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Been looking for an easy way to climb aboard the D-STAR express? Let the new
IC-80AD and ID-880H be your tickets to ride ! With an improved user interface,
smart new look, and free programming software included you can 't go wrong 1

Get on track and join in on the O-STAR fun today!
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IC-BOAD
THIRD GENERATION 2M170CM DUAL BANDER
• 5/2.5/ .5/.1 Watt 2m170cm
• AM, FM, WFM
• RX: 0.495-999.990MHz* ~G ID-STAR
• Improved User Interface
• Li-Ion Power
• Free Programming Software !'

twww.;comamer;ca.com/amafeur/OSTAR
for details about free software
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IC-BBOH
VERSATILE 2M170CM DUAL BAND MOBILE
• 50 WatWHF/UHF
• AM, FM, DV ~G ID-STAR
• RX: 118-999.99MHz*
• 800 Alphanumeric Memory Channels
• Free Programming Software! '

twww.;comamer;ca.com/amateur/OSTAR
for details about free software
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IC-V82 2MTransceiver

2M @ 7W • CTCSS/DTCS encode/
decode w/tone scan · Also availabie
in a sportversion anda 70CM version
(IC-U82)

• 160-10M• 100W · Simple & tough with IF DSP
• AGC Loop Management · Digital IFFilter· Digital
Twin PBT • Digital Noise Reduction · Digital Noise
Blanker · USB Portfor PC Control

• D-STAR DVmode operation · DR (D-STAR repeator)
mode · Free software download - GPS A mode for
easy D-PRS operation - One touch reply button (DV
mode) • Wideband receiver

I
~~~~n~~ ld Transceiver 'J'JeW!
• 2M@5.5W• Loud BTL audio output
• Militaryrugged · Classic 2Moperation

3rd Generation
D-STAR •

le-880H Dual Bander

• 160-2M' @ 100W · 32 bit IF-DSP+ 24 bit AD/DA
converter · Selectable IFfiltershapes for SSB & CW
• Enhanced Rxperformance

IC-7200 HFTransceiver

• D-STAR DV mode operation · DR
(D-STAR repeater) mode · Free software
download - GPS Amode for easy D-PRS
operation

IC-746PRO All Mode160M-2M

3G D-STAR
IC-80AD Dual Bander

IC-92AD
Analog + Digital
Dual Bander

• 2 /70CM @5W• Wide-band RX495
kHz - 999.9 MHz" · 1304alphanumeric
memories · Dualwatch capability · IPX7
Submersible'" • Optional GPS speaker
Mic HM-175GPS
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• 160-6M @200W · Four 32bit IF-DSPs+24bitAD/
DAconverters - Two completely independent receivers
• +40dBm 3rdorderintercept point

IC-7800 All ModeTransceiver

• 65W Output > Optional D-STAR format digital
operation & NEMA compatible GPS interface
• CTCSS/DTCS encode/decode w/tone scan· 207
alphanumeric memories-Weather alert

• 100W HF/6m Transceiver, gen cov. receiver- Dual
DSP 32bit · Three roofing filters- 3, 6, 15khz · 5.8 in
WaVGA TFT display · Hi-res real timespectrum scope

IC-7600 All ModeTransceiver

IC-2200H 2M Mobile Transceiver

IC-7700 Transceiver. TheContester's Rig

• HF + 6m operation - +40dBm ultrahigh intercept
point - IF DSP, userdefined filters · 200W output
powerfull dulycycle · Digital voice recorder

• 75 watts · Dynamic Memory Scan (OMS)
• CTCSS/DCS encode/decode w/tonescan - Weather
alert · Weather channel scan - 200 alphanumeric
memories

• Proven performance · 160-10M'/6M/2M/70CM
• All mode w/DSP • HF/6M @ 100W, 2M @ 50W,
440MHz @20W ·CTCSSencode/decodew/tone scan
• Autorepeater·107alphanumeric memories

• D-STAR & GPS upgradeable 2M/70CM · 50/15/5W
RF output levels· RX: 118-173.995, 375-549.995,
810-999.99 MHz" • Analog/digital voice with GPS
(optional UT-123) · 500alphanumeric memories

'ExceptGOM Band. * * Frequencycoveragemay vary. ReIer 10owner'smanual forexact specs. "* "rested tosurviveafter being under 1mof waterfor30 minutes.
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Dual Band
IC-2820H FM Transceiver

IC-V8000 2M Mobile Transceiver

IC-706MKIIG All Mode Transceiver

All Mode
IC-7000 Transceiver

• 160-1 OM/6M/2M/70CM
• 2x DSP · Digital IFfillers
• Digital voice recorder
· 2.5" colorTFT display

• 160-10M' @ 100W • 12Voperation · Simple to
use· CW Keyer Built-in - One touchband switching
• Direct frequency input • VOX Built-in · Band
stacking register · IFshift · 101 memories

IC-718 HFTransceiver
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LINE OF SIGHT
A Message from the Editor

Echoes of Apollo: The Parkes Dish Story

Eighth Year
With this issue of CQ VHF magazine

we have completed eight years of pub­
lishing the relaunch of this publication. It
has been fun and it has gone fast. In reflect­
ing back on these past eight years , I think
that the most fun I have is going to the var­
ious confere nces, hamfests, and club
meetings, as well as balloon launches. I
have met so many new people in our niche
of our hobby. I have gone to various parts
of the country and visited many cities.

While my travels have been fun, I think
that the most rewarding aspect of thi s
posit ion as your editor is the find ing and
developing of new writers. Our wri ters
cover a numb er of topics, from history to
all of the different technical niches, to fun
operating, to emerge ncy communica­
tions, to experimentation and design .

Whil e I believe that we have the best
auth ors in amateur radio, I am always
looking for new talent. If you have a story
to tell , I would be delighted to have you
join us and share your story.

Happy New Year
Even though you are recei vin g this

issue in February, I believe that it is not
too late for you to recei ve a wish for a
Happ y New Year. May thi s coming year
be full of fun and excitement as yo u pur­
sue your interest in our niche of our won­
derful hobb y. Until next time . ..

73 de Joe, N6CL

erties of the atmos phere. The launch wi ll
eithertake place in Co lorado or the Northeast.

More on the Academy' s ARC can be
found in the March 20 I0 VHF Plus col­
umn in CQ magazine.

Tom begins his co lumn on digital arna­
teurtelevision (D-ATV ) on page 50. With
each successive installment of his co l­
umn we will follow Tom as he develops
his D-ATV station. Also in thi s issue,
Miguel ass umes his new duties as the
Education co lumnist (titled The VHF­
Plu s Classroom ). In his first column,
which begins on page 74, he discusses the
vital role of EImers in the classroom.

Visit Our Web Site

New Authors, New Column
With this issue we introduce two

authors who are new to this magazine:
Rick Campbell, KK7B , and Tom Dean ,
KB IJIJ . Rick is one of the most prolific
writers and experim enters in our hobby.
He states that alon g with our amateur
radio licen se comes a mandate to design,
build , and experiment. He begin s a series
of introductory ex perimental art icles
focu sing on how easy it is to get on 6
meters CW QRP starting on page 27.
Look for future articl es on easy experi­
mental idea s for the VHF-plus ham .

Tom takes over as the ATV columnist
from Miguel Enriqu ez, KD7RPP. Tom is
ajunior at the United States Milit ary Aca­
demy and a memb er of the Academy' s
amateur radio club. Concerning the
club ' s VHF-plus activities, Tom writes
the following:

three of them were most help ful in their
assistance with the photo, and also Gabb y
was the one who highlighted Sarki ssian ' s
paper for me.

Echoes of Apollo 2010
In his article Barthelow also announces

thi s year' s Echoes of Apollo event.
Taking place over the weekend of April
16- 18, it will be in honor of Apollo 8.
Again, it will be an EME event with par­
ticipation encouraged by the big dishes.
Thi s year's event will includ e Arecib o,
which is expected to be on the air on its
favorite band , 70 em.

If you have not see n a picture of Are­
cibo, take a look at Keith Pugh, W5IU' s
Satellit e column, beginnin g on page 44 .
He had the good fortun e to visit Arecibo
as part of a QCWA cruise to Puerto Rico.

The USMA Amateur Radio Club has been
wor king on a BalloonSat project ove r the
course of this past year. We are currently hop­
ing to launch in mid-spring this year. The pro­
jec t will fly various payloads which have been
built as ajo int project between the Academy's
Amateur Radio, Astronomy, and Electronic
Experimenter's Club s. Payloads will include
ATV , APRS , and packages to measure prop-
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Beginning on page 6 in this issue
you find Pat Barthelow, AA6EG' s
summary of last year's Echoes of

Apollo very success ful, worldwide EME
operation. In his article you will also read
a bit of history of the Apollo II televi­
sion transmi ssion and the tremend ous
role that Australi a played in making it
possible for us to see the live pictures
from the Moon on July 21, 1969. Buried
within Barthelow' s article is this URL:
<http://www. publish.csiro.a u/?act=v iew
_fi le&fi le_id=ASOI038.pdf>, which is a
pd f of John Sarkiss ian's paper "On
Eag le's Win gs: The Parkes Ob serva­
tory' s Support of the Apollo II Mission."

Sarkiss ian's paper is a fasci na ting
summary of the role that three of
Austra lia's gia nt dishes played in track­
ing and broadcas ting live pictu res from
Apollo I I's Lunar Modul e. He points out
that when the TV camera on the Lunar
Modul e was switched on (by activa ting
its ci rcuit breaker), three dishes rece ived
the sig nals simultaneo usly. Th ey were
Go ldstone, Honeysuckl e Cree k, and
Parkes. NASA began the broadc ast by
choos ing the Goldstone received TV sig­
nals first. For the first few minutes of the
broadcast, NASA alternated the signals
between those recei ved by Goldstone
and Honeysuckle Creek. After 8 minutes
and 51 seco nds , the Park es signal was
used and they stayed with it thereafter.
Th e paper is rather length y, 25 pages
long. However, I have summarized some
of the main points (and have included the
name of the third Australian giant dish
that was used in Apollo I I communica­
tions) in the Marc h 20 10 VHF Plus co l­
umn in CQ magazine.

Regarding the photograph of the Parkes
dish that appears on page 6, I am deeply
grateful to Gabby Russell , the Com­
munications Officer, Susan McMaster,
the General Counsel, and Kim Higgins,
the Personal Assistant to the General
Counsel for the Commonwealth Scientific
and Industrial Research Organi sation
(CSIRO) of Australia for their gracious
assistance in locating and granting per­
mission for our publishing that photo. All

I
I

I
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CSIRO 's Parkes Dish was the fo cal point of the 2000 movie The Dish, which was about its involvement in the reception of
Apollo II 's transmissions. (Photo credit: David McClenaghan, CSIRO)

Echoes of Apollo 2009/2010
ECHOES

""""'--""~ OF
APOLLO

Last year's Echoes of Apollo EME event was a worldwide
success, Here AA6EG provides a bit of history associated
with the large dishes, summarizes some of the main
operations, and announces the year's EOA event,

By Pat Barthelow1* AA6EG"It was the best of times, it was the worst of times .. ."
Charles Dickens wrote . As I recall , from my limited per­
spective, the journey taken by so many that helped in the

success of Echoes of Apollo 2009, I settle into some warm and
fuzzies, also accompanied by a few more stress wrinkle s here
and there that appeared on me during the journey. However, if
feedback is any indication, EGA 2009 , aka World Moon Bounce

*599 DX Drive, Marina, CA 93933
e-mail: <apolloeme@live.com>
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Day, an EME/Science outreach event and a concept for future
EME events, did very well.

Most folks involved had a very enjo yable time . For EGA to
have happened, a huge amount of new ground had to be learned,
by me in particular, as I am a newcomer to EME and approach
it from an unusual background, in which my non-ham big­
dish experiences encouraged me to apply big dishes to EME in
a way not commonly done before. From my experiences with
EGA I have learned that today , more than ever before , there are
under-utilized or even abandoned large dishes eminently suit-

Vis it Our Web Site



The author standing next to the SRI dish feed horn. (Photo courtesy ofN6JMK)

Photo of the SRI dish used during the EGA event. (Photo courtesy of Jim
Klassen, N6JMK)

There is another very accurate story of
the Parkes and Honeysuckle Creek cover­
age of Apollo lion the web. One of the
best technica l write-ups availab le is enti­
tled "On Eag le's Wings" by John
Sarkissian of Parkes (see <http://www.
publish.cs iro.au/?act=view_file&fi le_id
=ASOI038. pdf>, <http: //www.parkes.
atnf.csiro.au/news_events/apo llo I I>,
<http://members.tip .net.au/-mdinn/T he
Dish/>, <http://www.honeysucklecreek.
net>. See a great walk through videos of

above, here is an opportunity for some
local Australian ham clubs. Perhaps they
could propose to use the historic Honey­
suckle Creek Dish for EME and science
outreach.

CS IRO's Parkes Dish had a movie
made about it called The Dish. Much cre­
ative license was taken in the movie
details of how Parkes opera ted during the
Apo llo II mission. However, the movie
was very entertaining, and the real shots
on/at the dish were spectacular.

Apollo 11'sMoon Landing,
Moon Walk Video

The initia l Apollo I I Moon landing
video was received from the moon by the
26-meter Honeysuckle Creek Dish, part
of the NASA space trackin g network ,
Australia, which, by the way, was moved
in the 1980s to Tidbinbilla at the Canberra
Space Co mplex and very recentl y retired .

Speaking of those under-u til ized or
even abando ned large dishes mentioned

EOA Moonbounce
Origins and Objectives

Fundamental to the EOA event origins
was the realization that EME has a certain
snap and pizzazz to up-and-coming
technophiles that could attrac t them to
modern ham radio, and maybe if experi­
enced by the very young, could set a way­
point in their educational developm ent
and life experience leading them to sci­
ence, space , and technology careers. In
addition, the seasoned veterans of EME,
a rather small but technically astute group
of the amateur radio community, could
have a bunch of fun with the unusually
strong SSB signals provided by the com­
mercial dishes- such as SRI near Stan­
ford Univers ity; the dish at the University
of Tasmania at Mt. Pleasant; and Dwing­
eloo in The Netherlands-which were
brought in to participate along with the big
dishes already out there custom built by
so many in the EME community.

For detai ls of ear ly eve nts lead ing up
to EOA, get a copy of the Spring 2009
issue of CQ VHF. My chance cyberspace
meeti ng with Robert Brand and his co l­
leagues of On-T ime Vir tual Assistant
(OTV A, see <http://www.otva.o rg> and
<http://exotc.com/wordpress/?p=254>)
formulated the basis for creati ng EOA.
OTV A has a lot of seasoned individuals
with history and expe rience in the Apollo
program and was looking to celebra te the
coming anniversaries of the Apollo
Moon mission s. I suggested to Robert
that a world moonboun ce eve nt might
dovetail nicely with their ce lebrations,
especially if we could get the Parkes or
Tidbinbilla (Honeys uckle Creek) dishes
to participate. Those two dishes in south­
east Australia provided cri tica l capabili­
ty of ground-s tation connectivity with the
Apollo Moo n missions and still ex ist.

able for EME applica tions that ca n be
sought out and used by the amateur radio
community.

www.cq-vhf.com Winter 2010 . CO VHF • 7



the Parkes dish at: <http ://www.youtube.
co m/watc h?v=Vso IeojQCcc&fea ture=
related> . In retrospect it is astounding to
note that NASA initially did not plan to
have a camera aboard Apollo II to record
the momentous moon-landin g eve nt.

The SRI EOA Team
I was fortunate enough to be able to

asse mble a Ca lifornia team of seasoned
radio amate urs with moonbounce expe­
rience and was able to co nnec t with
some highly skilled big-dish profession­
als who all were essential to make the
California EOA operation happen suc­
cess fully . Special thanks go to many peo­
ple whose experti se, experience, and hard
work were applied in a relatively short
time period. The whole team turned out
to produ ce an awesome performance dur­
ing EOA.

A phone ca ll and a prop osal to man­
age ment at the 45-met er SRI dish result ­
ed in gra nting permi ssion to use the dish
in EOA last June. Thank you, SRI ! Dish
management and SRI techni cal staff were
imme nse ly helpful , in so me instances
even volunteering their time for feed
mounting, setup, and tweaking, and in
ove rco ming a (typical) host of techn ical
cha llenges encountered during EOA , as
well as the trial-run event which took place
about one month prior to EOA wee kend.
