest. During their trek

they ope rated on 50,144,220 (FM), and 432 MHz.

It is great to see CQ VHF back in pub
lication. I subscribed to the magazine,
starting with the original edition in

January 1996, and I was sorry to see it go.
Thanks to Joe Lynch, N6CL; Rich
Moseson, W2VU ; Dick Ross, K2MGA;
the advertisers; and you, the readers, for
bringing it back! The spring issue looked
terrific. I am honored to be among such
prominent people in amateur radio. Now
what's this about "Utility Mode" at the
top of this month's column ?

As the spring issue of CQ VHF was
preparing to launch, Joe, N6CL, sent me
an e-mail asking what "tag line" I want
ed up at the top of my column, as all the
regular columns have them. I thought,
"'PM, the Fun Mode ' has certainly been
beaten to death." Besides, aren 't all ama
teur radio modes fun modes? What mode
do you operate just for the pain and frus
tration of it? Okay, there's DX, meteor
scatter, HF traffic nets , moonbounce,
CW, QRP, weak-signal VHF-UHF,
microwaves, contests, and a slew of dig
ital modes. Most of ham radio is fun!

Now that we' ve narrowed down the
audience, let' s get back to the question.
What could I say "different" about PM
and repeaters? I'm normally a rather cre
ative guy, although my high schoo l
English teachers (what, all nine of them?)
might beg to differ. Deadline loomed, and
nothing was coming to me.

Earlier this year I wrote an editorial for
the SERA Repeater Journal that led to
the idea. The editorial was in praise of
outgoing editor Wayne Williams,
K4MOB (now a Silent Key). Wayne had
been editing the Repeater Journal for 23
of its 26 years of continuou s publication.
Without doing any research or really giv
ing the idea much serious thought , I wrote
that the Repeater Journal was the only
FM-oriented magazine, or column , to
survive over the years. I noted that QST
had dropped the PM/Repeater column
years ago, and even CQ VHF had gone
out of production.

*116 Waterfall Court, Cary, NC 27513
e-mail: <kn4aq@arrl.net>
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Of course , CQ Editor Rich Moseson
announced that CQ VHF was going back
into production ju st as I sent that edition
of the Repeater Journal to the printer. I
also had completely forgotten about Bill
Pasternack, WA6ITF, and his columns in
WorldRadio (and before that, in 73
Magazine). Bill has single-handedly kept
FM and repeater journalism alive contin
uously at the national level since the early
1970s. He credits 73 Editor Wayne
Green, W2NSD, as being one of the few
to recognize the rise of PM, giving the
mode significant publication space in its
early years.

While all that is very nice, the fact
remained that there was something wrong
in FM-Iand. Almost all active hams have
anFlvl rig around somewhere, whether it
is an HT hanging from their belt, a mobile

under the dash, or a rig at home collect
ing some dust at the comer of the operat- .
ing desk. Two-meter FM is said to be the
most popular amateur band/mode by far.
However, this practically universal mode
of operation has been unable to sustain
much in the way of publication.

I did some research, which opened my
eyes. The several hundred-thousand
hams who operate FM and repeaters are
not a "market." They do buy radios, but
as a group they do not join organizations,
nor do they subscribe to magazine s. My
finding s are especially true among the
subset of those hams who operate only
FM and repeaters (the "shack-on-the
belt" ham, as some hams refer to them).
This population would be most of the
huge number of code-free Techs licensed
since 1992.
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The original CQ VHF was designed to
appeal to those hams (and to introduce
them to the other VHF modes for which
their Tech license qualified them). They
did not, however, "bite" in large numbers.
They did not join the ARRL, despite the
League' s going to bat for them in support
of the code-free Tech. Here in the south
east, they do not support the SERA Re
peater Journal, a regional magazine that
is purely about FM/repeaters, in anywhere
near the numbers one might expect.

My Narrow Perception?
I have been a ham since 1965 (age 15).

Today I have an Extra class license, and
I operate some HF (mostly SSB and dig
ital, with CW limited to occasional bouts
at Field Day). Since my beginning days
as a Novice with a Heathkit Twoer, I have
been a VHFer. I went through the 2- and
6-meter AM days with a Heath Seneca
and Utica 650; then SSB with a Gonset
Sidewinder and Hallicrafters HA-2 trans
verter. What really flipped my switch as
in my early days of ham radio was an old,
single-channel Motorola SOD on 146.94
MHz simplex installed in the car of a
teenage friend's father.

For you newer hams, this is an exercise .
in nostalgia, which I do not have space
here to explain, although I wish I could.
I will note that the Motorola SOD was an
FM radio, which began life in a police car
or a taxicab somewhere. The Motorola
SOD was a huge, heavy all-tube radio
which sat in the trunk and improved trac
tion on the ice. Below the dash was a con
trol head with volume, squelch , micro
phone , and speaker.

Why this radio and the many that fol
lowed appealed to me more than anything
else, I can't explain. Maybe it was the
"police" radio aspect; maybe it 's because
it was similar to the CB radios I' d used
before I became a ham (back in the clean
days when CBers used call signs, real
names, and decent language). Certainly
it had something to do with local com
munications. I liked talking with the guys
around town much better than talking
with someone I did not know in New
York, California, or around the world. I
liked the idea of a bunch of hams all clus
tered on a single frequency, and for me,
exotic DX was talking to someone 300
miles away on 2 meters.

It wasn' t long before I learned about
repeaters (all four of them in the Chicago
area at the time), which enhanced the FM
experience immeasurably. My interest
in VHF SSB waned. I had attended some
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of the early Central States VHF Con
ferences in the late 1960s, but I never felt
quite at home there. Putting up a multi
element array and build ing a VHF kilo
watt seemed beyond my means and
interes ts . Getting involved in a local
repeater group felt comfortable; this was
someplace where I could really partici
pate, and I gobbled up all the available
literature.

It started with copies of a small news
letter out of California called "The Chron
icles of 76." This was just a local effort to
document and make fun of the hams who
put up repeaters and remote base radios
around Los Angles. Then there was
WA6ITF' s "Looking West" column and
the other articles in 73. Also, there was a
short-lived publicati on called FM
Mag azine out of Michigan. Later there
was the FM/repeater column in QST, as
well as the ARRL's old FM and Repeater
manual.

While my field of view in amateur
radio covered the whole spectrum, so to
speak, the sharp, clear center was VHF
FM. I was on the leading edge of a seri
ous boom in a new mode of operating,
which was all very exciting. Then . . .

JustAnother Mode
While I wasn' t looking, FM became

just another mode, or at least that' s the
consensus I got from some of the guys
who have been doing amateur radio pub
lishing a lot longer than I have. In the
1950s SSB was an up-and-coming mode,
and the magazines had columns devoted
to it-how to use it and who was on it.
You wouldn't think of devoting a column
to SSB today, would you? Maybe AM?

Some columns devoted to sub-sets of
amateur radio have lasted for decades.
VHFIUHF is one. That' s the weak-signal
side of VHF, not the FM side. Digital
modes go through enough reincarnations
to maintain interest. DX,contesting, QRP
are holding their own, but not FM!
repea ters? QST Editor Steve Ford,
WBSIMY, suggested a reason, which
gave me the idea for this column ' s
"Utility Mode" tag line. He said, "Our
research has shown that while FM users
comprise a very large portion of the ama
teur community, the majority tend to per
ceive their FM activity more as a 'utili
ty' function rather than a hobby." He
added that FM operation is local. If you
don't live in Seattle , you wouldn 't be very
interested in a new repeater on the air
there, would you?

I shouldn' t have been surprised. I' ve
often felt that the people who build and
maintain repeaters are unappreciated by
most of the people who use the repeaters.
The repeater is just a public utility, like
the power company or the phone compa
ny-a hole in the band that makes signals
go farther.

Now that I' ve thoroughly beaten my
self down, let' s see if I can get back up
again and stand tall!

While the vast FM-user community
may not feel much like a community at
all, there is at least a half-vast communi
ty of hams who build repeaters, run
repeater clubs, do band planning and
coordination, and generally focus on FM.
There always seems to be a new crop of
hams coming along who are trying to
learn the ins and outs of repeaters. Now
and then, there is something really new,
such as the IRLP. Maybe even some of
those shack-on-the-belt users are inter
ested in what makes this utility mode tick,
which is one kind of ham that the new CQ
VHF is designed to reach , and that ' s
where this columnwill be pointed . I think
that there are many aspects of PM that
make it unique, such as things that hams
who build and operate in the FM universe
will enjoy reading and writing about.

Help Wanted-and I'm going to need
a little help here . Some of the article s
ought to be fairly technical, and I am not
an engineer. Everything I learned about
repeaters and technology came through
ham radio, mostly learned at the elbows
of hams who really know their stuff. In
his spring issue editorial, Joe, N6CL ,
said, "Each one of us has a story," and he
asked readers to share theirs by writing
articles forthe magazine. I'll ask the same
thing. Think of something you know ,
something that other FM-oriented hams
might find interesting, and drop me a line
at <kn4aq@arrl.net>.