The techn ical challenges, procedures,
construction, measurem ents, repairs, and
modifi cations encountered and overcome
by Team SRI-both the hams and the SRI
dish staff- if reviewed in detail could fill
another five pages of this magazine . We
won't do that, but would be glad to dis­
cuss the details "off line ," so to speak.
Send me an e-mail at: <apolloeme @
live.com> , or visit my blog: <http ://www.
echoeso fapollo.wordpress .com>.

Then , of course, my thanks to lead ham
engineers and "Team SRI " for sourcing
and co nstructing the SRI station: Dave
Smith, W6T E; Lance Ginner , K6GSJ,
master sys tems engineer and trou ­
ble shooter ; and Mik e Staal, K6MYC,
EME er ex trao rdinaire and ow ner of M2
Antenna Sys tems , Inc. Dave brought
aboa rd se lec t ham team members
Jim Klassen , N6JMK, and Wa yne
Overbeck, N6N B. John Morri ce, K6MI ,
loaned some of the RF lineup feedin g the
dish. John , Dave Smith, and Mike Staal
provided the esse ntial, expensive pieces
in the 23-c m RF chain at SRI and the
experti se to assemble, troubleshoot,
repair, and make it work . Mike' s high -
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power APX -4 with six each 2C39 water­
cooled tube s in an array cavity came back
to roost at SRI , where it was used for EME
by Mik e at SRI in the I960 s. During the
co urse of EOA. the APX-4 suffe red some
arc-ov er problem s, and we went back to
a lower power SSPA (so lid-s tate power
supply). Dr. Michael Cousin s, of SRI ,
obtained for us a corru gated Horn from
the inventory at SRI for a 23-c m feed . At
the initial shakedow n test. Dave, W6TE,
and the SRI crew set up the horn for lin­
ear polarization , which worked, but was
a compro mise. Later it was equipped
for circular polarization for the main
event. Jim , N6JMK, ove rsaw site logis­
tics and Team SRI safety. Well -known
moonbouncer from " Down Under" Doug
McArthur, VK3UM , did a wonderful job
organizing EOA EME skeds and real ­
time news updates during the event, and
as always provided a booming EME sig­
nal from his station in Glenburn, Victoria,
Australia.

Dr. Dave Leeson , W6NL- a well­
known ham , Stanford professor , and
W6YX Ham Radio Club Advisor-was a
wise ment or and guardian ange l to us
"newbie" and veteran EME hams at SRI.
Lookin g ove r our shoulders, he co n­
tributed sage project management advice
durin g the dynami c and often high-pres­
sure preparation periods leadin g up to
EGA. Lance Ginner, K6GSJ , with some
fifty years of history in ham satellites ,
proved to be esse ntial to the team as a sea­
soned technical suppor t engine er who
saved the day more than once with his
expertise. He also had a dream microwave
shop in his nearby home garage with a
gold mine of spare components, includ ­
ing relays, preamps, etc. Lance and his
incredible wife Wanda were also fabu lous
hosts and provid ed the SRI team with an
unforgettable poached halibut dinner on
their outdoor patio within view of the SRI
dish. Thanks. Wanda and Lance!

All of these folk s played fundamental
roles in the success of the SRI operation
during EOA 2009.

Eric Stackpole, KF6JBP
A New Moonbouncer

At the SRI facility during EOA we wel­
co med a young ham visi tor, Eric
Stackpole, KF6JBP. Eric recentl y gradu­
ated from San Jose State with a degree in
mechanical engineering, and he provid­
ed us with a surprise, heartfelt validation
of our science outreach objectives. Eric
did some moonbounce operating at SRI ,

Eric Stac kpole. KF6JBP. who wrote
after his EME experience. "EME rocks
my world." (Photo courtesy ofKF6JBP )

his first. The mile-wide gr ins from Eric
during EGA were priceless.

Eric has since spent an intern ship at
NASA-Ames designing CubeSat de­
orbiting sys tems. He is now very busy in
mechanical engineerin g graduate school,
with a full NASA grad school scholar­
ship. I am sure that in the future you will
see great contributions in the area of sci­
ence from Eric , probably things related
to space communications or rocket sci­
ence. I plan to brin g Eric on board for
future EGA team eve nts. I sent Eric the
YouTube EOA video produced by the
Team Tasm ani a ham s, which includes
Eric ' s voice as heard via EME from SRI
at the Tasmania Mt. Pleasant dish. Here
is Eric's e-ma il to us afte r see ing that
video:

This is great! I CAN HEAR MY OW
VOICE FROM THE MOON! I forwarded it
to basically everyone I know. I wanted to
thank you not only for showing me this. but
also once more for organizing the event. As I
mentioned before. that evening I spent during
Echoes of Apollo probably changed my life.
and I will remember it forever. Please let me
knowof anyotheractivities like it. EMErocks
my world! 73. Eric.
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Of course, the SRI dish and team were
ju st one of the players in the worldwide
EOA event, and thank s have to be voiced
to the many participants who made the
EOA event a success . I am sure all the
EOA EME players around the world have
lots of their own stories to tell.

EOA/EME Chur,
Switzerland, HB9MOON

Christoph Joos, HB9HAL, aka
HB9MOON, really put together a great
team which built and runs the great 10­
meter dish EME station, HB9MOON, in
Chur, Switzerland (http://www. radiosky.
ch). Chris and his team initiated a won­
derful publi c-relations effort and had
about 300 visitors dur ing the EOA event,
many of them youngsters, and generated
a Swiss TV national network news story
of their participation. See the network TV
coverage of the HB9MOON partic ipation
at: <htt p://www.youtube.com/watch?v
=BUVoiEJd86s&translated= I>.

During EOA, Chri stoph got permi s­
sion from the government authorities to
broad cast children's messages of peace
via moonbounce fro m the HB9MOON
station. There is a recordin g off the moon
of those bro adc asts at <http://www.
radiosky.ch/Podcas t/Friede nsbotschaft
%20HB9MOON.mp3>. Other ex ploits
of HB9MOON can be seen on YouTube
as well.

Dwingeloo Dish,
The Netherlands

The Dwingeloo 25-meter dish, loving­
ly restored and operated under the man­
age ment of the CAMRAS group, and its
return to use fro m radio astro nomy to
EME, is and has an ama zing story that
can fill another issue of this magazine.
Suffice to say that Jan Van Muijlwijk,
PA3FXB , Dick Harm s, PA2DW, Robert
Langenhuysen , PA0 RYL, and a large ,
dedicated volunteer team have put year s
of work into bringing the historically sig­
nificant Dwingeloo dish back to service
now as one of the most advanced and suc­
cess ful large EME dishes in the world ,
including on-line SDR EME receivers.

Tasmania to Dwingeloo
via the Moonon .003 watts!

I think the 3-milliwatt QRPp EME
QSO via JT65 between the Mt. Plea sant
dish, Universi ty of Ta smania, and the
Dwingeloo dish (http://www.camras.nl)
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A nighttim e view of the HB9MOON dish in Switzerland. (Photo courtesy ofRadioslcy)

By spec ial permi ssion of the Swiss gove rnment children were all owed to send
messages of peace fro m the HB9MOON station (Photo courtesy ofRadioslcy)
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in Holland stands out one of the real high­
lights of EOA, World Moon Bounce Day.
Details on the Mt. Pleasant dish are at:
<http://www.phys .utas .edu.a u/phys ics/
mtpleasant observatory.htm!». A
paper on recent activi ties at Mt. Pleasant
ca n be found at: <http://ntrs. nasa.gov/
arc hive/nasa/casi. ntrs. nasa.govI200800
32625_2008033028.pdf> .

with a lot of work from IT achieved a sun
noise level of25 dB, a few dBs from idea l.

Eric, VK7BB, was the go- to guy for
the antenna work. Those of us who have
been there and done that are familiar with
the climbing harness, safe ty hooks, man
lifts, and the rest of the drill , and know
from ex perience that there is rarely any

such thing as a I-hour , or usually eve n a
3-hour, rigging visi t with feed modifica­
tions and ca n rea lly apprec iate the
amount of work perfo rmed by Team
Tasmania.

After all that work , IT conducted suc­
cessful SSB rece iving tests with Doug,
VK3UM, and his 400 watts fed to an 8.6-

~
!
1

I
I
!
I
i
I

Hobart, Tasmania
Mt. Pleasant Observatory

The University of Tasmania ' s Mt.
Pleasant 26-meter dish, in Hobart , origi­
nally was planned only to be a receiving
statio n, as they had incredibl y sensitive
and expensive liqu id-hel ium- cooled
LNAs at the feeds for which they could
not guarantee protection from dam age if
high power amateur transmitting equip­
ment was used at the feed. These preamp s
had been used in the professional radio
astronomy work at Mt. Pleasant.

Due to so me careful and supportive
analysis by Dr. James Lovell and his
UTAS team, the situation was analyzed
and it was decided that some very low TX
power could be done without harmin g the
LNAs and set up of a IO-milliwatt station
for EOA was authorized.

Rex Moncur, VK7MO, Justin -Gi les
Clark, VK7TW, and the Univers ity of
Tasmania staff techni cian Eric Baynes,
VK7BB-who I will refer to as Team
Tas mania (TT)-esse ntially built the
EME QRPp station at the dish, exper i­
encing the trials and travails of breakin g
new ground (of any first-time EME sta­
tion) at the Mt. Pleasant dish . Team
Tasmania's ambitious work under tight
deadl ines and worki ng around the obser­
vatory's professional bookin gs includ ed:
building and trying a couple of different
feed antennas , including a three-turn
helix and a septum polarized choke feed;
building dow n co nverters (V K7BB),
1296-MH z bandpass filters; and bringing
in Rex' s preamplifiers and a GPS fre­
quency reference.

TT had an interfere nce problem from
the Hobart Airport, which they so lved
with bandpass filters . IT EME tests with
Dave Scott, VK2JDS, still showed some
station performance deficit s, which TT
brainstormed and quanti fied using sun
noise measurements.

However, lots of tweakin g later ,
including design and refabricatin g a new
mount for a new septum polarized
choke feed succee ded. The septum polar­
izer with choke feed once mount ed and
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Christop h Joos, HB9HAU HB9MOON, installing the OM6AA designed dual-mode. sep­
tum polarizer at HB9MOON 's lO-meter EME station. (Photo courtesy ofHB9HAL)

Dick Harms, PA2D W, at the controls of the Dwingeloo EME station. (Photo
courtesy ofCAMRAS)
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Justin Giles-Clark, VK7TW, sitting on the fl oor ofthe Mt. Pleasant control room trying to fig ure out how to be able to transmit
a signal and not blow out the liquid-h elium-cooled LNAs. (Photo courtesy of VK7TW)

meter Kennedy (converted Apollo era surplus) dish. Then TT
studied the possibil ity of 10 milliwatts of JT65 with Jan ,
PA3FXB, at the PI9CAM 25-meter dish in Dwingelo o. On
World Moon Bounce Day they were able to do the first test of
their JT65 setup, achieving -27.8 dB signal levels for Moon
echoes after care ful feed-position adjustments. Both dishes
probably had a gain spec slightly higher than 50 dBi , which
is normally unheard of gain at 23 em in amateur EME. Early
SSB QSOs at 5/7 with Doug, VK3UM , brought smiles and
squea ls of delight from the kids who heard their own names
coming off the Moon' s surface.

Dave, VK2JDS, had ham copyable 5/2 SSB signals at Mt.
Pleasant , not quite copyable by the kids, so they went to JT65
and continued to awe the kids who now saw (and photographed)
their own names printed coming off the Moon. Eric Stackpole,
KF6JBP, at SRI was copied at 5/7 for a short while until anoth­
er preamp went, and the SRI team had to do a repair. IT car­
ried on, with visits from the media and QSO s with VK3UM ,
with all being suitably impressed.

The TT QRPp JT65 continued at 30 milliwatts with the
European window opening, initially hearing Dan, HB9Q ( 15
meter dish), who reported a -23 dB signal, with -29 dB at 10
milliwatts. Then the PI9CAM, 25-meter Dwing eloo dish, was
worked first at 10 milliwatts then reduced to 3 milliwatts, pro­
ducing signals of -26 dB. A try at I milliw att was not success­
ful. The 3-milliwa tt EME QSO surely must be a world record !
Three milliwatts is quite a bit less power than a single LED
keyfob flashlight ! TT produced an excellent video docum en­
tary of their particip ation: <http ://www.youtube.com!watch?
v=A HGX p4Afr4g>.

Rex and Justin' s article on the Tasmanian-Dwin geloo QSO
was reprinted from the Wireless Institute of Austra lia's
Amateur Radio magazine in the September 2009 issue of CQ
magazine in the VHF Plus column by N6CL. Accompanying
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that article are comments from the Dutch side that appeared on
the Moonn et reflector.

WIRED Magazine and
The New York Times

On both the SRI trial run and the EOA weekend Lisa Sonne,
a reporter for WIRED magazine, attended, took notes, did inter­
views, and did some guest-op EME herself. Lisa joined Ashley
Vance, a reporter from The New York Times and a N YT pho­
tographer, and they all interviewed nearly the entire SRI team,
including the SRI professional staff, and produced two stor ies
for WIRED (http://www. wired.co m/); Wireless Institute of
Australi a' s Amateur Radio magazine, Volume 77, Number 8,
August 2009, and <wiredscienceI2009/06/m oonb oun ce/>
and <http://www.wired .com/wiredscienceI2009/07/ham­
operators-shoot-the- moon/>. EOA made the Jun e 27, 2009
New York Times front page and had considerable phot os and
"column inche s" (http://www. nytimes.comI2009/06/27/
technology/27moon.html ).

Apollo 8 Astronaut
William Anders on EME

During EOA, Apollo 8 astronaut William Anders, from his
home in the state of Washington, joined us in an EME voice
chat. (http://en.wikipedia.org/wiki/Apollo_8). Anders is very
well known for takin g the stunning and thought -pro vokin g
"Earthrise" photo from his Apollo 8 spacecraft while orbiting
the Moon. Anders' EME QSO was captured and preserved by
Ben Bail ey, W4SC, who was at the station of well-k now n
EMEer Joe Demaso, K IRQG, who, from Maine, monitored
the Anders EME QSO . The two EME stations in QSO were
SRI and Joe Martin, K5S0, in New Mexico. Astronaut Anders
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Lisa Sonne, a reporter fo r WIRED magazine, having an on-air EME conversation
with Apollo 8 Astronaut William Anders. (Photo courtesy ofN6JMK)

Dave Smith, W6TE, demonstrating EME to Ashlee Vance, The New York Times
reporter. Lower left is Jim Wilson, the NYT photographer. (Photo courtesy of

Dave Smith, W6TE)

Final Thoughts
EOA 2009 was a wonderful, challeng­

ing journey for all involved, with all
being the keyword , becau se all of them
should be proud of thei r EOA and life­
time EME acco mplishments and ack­
nowledged for those acco mplishments .
Man y peopl e have been named and
acknowledge d here, but in the limited
availab le print space many more have not
and cann ot be acknowledged in this arti­
cle. The use of internet URL references
in this article is a big multipli er for dis­
tributing content and acknowledge ment
of other's acco mplishments. Please use
them , and communicate and teach one
another. Spread the word.

If you embark on a similar adventure ,
while you are doing so, please realize that
the risks and challenges taken and ove r­
com e towards an objective are not only
technical, but also personal and some­
times professional. Reali ze that anyone
in a professional position to grant favo rs
to a (any) visionary ham project is taking
risks, has a boss, and has his or her own
set of in-house issues- aka politics-to
deal with and that their decisions have
consequences, hopefully good ones .

As a result , sometimes some of the
heroes and angels who take those risks on
your behal f would prefer to remain
unnamed. Find out if that is the case.
Understand that when you are breakin g
new ground, often you are also treadin g
on ground (turf) that has been groomed
by others over a long time period. When
you hear (hopefully before) the l2-gauge
pump cycled, slow down, become a
dipl omat, and become friend s with your
new neighbors. Learn from them. Also,
realize how extremely diffi cult it is to
make eve ryone happy in a massive vol­
unteer effo rt.

Try your best to go out of your way to
acknowledge your volunteer teamm ates,
since in the "real" world a lot of the
acknowledgement is in the form of a pay­
check, and that makes a lot of the blood,
sweat, and tears of ajob tolerable. Realize,
as I have, that working with people in a
large volunteer organization is very often
far more difficult and time consuming
than working with dBs, noise figures, Az
and El, HPAs, and dish alignment.

Aga in, thanks to all who participated,
and I look forward to hearing you off the
Moon or perhaps on 20 meters CW soon.

org/friends.htrnl», and <https://www.
pol icyarch ive. org/bi tstr eam/hand lei
I0207/1 9327/R40437_20090305.pdf>.

prepared, discussions with Angel Vaz­
quez, WP3R, and Dr. Nolan were ongo­
ing. As I finished this article in early
Janu ary I received word that they were
very willin g to join EOA on 432 MHz
with a possibilit y of multipl e band s.

I would encourage the ham communi­
ty to become advocates for preservation
of Arecibo, now at serious risk of clos­
ing. See these websites for Arecibo advo­
cacy and networking: <http://arecibo­
science.org/Newsletter.htrnl>, <http://
ww w.planetary .org/programs/projects/
ad vocacy _a nd_e d uc at io n/s pa c e _
advocacyI20080703.html>, <http://
setiathome.berkeley.edu/arecibo_letter.
php> , <http ://www.arecibo-ob servatory.

EOA 2010: Arecibo
EOA 20 lOis set for April 16, 17, and

18 starting at noon on Friday and lasting
through 17:00 Sunday, both West Coast
time. This year will have on board the
highly endangered, biggest EME dish of
all at the Arec ibo Observatory in Puerto
Rico probably on 432 MHz but possibly
other band s. As this article was being

was on a telephone link to K5S0. Thanks
a ton to all of you for capturing that astro­
naut EME QSO. The audio file of astro­
naut Anders' QSO is at: <http://k5 so.com/
K5S0_W6SRLD2000H z_20090628
17l 65 I.wav>.
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Amateur Radio and the Cosmos
Part :3 - A New Dawn

Have you ever wondered about the origin of the term "sky
noise," or why the lO.7-cm solar flux is such an important
measurement? Here WB2VVA discusses these items and much
more about the sun.

By Mark Morrison,* WA2VVA

It was duri ng a field trip to the local phone office when my
classmates and I received our seco nd Bell Labs experience,
an early demonstration of the touch-tone and picture tele­

phones. Of the former, we' d be challenged to see who could
dial faster , the person using a touch-tone phone or a rotary. The
rotary challenger put up a good fight , for everyo ne knew how
to speed up the dialing process by forcing the dial in reverse,
but it was a fight to be lost. The touch-tone phone just couldn' t
be beat. Also, the picture phone, which seemed pure science
fiction, would beco me a highl ight of the New York World ' s
Fair in 1964. The connections of these innovations to our story
may not be obvious, but the technology behind them was root­
ed in decades of mathematics and scientific research taking
place at Bell Labs during the first half of the 20th century. Ever
vigilant to provide the best phone service in the world , the many
innovations and scientific breakthroughs at Murray Hill
touched our lives in many unexpected ways.

In his book Forty Years ofRadio Research, wireless pioneer
George C. Southworth provides a rare glimpse inside Bell Labs,
including the work of two assoc iates, Dr. Harry Nyqu ist and
Dr. J. B. Johnson I . In 1928 Johnson theorized that all electronic
circuits generated noise depend ing on their abso lute tempera­
ture and the band of frequencies under considera tion. Nyquist
theorized that "Johnson noise" is a form of one-dimensional
black-body radiation existing eve n in systems of such circuits.
Although the weakest link would appear to be the "fi rst circuit
noise," such as that of the antenna in a radio receiving system,
Southwor th wrote, "mature thought showed that the first cir­
cuit was really the medium to which the antenna was coupled.
In particular cases the medium might include particular objects
in interstellar space . .. one of the most obvious heavenly bod­
ies was the sun."

In those days receiver noise wasn' t considered much of a prob­
lem, but once radar came on the scene, with weak signals awash
in circuit noise, things changed quickly. Indeed, the signals of
interest were so weak that even noise from celestial bodies, such
as the sun and even the Milky Way Galaxy, had the potential to
interfere with radar operations. It was J. S. Hey who first asso­
ciated certain problems with British radar to noise from the sun
rather than enemy jamming.

In 1942, South worth pondered the work of an earlier physi­
cis t, Max Plank , who in 190 I revoluti onized the world of

*5 Mount Ail}' Rd., Basking Ridge, NJ 07920
e-mail: <marklhome@aol.com>
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Figure / . Monitoring and measuring solar energy, / 942. From
Forty Years of Radio Research, by George C. Southwo rth. Note
that this photo itselfis referred to in the book at "Reprinted by

permission fro m Scie ntific Monthly 82, 55-66, / 956. "

physics with his quantum theory for black-body radiators. Thi s
theory predicted "the total amount of [solar] energy falling on
the earth" and "specified the amount of power contained in eac h
unit band width being sent out." Although the amount of ener­
gy predicted to fall withi n the microwave regio n would be
small, well below the noise level of a typical I940s rece iver,
South worth wondered if a "double-detectio n" receiver devel­
oped for waveguid e research and "groomed" for low noise
might do the job. South worth connected this 9400-MHz receiv­
er to a small parabolic dish using a section of waveguide and
directed one of his associates, A. P. King, to aim the antenna
toward the sun as shown in figure I .

Almost immediately a small but definite increase in noise
was detected, as indicated by a panel-mounted milliamp meter.
However, there was more. Southworth knew that if the received
energy could be measured, Plank' s theory could be used to pre­
dict the temperature of the object radiating it. Thus it was that
on June 29, 1942 the first centimeter radio emissions from the
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Figure 2. Dish used for 10.7-cm solar observations. Taken from a letter from
Covington to Reber (http://jump .cv.nrao.edu/dbtw-wpdlTextbase/Documents/

grgc-covington-reber-12141951.pdf).

sun were not just detected and measured,
but the temperature of the sun was deter­
mined by radio. It is interesting to note
that Robert H. Dicke, the same Princeton
physicist who later confirmed the "Big
Bang" noise detected by Penzias and
Wilson, made a related instrument with
the ability to switch the receiver between
the antenna and a reference of known
temperature, thus providing a means of
calibration. Known as the Dicke
Radiometer, this instrument allowed for
much greater accuracy and was used by
Dicke himself to measure the tempera­
ture of the sun and moon in 1945.

Much of the work of Southworth and
Dicke went unreported due to the war
effort and concerns that such information
might reveal the state-of-the-art being
achieved in the field of microwaves.
However, this did not seem to apply to
amateur radio operator Grote Reber,
W9GFZ, who performed solar observa­
tions from his backyard observatory and
reported on his work in important jour­
nals ofthe day. During this time it appears
that Southworth corresponded with
Reber, as did another Bell scientist Dr.
Charles Townes, who it turns out was
another neighbor of mine.

When Karl Jansky first detected radio
signals of extraterrestrial origin, few
astronomers gave it much attention.
Later, when Reber detected radio emis­
sions at even higher frequencies, first at
160 MHz and then at 480 MHz, most
astronomers were still not convinced.
However, two Harvard astronomers also
with backgrounds in amateur radio did
take notice and started to work on a the­
ory to explain the origin of these signals.
One was Fred Whipple, the well-known
comet pioneer who also played a major
role coordinating the observations of
amateur astronomers during the Inter­
national Geophysical Year (lGY) of
1957-1958. The other was Jesse
Greenstein, Whipple's student, who went
on to become a well-known astronomer
in his own right.

The inverse relationship between radio
intensity and frequency established by
the combined work of Jansky and Reber
presented something of a dilemma to
astronomers. According to Plank's theo­
ry, the intensity of thermal noise should
increase, not decrease, with frequency.
The numbers from Jansky and Reber
seemed to show otherwise, suggesting
the source ofthese signals was something
non-thermal. Although Jansky believed
these emissions were related to ionized

16. CO VHF • Winter 2010

gas clouds, other scientists-including
Whipple, Greenstein, and Townes-con­
tinued working on the problem of trying
to develop their explanation of the origi­
nation of these signals .

In 1946, while working at Murray Hill,
Townes developed a theory that ionized
gas would require much higher (meaning
outer space) electron temperatures than
were generally accepted at the time.
Townes published his work in an article
entitled "Interpretation of Radio Radia­
tion from the Milky Way," in which he
mentions both Reber and Southworth.I In
an e-mail to this author, Townes indicat­
ed that while Bell Labs didn't hire many
astronomers, when they did it was main­
ly for its microwave expertise. He also
described an early interest in radios "as
an amateur" and how he built one at the
suggestion of a cousin who was an engi­
neering professor.

By the spring of 1947, Reber was
preparing to join the Bureau ofStandards,
including the relocation of his dish from
Wheaton, Illinois to Stirling, Virginia. By
joining the Bureau he would become
more of a mainstream researcher, which
was something of a disappointment to
Southworth. In a letter dated March 13,
1947 Southworth remarked, "I must,
however, confess to a tinge of regret to
see you pass from the fast-thinning ranks
of individual workers.l Your ability to
carry on with limited facilities has won
the respect if not indeed the admiration
of all who know about you."

Two of the last contributions Reber
made as an independent researcher were
his observations of a solar burst at 480

MHz in November 1946 and his presen­
tation of the paper "Solar and Cosmic
Radio Waves" at the Joint I.R.E.-U.R.S.I.
meeting held in Washington, DC that
year. It was during that meeting when
Reber met Karl Jansky for the first time,
as well as another radio astronomer per­
forming solar observations in Canada,
Dr. Arthur Covington, VE5CC. In a let­
ter from Reber to Jesse Greenstein dated
May 16, 1947 Reber describes Covington
as "a very smart fellow who is not afraid
to get his hands dirty" and describes how
Covington appeared to have detected the
same solar bursts at 3000 MHz that Reber
detected at 480 MHz.4

In an article called 'The Development
of Solar Microwave Radio Astronomy in
Canada" Covington describes how his
combined interests ofastronomy and ama­
teur radio, coupled with inspiration from
Reber' s activities, got him into radio
astronorny.> In the years that followed,
Covington would build several radio tele­
scopes, first using parts borrowed from a
surplus SCR-268 radar set as well as
waveguide technology that just happened
to operate at 10.7 cm. In November 1946,
Covington used this equipment to moni ­
tor the sun during a partial solar eclipse
and, using an optical telescope for com­
parison, observed how the solar flux
changed as the moon covered a large
sunspot. This suggested that sunspots
were the source of high levels of radiation
at 10.7 em and , ultimately, that a rela­
tionship existed between solar flux and the
sunspot number. Figure 2 shows a picture
of the 4-foot dish used for Covington's
1O.7-cm solar observations (left side of
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picture) as well as other equipment used
by Covi ngton at the Goth Hill Radio
Observatory in Ottawa, Canada.

Although the familiar parabol ic dish
was used for Covi ngton's 1O.7-cm dis­
covery, later he used a 150-foot slotted
waveg uide array borrowed from Cana­
da' s Microwave Early Warnin g system
to crea te an interferometer ca pable of
resolving features of the solar surface
even with clo uds obscuring the sun. By
orie nting the length of this straight line
array in an eas t-wes t direction, as Reber
had done in Wheaton years earlier, the
sun's microwave energy would be detect­
ed one slot at a time as it crossed ove r­
head . As a res ult of thi s activity,
Covington estimated that the solar atmos­
phere above the sunspots can reach the
incredibl e temperature of 1.5-million K!

Much of the work that Covington per­
formed was used during the International

June 3, 1941.

Geophysical Year of 1957-1 958 and for
many yea rs the 1O.7-cm solar flux obser­
vations from Ottawa were reported by
WWV, something famili ar to amateurs of
the day. It should be noted that 10.7 ern
has since been offic ially recognized as
the standard for solar flux measurements
and the earliest such record s can be attrib­
uted to the ear ly work of Covington.

While physicists studied sources of
celestia l noise and their potent ial to affect
phone communications, Bell Labs re­
searchers also worked on more practical
issues, such as improv ing the ove rall
phone experience. One of the biggest
problems was the way subscribers con­
nected to the central phone office using
slow rotary-t ype phones. To thi s end,
Harry Nyquist developed a pushbutton
phone for which he was awarded a patent
in 1941 as shown in figure 3. Although
not the phone that my classmates and I

H. NYQUIST

TELEPHONE SYSTEM

Filed Sept. 3Q, 1938

experienced on that field trip so many
years ago , its success within the phone
company no doubt spurred the develop­
ment of the more familiar co nsumer
touch-tone phones that followe d.

As the phone system grew, so did the
complexi ty of the relay system used to
direct all those calls. It was another Bell
sc ientist, Dr. Claude Shann on , who
would co me to solve this pro blem.
Having already deve loped Boolean alge­
bra, a kind of math that allows binary sys­
tems to be redu ced to their simplest form ,
and recogn izing that relays are a form of
binary system, Shannon used his Boolean
algebra to significantly redu ce the com­
ple xity and number of the rela ys then
employed.

In 1948, Shannon would further appl y
his skills in mathematics to extend some
of Nyqui st ' s earlier work on telegraphic
tran smissions. Shannon's publi cation? of

2,244,500

8 Sheets-Sheet 6

Figure 3. Harry Nyquist' s patent fo r a push-button telephone. u.s. Patent Offi ce.
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Figure 4. Early laser used fo r range-finding. From American
Space Digest, publi shed by Schick Saf ety Razor Compan y in

1963 with photo credit given to Hughes Aircraft Compan y.

"A Mathem atical Th eory of Communicati on" is co ns ide red the
classic text on info rmatio n theory, the foundation of digital
communicati on s, cell phon es, digit a l mu sic , picture phones, and
sate llite TV receivers. Without such techniques , our ability to
co mmunica te with deep -space probes millions of miles from
Earth wo uld be severe ly hampered, with the weak signals that
are tryin g to be detected awash in noi se. It is interestin g to note
that Nyqui st' s ea rl ier work used the same coded characters that
ama te ur radi o ope rators were usin g at the time: Morse code!
How interesting that the so lutions to so many phone problems
have found othe r applicati on s in modern-day life.

In the late 1950s Charles Townes and Arthur Schawlow
would develop the ma ser , the lowest noi se microwave rec ei v­
ing appara tus of the da y. On e of the claims in the 1960 pat ent
(2,929,922) ass igned to Bell Labs is that a devi ce of thi s type
co uld also be used on optical waveleng ths, thu s pre-telling the
future development of the laser.

In 1961 , sc ientists were pondering various applications for
the laser. Perhaps the first practical applicati on can be attributed
to Hu ghes Aircra ft as shown in figure 4 , which appeared in
American Space Digest published by the Sch ick Safety Razor
Co mpa ny in 1963. Thi s devi ce, known as a Colidar, for Coh erent
Light Distance and Ran gin g, used a ruby laser to tran smit a pul se
of light to distant objects and an optical tele scope to detect reflec­
tion s. Althoug h developed primarily for rangefinde r applica­
tions, the patent issued to T. H. Ma iman on No vember 14, 1967
(3,353, 115) disclosed an instrument capable of tuning over a 500­
GHz range for both optica l radar as well as communicati on s pur­
poses. It is interestin g to note that amateur radio operator George
F. Smith, K6BYV, ex- W5GSD, played a role in developing the
laser rangefi nde r in the early I 960s.

On e probl em usin g a laser for interstell ar communications
wo uld have been light interference from the sun. Such "optica l
noi se" wo uld mak e it di fficult if not impossible to di scriminate
the laser light amids t a ll thi s other light. To thi s end Charles
Town es made the brilliant sugg es tio n that a laser could still be
used for interstellar communications, despite the proximity of
any planet to its nearb y sun, by taking ad vant age of the way
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certa in wa vel en gths of the sun are ab sorbed in its atmosphere .
A spectrograph of the sun shows ob vious dark lines that could
be filled in usin g laser light of just the right wa velength. Al so ,
by using short pul ses of high power, the laser wo uld be more
readily visible to those searching for it.

In a letter? written by Covington, VE5CC, to Reber, W9GFZ,
on March 2, 1961 Covington remarks:

[I]t is interesting, I think, to realize that radio wave techniques grew
out of the early optical experiments, and now with the introduction of
the laser, the flow of ideas has returned once more to the investigations
in the optical region. This has started completion of the circle, and per­
haps we are now entering a new era in which there should be tremen­
dous consolidation of scattered fields of experience.