I was discussing this column with a
friend I rely on for technical advice, and
he said, "How many ways can you write
an article on how to tune a duplexer or
modify a MASTER II?" Well, let' s find
out. I might even get creative enough to
come up with a better tag line for the
beginnin g of the column!

Thinking Thin
They say one can' t be too rich or too

thin, but one can be too narrow! Several
of the new FM rigs on the market, for
example the Kenwood TH-F6, include a
"Narrow" mode. If you've been around
the block more than once, you've been
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calling the 5-kHz PM deviation we run today "Narrow Band
PM," or NBPM . If you've stumbled across this setting on the
radio (and didn 't read the manual), you might have said, "Well,
this must be the setting I need" and punched whatever button
it took to lock it in.

BZZZZZ! Wrong answer, but thanks for playing the game.
Pick up your parting gifts on the way out of the studio.

It ' s time to recalibrate your vocabulary and check your
radio ' s settings. The rules of the game have changed.

Back before the tum of the century, the FCC launched a
campaign to create more channels for commercial and pub
lic- safety radi o. Since there are "slim pickins" on the spec
trum tree, the other way to create more channels is to make
the ones we have skinnier. Take advantage of advances in
technology that allow us to reduce deviat ion , improve sta
bility, roll off the higher audio frequencies , process the audio
a bit , and tighten the receiver filter s, and voilal-i-e mode that
used to gobble up 16 to 20 kHz of spectrum now uses only
11, allowing us to squeeze in a new channel between each
old one. Your new standard: 2.5-kHz deviation, a tighter
maximum on kHz for the highest audi o frequency, and 12.5
kHz channel steps. The price-obsolescing all the current
radi os and making everyone buy new ones.

To the old timers, this is dej a vu all over again. That' s exact
ly what started the amateur radio PM boom back in the 1970s.
In the 1960s, to make more commercial and public-safety radio
channels, the FCC cut the deviation from 15-kHz "wideband" to
5-kHz "narrowband," and doubled the channels by cutting the
channel width in half. Overnight, millions of expensive FM
radios were traded in. Some of the economic sting was reduced
by the fact that the solid-state revolution was getting underway.
Companies and police departments were trading in those big,
heavy tube rigs for-well, not quite as big, but still pretty heavy
transistor jobs.

Pre-Boom
Where did the old radios go? A lot of them went to the crush

er (makes you want to cry), but enough ofthem found their way
into ham radio for almost free. Suddenly there was a boomlet
in FM and repeater operation, which wasn' t the boom, just a
little pre-boom that set the stage for the big boom a few years
later, after a bunch of repeaters had been built. The ham chan
nels filled up quickly, and hams had to adopt the 5-kHz band
width to make more channels. The sting of making all those
radios obsolete was soothed by the fact the original radios were
dirt cheap big, clunky, tube boat anchors, and that ICOM,
Yaesu, Kenwood, and a few other Asian and American manu
facturers started turning out small, solid-state rigs designed for
the ham market. Might as well make them narrow band. Then
the big boom of the early 1970s got underway.

As I said, time to recalibrate your vocabulary. That old
"wide-band PM" is ancient history. Five-kHz deviation FM,
the bandwidth we all use today, is now "wide," and the new
2.5-kHz standard is "narrow ." The FCC has had to back off
its timetable for total implementati on of the new standard in
the commercial world. Current users can stay "wide" for a
while, but all newly created services are requ ired to adopt the
narro w mode. The Family Radio Serv ice is one of the first
examples. New services in the 220-MHz and 700-MHz areas
will all be narrow, too. To be FCC certified, new commercial
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radio s will have to be "narrow-ready," although they can be
wide-compatible dual-mode.

As long as the manufacturers had to build the narrow stuff
for the business band, they started incorporating it in their ham
equipment too, as a second mode. It sort of future-proofs the
radio. Should ham radio ever adopt the new narrow channels,
the radios with the narrow mode built in would still be usable.

Will ham radio go narrow? Perhaps. The 2-meter band is
"full" in most metropolitan areas (and even most rural areas)
of the country, and hams still want to put on more 2-meter
repeaters. Most areas, except California, have room on 220 and
440 for a few more repeaters, but that' s going fast. Ham radio
has a mammoth "installed base" of 5-kHz FM radios, and there
will be tremendous resistance to replacing them. We buy them
ourselves; there are no corporate profits or municipal taxes to
draw on for radio budgets. I suspect it will take a more sweep
ing change, such as a move to all-digital radios with really tiny
RF footprin ts, to pry the 5-kHz radios from our cold, dead fin
gers (Sorry, 1 got carried away there.). The FCC is looking at
digital for the business boys in 10 to 15 years. Place your bets.

Oh, I almost forgot. What happens if you select the "narrow"
mode in a current radio when everyone else is "wide"? Your
transmit audio will sound low and a little muddy-low because
you' ll be down at least 3 dB from the widebanders, and muddy
because while we say our audio is tailored for 300 to 3000 Hz
now, our radios really have a gen tle rolloff at 3000, and there
is plenty of energy above that frequency. The new standard sets
3000 Hz as a brick wall, and there is nothing above it. The pre
emphasis/de-emphasis is handled differently (that sounds like
meat for another column). If your radio switches in narrow IF
filters, too, your squelch might chop closed on voice peaks.
Some of the new radios do; some don't.

Now don 't get me started on audio quality of current FM
operation s. There's an epidemic oflow audio out there already,

The Kenwood TH-F6 in the FM narrow mode.
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Neal Sulmeyer, K4EA, one ofthe Fourlanders who was also
on in the contest.

Paul Yeager, W4SKI, one of the operators of the Fourlanders
VHFIUHF Contest Team (W4NH) who operated in a recent con
testfrom the Mile High Campground offthe Blue Ridge Parkway

near Cherokee, North Carolina.

The 2-meter beam used by the Fourlanders Contest Team.
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and few rigs have microphone gain con
trols to correct problems easily. If every
one is telling you your audio is low and
muddy, check yourmanual. You mayjust
be narrow.

More Help Wanted
The word I'm getting is that repeater

owners are having a harder and harder
time finding good tower space at afford
able rates (or free). As tower manage
ment and ownership is transferred to the
hands of professional management com
panies, some ham repeaters are even
being kicked off towers they have long
called home, unless they can come up
with full commercial rates (hundreds of
dollars a month, or more! Rule ofthumb:
$lIfoot of HAAT/month). Ham radio
public-service value? Sorry, we have a
business to run.

If you run a repeater on a commercial
tower, tall building, or mountaintop, I
would like to hear from you, whether you
have a good relationship going or
whether you have had trouble. In the next
column we'll paint a portrait of the tower
scene for ham repeaters. I know that this
subject can be a sensitive one for many
repeater owners, so I will keep most of
the published details general, and your
information will be confidential, unless
you have a story that can be published.
That number to dial is, as always, my e
mail address at the beginning of the col
umn. See you in the fall!
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Tropospheric Ducting
Myths and Truths

Three well-defined, stable, high-pressure systems form every summer,
providing weak-signal operators the excitement of VHF and UHF voice
contacts over 1000miles away. WB6NOA interviews some experts who
blast the myths and know the truths about this atmospheric phenomenon,
which hits the bands from July through September.

By Gordon West,* WB6NOA

Weak-signal VHF and UHF oper
ators always look forward to
summertime band openings

when their signals will travel hundreds
and even thousands of miles through the
troposphere in the presence of a stable
high-pressure system or an approaching
storm front. Weak-signal operators may
establish wide-open band conditions by
using single sideband first, by CW, and
by PSK 31. Once the duct has formed,
other modes of operation-including
FM, slow-scan televisio n, APRS, and 6
MHz-wide amateur fast-scan television
- may continue to span 1000 miles and
farther.

In an effort to get the "straight scoop"
on these openings, I interviewed several
of the regulars on the VHF+ ham bands.
Adding my own observations and inves
tigations to their views, what follows is
our effort to confirm the facts and dispel
the myths of the whys and wherefores of
these band openings. This big East Coast high put Florida into Nova Scotia at S9 on 2 meters.

Fact: Tropo ducting depends on the
weather.

Absolutely correct! Abnormal weath
er conditions will lead to a stratification
of layers within our atmosphere, up to
10,000 feet. Thi s is the tropos phere .
Temperature, air pressure, and water
vapor content all decrease in normal
weather. Air pressure decreases with alti
tude in an approximate logarithmic man
ner, about 1 millibar for every 10 meters
of altitude . Temperature decreases 20
degrees Fahrenheit for every mile of alti-

*CQ VHF Features Editor, 2414 College Dr.,
Costa Mesa, CA 92626
e-mail: <wb6noa@cq-vhf.com>
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tude, up to 40,000 feet. Water-vapor con
tent decreases with altitude as well.