By the ea rly I960s the techniques of Nyqui st, Shann on , and
others would find application in a new kind of radi o platform,
the sa te llite and space probe. In his book Communications in
Space published by Holt, Rinehart and Winston in 1966, 8

Leonard Jaffe, K3NVS, comments:

It is only because ground station technology was available in the areas
of low noise microwave devices, large accurate parabolic antennas and
high power wide bandwidth microwave amplifiers in the general time
frame of the late 1950s and early 1960s that any practical consideration
could be given to communications satellites. Most of this technology
came fromother applicationsareas-radio astronomyand radar; to name
two. Ten years ago, the best ground station receiver sensitivity would
have been inadequate by a factor of ten for a practical commercial com­
munication satellite system. It is truly fortuitous that this ground station
technology has come along at just the time that spacecraft power tech­
nology was reached a state requiring such a technology.

In Part 4 of thi s series we 'll exa mine the rol e of the amateur
radio enthus ias t as he ventures into space usin g sate ll ites and
space probes.

As long as man ha s walked thi s planet he has witnessed the
sun rising steadily in the east and se tting in the wes t. Each new
dawn has brought the promise of a new da y. When man fir st
saw the sun rise in a different light, usin g radio wav es, he
became witness to a new da wn , bringin g hope not just for a new
day, but for his further und er standing of the Cosm os.
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ICOM IC-RX7
SUPER SPECIAL

The Icom IC-718 covers 160-10 meters. This radio is very easy to
operate with one touch band switching, direct frequency input via
keypad and auto tuning steps (senses the rate atwhich the tuning knob
is turned). The receiver section features IF Shift, Adjustable Noise
Blanker , RIT and formerly optional UT-106 DSP Automatic Notch/
Noise Reduction. These big rig features give you the necessary tools
to fight interference. You get 99 regular memories and 2 scan edge
memories. You can scan memories or scan between two specific
frequencies .The transmit section features upto 100 watts of RF output
and AF speech compression to increase average audio output. A
Morse keyer is built-in. The meter shows output power, ALC and
VSWR. The layout and basic operation ofthis rig is simple, butthrough
a menu system you can adjust many operational parameters such as:
peak-hold on the meter, mode lock out, RF/SQL knob behavior, key
type, etc. The TS function allows you to vary the tuning increment to
your liking. The easy-to-read, large LCD and front firing speaker make
this rig ideal for either mobile or base installations. The IC-718 comes
with the HM-36 hand mic and DC power cable. The IC-718 requires 12
VDC at 20 amps. 9.7 x 3.8 x 9.5 inches 8 Lbs 6 oz.The IC-718 is a great
value, providing reliability and DSP at a 'used rig' price. With free
carry case for a limited time. Order #0718 $599.95

Price shown is after promotional discounts valid to 03131/10.

t/ FREE Carry Case

The Tenba Leica carry case is a
great way to safely transport your
IC-718 or IC-R75 (shown). This
case has a carry handle and is
padded on all sides and has a
zippered top. Included FREE with
your IC-718 purchase from Uni­
versal Radio for a limited time!

This blue insulated bag is great for
creating an HT Emergency Go
Bag. There is plenty of room for
your radio,batteries , accessories,
RepeaterDirectoryand more.The
top is zippered and it has a carry
strap and open pocket on the front
panel. Included FREE with any
Icom HT purchase from Universal
Radio for a limited time!

This is the best deal you will find on a wideband
portable receiver!

Buy the Icorn IC-RX7 at our special sale price
of $199.95 and we will also include:

t/ FREE Race Scanning book
This book will help you to be properly equipped and
informed to enjoy the race from a new perspective.

t/ FREE Go Bag
Plenty of room for your IC-RX7, batteries , accessories,
directories and more. With carry strap and open front pocket.

The leom IC-RX7-QS is a slim and smart wideband receiver that
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modes : AM, FM Narrow and FM wide. This allows you to hear
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transmissions from around the world as well as local VHF/UHF
communications. It features a large, backlit LCD plus a nice
keypad. It is splash resistant to equivalent IPX4 standard. CTCSS
and DTSC decode is built in. Other features include : keypad , RF
Gain, Attenuator, Auto Power save and voice sque lch control. A
built-in ferrite rod antenna provides good medium wave reception .
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ported . Comes with: BP-244 Li-Ion battery , MB-112G belt clip and
BC-149A charger . Regular price $299.95.
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Price shown is after promotional discounts.
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• 614866-4267 Information
@l 614 866-2339 FAXLine
Q dx@universal-radio.com

Universal Radio is pleased to carry the complete Icom ama­
teur radio and receiver equipment lines . The IC-R9500
professional receiver is shown above . Visit the Universal
website for full details on this state-of-the-art instrument.

• Prices and specs. are subject to change.
• Special offers are subject to change.
• Returns subject to a 15% restocking fee.
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Rare Visual Tropo Duct
Surprises the Microwavers

What started out this past November as a Thanksgiving Day turkey dinner
on the beach for a group of amateur radio operators tu rned into six hours
of looking inside a tropospheric duct! Here is how it happened.

By Gordon West, * WB6NOA

Photo 1. Los Ange le Times newspaper photograph er Wally Ska lij takes a candid
pictu re ofJanet Margell i, KL7MF. carving the Thanksgiving Day turkey while Suzy

West. N6GLF. and Chip Margell i, K7JA. look on. (Photo courtesy of K7JA )

E
very Th anksgivin g a gro up of us
so uthe rn Cali fornia ham radi o
operators head to the beach to drop

a turk ey into boiling oil. Many times we
brin g along a rad io and set up a sma ll 3­
eleme nt beam . How ever , thi s yea r, rath er
than operating, we were ju st go ing to soa k
up the sun and spot some faint indications
of the co mmo n fall inversion layer.

A quick Doppl er radar wea ther check
before we headed to the sand clued us in
on the last day of a persistent high-pres­
sure sys tem ove r the southland. There was
not a clo ud in the sky and the indicated sea
surface winds were at nearly zero.

"Wha t ca ught my eye wa s the Doppler
rad ar return echoes of a phantom curtain
of refl ection about 10 mil es off shore,"
co mmented Suzy West , N6GLF. "On the
short dri ve down to the beach , I co uldn' t
imagine how the weather service was ge t­
ting such strong ec hoes," added Su z.
Soon we were to better und erstand wh at
the radar was showing. However, before
we get started with our und erstanding,
let ' s do a qui ck review of normal atmos­
phe ric dy namics.

Microwaves and light waves normally
travel 1.1 times farther than the optica l
horizon . The for mula used to calculate
the dis tance of the radio horizon , in kilo­
meters is 0 =J 17h, whe re h is the height
of the antenna above water. As ham oper­
ators, we know this as 4/3 radi o hori zon ,
travel ing slightly farther than the vis ual
horizon on a normal day. Thi s day, how­
eve r, wo uld not be "nor ma l" !

Ou r atmospheric dynami cs ex hibi t a
decrease in air pressure with altitude in an
approxi mately logarithmic mann er. The
higher we go, the less air pressure there is.
Air tem perature also decreases with alti­
tude, approximately 20° Fahr enh eit for
every mil e of increasin g altitude up to

*CQ VHF Features Editor, 2414 College
Drive. Costa Mesa. CA 92626
e-mail: <wbonoatii cq-vhf.com»
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40 ,000 feet. The numb er of water mole­
cules also decreases with altitude, result ­
ing in atmos phe ric density decreasing
with height above the surface of the Earth.

Th e bending of both visual and rad io
waves is ca lled ref raction . Th e refraction
of "norma l" air is slightly higher than
unity, around 1.000345. We know the
refracti ve ind ex of air increases in the
presence of a sta tiona ry high -pressure
sys tem; as the hea vier air within the high
begins to sink, it is ca lled subsidence). It
bottom s outj ust above land, lakes, or sea­
water and becom es co mpressed with the
co ntinuing influx of descending air.
Squish air and it ge ts warmer. Thi s thin ,
and sometimes as occ urred on this day,
thick stratified band of warmer air ca n
crea te a mirage, our Eng lish wo rd that
co mes from the French word mirer,

which means "to look at." Whe n co ns id­
er ing mi rages, down at an airfie ld or high ­
way blackt op , you might see blue shim­
mers, like water. What you are see ing is
not water. Rath er, it is the refrac tio n from
the blue sky above. This is ca lled an inf e­
rior mirage, where you look down and
see the image of so mething above.

Microwave operators usu all y work OX
fro m the supe rior mirage , whic h is an
inverted image above the image that is
so me times far beyond the horizon. A
superior mirage is usuall y see n as an ele­
vated band of trap ped smoke or haze,
with well-defi ned visua l cha rac teristics
of the duct itsel f. Here in so uthern Cali f­
orn ia, we rely on the every Jul y superior
troposph eric duct that allows our 2- meter
and 70- cm signals to traverse fro m the
mainland to Hawaii, and to hear Hawaii
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Photo 2. This is a well-developed phantom curtain which was caused by a tempera­
ture inversion that had developed about ten miles off the coast. Notice how it looks
like a mountain range. As the day wore on this curtain would take on various shapes.
The other photos in this article illustrate the changing shape of the curtain.

(Photo by K7JA)

Photo 3. Notice how the curtain has changed shape f rom photo 2. The center has
elongated and the "mountain ranges " on each side of the center hole have pushed

up. (Photo by K7JA)

VHF/UHF radio operators loud and clear
at this end of the circuit. We need to be
either below or with in superior duct to
take advantage of thi s type of long range
trop o. Dri ving to a tall peak will some­
times put us above the duct, and we then
hear absolut ely nothing !

Mo st extraordinary, seldo m occ urring,
and alm ost never photographed is the
Fata Morgana, named afte r Kin g
Arthur' s wicked half-sister , the sorce ress
Morgan Ie Fay, who, acco rding to some
legends, lived in a crystal palace und er
the waves and manifested her magical
powers by creating mirages. On Thanks­
giving Day we witnessed a Fata Mor­
gana. A Fata Morgana is a uniqu e occ ur­
rence of stra tified (la yers) of illus io n
changing in slow motion , exaggerating
both height , width, and perceived close­
ness as the light moves through layers of
different temperatures.

Our second clue (rada r being the first
clue) was a distant shoreline where a one­
story hou se looked like a 20-s to ry sky­
scraper. "Everything was elonga ted;
houses looked like they were on stilts, and
our customary headland looked like the
cliffs of Dover ," commented Chip Mar­
ge lli, K7JA. As far as we co uld see,
every thing seemed to stretch upward.

"I es pec ially liked the balancing act of
a distant sailboat mast-t o-mast with an­
other upsid e down," added Janet Ma r­
gelli , KL7MF. Even super tankers wait­
ing to come into the ports of Los Ange les
and Long Beach had norm al dark -colored
hulls, but their superstruc tures looked
like Mt. Everest!

We estimated that the multiple layers
were huggin g the ocean and ex tending up
about 500 to 1000 feet. Images within the
mirage were distorted, but with a definite
breakpoint above the mira ge, turning
back to a normal view.

Photo 4. This photo was taken a bit north. Notice the difference in the consistency of the curtain to the right of the ship.
(Photo by K7JA)
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Photo 5. The tropo gap is clearly visible in the center of the photo. (Photo by Walter Skalij)

Photo 6. Gaps in tropo are clearly evident on either side ofthe center ofthis photo. An oil derrick is in the center. Furthermore,
a tanker is visible on the right side. (Photo by Walter Skalij )

Photo 7. This photo shows the flOW much closer tanker and the deterioration of the propagation wall going from the center of
the photo to the right edge of the photo. (Photo by Walter Skalij )
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Fast Reliable Service Since 1963
Free "Tech Flyer".

We welcome small orders from all over the world!

Over 12 million pieces of toroids RFI Shield Beads , Rods, E-cores , Pot Cores , "W2FMI"
Baluns & Ununs by Jerry Sevick, Coil Forms , RFI Kits, Experimental Kits, and many more.
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Th e local newspaper photograph er
(who just happened to be there) was intent
on capturing the sun's fleetin g moment
of "g ree n flash" ex ac tly as it dipped
below the horizon , usually seen only in
the tropics. He was in for a grea t surprise !
He switched over to his longer lens to
capture as many of these rare tropo shots
as possibl e.

As the sun slow ly sank, it grew horn s,
flattened out, turned square, broke into
pieces, mom entarily dipped and resur ­
face d, and then did a swa n dive into the
ocean with a plasma blue flash !All of this
activity occ urred too quickly to capture
on film.

Wh at does all this have to do with
VHF/UHF/mi crowave DXing? Plent y:

I. Look for improved DX co nditions
within the stationary high .

2. Look at weather -ser vice radar
images on the co mputer.

3. Look for an eleva ted tropo haze for­
mation hangin g on the hor izon .

4. Posit ion yourse lf for extended long­
range tropo contac ts, listenin g for prop­
aga tion beacons.

5. Visually scan a flat horizon and look
for unusua l images

Not often ca n the microwave DXer be
treated to a visual band opening !

CALL, FAX, or EMAIL YOUR ORDER TODAY:

Tel #: 714-850-4660/800-898-1883
Fax #: 714-850-1163

Email: sales@amidoncorp.com
www.amidoncorp.com
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multiple -choice tes t to get your License. I]
GUARANTEED PASSI Youwill get your license 0
or your money refunded - no questions asked . 0
Just listen to the 2 AudioCDs inyourcaror truck. 0
Look over the simplified Guidebook. D 0
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PO Box 3000· Sausalito, CA 94966-3000 . 0
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As Thanksgiving Day and turkey were
to come upon us, more magic began to
appear on the horizon. Our local Catalina
Island began to distort, and what appeared
as a small isthmus near the west end of the
island first evo lved into a wide-open
canal. Then, five minutes later , the image
turned into towering cliffs on each side of
the canal. Finally , five minutes later, it
turned into a well-constructed bridge with
a perfectly formed tunn el below ! The
extreme west end of the island , ju st off the
bow of the anchored ship, became so dis­
torted that it seemed to be larger than most
other portions of the island.

It gets eve n better: A military-owned
island, we ll offshore, ca lled San Cle­
mente Island, is se ldo m see n fro m the
mainland at beach level. It is simply over
the horizon . Not that day! At first, a band
of black "s moke?" appeared to rise from
the genera l direction of this other island
and co ntinued to build and build until
suddenly the most majestic , detail ed
radio tower popp ed into view, shimmer­
ing in the sunlight. The tower reac hed
taller and tall er, and alm ost instant ly
developed a massive capacity hat on top .
Then, in the blink of an eye, the whole
island disappeared and becam e muddled
in the brown distortion off in the distance.
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Dr. Ernest K. Smith, Jr. (1922-2009)
A Reflection on his Impact on Propagation Studies

We amateur radio operators who take advantage of sporadic -E
propagation owe a lot to Dr. Ernest K. Smith , Jr.. ex-N6HQK, fo r al l of the
research he cont ributed to analysis of th is mode. In th is article WB2AMU
eulogizes Smith by briefly summarizinng his massive amount of
contributions to propagation research .

By Ken Neubeck,* WB2AMU

5 ad news cam e to the sc ientific
co mmunity in October 2009 when
it was learned that Dr. Ernest K.

Smith had passed away at the age of 87.
Dr. Sm ith was instrumental in the area of
charac terizing the sporadic-E phenom e­
non, a major propagati on mode that is
exper ienced by those who frequent the
VHF band s such as 6 and 2 meters,
among others on the ham bands. In addi­
tion , Dr. Smith was a radi o ham for a
number of yea rs, holding the call sign
N6HQK until it expired early in 200 9.

Dr. Smith's maj or achieve ment
toward s the better understanding the spo­
radi c- E phenom en on was that he was
instrumental in the reduction of the vast
amount ofhourl y ionosonde data that was
co llecte d from aro und the wor ld from dif­
ferent station locati on s. The data was
used to co me up with worldwid e spo­
radic-E occ urrence maps that were pre­
sented in the late 1950 s in his two major
wo rks: Worldwide Occurrences of
Sporadic-E (his first major work and his
thesis, 1957) and Ionospheric Sporadic­
E ( 1962), which he co-authored with Dr.
Matsushit a.

Dr. Sm ith was born in Pekin g, Chin a
in 1922 to Professor Ernes t K. Smith and
Grace Goo drich Smith. He left China in
1940 to go to America to attend Swarth­
more College and then he completed his
PhD at Cornell Univers ity. His caree r
spanned several positions which he held
for different gove rnment organizations,
including the Nation al Bureau of Stan­
dard s, NOAA, the Jet Propul sion Lab ,

CQ VHF Features Editor. 1 Valley Road.
Patchogue. NY 11772
e-mail: <lI'b2alllu@cq-vhfcom>
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and as an adj unct fac ulty member at
Col orad o University.

Dr. Smith initially got involved in the
research of sporadic-E in 1949 while he
was attending Cornell University for his
Masters degree . He was presented with
the probl em of proving whether sporadic­
E propagation was the cause of television
interference caused by recept ion of dis­
tant stations. As Dr. Smith stated, "This
was when I felt I was in the right place at
the right time with the right background."
From this poin t, he wrote papers that dis­
cussed sporadic-E data based on some
amateur radio data and TV OX recepti on
reports. Dr. Smith may have been the first
scientist to conclusively demonstrat e that
the midp oint of a TV OX reception path
fell near an ionosonde station where the
iono gram s showed strong indication of
sporadic-E. He also found that the more
data that was accumulated on sporadic-E
the more consis tent the statistics became,
thus allowing for the co nstruction of
worldw ide sporadic-E occ urrence maps.

The importance of Dr. Smith's work in
the area of sporadic-E cannot be under­
stated, particularly in the earl y days of
categorizing the beh avior of this phe­
nom enon . The co llec tion of hou rly
ionosonde data fro m each station and
then combining it with other ionosond e
stations to be able to co nstruct probabil­
ity maps for the different seaso ns was a
major accomplishme nt because of the
amount of work that was invol ved . Thi s
was all don e by hand ca lculations and
manu al labor during the 1950s before the
age of co mputers !

Dr. Smith ' s main strength, in my opin­
ion, was the fact that he developed an intu­
itive feel for the data that resulted in the

Dr. Ernest K. Smith (ex-N6HQK).
(Photo by Boulder Torch Club)

specific construction of these maps (see
figure I for an exa mple). First of all, he
was able to define the different zones of
Earth related to sporadic-E behavior: the
north and south auro ra zones, the north
and south temperate zones, and the equa­
torial zones. Second, he was able to deter­
mine the division of the data for the
North ern and South Hemi spheres into
three seasonal categories: the summer sea­
son, the winter seaso n, and the co mbined
fall/spring equinox period. It was through
Dr. Smith' s research that some form of
statistical probab ility could be established
with regard to the summer seaso n, the win­
ter seaso n, and the equinoxes.

In addition, through the collec tion of
this massive data, it became apparent to
him and others working with him that
Japan and parts of Asia had the highest
incidence of summertime sporadic-E with
the highest measured critical frequency
and measured maximum usable frequen­
cy (MUF) on a yearly basis. Conversely ,
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Figure 1. Early worldwide sporadic-E map showing the major zones on Earth during the summer months for the years 1948 to 1952.

the lowest incidence of sporadic-E was
observed to be in the South Africa area .

Dr. Smith ' s initial set of sporadic-E
map s was publi shed in the National
Bureau ofStandards (NBS) circular num­
ber 582, Worldwide Occurrences of
Sporadic-E. and then with the additi onal
ionosonde station data co llec ted dur ing
the Intern ational Geoph ysical Year
(IGY), he presented a more refined set of
maps in his co-authored book Iono­
spheric Spora dic-E.

Dr. Smith cited in his papers the impor­
tance of ea rly 6-meter studies involving
amateur radio, speci fica lly the one that
took place from 1949 through 1951 and
included about 350 North Americ an
radio amateurs. He also noted that in one
study conducted by the Air Force in 1965,
the approxi mate size of a sporadic-E for­
mation could be determ ined by the plot­
ting of the paths of amateur radio recep­
tion reports involving 50-MH z contacts.
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For Dr. Smith, much of the research on
sporadic-E end ed by 1970 because of
changing government intere st and fund­
ing. However, he co ntinued his efforts
through different working groups.

I had some contact with Dr. Smith in
the course of researchin g my articl es on
sporadic -E, both by phone and by mail
dur ing the latter part of the 1990s. I found
him to be most helpful and soft spoken,
along with being genero us with provid­
ing information for my articl es. In one of
his earliest responses to a question, he
sent me a cop y of Worldwide Occur­
rences of Sporadic-E. He see med very
glad that there was current interest in the
sporadic-E phenomenon by VHF hams
such as myself.

In his later years, Dr. Smith continued
pursuing his interest in the high incidence
of sporadic-E in Japan with a paper that
he co-wrote with Professor Kyoshi
Irarashi in 1997 : " VHF Sporadic-E - A

Signifi cant Factor for EM!." Thi s paper
focused , in part icular, on the high inci­
dence of sporadic-E in Japan, where data
of cr itical frequencies exceeding 15 MH z
(which is roughly equivalent to a MUF
of 80 MHz) from four ionosonde stations
in Japan were studied during the years
from 1957 through 1986. In addition, Dr.
Smith wro te the propagation co lumn for
the IEEE Anten na and Propagation jou r­
nal, which was publi shed monthly.

Seve ral VHF hams were able to meet
Dr. Smith when he made a presentation
at the Central States VHF Conferenc e in
1999 in Kansas City, Missouri , where he
reviewed his observations and personal
reflections on sporadic-E from the ea rly
years. His presentat ion is docum ented in
the Proceedings for that conference and
has been publi shed by the ARRL. It is
definitely worth readin g. The VH F com­
munity owes a lot to the work that was
performed by Dr. Ernes t K. Smith.
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Beginning Experiments
on the VHF Amateur Bands

In this issue of CQ VHF we welcome Rick Campbell, KK7B, one of the most prolific
writers of amateur radio related technical articles and designers of amateur radio
projects. Here he gives us a peptalk of sorts concerninng our mandate to build,
modify, and experiment. He then describes using a 6-meter to 40-meter converter to
operate QRP CW on the 6-meter band.

By Rick Campbell,* KK7B

Photo A. A IO-milliwatt CW source available as a kit/rom Kanga US.

Ihave been ex perime nting on VHF
since I discovered as a young teen that
I could spread coil turn s in an FM tran ­

sistor radio and tune in signals above the
FM broad cast band . In those days, the
VHF ham band s were populated by
ex perimenters. Eve ryo ne's station had
some homebrew gea r, and my beginner' s
questions were welcomed by ge ntlemen
who were willing to put down the sol­
deri ng iron long enough to help me get a
station on the air. Those early days led
me to degrees in physics and electrical
engineering and a long and varied career
in basic research, un iversity teaching,
and design ing the microwave radios
inside ce ll phones.

Over the yea rs the VHF band s evo lved
from the playground of experimenters to
something else . Homebrew gea r is now
rare , and gentlemen with so lde ring iron s
who understand the inner wo rkings of
radio techn ology are not as visible.
How ever , they are still around, ofte n
retired from caree rs in electronics and
radio. I'm not ready to retire yet, but I'd
like to re-create some of those early VHF
ga mes that I played and obse rved in my
early yea rs. There is still no better place
to explore the magic of radio than the
VHF bands- with small antennas, low
power, slow CW, easy modul ators, sim­
ple test equipment, and basic re­
ceivers. This series of articles will intro­
duce basic experi ments and exper imenta l
gear for the VHF amateur. We'll star t
with a low-power sig nal source , and then
progress thro ugh receivers, modul ators,
more capable antennas and statio ns,
portable operatio n, etc.

Our amateur radio license is more than
perm ission to transmit; it is also a license
to build, modi fy, and experiment with
transmitters, antennas, and signals. For a

"e-mail: <ecekk7b@g mail.com>

www.cq-vhf.com

large and very interesting group of ama­
teurs, experiments are the focus of ama­
teur radio and often result in spin-off tech­
nology for other services . Amateur
experiments are different from simply
operating a radio to make contacts, and
requ ire different equipment as well.
Fortun ately, we can get started exploring
radio scie nce at very little expense .
The most basic radio experiment is gen­
erating and radiating a signal, pickin g it
up on an antenna, and listen ing to it. We
need a receiver, which you may already
have, and a low-power VHF signal source.
Low power is esse ntia l for seve ral rea­
sons: You want to pick up the signal across
the room without overloading your receiv­
er; you want to co nnec t experimental
modul ators and amplifiers to the output;
and you don 't want to interfere with other
amateurs while experimenting.

CW is a good choice for many reasons,
but the obvious one is that CW provides
a constant frequ ency and amplitude to

mak e repeatable measur em ent s. Your
signal source isn 'tjust a low-power trans­
mitter; it' s a signal ge nerator for your
bench as well. You don 't need to learn to
communicate using Morse code to oper­
ate a CW signal generator. However, if
you are go ing to radiate it on the air co n­
nected to an antenna, you need to be able
to send your ow n ama teur ca llsign to
identify the transmi ssions. You don 't
eve n need a key; a push-button switch
wi ll do, and you can write the dots and
dashes on a piece of paper until you have
your ow n ca llsign memorized. Fast CW
is for HF; VHF ex peri menters use slow
CWoIt is more effective when signals are
wea k, and we are more interested in mak­
ing one difficult contac t tha n racking up
a large number of co ntest points per hour.

Photo A is a IO-m illiwatt CW source
available as a kit from Kanga US for $27 .
It has a few chip co mponents and some
toroids to wind, so if you haven 't don e
any construction yo u will need some
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Figure 1. The VHF signal source in photo A may be connected to a 50-ohm res istor
and homemade Morse code key.
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guida nce. One of the most interestin g
experiments is to find out how far away
you can hear a l Ovmilliwan 50. 1OO-MH z
signal, and for that goa l you will need a
friend. Find one who has a magni fying
glass and a fine-tip solderi ng iron. The
complete schematic and other construc­
tion details are on the Kanga website:
<http://www.kangaus.com/>.

The Signal Source Circuit
The CW source has three sections: a

crystal osci llator, frequency mult iplier,
and narrow-band amplifier. The crystal
osci llator generates a signal at one-third
the des ired output frequency. By gener­
ating the frequency at HF, we can use a
stable funda mental-mode crystal osci lla­
tor with a variable capacitor in series with
the crystal to vary the frequency by a few
kHz above and below the frequency
marke d on the crys tal.

We then multiply the frequency by
three in a single-transistor circuit. There
are many clever frequency- multiplier cir ­
cuits, but few work as well as this old
sta ndard, and very few are simpler or
more reliable. Followi ng the frequency
mult iplier is an amplifie r with a double­
tuned ci rcuit on its input and output.
When tuned to the desired third harmon­
ic of the crystal osc illator, all the other
close-in outputs from the frequency mul­
tipl ier are more than 70 dB down. The
harmon ic levels at 100 MH z and 150
MH z meet FCC reg ulatio ns for direct
connection to an antenna. Thi s is a very
clean signal source .

It is not necessary to understand all the
subtle circuit detail s at this time. The sky
was blue for a long time before Rayleigh
worked out the electromagnetic theory to
explain why. A good experimenter gets
thin gs working first and makes some
measurements before trying to under­
stand what it all means. That is the first
rule: Get it working and then ask ques­
tions. Children and co llege students like
to ask a lot ofquestions first to delay start­
ing an assig ned task. Authors of techni ­
cal articles rece ive many questions via e­
mail. The good ones almost always come
from folks who have started a project and
enco untered a puzzling resul t.

Bill Kelsey has set up a Yahoo group,
VHFkits (see <http://group s.yahoo.com/
group/vhfkitsl», where we can quickly
answer any questions that arise. As you

start to build and measure VHF hardware,
the first thing that improves is the quali­
ty of your questions.

The VHF signal source in photo A may
be connected to a 50-ohm resistor and
homemade Morse code key as show n in
figure I , or connected to a simple dipole
antenna as shown in figure 2. I find the
combination of low power and hom e­
made Morse code keys is the easiest way
to get folks over any fear of putting a sig­
nal on the air. With the 5 1-ohm resistor
connected, anyo ne can try the key. With
an antenna, you need to send your ca ll­
sign every 10 minutes. Use the formula
for the length of a half-wave dipole from
your Techni cian License exa m to figure
out how long the antenna should be.

Now that the source is on the air (use
the resistor first), tune a receiver to

+
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Figure 2. The VHF signal source in photo A may also be connected to a simple dipo le antenna as show n here.
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50.100 MHz and press the key. I reco m­
mend starting with the VXO capaci tor
plates fully meshed, which should put the
signal below 50. 100 MHz, in the CW por­
tion of the 6-meter band . You can tune in
the signa l on an HF/6-meter transceiver,
any of the new radios that cover most of
the bands between 160 meters and 70 em,
a wide-range receiver, or a hand-held that
will tune 6 meters. I keep a little ICOM
Q7a on the bench for a check of my VHF
signals.

Even with a resistor across the output,
you will be able to pick up the sig nal

across a room. The simple power detec­
tor circuit in figure 3 may be connected
to the output to allow you to tune the four
variable capacitors in the narrow-b and
amplifie r. More exa mples of simple
power detectors are in Experi mental
Methods in RF Design, available fro m
ARRL. The plastic on top of the trimmer
capac itors is transparent enough that you
can tell if the plates in the capacitor are
fully meshed. Start with the capacitors at
half mesh , and yo u will be close.
It is possible to tune the output filter to
33.4 MHz ( 16.7 x 2) or 66.8 MHz (16.7

o
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Figure 3. Even with a resistor across the output, you will be able to pick up the sig­
nal across a room. This simple power detector circuit may be connected to the out­
put to allow you to tune the jour variable capacitors in the narrow-band amplifier.

Photo B. An ultra-portab le 6-meter CW rig that I put together to take across the lake
in a small sailboat.
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Photo C. If you want to get a head start on a very capable 6­
meter receiver, check out the Rcxl 6- to 40-meter receive con­
verter on the Kanga US website. Shown here is that little
receive converter taped to the top ofa little 40-meter SSB-CW

receiver, a microR2 fro m Kanga.

x 4). You can be sure you are tuned to the right output by start­
ing with the capac itor plates half meshed, and listen ing on the
receiver to make sure the signal gets louder when you have the
signal source tuned for maxi mum. If you have an osc illoscope,
you ca n use it instead of the diode detector by connecting the
high-impedance sco pe probe across the 5 1-ohm resistor. Thi s
way you ca n see the output waveform and use the scope time-

You 'll find features on scanner monitoring of police , fire ,
utility , and aircraft communications; international short ­
wave listen ing; CB radio ; amateur radio ; FRS; GMRS;
monitoring radio digital communications including CW,
RTTY , SITaR, etc; AM/FM commercial broadcasting ;
weather and communications satellites; telephone
equipment and accessories; radio nostalgia; alternative
radio; clandestine radio ; and military radio.
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3 Yrs 0 85.95 3 Yrs 0 115.95 3 Yrs 0 145.95
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Visit our web site: www.popular-communications.com

30. CO VHF • Winter 2010

base to confirm that you are tuned to 50.1 MHz. Most ex per i­
menters eventually own an osc illosco pe, and once you do it is
hard to live without one.

Low-Power Experiments
Ten milliwatts on 6 meters is not a lot of power, but with the

right antenna and a good receiver the signal can be heard on
any path where you can see the other station, as well as short­
er paths with obstruc tions in the way. If you have a friend with­
in a mile or two who has an outside antenna and a rig that will
copy CW , hang the dipo le outside, send your callsign with the
key, and see if he can hear you. Six- meter dipole antennas are
easy to set up and take down, and can easi ly be disgu ised to
look like something other than a radio antenna. The ce nter of
the dipole is more important than the ends, so if the avai lable
space is too short, let the ends droop .

Suppose you hang your 6-meter dipole from the apartment
balcony, and your friend a half mile away ca n hear you nicely
on his Fl'-817. You 'd like to make a two-way contact, but all
you have is the CW signal source and a handi e-talki e that cov­
ers 6 meters. Turn your HT to AM receive mode and have your
friend transmit some CWoLeave the signal source on, but with
the key up. Move your HT with its rubber-duck antenna aro und
near the signal source, and you might hear some Morse code.
Th ere will be a place that gives you the best CW signal.
How is that possib le? The HT has an AM receiver ! Actually,
this is the oldes t way to receive continuous-wave Morse code.
You tune in your AM receiver , and somewhere nearby, a wea k
CW osc illator at almos t the same frequency as the signal you
want to receive. The two signals beat together inside the receiv­
er, and the difference frequency goes to the audio amplifie r and
out the speaker. In the old days, the nearby CW osc illator was
called a "loca l osc illator." In fact , it still is-but now it is usu­
ally inside the receiver. The math is a bit more complex, but it
can also wor k with an FM-only HT. Try it!