The "normal" radio-wave refraction is
approximately 1.000345, leading to
VHFfUHF range nomographs which il
lustrate typical "line of sight" expected
ranges at 4/3 of the geometric horizon.
This is where our "20 percent beyond line
of sight" statements come in when teach
ing new hams about how far they might
expect to work: through a local repeater.

Summertime, however, brings ab
norma l weather patterns to Nor th
America (as well as south ofthe Equator),
and these weather patterns begin as huge
thunderstorms. These thunderstorms be-

gin to brew in the zone of converge nce at
the zero degree Equator. The warm ris
ing air invisibly travels northbound, and
between 30 degrees north latitude to 45
degrees north latitude it develops into a
high-pressure stationary cell. These
high-pressure cells slowly rotate clock
wise (anti-cyclone) and begin to become
much heavier than the air below, creat
ing subsidence.

As this cell of high pressure begins to
drop because of its compressed weight,
it may bottom out around a mile above
the ocean or flat earth terrain and devel
op into a visual layer, which weather per
sons refer to as an inversion layer. It' s
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The tropo tin shack and beacon tower of Paul Lieb, KH6HME,
is up 8200 fe et on the side ofa volcano in Hawaii. From this

location Paul beams signals to the mainland West Coast.

easy to see when you step outside-just look for that sharp
boundary between brown air and blue air! Also look for the spe
cific altitude where rising smoke mysteriously flattens out over
the horizon .

The inversion layer will usually trap pollutants within it, and
with very little surface wind, you can predict another lousy day
in "Srnogville." However , it' s going to be a great day for
VHFIUHF weak-signal operators!

The three most pronounced, stable, high-pressure systems that
always appear in July and August are the California! Hawaii high,
the Bermuda high, and the TexaslTampa high. You might find
as many as three additional smaller, stationary high-pressure
cells over the United States, too, triggering the summertime,
high-pressure, tropospheric duct.

Myth: There is no correlation between tropical distur
bances and hurricanes forming south of the established tro
pospheric ducting conditions.

One well-known and well-respected VHFIUHF columnist
claims that there is no correlation between tropical disturbances
and hurricanes forming south of the established tropospheric
ducting conditions.However,Robert Cook,W6PGA:,performed
a 20-year study of the CalifornialHawaii tropospheric duct and

www.cq-vhf.com

the greate st occurrence of this duct plus the incidences of other
North American ducts occurring from July 10 to September 22.
Analysis of these detailed records, as well as records maintained
by Paul Lieb , KH6HME, and this author absolutely disagree
with the above-unnamed columnist. A hurricane or tropical
depression almost always leads to enormous VHF, UHF, and
microwave tropospheric ducting conditions.

Fact: Careful analysis of weather charts may clearly pre
dict the formation of tropospheric ducting conditions. -

Look for a stable, high-pressure system with a minimum of
1020 millibars of air pressure and wait for the 1020 isobar to
fall over your area and coincide with another station hundred s
or sometimes thousands of miles away.

"The figure of 1020 millibars is my magic number for most
long-haul tropo ducting band openings," reports Bill Alber,
WA6CAX, detailing his logbook and aeron autical weather
reports when he worked band openings from Texas to Tamp a,
and from Miami to Nova Scotia. Bill is also a summertime "reg
ular" working San Francisco to Hawaii.

If you have an HF rig and your computer plugged into it with
a simple weather facsimile program, tune into the five-times-a
day weather facsimile broadcasts detailing pressure isobars:

California/Hawaii
4344.1 kHz upper sideband
8680.1 kHz upper sideband

An ATV signal on 426.250 MHz over a 2500 mile path.

WA6CAX
BILL ALBER
P.O. BOX 799
SUISUN, CA
94585-0799
CM88

skyhawk7@pacbell.net

The tropo mobile station of Bill Alber, WA6CAX.
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A good tropo duct f orming along the coast ofHawaii.

Tom Glaze, K4SUS, shows off his 900
MHz mini-tropo beam.

12728.1 kHz upper sideband
17149.3 kHz upper sideband
9980.6 kHz upper sideband
16133.1 kHz upper sideband

Texas to Florida
4316.0 kHz upper sideband
8502.0 kHz upper sideband
12788.0 kHz upper sideband

East Coast corridor including Atlantic
to Europe

6338.6 kHz upper sideband
9108.1 kHz upper sideband
12748.1 kHz upper sideband
10534.1 kHz upper sideband
13508.1 kHz upper sideband

North America (as reported by N7STU)
<www.iprimus.ca/-hepburnw/tropo .

htrn1>

Myth: Tro po only occurs during
high-pressure events.

Not necessarily true , reports Bruce
Eggers,WA9NEW."The term tropo duct
creates the image of both an upper and
lower boundary. While such is certainly
possible, it is neither hardly required nor
usually present. What is required is that
a sufficiently super-refractive layer of
sufficient depth lies above a layer of air,
again of sufficient depth, with something
of a near-normal, or even slightly sub
refractive, gradient of N," reports Eggers.

"Common are frontal layers and early
morning radiational cooling of the lower
layer of the atmosphere," adds Eggers,
illustrating that many exciting ducting
events have occurred along sharp ap-
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proaching, widespread storm fronts as
opposed to only with high-pressure sys
tems overhead.

Many central United States weak-sig
nal operators wholeheartedly agree that
VHF and UHF signals may scoot along
the side of a major storm front just as eas
ily as bouncing around overhead within
a temperature inversion.

Myth: Only CW or SSB can do tropo.
When a tropospheric duct forms, cer

tainly the very first trace of a distant CW
beacon is only heard in the CW mode.
Once the path begins to build to beyond
S-5, SSB communications will easily
work over the path.

"At signal strengths of S-9 and high
er-very common in a good tropo duct
ing event-almost any type of wide-band
modes will propagate," comments well
known "magic band" VHF expert Tom
Glaze, K4SUS.

Disagreement: Signals ar e weaker on
higher fr equencies.

"I have been monitoring the Hawaiian
beacons for years, and with equal gain
antennas on 2 meters, 432 MHz, and 1296
MHz, 1 have never heard a higher band
come in stronger than a lower band,"
comments Julian Frost, N3JF. Most avid
weak-signal operators may agree- when
the 2-meter band opens for tropo above
signal strength 9, expect 432 MHz tropo
to begin to show up. When 432 MHz
tropo pounds it a~S-9 , expect 1296 MHz
tropo to come in strong.

Tom Glaze disagrees: "[While] anoth
er myth is that tropo conditions fall off in
signal strength as the' frequency band

increases, 1 sometimes hear stronger sig
nals on 70 em than 1do on 6 meters and 2
meters during a widespread temperature
inversion." Glaze, who is most active on
6 meters {rom his home QTH in south
Florida, where tropo conditions peak in
the summer, also explained that the actu
al depth of the inversion-layer boundary
pointswill act much like a wave-guide and
propagate certain bands better than others.

Myth and Fact: Polar ization is im
portant.

"You must have similar polarization
for weak-signal tropo work to occur, and
cross-polarization where one station is
vertical and the other station is horizon
tal won' t lead to any meaningful results
at all," comments Ben Hathaway, N6FM,
Santa Cruz, California. 1agree; shift your
antennas to a cross-polarization configu
ration and the signal disappears. Never
have 1 witnessed polarization shift dur- .
ing tropospheric ducting events; both sta
tions must have the same polarization for
the circuit to work.

During an intense high-pressure tropo
event between Texas and Key West, two
mobile stations made contact, quite by
accident, on 146.520 MHz FM. Each
operator also had a single horizont al loop
antenna for 2 meters, and both operators
switched over to the loops and signal
strength was almost identical. When they
tried cross-polariza tion, the path went
completely out.

However, there appears to be no sig
nificant benefit of one polarization over
another, other than almost all weak-sig
nal VHF/UHF tropo operators only run
horizontal polarization.
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Fact: Multiple openings may occur.
Many weak-signal operators con

firmed multiple, simultaneous reception
of a distant tropo station, leading to hams
in Fort Lauderdale, Miami , and Key
West, all picking up Nova Scotia two
years ago for three days in July. Signal
strengths would selectively peak and dip
over a 10 to 20 minute period between all
three locations, sometimes everyone get
ting a peak, yet other times two stations
at a dip with the other station at a peak.

"The atmosphere during tropospheric
ducting is like the mixing of distinctly dif
ferent fluids and letting them settle into
layers. We have found that a lO-degree
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Myth: Tropo is widespread.
"Tropospheric ducting over major dis

tances may terminate, like a waveguide,
into a relatively tight area," comments
Tom Walker, N6TVZ. He adds, "Two
stations attempting to work the long
range tropo station may alternately hear
that distant station peak at one QTH, and
drop into the noise at the other QTH,even
though they may live just 10 miles apart!
When Hawaii comes in, it' s like a garden
hose that is slowly swishing up and down
the coast. ... For an hour or two, south
ern California hears the signal, and then
it slowly fades away and San Francisco
now has the opening."