At this point clever experimenters will start ske tching all
sorts of ult ra-portable 6-m eter CW rigs. Photo B shows one
that I put together to take across the lake in a small, we t sai l­
boat. The 10-mill iwatt CW source is in the waterproof co n­
tainer with a 9-vo lt batt ery. The signal from the other station
is received on the IC-Q7a that rides in another waterproof box
with a dipole and log book . I use the rubber duck for receiving
and the good antenna (hauled up the sailboa t mast) for tran s­
mitting, because the other station has a goo d receiver and much
more tran smit power.

The next steps involve more power and a better receiver- and
a few other decisions. One watt of CW will work the world with
a good antenna and band opening, but that will require a better
receiver and some good CW operating skills. Perhaps you' d like
to experiment with voice modes. AM is easy, but that will requi re
a different crystal for 50.400 MHz. DSB and SSB are also fair­
ly easy to generate, and we'll play with those as well.

For anyone who wants to get a head start on a very ca pable
6-meter receiver, check out the Rex I 6- to 40-m eter rece ive
converter on the Kanga US website. We'll describe that in more
detai l next time, but meanwhil e, photo C shows that little receive
converter taped to the top of a little 40-meter SS B-CW receiv­
er, a micro R2 from Kanga. Any 40-meter SSB receiver will
work, but some of them are much coo ler than others.

Until next time ...
73 de Rick , KK7B
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Digital Wattmeter Element
for the Bird Model 43 Wattmeter

Long a mainstay in amateur radio shacks, the Bird Model 43 Wattmeter
has one very important weakness-the analog meter. Here WA8SME
describes how he replaced the rather pricey meter with a digital meter
element he designed and built for his Model 43.

By Mark Spencer, * WA8SME

M
y Bird Wattmeter is tied for seco nd place as my most
important and most used piece of test equipment. First
place, hands down, goes to my voltmeter; my MFJ

Antenna Analyze r shares the seco nd place slot with the
wattmeter; and my osci llosco pe comes in third.

*ARRL Education and Technology Program Coordinator,
774 Eastside Rd., Coleville, CA 96107
e-mail : <mspencer tishughes.net>
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The wattmeter has been an invaluable asse t in installing and
maintainin g my satellite gro und station antenna system. It is
rugged , reliable, and fairly easy to use exce pt that you have to
enter the forward and reflected watt readi ngs into a formula to
calculate the VSWR. This really isn 't that big a dea l and keeps
the dust off the gray matter. However, I did have a friend who
dropped his wattm eter and broke the analog meter element.
That got me thinking: How much would it cos t if my meter
experienced the same fate? Wow ... aro und 150 bucks to
replace the analog meter movement !

That thought was the catalyst for the project detailed here, a
replacement or add-o n digital meter element that could more
affordabl y bring a broken Bird Wattmeter back to life and do
some of the SWR and power-loss ca lculations for me. The dig­
ital wattmeter element is designed to actually rep lace the ana­
log meter element inside the Bird or be mounted in an externa l
enclosure to augment the standard Bird (figures I and 2).

The digital wattmeter element is based on a PIC® 16F688
microcontroller and an inexpensive LCD display module. Refer
to the circuit diagram of figure 3 for the followi ng discussion
of the circuit. The digital wattmeter element is powered by a 9-

Figures I & 2. The digital wattmeter element is designed to
either replace the analog meter element inside the Bird
Wattmeter (left) or be mounted in an external enclosure to

.....-- augment the standard Bird (below). t
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Figure 3. Alternate Bird Wattmeter meter element circuit diagram.

watts = 4.988 x 10-6 ADC 2 = 1.652 x 10-3 ADC + 0.00538

= -IOIog ( w attsFor - Watts Ref )

Watts For

I generally program PICs using assembly language.
However, these formulas would have been a pretty daunting
challenge to program in assembly. A C-compiler was the

Watts Ref

Watts For

Watts Ref

Watts For

1-

1+

VSWR=

With a calculated value for watts, the PIC software contin­
ues by calculating the VSWR and power loss using the fol- .
lowing formulas : '

the correlation between voltage and watts is not a linear func­
tion , and this makes the mathematical conversion a bit more
complicated. Figure 6 is the graph that shows the relationship
between the measured watts and the ADC values. I used graph­
ing calculator technology to do a curve fit of the watts to ADC
graph, and then in turn used the resulting function in the PIC
program to calculate the watt value from the measured ADC
value. The curve fit function is:

volt battery with the voltage stepped down and regulated to 5
volts by one half of the OPA2340.

The op amp is configured as a unity-gain buffer between the
Bird Wattmeter and the digital wattmeter element circuit. The
OPA2340 op amp requires a single voltage source, and this sim­
plifies the circuit (at some added cost for the device) . The input
precision resistors that are shown in parallel with the analog
meter are inserted into the circuit by a jumper. These resistors
are required in the circuit to replace the resistance of the analog
meter element if the digital meter will replace the analog meter ,
but they are not required if the digital meter winbe used in con­
junction with the analog meter. The other half of the op amp is
configured as a times-I 00 voltage multiplier. The voltage across
the analog meter (or the precision resistors) is on the order of 40
mV at full scale . The voltage multiplier boosts this voltage to
approximately 4 volts to make it easier to measure with the PIC
analog to digital (ADC) circuit.

The PIC is programmed to read the voltage from the
wattmeter with the on-board 10-bit ADC, scale and calculate
the watts being sensed (forward or ret1ected), calculate the SWR
and power loss , and display the data on the LCD . A more
detailed explanation of the programming logic will follow
shortly . The final component of the circuit is the LCD module
which includes a two-line eight-character LCD display and four
momentary switches for user input, all in one convenient pack­
age. Two LEDs round out the circuit and provide a visual indi­
cation when forward power (green LED) or ret1ected power
(red LED) is being measured in real time .

The prototype of the digital wattmeter element mounted in the
Bird analog meter mounting ring is shown in figures 4 and 5.

Using the PIC ADC to measure the voltage produced by the
wattmeter during operation is fairly straightforward. However,
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Figures 4 & 5. The prototype of the digital wattmeter element mounted in the Bird analog meter mounting ring.

As illustrated in the figures, there are four pushbuttons that
are part of the LCD unit (I' ll label them butto ns I throu gh 4,
fro m left to right , for thi s d iscuss ion). The two middl e buttons
(2 and 3) are programmed to selec t ei ther reflected or forward
power as the active wa ttage being measured. When firs t turned
on, the display will have 0000.00 F (for zero watts forward) on
the first line of the LCD , and an R (for reflected) on the second
line. Th e green LED will also be illumi nated as a vis ua l indi ­
cator of forward power. Th ere may be some random noise on
the ADC that will give no n-zero wattage indications whe n
power is not applied to the Bird Wattmeter. When yo u press
butto n 2, the digital meter e leme nt wi ll swi tch over to measur­
ing reflec ted power, the green LED wi ll ex tinguish, the red LE D
will illuminate, the last forward watt reading will rema in on the
top line of the LCD, and the reflected power will be displ ayed
on the second line of the LCD . To revert to measuring forward
power , press button 3, the red LED goes out, the gree n LED
comes on, the last reflected power read remains di splayed on
the second line of the LCD, and the curre nt forward power is
displayed on the top LCD line.

Th e Bird uses interchangeable slugs tha t are ca librated for
frequency and power , and then the slug is rotated in its direc­
tio nal socket on the fro nt of the Bird to measure forward or
reflec ted power. Th e Bird analog meter has three sca les that are
applied during reading and/or calc ulatio ns dependi ng on the
power of the slug in use: 0 to 100 for 10-, 100-, and IODD-watt
slugs; 0 to 50 for 5-, 50-, and SOD-watt slugs; and 0 to 25 for
25- and 250-watt slugs. The digital wattmeter e lement needs to
be set to the appro pria te sca ling to display and make acc ura te
ca lculations. Th e righ t-hand pushbutton (4) on the LCD unit is
programmed to toggle thro ugh the various slug wa tt va lues
when pressed by the user. When butto n 4 is pressed, the watt
sca le for both forward and reflected readings is displ ayed on
the appropriate line of the LCD. Holding butto n 4 will ste p
throu gh the various sca ling factors for the active chan ne l (for­
ward or reflec ted); release the button when the desired sca ling
fac tor is reached . Th is val ue is stored in EEPRO M of the PIC
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answer. T he C-comp iler allows the programmer to use the
power of the higher level co mputer language C and then trans­
lates the C code into assembly and machine language code that
is used by the PIC. Unfortunate ly, these hefty form ulas requi re
a lot of computer memory space to store and execute the code.
I prefer to use PICs that have 2 kilobytes of memory (for cos t
reasons, and also most of my projects do not requi re a lot of
memory), but in this case more memory was needed (approx i­
mately 6 kilobytes) and the PIC 16F688 has this amount ofmem­
ory (wit h a modest increase in cost of a buck or two).

T he bes t way to go thro ugh the program logic is to descri be
how the digital meter element is used in operation. Wh en power
is first applied to the digital meter eleme nt, the PIC and the
LCD are initia lized, the previous scaling fac tors used are
recalled from EEPRO M, and the me ter defaults to readi ng for­
ward power. The green LE D illu min ates and the digital me ter
is ready to go.

Figure 6. Graph that shows the relationship between the
measu red watts and the ADC values.
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Figure 7. While applying power to the wattmeter, press button
J to calculate the VSWR and power loss. The top line of the
LCD will display the SWR and the second line will display the

power loss in dB.

and is retri eved when the digital meter is subsequently pow­
ered -up . Press the appropriate button to select the other mea­
surement channel to set its scaling facto r. During my typical
operating, I use the IDO-watt slug to measure forward power
and the 5-watt slug to measure reflected power, so these are the
scaling factors that I use most frequentl y.

After you have the scaling factors set up, you' re read y to take
some SWR readin gs. Have the appropriate slugs on hand . I'll
illustrate with the 100- and 5-watt slugs. Install the IDO-watt
slug and rotate it to the forward direction. Turn on the digital
meter element. Appl y power to the Bird Wattmeter and the for­
ward power will be displayed . While the forward power is being
displayed , press button 2 to swit ch the digital meter element
over to reflected power (the forward power is now stored and
displayed on the LCD ). Turn off the tran smitter RF. Swap out
the slug to the 5-watt slug and rotate it in the reflected direc­
tion . Again apply tran smitter power to the Bird Wattmeter and
the reflected power will be displayed on the LCD. While appl y-
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Figure 8. Prototype ofthe PCB the author plans to have
manufa ctured fo r the project.

ing power to the wattmeter , press butt on I to calculate the
VSWR and power loss. The top line of the LCD will display
the SWR and the second line will display the power loss in dB
(figure 7) . When you rele ase button I , the digital meter element
will revert back to measure reflected power.

Som e of you may be concerned with the acc uracy of the dig­
ital meter element, and this is a legitimate co nce rn co nsidering
all the con version s of volt ages to ADC values, co nve rting inte­
gers to float values and back again, cur ve fittin g, and all the cal­
culations go ing on and the rounding errors that result. Using
the PIC and doin g the calculations with limit ed var iable sizes
does introduce some rounding errors, but frankly so doe s using
your eyes to read an analog meter. I have found that the digital
meter element is about as accurate as using the eyeball and cal ­
culator. You ju st have to recognize that even though the digi­
tal meter element will display numbers to two decimal places
that does not necessarily mean that the displayed result s are
accurate to the hundredth .

Summary
Thi s little proje ct has turned out to be prett y useful. I plan to

get a PCB manufactured for the project to make it more pro­
fession al looking and more rugged. Figure 8 illustrat es what I
have in mind. The final cost of the digital wattmeter element
turn s out to be a fraction of the cost of a replacem ent analog
meter. The addition of the calculated VSWR and loss figures
is a nice feature. I enc ourage you to con sider duplicating this
circuit to enhance your Bird Wattm eter , rep air your Bird, or put
into service that good deal on a brok en Bird you go t at the last
hamfest. I will co nclude with a bad pun intend ed , "A Bird in
the hand .. ." Well , you know what I mean.

If you would like more information about this project, feel
free to contac t me at <m spen cer @hughes.net> .
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Digital Television:
The New Ham Frontier

Among the many talks presented at the 2009 ARRLjTAPR Digital Communication
Conference was one by WA8RMC on digital television. This article is based on his
talk and the paper that was published in the conference Proceedings.

By Art Towslee, * WA8RMC

U
nited State s broadcast digital televi sion started in the
early I990s and the official transition to all digital took
place in June 2009 . Amateur digital televi sion started

somewhere around 2000 mainly in Europe with on-air signals
not appearing until around 2002 when some digit al-board sets
became available. Since then amateur digital TV repeaters in
Europe have been increa sing in popularity, but sadly the inter­
est seem s to be lacking in the USA .

In January 2004 the ATCO Group (Amateur Television in
Central Ohio) in Columbus, Ohio installed a DVB-S digital out­
put to its repeater, which has been in service 24/7 since then.

"e-mail: <towslee I @ee.net>

As of July 2009, the ATCO Group is still the only one in the
USA with a digital ATV (Amateur Television) repeater output.

The ATCO repeater digi tal output uses DVB-S modulation
which we believe is the best choice for amateur television. The
following disc ussion details more fully why we feel it is best,
along with operational experiences to back it up. I know of no
other group, in the USA or Europe, that justifies it with "in ser­
vice" data. Therefore, we are able to back up our statements
with resul ts and not j ust theoretical details.

DATV Advantages over Analog
Picture quality is near perfect. Strong and weak signals are

all "P5 ," which is a snow-free signal. Historically, analog ama-

Analog A TV Signal Reporting
PO

I think I see you!
PI

I see you!

P2
I can tell iIs
really you!

P3
Good Picture

P4
Strong,

a little snow

P5
Broadcast Like!

DATVSignal Reporting

PO PI P2 P3 P4 P5

Figure I. Comparison ofsignal reporting between analog and digital signals. Notice that in digital one either sees a blue screen
(PO) or a clear signal (PI-P5).
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Figure 2. Bandw idth ofdigital versus analo g signal.
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teur televi sion signal strengths are indi­
cated by the "P" unit system where PO is
a barely detectable signal and P5 is snow­
free. The strengths increase in 6-dB steps
from PO to P5, so P5 is 6 x 5 = 30 dB
stronger than PO. That' s for analog . A dig­
ital signal that produc es a blank receiver
screen with a POsignal will produce a P5,
or snow- free, picture if it' s only 1-2 dB
stronger. Therefore, in the analog world,
if the signal strength was 1-2 dB greater
than PO, the viewer would see a barely dis­
cernab le picture; in the digital world the
viewer would see a snow-free picture .
(See figure I. )

Noise and muItipath cancellation
possibl e. The DVB-S QPSK modulation
scheme uses FEC (forward error correc­
tion) to cancel the effects of atmospher­
ic/manmade noise and multipath (ghost­
ing). The noise is handled by the Viterbi
software algorithm and multipath is han­
dled by the Reed-Solomon software algo­
rithm, which are highly complex effective
ways of handling the data streams but
beyond the scope of this discussion . Since
the DVB-S modulation scheme is intend­
ed mainly for satellite-to-ground commu­
nication, multipath is minimal, so correc­
tion requirements are also minimal and
simple but adequate for ATV applications.

Noise red uc tion. As mentioned above,
the Viterbi coding algori thm red uces
noise due to atmo spheric and manmade
influ enc es, but is minimal. Here also,
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ham s are willing to tolerate some noise
disturbances in the picture. However, it
doesn 't show up as the typical noise flash­
es in the picture as seen on an analog
screen. Instead it will appear as either a
momentari ly frozen picture or as mo­
mentary checkered squares scattered
through the picture. Therefore, as you can
imagine, it would be intolerable for a
commercial broadcast signal but quite
acceptable for ham s!

Ca n occupy less bandwidth, A com ­
mercial 8VSB digital broadcast signal
occupies a fixed 6-M Hz bandwidth and
is not subject to mod ification. The DVB ­
S signal bandwidth, however, can be tai­
lored to meet the user s' requirement s.
Therefore, it can be made wider or sig­
nificantly narrower than 6 MHz with cor ­
responding trade-offs. If a narrower
bandwidth is needed, video quality will
suffer and fast motion may pixelate. By
"pixelate" we mean that checkered
squares wi ll appear in the picture where
the data cannot be refre shed accurately.