Myth: Tropo only occurs in the
summer.

"We anticipate high-pressure tropos
pheric ducting in the summer, but storm
frontal tropo ducting may occur in the fall
and spring," comments Shawn Sobus,
N90KJ, near Chicago. Chicago hams
will sometimes have a path to the East
Coast near Virginia Beach , and some
times will get all the way down to the
Texas Gulf coast.

Myth: Tropo comes and goes quickl y.
"I have seen the band open for up to a

week," comments Ken Neubeck ,
WB2AMU, fellow CQ VHF columnist.
"Trope on 6 meters may occur several
times a day before the band opens on 2
meters and 432 MHz. Because most of
my operation is on the Magic Band, I can
let people know that tropo time is com
ing," adds Neubeck, pointing out that
detecting 6-meter tropo might require a
dual-polarized antenna system because
some 6-meter beacons are vertically
polari zed, yet others are horizontally
polarized. Keep in mind that same polar
ization is essential for long-range tropo
ducting.

Myth: Only weather maps may pre
dict tropo.

"I can smell it when we are going to
have a band opening," comments Frank
Moorhus, AA2DR, on Long Island, New
York. He adds, "When the Atlantic high
settles in, I can smell the trapped air, see
it hanging on the horizon, and I can even
tell you who I'm going to be hearing on
the band about 600 to 800 miles away.
The best conditions are always found
when there is almost no wind, the air
stinks, and it's a great day to stay inside
and play radio. Moorhus is best known
for his radio museum of multi-mode
VHFIUHF portable, mobile, and base
station equipment. Frank also has the
largest collection of new and used hori
zontal loop antennas, which he collects
and hoards .

"Not necessarily so," comments world
tropo record holder, Paul Lieb,
KH6HME. "Here at the Mauna Loa vol
cano tropo operating site up 8200 feet, I
have sometimes worked the West Coast
mainland in pouring warm rain. Yes, the
temperature is elevated, but rain showers
seem only to affect the higher microwave
bands where 2 meters and 432 MHz still
make it through," adds Lieb, whose best
record from his location is to a station in

. the state of Washington .
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WB6NOA works out to 2500 miles with this tropo dune-buggy setup.Suzy West, N6GLF, reached Hawaii
from the West Coast of the U.S. with 2

watts and a halo antenna .

temperature change within the elevated
tropospheric duct is sufficient to open a
VHF/UHF path for as long as that sus
pended layer remains undisturbed," adds
Paul Lieb, KH6HME.

Among Lieb' s souvenirs of tropo
openings are temperature plots he has
made of the prominent cloud layer that
extends from California to Hawaii, as
seen as a band of gray on a facsimile
weather chart, plus photographs at his
tropo -ducting volcano location. "The
trigger for this tropospheric duct is al
ways that tropical hurricane to the south,"
smiles Lieb, agree ing with this author
that a tropical disturbance to the south
will trigger intense tropospheric ducting
many times.

Fact: A big antenna is best.
A good horizontally polarized beam

antenna will lead to early tropospheric
ducting condition discoveries . A list of
VHF/UHF propagation beacons is anoth
er good way to "pop the duct" first.
Without the beacons, one might not know
that the band is actually open to that dis
tant station-unless you live in Hawaii ,
where Hawaiians hear stateside FM
music stations coming in allover the FM
band (88 to 108 MHz) radio dial as their
propagation indicators!

Fact: Ducting is most pronounced
over ocean waters.

Everyone agrees that the more pro-
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nounced lapse barrier between sinking
dry air and ocean air triggers a good tro
pospheric duct path. The colder the ocean
waters, the greater the pronounced dif
ference in air temperatures.

"Surface winds cause ocean waves,
which result in a tremendous increase in
the surface area between liquid water and
air. Result: Evaporation! Evaporation
tends to cool the water, which then acts
like a heat sink and cools the air in con
tact, but adds to the total moisture con
tent of the air. We then have a boundary
layer of relatively cool, but nearly satu
rated air topped by a layer of much
warmer though relatively dry air. In the
region between the boundary layer and
the air aloft, we have a region in which
the air temperature increases with alti
tude and the vapor pressure decreases
with altitude. We now have a super
refractive layer, and, Bingo! " comments
Bruce Eggers, WA9NEW, in Raleigh,
North Carolina.

"After 13years of attempting and mak
ing contacts on most of the microwave
bands, KH6HME and I finally made the
shot from Hawaii to California on 2304
MHz ," comments Chip Angle, N6CA.
Ultimately, they also made it at 5760
MHz. Equipment consisted of a totally
home -brew transverter built by N6CA
running 12 watts output to 4-foot dishes
and 1.5-dB noise-figure receivers. They
are a direct conversion to 28 MHz. The
4-foot dishes have interchangeable feeds
for 2.3 GHz all the way up to 10 GHz,
and require about 5 minutes for the feed

change-outs . KH6HME in Hawaii runs
continuous CW beacons on 144.170 ,
432.075 , and 1296.00 MHz. Throughout
all of North America there are plenty of
weak-signal propagation beacons found
at the bottom end of the 2-meter and 430
MHz bands.

Fact: You can fly out of a duct.
"During a period of intense tropospher

ic ducting to a distant station 1000 miles
away, I found the noted lO-degree tem
perature inversion up at 2500 feet altitude.
As I flew higher, the signal disappeared.
When I flew lower, the signal disappeared.
This tells me that going to a mountaintop
to work into a tropospheric duct might be
the last thing one would want to do if
everyone down at the beach is hearing the
distant station 5 by 9," states Bill Alber, a
private pilot whose airplane supports all
sorts of horizontal omni antennas for
tropo-ducting tracking.

"I can remember the day that I watched
Gordo down at the beach work Hawaii,
2500 miles away, on a little portable
ICOM SSB 2-watt transceiver. I just
about fell over in the sand," adds Alber.

I almost did, too! You never know
where the tropospheric path might pro
vide an opening to each end of the circuit.

For technical reading on tropospheric
ducting, I recommend the RSGB 's VHF/
UHF DX Book, available from most ama
teur radio dealers . Have fun this summer
working some VHF/UHF tropo DX! •
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What is ATV?
There is a small but dedicated group of ham radio operators who, when
they are on the air, would rather be seen than heard. Ironically, it is much
easier to see these hams than one would imagine. W5ATV has written the
following basic guide for receiving (and being challenged to transmit) j

amateur television signals.

By Dave Ratliff,* W5ATV

Antennas for the Tulsa Repeater
Organization's A1V repeater.
(Photo courtesy TRO)

The author
poses for his
A1V camera in
the ham shack.
(Photo courtesy
W5A1V)

,.
"'. The Tulsa Repeater

Organization's
A1V repeater.
(Photo courtesy TRO)

What is ATV? In some circles it stands for All-Terrain
Vehicle. However, for us ham radio operators it stands
for Amateur Television.

Yes, radio amateurs have fast-scant TV-type signal privi
leges on several UHF and above ham bands! As it turns out,
it's not all that complicated to get into ATV because it's fairly
easy to receive ATV pictures. All you need is your cable-ready
store-bought TV. With no pun intended, let's look into this spe
cial-interest area within our hobby.

Across the U.S. there are many communities that have an
active ATV group or club, or ATV component of a local ham
radio club. In the Tulsa, Oklahoma area two amateur radio clubs
currently have ATV repeaters on the air. The Tulsa Repeater
Organization (TRO) has a UHFI UHF repeater, and The Tulsa
Amateur Radio Club (TARC) has a UHF/900 MHz repeater.
Ironically, both repeaters use the same 434.250 MHz input fre
quency. In other locations, another popular ATV frequency is
439.250 MHz.

An ATV repeater works like an FM repeater, retransmitting
the input signal it receives on a separate output frequency.
Again, in the Tulsa area the TRO repeater retransmits the input
signal on 421.250 MHz, and the TARC repeaterretransmits the
UHF signal on 913.250 MHz. Otherrepeaters retransmit on the
1.2- and 2.3-GHz ham bands.