For most ham applications, we are not
showing video of car races and the per­
son "on camera" is usuall y not moving
rapidl y, so again , this normally is not a
problem. We have found that a forward
error correction value of about thre e­
quarters with a 3.125-meg Symbol rate is
adequate for normal mot ion with two
video streams in a 4-MHz channel. (See
figure 2.)

Less transmit power re q uire d th an
ana log for same range. Becau se the dig­
ital signal contains more dat a than an
equivalent analog signal, less power is
needed to transmit an error-free signal.
Also, the signal envelope contains more
peak power spread out more evenly across
the occupied bandwidth allowin g more
information within the carrier envelope.
An analog signal has most of the power
closest to the signal center carrier, but the
digita l signal is spread out more evenly
across the spectrum. As a result , the digi­
tal signal looks more square as viewed on
a spectrum analyzer as seen in figure 2. As
a rough rule of thumb , the digital signal
transmit power can be as low as one-tenth
of the power of an analog signal for the
same received signal quality. Example:
The ATCO digital QPSK 2.5-watt 1245­
MHz signal is recei ved about the same as
its 30-watt 1260-MHz analog signal.
(Both signals use identical antenna s at the
same elevation 10 feet apart ).

It ' s neat to be on th e cutting edge
(b ragging' ri ghts). Last but not least, it' s
neat to be able to tell peopl e that your sig­
nal is the latest digital techn ology com­
ing from a hom e-built amateur transmit­
ter. A number ofclub members have been
acquired ju st because of that fact. Many
peop le like to be a leaders, right ?

DATV Disadvantages
Most DATV is in Euro pe. Up to this

time , it' s clear that the European hams are
more creati ve with regard to DATV. The y
pioneered it in the early stages starting at
the turn of the 21st century. I don't know
the real reason why, but guess that many
are still building their own equipment,
whereas many American s have given in
to simply buying what they need and
"plugging it in" to get them on the air.
That's not necessarily bad, but it doeslimit
DATV operati on here in the USA.

Tra nsmit boa rds a re expens ive .
Tran smit boards available from European
sources are not cheap, and as we all know ,
USA hams are rather "thrifty" ! The board
sets usually will run over $ 1500 for a 2.5­
watt signal! It is therefo re clea r to me that
the Europeans who spent a few years writ­
ing and perfecting the needed code wan t
to be reimbursed for their effort. I can't
blame them , but it doesn't sit well with our
"thrifty U.S. hams," so to this date .. . no
economical solution.

T rans mit boards a re difficult to
build. Well , not really, but the hardware
is the easy part , as a number of manufac-
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turers have created indi vidual ICs at reaso nable prices.
However, writing the sof tware code for these is another mat­
ter. What we really need is to have some experienced ham soft­
ware engineers knowledgeable about digital TV sit down and
help write some usable code for a board set. Creatin g the hard­
ware around the code is "a piece of cake ," but I don 't know of
anyo ne willing to take time away from his "real job" long
enough to create useful software for the good of DATV .

Modulators require interl aced video. Thi s is not a major
drawback but one must be aware of it. To my knowledge, the
softwa re written for all board s available now require full inter­
laced NTSC video for error-free MPEG-2 compress ion to take
place. Almost all cameras output interlaced video, but 10 gen­
erators do not. The most common 10 generator is the ElkTronics
ID board used to generate the station 10 for most ATV repeaters,
but it does not have interlaced video, so as a result the signal
pixelates and frequently freezes, making the signal almost unus­
able. I know of no commercially availabl e interlac ed video ID
boards. Because of this the ATCO group custom-made one from
a Sandisk picture-frame board and loaded it with the needed
video ID slides . Maybe future software designs will overcome
this problem.

Transmit delay of 1 to 2 seconds. There is about a 1- to 2­
seco nd latency delay during the MPEG-2 compress ion (trans­
mitter) and decompression (receiver). Most of the time it is of
novel interest being able to watch the analog transmission and
then the digital transmission occur with a 1- to 2-second offset.
However, if any DATV linkin g between repeaters is anticipat­
ed, it may be very cumbersome when using full dupl ex for peo­
ple at each end to wait a couple of seco nds before respondin g
to a give n comment. (Full duplex will create a 2- to 4-second
delay). However, that may be fun to watch also, so who knows.
Maybe that' s more entertainment!

Ungraceful fa de ma rgins. Anal og has a graceful fade mar­
gin. Th at is, the picture is recognizable while noi se and sig­
nal fadin g inc rea se and decrease from snow-free down to
within about 3 dB of disappearing altogether. Digital , how ­
ever, is unforgiving, as it stays absolutely snow-free down to
within about I to 2 dB of the threshold. Therefore, the digi­
tal signa l will remain view able longer , but when that "c liff
effect" point is reached , the signal is totally gone with no vis­
ible traces of it. Th e corresponding ana log signal may have
excessive snow, but viewable traces of the signal remain,
allow ing antenna optimization effo rts. Thus, analog has an
adva ntage when recei ving a weak OX signal under rapid fad­
ing conditions.

Broadcast Standards,
Overview, Major Standards

ATSC (8VSB) North America
DVB-T (CODFM) Europe Terrestrial
DVB-C (QAM) Europe and USA cable (numerous variations)
DVB-H (QAM) Europe handh eld
DVB-S (QPSK) Europe and USA satellite

8VSB disadvantages
Modulation scheme is very compl ex.
Fixed 19.4-megSymbol data rate and 6-MH z bandwidth are

not modifi able.
Amplitude modulation (ves tigial sideband) needs high-lin­

earityamps.
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If amps are not linear enough, too many transmit errors and
screen blanks occur.

Audio channel not receivable on some TV sets.
Ham band not availabl e on standard unmodified TVs.
430-450 MH z no good; cabl e setting in some TV s default

to QAM .
902-9 15 MHz no good; above TV tuning range and crowd-

ed with Wi-Fi .
1240--1300 MHz no good; this is above TV tuning range .
Special receive converter required for ham appli cations.
Cann ot use when receiver is in motion (no mobile operation).

DVB· T disadvantages
Receivers not in use in USA.
Needs high signal-to noise-ratio receivers.
DVB-T set top boxes not available in USA.

DVB-C disad vantages
No common standard. Many var iants used by eac h cable

company.
Comm on receiver not available.

DVB-H disadvantages
No well-defined standard.
No receivers ava ilable.

DVB-S: Why is it Best for D-ATV?
DVB·S Advantage Summary

Used free-to-air receivers are readily ava ilable.
Receivers are "cheap"-$ IOto $50 on eBay .
New receivers are $125 at local satellite stores.
High-linearity amplifiers not required to transmit error- free

signal.
If amps not linear- excessive transmit signal spec tra l

regrowth occ urs but minimal errors.
Inexpensive LOMaS "brick" amplifiers for transmit can be

used and are easy to build.
Format multi path cancellation is adequate for ham use.
Modulation method not subject to motion limits-tested okay

for mobile.
Less band width needed than others for acce ptable picture.
Band width modi fiabl e for motion/ resolution trade-off

selections.
Mult iple video channels within single carrier possible.
Seem s best for ham space shuttle D-ATV communication.

DVB-S Details
Modula tio n meth od. QPSK (Quadrature Pha se Shift

Keying) frequency modul ation is used exclusive ly here. QPSK
basicall y mean s that the signal is phase (FM) modul ated in four
quadrants of 360 degrees to esse ntially contain at least four
times the data as a simple FM signal.

Encoding. As in most other standards, MPEG2 is used here
also for data encoding. Forward error correction is employed
using Viterbi and Reed-Soloman coding to cor rect for noise and
multipath effects.The degree ofcorrection is selectable as needs
dictate, making DVB-S very desirable because it allows the
user to change it for various conditions.

Li nearity re quirements. Linear amplifiers in the transmit
chain can become very expensive. Therefore it is important for
ham use to employ the transmission method most tolerant of
non-linearities. DVB-S is it! Since the modulation method is
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Square sides with
very little sideband
energy .

Increased spectral
regrowth in first amp.
Is about 30dB below
carrier

Spectral regrowth
amplified in second amp.
is now only 20dB below
carrier.

Output from modulator
Level - 2 milliwatts

Output from Kuhne
2.5 watt "hi linearity"
amp

Output from 18 watt
LOMOS brick amp
before output filter

Figure 3. Comparison ofsignals at various power levels.
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orga nized in 1980, is located in Co lum­
bus, Oh io and serves approxima te ly 85
ATVe rs wit hin a 50-mi le radius. It is our
purpose to fur ther the exc ha nge of infor­
mati on and cooperation am ong mem ­
bers; promote amateur television knowl­
edge, fra ternalism, and indiv idua l
operating excelle nce; and co nduct ac tiv­
ities that advance ATV ge neral interest
and we lfare.

We operate an ATV repeater installed
in the fa ll of 1994 with five outputs
(427 .25 MH z AM, 1245 MH z DAT V
(DV B-S), 1260 MH z FM, 2433 MH z
FM, and 10 .450 GHz FM) and four
inputs (439.25 MH z, 1280 MH z ana­
log/DAT V, 2398 MH z, an d 10 .350
GHz) . A 3-watt DV B-S ou tp ut was
installed in Janu ary 2004 and has been in
operation 24/7 since then . A IO-watt amp
was added in Jun e 2009.

We co nduct week ly net meetin gs on
147.48 MH z at 9:00 PM EST/EDT on
Tuesdays which serves to introdu ce new-

Alea Repeater Summary
Th e AT CO Group Inc., or iginally

~HJ.::.;.ru .,:.rJIJ ; !Jj.1!;= j ~Jll!:.!:!Jl'1J_.......------ - - - - - - - - - - - - - -

spectrum enve lope is somewhat rectan gu­
lar instead of sinusoidal, so average power
measurements do not apply. Because of
this rectan gular waveshape, most of the
power is at peak values longer, makin g
measurements with a Bird or bolometer
wattmeter read the measurements higher
than they actually are. I personally feel that
the only meaningful value is the actual
peak reading obtained reliably with a
spec trum analyze r. If you use a Bird
wattmeter, I would divide its reading by
at least three to get the actual transmit
power. Also, when designing an amplifi­
er chain, I'd make sure the amplifier input
will handl e 10 times more input power
than the peak value of the digital signal
( IOO-mw peak DATV signal to a 100-mw
rated amplifier to prevent excessive power
dissipation).

frequency modul ation , it is inherentl y
insensitive to non-lineariti es. Thi s is not
entirely so, but it is found that an ampli­
fier can be close to its I-dB co mpress ion
point before the error co rrec tion
approaches its limit. Thi s is huge, as it
opens up the transmitter design choice
tremendously. Simple LOMa S "brick"
amplifiers such as the Mit subi shi
RA 18H 1213G unit are ideal for use on
the 1240-1 300 MH z band to get a 10-watt
(average) digital signal from as little as a
50- milliwa tt source. That brick has a bias
input allow ing for adjustment of FM or
linear operatio n, making it easy to see
what the limit is for a given configura­
tion . Now non-linear ities do cause other
problems, though. Each time the signal
passes through an amplifie r stage, it cre­
ates spec tra l re-gro wth in the output
waveform proporti onal to the degree of
non-linearity. These are sidebands above
and below the main enve lope at a reduced
amplitude level. Therefore, although the
signal has minimum errors, the overall
band width will be wider. Thi s may be a
problem in some cases where the allo­
cated channel is defin ed or where it just
makes sense to minimize spec trum inter­
ference. The bottom line is to choose the
highest linearity amp affordable and then
use a good interdigital type of steep-skirt­
ed bandp ass filter to rem ove the remain ­
ing sidebands. See the spectrum analyz­
er comparisons in figure 3.

Power level measurements. At this
point it is worth noting that output-powe r­
level measurements using a standard Bird
wattmeter are not acc urate. The output
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comers, discuss ATV topics, and announce news . It is the sim­
plex "gathering spot" for audio activity with control capabili­
ties for the ATV repeater.

Recently, we began streaming our weekly net meetings
on the internet for the benefit of those beyond the metropol­
itan Columbus, Ohio area. All are welcome to join in. Just
tune in at <http.z/www.batc.tv>, select "ATV Repeaters,"
and then scroll down to WR8ATV and click on "view
stream." There you can both see and hear us during the net
starting at 9 PM. The streaming is on every Tuesday from
approximately 8:30 PM EST/EDT till about 10 PM or
whenever the net closes.

We publish a newsletter four times a year containing local
events, late-breaking ATV news, construction articles, tips/tech­
niques, meeting announcements, and whatever else we can find
that has ATV interest. The newsletter and other ATV topics can
be viewed on our homepage at: <http://www.atco.tv>.

We help provide security video coverage each year for
various local public events such as our annual Independence
Day fireworks show (which draws over 500,000 observers),
various parades, local air shows, and observation video of air­
port disaster drill acti vity. We also provide local severe weath­
er observation to help identify potential damaging storms for
the public.

We have spring and fall events where we gather to share
ideas, plan future activities, enjoy free food, have door prizes
(for everyone), and usually conduct a mini hamfest with trunk
sales in the meeting-place parking lot. We normally have a
few pizza parties where we can enjoy the companionship
of others.

We are working on a link to connect the Columbus and
Dayton repeaters . We found an ideal site halfway between us
(35 miles from Columbus and 30 miles from Dayton) that we
have been working on for a number of years now. We had it
operational before the Dayton repeater had to relocate and we
now have started over. We are considering a digital link but
are concerned about the latency issues. That is, there is a 1- to
2-second delay in sending and receiving the signal, so a full­
duplex link may turn out to be difficult for acceptable com­
munication. With a repeater link, the delay is effectively dou­
bled, because it occurs at both ends!

Aleo DVB-S Operational Results
Our digital (DVB-S) l245-MHz signal has been operational

since January 2004 with a 2.5-watt signal receivable within
about a 20-mile range. Recently we added a power amp to
boost the output to about 10 watts average, extending the
range to roughly 40 miles. There are about 15 ATCO club
members with digital receive capability using surplus "Free
To Air" digital receivers obtained on eBay for about $50 each.
Some additional people have obtained various receivers from
eBay and elsewhere for $10 to $75. All have worked okay
and have had no trouble locking onto our DVB-S signal using
only a minimal loop Yagi antenna mounted less than 30 feet
in the air.

I personally have a 20-element loop Yagi mounted 30 feet
up my tower permanently pointed to the repeater 15 miles away
connected to 75 feet of 7/s-inch heliax. In the shack I have a
two-way splitter with my analog receiver connected to one port
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and the digital receiver connected to the other. Tests have
proven there is 10 dB of excess signal needed for simultaneous
P5 picture reception on both receivers.

The transmitter DVB-S board set of choice is the Netherlands
0-ATV boards. We use two MPEG-2 encoder boards connected
to an I1Q baseband board and then to a 1.8-milliwatt modula­
tor/exciter board providing us with two channels of video. The
1.8-milliwatt signal is fed to a Kuhne Electronics ultra linear
amplifier (we were told high-linearity amps were a must at the
time) costing about $500 alone. The Kuhne 2.5-watt output was
connected directly to the antenna until recently when an
LDMOS "brick" amp was added to produce a 10-watt (aver­
age by Bird wattmeter) signal. That output is fed to a custom­
made inter-digital bandpass amp with steep skirts with a band­
pass of 5 MHz. Using 3.125-meg Symbol rate with a
three-quarter FEC, our overall signal is about 4 MHz wide
excluding the spectral regrowth sidebands. This correlates
closely with the formula : signal bandwidth = 1.3 x symbol rate.
With the filter in place the resulting signal on a spectrum ana­
lyzer looks very clean with the regrowth signal down more than
50 dB from peak carrier.

We have tested mobile operation with great success. The
DVB-S modulation scheme is supposed to be reasonably insen­
sitive to motion, and we proved that it indeed is! The vehicle
in motion was accelerated to over 50 mph with no loss of sig­
nal. In fact, the normal signal flutter and fading was very sur­
prisingly non-existent. While traveling under a bridge under­
pass, the signal was maintained with only a momentary picture
freeze unnoticeable if not looking for it. The normal analog
mobile ATV signal flutter, which was very annoying, was vir­
tually gone with digital!

Finally, a word about why we ended up using 1245 MHz for
our digital signal. We originally had our analog signal on 1250
and digital on 1260. One morning my wife answered the phone
and told me, "You had better take this call!"