Receiving an ATV Signal
There are two ways to receive an ATV signal. Let's look at

the cheap and easy way first.
Getting back to that cable-ready TV you probably own, you

may be able to pick up the signal directly, without any other
equipment. The input frequencies of 434.250 MHz and 439.250
MHz can be found on cable channels 59 and 60, respectively.
The 421.250-MHz output signal can be found on cable chan
ne157. The 913.250 MHz signal can be found on cable chan
nel 144. Please note that I am referring to the cable channels,

*3215 W 40th Street, Tulsa, OK 74107
e-mail: <w5atv@cox.net>
t Amateur radio operators are allowed to transmit both fast-scan and
slow-scan television pictures. Fast-scan television, because of the
huge (6 MHz) bandwidth required, is only allowed on amateur radio
frequencies on the 420-MHz and above ham bands.
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ATV on Field Day

By CQ VHF Editor Joe Lync h, N6CL

While Field Day is a time for serious amateur radio activity,
it is also a time for fun and creativity. This past June, mem
bers of the Tulsa (Oklahoma) Amateur Radio Club (TARC)

combined all three of these aspects of Field Day and used amateur
television (ATV) to document and cover their activities.

Among the creative Field Day activities was the transmission of
ATV signals from the club ' s Field Day site, Chandler Park, located
on a hill west of Tulsa. ATV coverage was not limited to the ground

Mark Duensing, KD5DLL, acting as an impromptu air traffic
contro ller, coordinating the landings of the two helicopters that
visited the Tulsa Amateur Radio Club 's Fie ld Day site.

(Photos by N6CL unless specified otherwise)

either. Private pilot Christopher Stevens, KC5BEJ, flew his home
built two-seater helicopter around the site and into west Tulsa, fer
rying Tim Diehl, KB5ZVC , who manned an onboard portable ATV
transmitter. The signal from that transmitter was retransmitted on the
TARC ATV repeater throughout the Tulsa metro area.

Also participating in the community relations activities were the
Tulsa Life Flight evac helicopter (operated by two local hospitals)
and the Berryhill Fire Departm ent (located in the county of Tulsa).

Tim Diehl, KB5ZVC, ope rates the camcorder while Christopher
Stevens, KC5BEl, prepa res to take offin his home-built two-seater

helicopter.

As part ofcommunity relations, Tulsa Life Flightflew its emergency
air evac helicopte r to the TARe's Field Day site.

Aerial scene of
TARC Field Day
site transmitted
by KC5S El Air
MobileATV.
Note the use of
the camcorder's
character gener
ator fo r the
required station
identification.
(Photo by
KB5ZVq

not the regular TV channels ! Your TV
must be programmed for the cable chan
nels, rather than the over-the-air chan
nels. Consult the instructions that came
with your TV to see how to program it
for the cable channel s.

As far as antennas for receive are con
cerned, anything goes! By agreement
with the local weak-signal operators who
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hang out on 432.100 MHz and use hori
zontal polarization for their antennas,
ATV signals generally are vertically
polarized . If you are trying for DX, you
will want a horizontally polarized anten
na because most ATV DXers come from
the weak-signal community and use this
type of antenna. However, if you want the
flexibility of both vertical and horizontal

polarization, a satellite antenna that
enables you to switch between the polar
izations will serve you well.

Some folks do great with a UHF or
dual-band mag-mount antenna. If you
own a UHF beam, try it. Build a cheapie
vertical cut to the output frequency.
Rabbit ears work just fine (with appro
priate tin foil, of course)! You might even

Visit Our Web Site



All of this community support was videoed live and retransmitted on
the TARC ATV repeater.

While there was plenty of fun to go around , all of this ATV ham
radio activity had a serious side. Several members ofTARC are storm
spotters , and having onboard ATV in their vehicles aids in coverage
of storms that affect Tulsa and nearby communities in northeastern
Oklahoma.

Excellent cooperation between TARC and local government agencies
has been the backbone for amateur radio participation in local emergen
cies. Activities such as Field Day serve both as training exercises and a
means of continuing to cement good relations between amateurs and local
government and non-government emergency service providers.

KB5ZVC operates his portable ATV station from the bed ofhis pick
up truck.

Atop the pneumatic-driven telescoping mast are KB5ZVC's ATV
antennas-a vertically polarized 434-MHz Yagi and a 900-MHz

loop Yagi.

/

Tim, KB5ZVC, uses this truckfor his in-the-fieldATVand other ama
teur radio activities. The ATV antennas are on a pneumatic

driven collapsible ma-rt.

Members of the Berryhill Fire Department participated in communi
ty relations activities associated with the Tulsa ARC's Field Day activ
ities. The activities were televised live to other area amateur radio

operators via the TARC ATV repeater.

try an old bedspring. Almost any line-of
sight antenna should work in your local
area. As I said, anything goes for receive !
Of course, the best low.-Ioss coax you can
find gives the best results.

Okay, you have a cable-ready TV, you
have tried the direct method, and you can
not receive cable channel 144, or you can
receive the ATV repeater but you have

www.cq-vhf.com

little or no picture, or the output of the
local repeater is on one of the higher
microwave frequencies . You might want
to try an ATV down-converter. This
device goes between the coax from the
antenna and the back 'of the TV or mon
itor. Itbrings the signal received into your
TV, usually on channel 3. There is a tun
ing dial (potentiometer) on the front panel

to give you a much better tuning range on
your set.

Most ATV converters also have a
GaAs-FET (Gallium Arsenide Field Ef
fect Transistor) front end to give you a lit
tle signal amplification . Of course, there
are several options for other preamps.

What about audio? While some ATV
operators use the audio signal on the ATV
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The author interviews Eddie Chandler, KD5JGA, one of the
Field Day operators, for a Field Day documentary that will be
aired on the Tulsa Amateur Radio Club ATV repeater. (Photo

viaN6CL)

Dave Smith, KD50IJ, operates ATV mobile using the fl at
screen positioned over the transmission hump. Note that while
it may be justifiable to operate mobile ATV as a storm spotter
(with the local weather radar appearing on the screen), in some
states it is illegal to operate a moving vehicle with a television
screen in view of the driver. Please consu lt your local law
enforce ment authorities bef ore proceeding with your mobile

ATV activities. (Photo via N6CL)

frequency, many others work ATV in conjunction with a local
repeater or simplex frequency, usually on 2 meters. Check with
your local ATV operators to find out what they are using for
an audio liaison or coordinating frequency.

Incidentally, the local simplex coordinating frequency
depends on which ATV frequency you are using. Generally, if
you use 439.250 MHz, the coordinating frequency you will use
is 144.340 MHz; if you use 434.250 MHz, the coordinating fre
quency is 146.430 MHz. The principle reason for the differ
ence in these two frequencies is to prevent the third harmoni c
of the 2-meter signal from interfering with the ATV signal. :..

For the 2-meter transceiver you use for the coordinating fre
quency, you will want a vertical antenna with some gain.Having
this 2-meter radio available will allow you toparticipate in a
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round-table with other ATV operators, and an omni-direction
al antenna will preclude the need to rotate your antenna to hear
each of the other stations.

Now it's simply a matter of finding out what frequency is
used by ATV operators in your area, finding out where the sig
nal is coming from, and connecting the right kind of antenna
and rotating it. There is nothing to stop you from joining in on
the round-table discussion on the coordinating frequen cy.
Watch out, though , you just might get hooked !

Transmitting
What if you've seen those other hams' pictures and the ATV

bug has bitten you? How about transmitting? No big deal!
Most ATV transmitters are low power, ranging between I

and 20 watts. Usually that' s all that is needed . There are also
transceivers which transmit and receive in one package. ATV
linear amps are available, but you probably won't need one. Of
course, you must have the correct transmit crystal installed to
key the repeater.

For a camera , almost any camcorder will work. All you need
to know is if it produ ces the National Tele vision System
Committee (NTSC) video. Don't be too concerned about this
feature, because the NTSC standard covers about 98% of the
camcorders in the U.S. However, don't bother asking the guy
at the pawnshop; he won' t know.

Should the camcorder have the marking PAL or SECAM,
you can' t use it. These are foreign formats. They are so rare in
the U.S. that it' s almost not worth mentioning them, but I have
seen them in pawnshops or on e-Bay.

If the recording section of the camcorder is no longer func
tional, don't worry about it. All you need is a good picture from
the camera section. You can pick'up some real bargains on cam
corders that have broken recording devices. Again, just make
sure the video output is all right. You need a camcord er or cam
era with an RCA-type video output jack. A BNC-type, with a
suitable adapter, available from RadioShack, is also acceptable.
Fortunately, this covers most video cameras. Old security cam
eras work just fine also. Is your camera black and white? No
problem. Remember, this is amateur television .

On The Air
Here is some important information about making ATV con

tacts: Most ATV contacts are not initiated by putting a signal on
the air and calling "CQ ATV." Contacts are arranged when some
one gets on the local ATV coordinating frequency and announces
that he or she is going to put a video carrier on the air.

Once you have your station assembled, simply connect your
camera to the "video in" connector on your transmitter, con
nect your vertically polari zed antenna to your transmitter out
put, check to make sure the frequency is not in use, and begin
sending pictures.

Here are some suggestions of pictures you may want to show:
your smiling face, pictures of your shack, or your latest project.
Convince the YL to smile for the camera. Pets are always good,
too. Needless to say, if you are transmitting through a club
repeater, remember these are family repeaters, so to speak. Do
not show anything offensive or in bad taste. This could result
in the loss of your license and that of the club, as well ! Just use
common sense.

Station identification is required,just like when you're on the
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air with audio. A lot of cameras have
built-in character generators . These are
ideal for identification purposes. You can
also hold up a simple block-letter sign
with your call on it every 10 minutes or
so. This fulfills the legal requirements.

As with any other type of QSO, a form
of signal report exists for ATV contacts.
ATVers use a rating system of 0 to 5, pre
ceded by the letter "P." For example , a
signal that just shows the sync bars in the
snow is rated PO; a very snowy, almost
imperceptible signal is PI; and a clear sig
nal with no snow is P5. Some operators
go so far as to split the signal reports into
tenths. Thus, a signal with just a small
amount of snow is a P4.5 .

Don't forget portable ATV. I have
done several remote operations at parks,
parades, Field Day, and so forth. For a
portable operation, you have the same
station requirements as you do with a
fixed station. What's different is that you
are using portable power and antennas.

The Future

Arcadia, CA 91007; phone 626-447
4565; <http://www.hamtv.com>). I have
purchased several pieces of their equip
ment and am very satisfied. Another
source is ATVResearch(130l Broadway,
Box 620, Dakota City, NE 68731; 402
987-3771; <www.atvresearch.com» .

If you do an internet search on ATV,
you will find allkinds of sources of equip
ment, ATV clubs, and lots of other info,
including "how to" articles (such as this
one at <http ://www.qsl.net/w5ias/atv.
html». One ATV organization is Ama
teur Television of North America «http:

If you're planning a move in the near future, don't risk missing an
issue of VHF Magazine. Please give us 6·8 weeks not ice if you're
planning on changing your address . Just write your new address
and mail it, WITH YOUR SUBSCRIPTION MAILINGLABel,to:

VHF Ma gazin e
25 Newbridge Road, Hicksville, NY 11801

//www.qsl.net/atna/». A popular ATV
magazine isATV Quarterly, published by
Harlan Technologies (5931 Alma Drive,
Rockford, IL 61108; 815-398-2683;
<www.hampubs.com» . Also, look in
The ARRL Handbook and The ARRL
Operating Manual for more information.

Do you have other questions? Fee(free
to write to me or e-mail me at the address
es listed at the beginning of this article.
I'll try to help as best I can. See you on
ATV! . /

The NEO'~ Fully finished, high
cushion neoprene pouch with
Velcro closure and spring-
loaded steel belt clip. Available
for most radios. Call LIS!

800·206·0115
www.powerportstore.com

CALL (626) 447-4565 M-Th 8AM - 5:30 PM PST. Email: tom@hamtv.com l
lfii!!!PI Web: www.hamtv.comr.iillliiilliil

P. C. ELECTRONICS Since 1965 ~ 24hr FAX: (626)447-0489~ I
2522-WR Paxson Lane Arcadia CA 91007 Tom (W60RG) & Mary Ann (WB6YSS) I

Video 10 Overlay
boards from
Intuitive Circuits
Insert into the
video line. Plug
in GPS data line.
OSD·GPS...$119

Build a Hard Hat Cam or Fly RIC ATV
Videolynx 434 MHz Video Transmitter...$99

50-100 mW, .6x.8x2.3", 1.5 oz., 9V@40ma
Videolynx Z70A wlsound & 4 ch Tx $149
TXA5-RC 1.5 Watt ATV Xmtr board $129

Check out the ATV
action with this 420
450 MHz to Ch 3
Downconverter and
your TV set.

TVC-4G ATV downconverter...$99 RIC Aircraft ATV with GPS & Call 10overlay

Hams, call or email for our 10page ATV catalo gue or down load from our web site. We have it all for
the 420MHz to 10.4 gJ::lz ham band s: ATV transmitters - AM and FM, downconverters starting at $59,
recei vers, module s, antennas, etc., for base, repeaters , port able, RIC, rockets , ballo ons and more .

TC70-20S ATV Transceive r
Plug in and play ATV with this 4
channel Tx, 420-450 MHz band/ch3
Rx 20 Watt ATV Transceiver...$549
Join the ATV fun! Plug in your
camcorder or video camera, TV set,
70cm antenna, mic and 13.8Vdc
@5A. Send and receive live action
color video just like broadcast TV with
other hams.

Sources
"Okay," you ask, "where do I get the

'stuff' to do this ATV?" One great source
is PC Electronics (2522 Paxson Lane,

What 's in the future for amateur tele
vision? ATV operators are sending the
digitized signal from computers over
ATV. Infrared cameras that began to
appear on the surplus market following
Operation Desert Storm have given ATV
operators the ability to make night-scene
transmissions.

Ballooning is another way ATV is
used. Weather balloons that go up to over
100,000 feet and show the Earth and edge
of space over a 500-mile radius are
launched with GPS receivers that trans
late and superimpose the coordinates
with the video signal so that these coor
dinates appear across the bottom screen.

Here's an idea for your club: When the
Tulsa club stations are not being used as
repeaters (which is about 90% of the
time), they broadcast the live radar from
the TV station weather departments. I
don't care what kind of weather setup you
receive on the internet. I don't care what
kind of weather station you have at your
home. Nothing beats your own private
real-time radar 24/7 at home-free! Both
of the Tulsa amateur radio clubs are very
grateful to the local TV stations for allow
ing them to continually "tap" into their
radar signals.
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The First 24 GHz EME QSO (from page 37) ------------------

Photo 8. AF9YDSP software used to document W5LUA's first 24-GHz lunar echoes.

Photo 7. TH-3864C TWT mounted behind the dish. Note the high-voltage junction
box and magnet.

Initial Operating Results
First Echoes at W5LUA: As men

tioned above , I was first able to copy my
echoes on March 6, 2001; they were weak
but CW readable and not just "imagina-

6191 TWT is a 14.5-GHz 80-watt tube
that works very well at 10,368 MHz, pro
ducing 100 watts with some additional
waveguide tuning (see photo 6).

I decided to try to see if this tube could
be pushed to 24 GHz. Most TWTs can be
coaxed up in frequency by lowering the
Helix voltage. Unfortunately, lowering
the Helix voltage towards the lower spec
ified limit of the tube generally will raise
the Helix current and cause trip-outs if
one is not careful. With generous use of
small "refrigerator magnets" and some
waveguide tuning, I was able to generate
nearly 10 watts at 24 GHz with 50 milli
watts of drive. Once when I was having ·
a discussion with John Schroeder,
K5ZMJ, about tuning his TWT with
magnets, John made the comment that he
had some very big magnets. I thought,
"Why not try one and see what happens?"

The first thing I noticed was that it was
a lot easier to trip out the Helix current
when placing the magnet in the "wrong"
position! After careful positioning near
the input waveguide connector, I was
able to get nearly 20-watts output, a gain
of 3 dB overmy previous best. At this
power level I was able to hear my first
echoes off the Moon in March 2001.

Note the bandswitch between 10 and
24 GHz as shown in photo 6. When I
operate 10 GHz , I must remove the large .
magnet!

As mention above, Paul Drexler donat
ed several TWTs to the EME cause. I was
able to bring up the Thompson TH-3864C
TWT, designed for 28 GHz, to produce 80
watts at 24 GHz without any additional
waveguide tuning (see photo 7).

The only problem encountered with the
tube was high Helix current. The normal
no-drive Helix current was very near the
5-mA absolute maximum limit. In an
effort to reduce this current, I placed a
magnet about the size of a domino at a
location very near the input waveguide
flange . The result was that the Helix cur
rent was cut in half without adversely
affecting output power. At present, the
TWT is mounted on a shelf behind the
dish and is connected to the T/R relays
through about 1 meter of WR-42 wave
guide, thereby producing 65 watts of
power at the feed .

three remaining tubes . The second unit
Barry tried was rated at 80-watts output
from 32-38 GHz, so it was not clear how
well it would operate at 24 GHz (see
photo 5). After the addition of external
waveguide tuners, extensive- use of extra
magnets for refocusing, and dramatic
adjustment ofthe Helix voltage from 13.6
kV up to 14.7 kV, the unit produced 75
watts at 24 GHz. Presently,'Barry is using
an NEC LD7235A producing 110-watts
output in the shack. The resultant power
at the feedhorn is approximately 70 watts,
after a run of EW-180 waveguide.

At W5LUA my initial success in gen
erating power on 24 GHz came after re
tuning my VTU-6191 TWT. The VTU-

After the original tubes did not work
out for us, I was able to acquire four dif
ferent 100+ watt, 26-30+ GHz TWTs
which are wideband Helix-based tubes .
Paul Drexler, W2PED, donated these
tubes to the EME effort. Many thanks to
Paul for his generous donation!

Barry spent time modifying the 23- and
12-kV sections of the coupled-cavity
TWT power supply to create 15- and 6
kV supplies, and compensating for fila
ment and control-anode voltage changes
for the new tubes. Initial tests with an
NEC ISO-watt tube failed, as the tube
proved to have an open helix.

Barry's focus was then on further
power-supply modifications to match the
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Consistantly low prices onyour connection needs. Call, FAX orWrite for a catalog.

PAYPAL

MMIOO mobile mount
system

It seems unlikely that moonbounce
operation on 24 GHz will ever become as
routine as moonbounce QSOs on the
lower frequencies. However, now that
several additional stations have become
operational, regular, repeated QSOs will
happen. The preparation work that is
required for these additional 24 GHz
QSOs continues to remain very high:The
ability to generate RF power will still
restrict the possibility of 24-GHz EME to
a small number of people fortunate
enough to find a 100-Watt TWT tube.
Hopefully, more big TWTs will be found
and there will be more operators who
accept the challenge.

Conclusion

more recently PA0EHG have built
receiving equipment, so the interest is
increasing.

Ties"

fflllll!iiOOIII;WlOOI 111119111ij1111111l!jl111OOlililfli!lliIIiilllmillllll ~

EQUIPMENT lTD.

Mm400 mounts

Email: iix@w9iix.com
708-423-0605
708-423-1691 fax
Custom fabrication

We Specialize in RF and Audio Connectors and Adaptors

IIX Equipment Ltd.
Po box 9,
Oak Lawn, II 60454
Hot dip galvanizing

Ginpole kits

Rotating standoff

P.O. Box 8547, St. Joseph, MO 64508,1·800·626·0834, FAX (816) 364·2619

Distributor for WBOW Gin Poles & Tower'Accessories

r1t\ Global
V Connections

produced weak but still copyable signals.
Over the course of our experimentsboth

of us have been heard by G3WDG,
RW3BP, VE7CLD, and AA6IW, all of
whom were eager to work us and each
other. Not surprisingly, the biggest chal
lenge for these operators was finding
transmitter power, and in some cases
building a power supply. All stations have
been using dishes that range from a 2.4-m
offset fed to a 4.5-m prime focus unit.
Furthermore, all are using preamplifiers
with an approximate 2-dB noise figure.

In April of this year several new sta
tions became operational and additional
QSOs took place. Among the new QSOs,
RW3BP worked W5LUA, VE4MA, and
AA6IW. In additional, VE4MA worked
AA61W and VE7CLD.

WA7CJO also has high power and is
expected to be on the air shortly. LXIDB,
CTlDMK, OH2AUE, OKI UWA, and

tion." System noise figure was 2.25 dB,
and the power level at the feed was 18
watts. I was able to use the AF9Y DSP
software to get a picture representation of
my first "echoes" (see photo 8). The black
area represents the time period in which I
was transmitting. The blue (noise) area
represents the receive passband. The
white area shows the received echo, which
is slowly drifting down in frequency asthe
Moon sets in the western sky.

First 24 GHz EME QSO: When
VE4MA and I completed our first 24
GHz EME QSO after exchanging MIM
reports.! I was running 70 watts at the
feed and VE4MA was running 60 watts.
The weather was cool and clear at
VE4MA, while it was cloudy, hot, and
humid at W5LUA.

One should appreciate the efforts
required to do these early tests. Both sta
tions were using Moon noise peaking on
receive, which requires interruption of
transmit periods about every 30 seconds.
W5LUA was using a video camera for
visual Moon aiming of the dish, and both
of us needed decently calm weather to
keep the dishes properly oriented at the
Moon.

Further
Operating Experience

As tough as it was to make that initial
24-GHz QSO, subsequent QSOs have
become routine. Both of us have made
skeds just about every month since the
initial QSO. Since that first QSO we have
worked one another a total of ten times,
with "0" copy signals most of the time.
We also have used this time to test
improvements to our systems, encourage
other stations to listen, and learn more
about 24-GHz EME conditions.

Among our experiments were power
level tests that determined the minimum
necessary power level to make a contact.
Asa reference, good "0" copy signals are
always received at the 60- to 70-watt
level. Decreasing power levels by 3 dB
still produced good signals. Decreasing
power by 6 dB down to the 15-watt level

1Ed. Note: EME signal reports for frequen
cies higher than 432 MHz are T, M, or O. A
signal report of T is to be sent if something
was heard in the noise, but there were not
enough characters to put together complete
calls. An M report is the minimum acceptable
report, signifying that complete calls were
received. A signal report of 0 represents
good copy ofmultiple sets ofcomplete calls.
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DR. SEll'S SlARSHIP (from page 84)--------------------

W6SAI HF Antenna Handbook
by Bill Orr, W6SAI
Inexpensive, practical antenna projects that work! Guides you through
the building of wire, loop, Vagi and vertical antennas.

Usually $19.95

McCoy on Antennas
by Lew McCoy, W11CP

Unlike many techn ical publications, Lew prsents his invaluable
antenna information in a casual, non-intimidating way for anyone!

Usually ........$15.95

Building and Using Baluns and Ununs
by Jerry Sevick, W2FMI

This volume is the source for the latest information and designs on
transmission line transformer theory. Discover new applications for
dipoles, yagis, log periodics, beverages, antenna tuners, and countless
other examples. $19 95

Usually........ •

tle, and the cat would live.
The ensuing debate following Schro

dinger's proposal centered on the state of
the atom and the state of the cat, neither
of which could be predicted without
examining them, which ultimately meant
taking the cat out of the bag and thus end
ing the experiment. The ethereal conclu
sion was that the cat was both dead and
alive at the same time, thereby prompt
ing the notion of parallel universes.

In this column, author Shuch uses the
coined expression "the cat is out of
Schrodinger's bag" as a way of explain
ing how people working totally indepen
dent of each other can (nearly) simulta
neously come up with the same idea.
Such was the case of the Morrison and
Cocconi team and Drake, who indepen
dent of one another (nearly) simultane
ously proposed the hydrogen line as the
most likely location to look for signals
from extra-terrestrial intelligent commu
nicators. The logical explanation that
these men (nearly) simultaneously came
up with the same idea of looking at the
hydrogen lineis found in explaining how
the cat got out of Schrodinger' s bag and
whether or not the cat was alive when it
did get out of the bag. •

known as the Drake Equation, which
graces the pages of every contemporary
astronomy textbook. Planned to simply
identify the factors related to the emer
gence of technological extra-terrestrial
life, the Drake Equation can be "solved"
for the number of other communicative
civilizations in the Milky Way galaxy. It
is an elegant tool for quantifying our
ignorance .

That, as they say, is only the beginning.
73, Paul, N6TX

Reference
1.Schrodinger's cat refers to early 20th

century scientist Edwin Schrodinger's
effort to explain quantum mechanics, a
branch of physics that is designed to ex
plain how fundamental particles , such as
electrons, interact with one another. His
proposal was to put a cat into a bag with
a fragile bottle of a deadly poison, a
hammer , and a radioactive atom. If the
atom decayed, then a mechanism would
detect this decay and swing the hammer
at the bottle of poison, thereby breaking
it and killing the cat. If the atom didn't
decay, the mechanism wouldn't move the
hammer, the poison would stay in the bot-

the groundwork for how one might search
for intelligent signals from beyond.

The article appeared in 1960, while
Drake was making final preparations to
launch his Project Ozma. In the article
Philip Morrison (formerly W8FIS) and
Giuseppe Cocconi included a table that
listed likely stars to survey, and topping
the list were Drake's two selected tar
gets. The Cornell professors discussed
frequencies to tune and settled on the
hydrogen line, just as Drake had done.
In fact, the published proposal and the
secret search bore a striking resem
blance to one another, considering that
neither player had any knowledge of
the other.

The birth of modem SETI is a prime
example of what I call the "Parenthood
Principle," which is seen so often in sci
ence: When a great idea is ready to be
born, it goes off in search of a parent.
Sometimes it finds more than one.

As the scientific expression goes, the
cat was out of Schrodinger's bag! and
Drake had to go public. Thanks to Mor
rison and Cocconi, Frank Drake ended up
with far more publicity than he had bar
gained for. While many in the academic
community arched their eyebrows, the
public was captivated. SETI truly was an
idea whose time had come.

The Project Ozma search itself proved
something of a disappointment. No intel
ligent life was detected save for interfer
ence from what we presume was a clas
sified military aircraft. (I believe Frank
Drake may have discovered the U-2 spy
plane, but had the good sense to maintain
reasonable silence on the subject.) How
ever, the seeds planted by Drake at Green
Bank in 1960, now fertilized by more
than 40 years of progress, have brought
SET\Iout of the realm of the unmention
able' and into the scientific mainstream.
The dozens of searches conducted since
then (some of them by radio amateurs)
have yet to tum up any definitive evi
dence of our cosmic companions.
Nevertheless , not only have we yet to
scratch the surface, we haven 't even felt
the itch.

Had Frank Drake done nothing more
in the search for life in space than con
duct Project Ozma, his place in history
would still have been assured. Not one to
sit by idly, Drake went on to host the
world's first conference of SETI scien
tists at Green Bank in 1961. His agenda
for that historic meeting was what is now
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Good News for the

VHF/UHF
Enthusiast
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After a two- year absence, the all-time
favori te magazine for the VHF/UHFenthu
siast - CQ VHF- isback to serve you. The
Spring2002issue was mailed on May 1. The
new CQ VHF will look familiar to former
readers. After a ll, the basic mission of the
magazine isthe same, but with ed itorial at
a higher techn ica l level than be fore.
Within the pagesof the New CQ VHFYOU'll
find more mea ty reading for the really seri
ousVHFerthan before. That' swhat oursur
veys told usyou wa nted , and that' s what
you' ll get,

Take advantage of our spec ia l intro
ductory offer for Charter Subscriptions to
the new CQ VHF, The reguiar rate will be
$25 for four information-packed quarter
ly issues, but subsc ribe now, and we ' llgive
you the first issue FREE- five issues for the
price of four. That' sa 25%bonusover th e
regu lar four Issue subscription. Enter your
Charter Subscripti on for two years, and
the introductory offe r isten issues for $45,
a 25% bonus over the regular two year
offe r. And as always. every subscription
comes with our money back guarantee.

US
1 yr - $25.00 2 yrs - $45.00

Canada/Mexico
1 yr - $35.00 2 yrs - $65.00

Foreign
1 yr - $38.00 2 yrs - $65.00

Payable in US Dollars

Order on the web:
www.cq-amateur-radio.com or

call toll free at 800-853-9797

li1jf."'HF 25 Newbridge Road
~r A Hicksville, NY 11801
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By Dr. H. Paul Shuch,* N6TX

OR.St:TI'S STARSHIP
Searching For The Ultimate DX

In The Beginning

I
n the beginning there was Frank Drake ,
and Frank Drake 's word was .. .
silence .
You really can't blame him. The year

was 1959, and Drake was a newly mint
ed Harvard University Ph.D. The ink on
his diploma was as wet as he was behind
the ears. Drake had just started his new
job at the National Radio Astronomy Ob
servatory (NRAO) in Green Bank, West
Virgini a, when he got this outlandish idea
about searching for intelligently generat
ed microwave signals from the stars.

*Executive Director, The SET! League, Inc.,
<http://www.setileague.org>
e-mail: <n6tx@setileague.org>

Whom was he going to tell? For a green
astronomy post-doc to evidence interest
in extra-terrestrial life back then would
have been professional suicide. Only a
fool would have admitted publicly to such
interest, and Frank Drake was no fool.

Drake quietly set about the process of
designing the search and setting up the
equipment for Project Ozma, which was
to become the first salvo fired in the newly
emerging science of SETI, the Search for
Extra-Terrestrial Intelligence. His idea
was to use the 26-meter diameter Howard
Tatel radio telescope at Green Bank (see
photo) during its off-duty time to survey
two nearby sun-like stars (Tau Ceti and
Epsilon Eridani) for microwave evidence
of other technolo gical civilizations. He
planned to search on the 1420 MHz res-

onant frequency of hydrogen atoms, the
most abundant substance in space.

"Ours is a radio-polluting civilization ,"
reasoned Drake. Because of this potential
propensity for many, many radio signals
in the universe, might not others similar
ly give away their positions by their radio
emission s? Perhaps, Drake hoped, other
civilizations might be less discrete than
he was being. Furthermore, where better
to give themselves away than on the
hydrogen line, where radio astronomers
on any planet could already be expected
to be tuning their receivers?

Then the Cocconi and Morrison article
came out. "Searching for Interstellar
Communications" was a briefletterin the
British scientific journal Nature. In it the
two Cornell University profe ssors laid

(Cont inued on page 82)

The Howard Tatel telescope at the Nati onal Radio Astronomy Observatory, Green Bank, West Virginia, was home to Proje ct
Ozma, the world'sfirst modernSETI search. The 85-foot dish is still in use, more than fou r decades later. (SET! League photo)
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Alinco's New HTs
Fun, Fantastic and Affordable!

Check out the new DJ-596 dual bander or the DJ-196/496 monoband units. No matter which you
choose, you'LL get a transceiver that's rugged, easy to program and built for years of dependable
operation. You expect more value from Alinco and we deliver!

• FuLL 2m and 440 band coverage
• Accepts 6 ~ 16 VDC direct input
• Three scan modes \
• Illuminated keys and display
• Wide and narrow FM modes
• 10 autodial memories
• Theft alarm feature
• Optional EJ-40U Digital Voice Board! *

• FuLL 4.5 watts output VHFj4W UHF
• Powerful NiMH battery
• 100 memories in any combination

of VHF or UHF channels
• Direct frequency input from keypad
• Each memory capable of "odd split"

operation.
• Alphanumeric channel labels
• cress and DeS encode-decode plus

tone bursts

DJ-596T VHF/UHF Dual-band HT 48
Loaded with features! The breakthrough design supports optional digital voice
communications and you can easilyswitch the unit between analog and digital modes!

DJ-'96T (2m) and DJ-496T (440 MHz)
These sturdy, full-featured monobanders are priced low and ready to go!

• Wide and narrow FM modes
• Illuminated keys and display
• Autodial memories
• S-meter
• DJ-196 TX 144 ~ 148MHz;

RX 135 ~ 174 MHz
• DJ-496 TX 430 ~ 450 MHz

RX 430 ~ 450 MHz

IHC 20 glass suction-cup mount
Extension BNC suction mount keeps
your antenna inside but against the
glass for a.true "window on the
world." For mobile or base use,
includes 6 feet of RG-58U cable.

IHMM3 Magnetic Scanner Antenna
BNC connector, just 13.5 inches high. Powerful rare-earth
magnet, 9 feet of RG -174 cable. Receives 100 - 1200 MHz,
can transmit on 2m , 70cm and SMR frequencies.

www.ALINCO@com

• 5 watts DJ-196 j
4 watts DJ-496

• Long-lasting NiMH battery
• 40 memory channels
• Keypad frequency input
• cress and Des encode-decode
• Alphanumeric display
• 13.8 VDe direct input

IHC 19 car window mount
BNC connectors, window mount,
sets up in just seconds!

IHMM270 Compact VHF/UHF
Magnetic Mount Antenna

BNC connector, 9 feet of RG-174 cable and a
powerful magnet. Less than 20 inches high, SWR
less t han 1.5:1 throughout either band. Max
power: 50w/VHF; 25w UHF.

. Distributed in North America byATDC Amateur Distributing llC • 23 S. HighSt., Covington, DH 45318 • (937) 473·2840
i Specificationssubject to changewithout notice or obligation.

' Digltal communications require at leasttwosimilarlyequipped transceivers.
Digital mode is compatible withAlincu DR·135/235/435T mobile transceiversequipped withEJ·43U digital communications board.
Digitalmode may notbelegal insomecountries. See FAD ondigital at www.alinco.com. .

Products intendedtor useby properly licensedoperators. Permits required tor MARS/CAP use. Specificationssubject to change withoutnotice or obligation. All trademarks remainthe propertyot their respectiveowners.

••. Great Accessories for Alinco and other radios!
I '- o_rs_e_.--J Iron Horse antennas and accessories extend the use ofyour transceivers and scanners.

BNe connections make it easy to take your HT mobile for BIG signals in and out!



"Specifications subject to change withoutnotice."
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INTERNET
Kenwood Website
hl1p-JIwww.kenwood.nct
Kenwood Information
ftpllftpJ<enwood.nf'l

Trlband (144/220/440 MHz)
Receives 2 frequencies
simultaneously even on the

.same band
0.1 ..1300MHz high-frequency
range RX (B band)

FM/FM-W/FM-N/AM {~

plus SSB/CW receive
Bar antenna for receiving
AM broadcasts
Special weather channel RX mode

436 memory channels, multiple
scan functions

7.4V 1660mAh lithium-Ion battery
(std.) for high output2 and extended
operation
is-key pad plus multi-scroll key
for easy operation

Built-In charging circuitry for battery
recharge while the unit operates
from a DC supply

Tough construction: meets MIL-STD
810 C/D/E standards for.resistance
to vibration, shock, humidity and
light rain

Large frequency display for
single-band use
Automatic simplex checker

Wireless remote control function

Battery Indicator

Internal VOX

MCP software

• i - I •• ' . : ,

DUCTSGRO P
3975 JohnsCreek .. ,GA 30024
P.O. Box22745, Long BeaCh. CA90801-5745. U.S ' . .
Customer Support: (310) 639'4200 Fax: (310) 537-8235
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