It was the FCC monitor from Detroit who had been track­
ing our analog ATV signal because of an interference
complaint! It turns out that since our 1250-MHz signal
identified with a bulletin-board sequence for four minutes
every half hour, it was interfering with the local Ohio
Department of Transportation (ODOT) reception from a
Russian GPS I250-MHz signal used in its surveying efforts.
Since ODOT couldn't find the interference source after six
months of searching, they called the FCC. The FCC drove
from Detroit to Columbus and found our signal source after
about a half hour.

I was then contacted and initially told that we were okay
and legally operating within our assigned band. Later I was
notified that because of a recent FCC clause saying that inter­
ference to Radio-Navigation was prohibited in the 23-cm
band, we had to vacate. We finally ended up with our analog
signal on 1260 MHz and the digital one on 1245 MHz, leav­
ing 1250 MHz clear. That was okay until I added the power
amp. Now the added spectral regrowth extended the upper
bandpass to 1250 and again caused them interference. (They
were not shy about telling me so.) After I added the interdig­
ital filter, no phone calls! This is a story worth telling, because
it demonstrates the real need for a good bandpass filter. I still
tell others how we interfered with a Russian GPS satellite! It
sounds bizarre until you know the details.

Visit Our Web Site
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CQ's 6 Meter and Satellite WAZ Awards
(As of January 1, 2010)

By Floyd Gerald,* N5FG, CQ WAZ Award Manager

6 Meter Worked All Zones
No. Callsign
I N4CH
2 N4MM
3 JlI CQA
4 K5UR
5 EH7KW
6 K6EID
7 KOFF
8 JF IIRW
9 K2ZD
10 W4VHF
II GOLCS
12 JR2AUE
13 K2MUB
14 AE4RO
15 DL3DXX
16 W50Z1
17 WA6PEV
18 9A8A
19 9A3JI
20 SP5EWY
21 W8PAT
22 K4CKS
23 HB9RUZ
24 JA31W
25 IKIGPG
26 W IAIM
27 KILPS
28 W3NZL
29 KIAE
30 IW9CER
3 1 1T9IPQ
32 G4BWP
33 LZ2CC
34 K6MI0/KH6
35 K3KYR
36 YV IDIG
37 KOAZ
38 WB8XX
39 KIMS
40 ES2RJ
41 NW5E
42 ON4AO I
43 N3DB
44 K4Z00
45 G3VOF

Zones needed to han all 40 confirm ed
16.17.18.19.20.21.22.23.24.25.26.28.29.34,39
17.18.19.21.22.23.24.26.28.29.34
2.18.34,40
2.16.17. 18.19.21.22.23.24.26.27.28.29,34,39
1.2.6.18.19.23
17. 18.19.21.22.23.24.26.28.29.34.39
16.17.18.19.20.21.22.23.24.26.27.28.29.34
2,40
2. 16. 17. 18. 19.2 1.22.23.24.26. 28.29,34
16.17.18.19.21.22.23.24.25.26.28.29.34.39
1.6.7.12.18.19.22.23.28.31
2.18.34.40
16.17.18.19.21.22.23.24.26.28.29.34
16.17.18.19.21.22.23.24.26.28.29.34.37
18.19.23.31,32
2. 16.17.18.19.20.2 1.22.23.24.26.28.34.39,40
3,4.16.17. 18.19.20.21.22.23.24.26.29.34.39
1.2.3.6.7.10.12.18. 19.23,31
1.2.3.4.6.7. 10.12.18.19.23.26.29.3 1.32
1.2.3.4.6.9. 10.12. 18.19.23.26.3 1.32
16.17.18.19.20.2 1.22.23.24.26 .28.29.30.34.39
16. 17.18.19.21.22.23.24.26.28.29.34,36.39
1,2,3.6.7.9. 10.18.19.23.3 1,32
2.5.18.34,40
1.2.3.6.10.12.18.19.23.32
16.17.18.19.20.21.22.23.24.26.28.29,30.34
16.17.18.19.21.22.23.24.26.27.28.29,30,34.37
17.18.19.2 1.22.23.24.26.27.28.29.34
2.16.17.18.19.21.22.23.24.25.26.28.29.30.34.36
1.2.6.18. 19.23.26.29.32
1.2.3.6.18.19.23.26.29.32
1.2,3.6. 12. 18.19.22.23.24.30.31.32
I
16.17. 18.19.23.26.34.35.37,40
17. 18.19.21.22.23.24.25.26.28,29.30.34
1,2,17.18.19.21,23,24,26.27.29.34,40
16,17,18,19,2 1.22.23.24.26,28,29,34,39
17. 18,19,21,22,23.24.26.28,29,34,37,39
2.17.18, 19.21.22.23.24.25,26,28.29.30,34
1.2.3, I0.12. 13.19,23.32.39
17. 18. 19.2 1,22.23.24.26.27.28.29,30.34,37.39
1,18.19,23.32
17.18.19,21,22,23,24.25,26,27,28,29,30,34,36
2,16,17,18. 19.2 1.22.23,24,25,26,27 ,28.29.34
1,3,12,18,19.23,28.29.31,32

46 ES2WX
47 IW2CAM
48 OE4W HG
49 TI5KD
50 W9RPM
51 N8KOL
52 K2YOF
53 WA 1ECF
54 W4TJ
55 JM ISZY
56 SM6FHZ
57 N6KK
58 NH7RO
59 OK IMP
60 W9JUV
61 K9AB
62 W2MPK
63 K3XA
64 KB4CRT
65 JH71FR
66 KOSQ
67 W3TC
68 IKOPEA
69 W4UD H
70 VR2XMT
71 EH91B
72 K4MQG
73 JF6EZY
74 VE IYX
75 OKIVBN
76 UT7QF
77 K5NA
78 14EAT
79 W3BTX
80 JH IHHC
8 1 PY2RO
82 W4UM
83 15KG
84 DF3CB
85 K4PI
86 WB8TGY
87 MUOFAL
88 PY2BW
89 K40M
90 JHOBBE
91 K6QXY

1,2,3.10.12.13.19,31.32.39
1.2,3,6.9. 10. 12.18.19,22,23.27.28,29,32
1,2.3.6.7. 10,12,13,18,19,23,28.32,40
2,17,18,19,21,22,23,26,27.34.35,37,38.39
2.17,18,19,2 1,22.23,24 ,26,29,34,37
17.18.19.21.22.23.24.26,28.29.30.34.35.39
17.18.19.21.22.23.24.25.26.28.29.30.32.34
17.18.19.21.23.24,25.26,27,28,29,30.34.36
17.18.19.21,22,23,24,25,26,27.28,29,34,39
2.18,34,40
1.2,3,6.12.18.19.23,31.32
15.16.17.18,19,20,21,22,23,24,34,35,37,38,40
1.2,17,18,19,21,22.23,28,34.35,37,38,39,40
1.2.3,10,13.18.19.23.28.32
2.17.18,19,2 1,22,23,24,26,28,29,30,34
2.16.17,18.19,21.22,23.24,26.28,29,30,34
2,12.17. 18. 19.2 1.22,23,24,26.28.29.30.34.36
17,18,19.21.22.23,24,25,26.27.28.29,30,34.36
2.17.18.19.21.22.23.24.26,28,29.34.36.37.39
2,5.9. 10.18,23.34,36,38,40
16,17,18,19.20.21,22,23,24,26,28,29,34
17,18,19,21.22.23,24,26,28,29,30,34
1,2.3.6,7.10.18,19.22,23,26,28,29,31,32
16,17,18.19. 21.22.23.24.26.27,28,29,30.34.39
2.5.6.9. 18.23.40
1,2,3.6,10,17,18. 19,23,27,28
17,18,19,21,22.23.24.25.26,28.29.30.34,39
2,4.5.6.9,19,34,35.36.40
17.18,19,23,24,26,28.29,30,34
1,2,3.6.7,10,12,18,19.22.23.24,32.34
1.2.3.6. 10.12. 13.19,24,26,30,31
16. 17. 18,19.2 1.22.23.24.26.28.29.33.37.39
1.2.6.10.18.19.23,32
17. 18.19.22.23,26,34,37.38
2.5,7.9.18,34.35.37.40.
1.2,17. 1840 M. 19.21.22.23,26,28,29.30.38.39,40
18.19.21.22.23.24,26,27.28,29.34,37,39
1.2,3,6.10.18.19.23.27.29,32.
1,2. 12.18.19.32
17.18. 19.21,22.23.24,26,28.29,30.34.37.38.39.
16.17.18.19,2 1.22,23.24,26,28.29.30.34.36.39
1,2,12,18,19.22.23.24.26.27.28.29.30,31,32
1,2.17.18.19.22.23.26.28.29.30.38,39,40.
17,18.19.21.22.23.24.26.28,29.32.34.36,38.39.
2.33.34,40
17.18.19.21,22.23.34,37,39

Satellite Worked All Zones
No. Ca llsign Issue date Zones Needed to haw

all 40 confirmed

I KL7GRF 8 Mar. 93 None
2 VE6LQ 3 1 Mar. 93 None
3 KD6PY I June 93 None
4 OH5L K 23 June 93 None
5 AA6 PJ 2 1 July 93 None
6 K7HDK 9 Sept. 93 None
7 W INU 13 Oct. 93 None
8 DC8TS 29 Oct. 93 None
9 DG2S BW 12 Jan. 94 None
10 N4SU 20 Jan. 94 None
1\ PA0 AND 17 Feb. 94 None
12 VE3N PC 16 Mar. 94 None
13 WB4MLE 31 Mar. 94 None
14 OE3JIS 28 Feb. 95 None
15 JA1 BLC 10 Apr. 97 None
16 F5ETM 30 Oct. 97 None
17 KE4SC Y 15 Apr. 0 1 10.18.19,22.23.

24,26.27.28 .
29.34.35.37,39

18 N6KK 15 Dec. 02 None
19 DL2A YK 7 May 03 2. 10. 19,29.34
20 NI HOQ 3 1 Jan. 04 10,13. 18,19.23,

24.26 .27.28.29.
33.34.36 .37,39

2 1 AA6N P 12 Feb. 04 None
22 9V 1XE 14 Aug. 04 2.5.7 ,8,9.10.12.13.

23.34.35.36.37,40
23 VR2XMT 0 1 May 06 2.5.8.9.10.1 1.12,13.23,34,40
24 XE1MEX 19 Mar. 09 2. 17, 18.2 1,22.23 ,26,34 ,37,40

CQ offers the Satellite Work All Zones award for stations
who confirm a minimum of25 zones worked via amateur radio
satellite. In 200 I we "lowered the bar" from the original 40 zone
requirement to encourage participation in this very diffi cult
award . A Satellite WAZ certificate will indicate the number of
zones that are confirmed when the applicant first appli es for the
award .

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

Rules and applications for the WAZ program may be ob­
tained by sending a large SAE with two units of postage or an
addre ss label and $ 1.00 to the WAZ Award Manager: Floyd
Gerald , N5FG, 17Green Hollow Rd., Wiggins, MS 39577. The
proce ssing fee for all CQ awards is $6.00 for subscribers (please
include your most recent CQ or CQ VHF mailin g label or a
copy) and $ 12.00 for nonsubscribers. Please make all checks
payable to Floyd Gerald . Applicants sending QSL card s to a
CQ Checkpoint or the Award Manager must include return
postage, N5FG may also be reached via e-mail: <n5fg @cq­
amateur-radio.com>.

*/ 7 Green Hollow Rd., Wiggills, MS 39577; e-mail: <1l5jg@c q-amatellr-radio.com>
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By Keith Pugh," W51U

SATtLLITtS
Artificially Propagating Signals Through S pa c e

The New, The Old, and The Meetings: ARISSat-1, 50-67,
HO-68, UO-11, AMSAT Symposium, and QCWA

John Ross, WA5WOD . Mike Scarcella. WA57WT, Andy MacAllist er, W5ACM, at the
QCWA meeting 011 board the MS Eurodam.

Two new amateur radio satelli tes,
SO -67 and HO-68, were launched
recently . One old "Bird," UO-II,

returned to life briefly, and progress is
being made on des ign, construct ion, and
testing of ARISSa t- I . I will discuss these
sate llites and go ove r the process of inte­
grating them into the active sate llite
inventory. Reports on the AMSAT 40th
Anniversary Celebration during the
AMSAT Space Symposium and of a visit
to the Arecibo Observatory in Puerto
Rico during the QCWA Cruise Mee ting
will round out this column (photos of this
event are shown throughout the column).

ARl55at- l
Shortly afterthe Amateur Radio on the

International Space Station (ARISS)
meeting in the Netherlands, we learned
that the Russian ORLAN Space Suit that
was to be used for SuitSat-2 had to be
discarded due to a shortage of storage
space on the International Space Station
(ISS). This development left ARISS
wit ho ut a framework to house the
plan ned electronics hardware. Fortun­
ate ly, the free up- mass allocation for
del ivery of the hardware and the laun ch
EV A commitment were still re tai ned.
Thi s led to the rap id des ign of an alter­
nate ha nd-launchab le space frame to
house the hardware. This new sate llite
has now been renamed ARISSat- l .

Fabrication of the space frame and the
electronics hardware is now nearly com ­
plete. Software is still in development
utilizing prototype hardware and is now
nearly ready for integration with the
flight hardware. Fina l integration wit h
the flight hardware is planned for early
20 IO. A Flight Safety review of the entire
satellite is now in progress and should
also be complete in early 20 IO. Current
plan s are to ship ARISSat -1 to Russia for
up-mass to the ISS in mid 20 IO. Fina l

*3525 Willifred Drive. Fort Worth. TX 76133
e-mail: <w5ill@swbell.llet>
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dep loyment will be on a Russian EVA in
late 2010 or 20 II.

ARISSat-1 will have many capabi li­
ties, including a Software Defined Linear
Transponde r (SOX), SSTV, FM voice
beacon, and a CW beacon . It will contain
batteries, a smart battery charge regula­
tor, and solar panels to provide a useful
life for the sate llite that should equal its
time in space . It will re-e nter within six
months to a year from launch.

ARISSat - 1 hard ware and softwa re are
being developed in a modul ar form so that
the designs ca n be reused on other future
satellites. ARISSat-1 will thus become an
inexpensive test bed for future AMSAT
satellites.

50-67 (5umbandila5at)
The second South African satellite ,

SumbandilaSat, was launched by a Rus­
sian vehicle from Baikonur Cosmodrome
in Kazakhstan on 17 September 2009.
The amateur radio transponder is a sec­
ondary feature of the satellite and has had
to take a "bac k seat" to the primary exper­
iments; however, it is being checked out
and operated on a non-interference basis.

Bill Hulse, W5NJ, who was also at the
QCWA meeting on the MS Eurodam.

Th e FM voice tran sponder is very
strong (5 watt s) and has some unu sual
operating characteristics that require
some new ly developed custom operating
techni ques. For example, care must be
exe rcised to avoid over-deviatio n. A long
"sq uelch tail" on the transponder coupled
with PL acce ss has created the necessity

Visit Our Web Site
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The / OOO-f t. diameter reflector of the radio telescope at the Arecibo Observatory in Puerto Rico.

We1re Going Back To Space!

Join Us!

®

AMSAF

www.amsat.org
oreal!

(888) FB AMSAT· (301) 589-6062

Our new AMSAT CubeSat (called "Fox ") is
planned to add to the popular low-earth orbit

FM transponder fleet, allowing hams to
continue using their existing handheld and

portable antenna systems.
Be A Part Of The Team That's

Creating A New Era In Amateur Satellite
Communications!

For more information on becoming an AMSAT member,
visit the AMSAT web site at

Attention Repeater Operators!
The CAT-250 is an

affordablepriced repeater
controller with TIvoice

synthesizer, remote
base port, real time
clock andscheduler.

Computer Automation Technology Inc.
CAT·250 Repeater Controller

Computer Automation Technology Inc.
4631 N.W. 31st Avenue, Suite 142,

Fort Lauderdale, Florida 33309
Phone: (954) 978-6171

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

Options Include:
-19" Rack Mount Enclosure: $59.00
-Computer Interface with Windows ® Editor onCDROM: $49.00

CAT-250 Repeater Controller: $299.00
For detailed information including a complete manual,

visitusat www.catauto.com

I
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P.O. Box 1084, Dept. V
Concord, MA 0 1742 USA

Phone 978-263-2 145
Fax 978-263-7008

spectrum@ spect r um-intt.com

SATELLITE SYSTEMS
For OSCAR
Automate Doppler Tunin g & Antenna Steering

Uni-Trac 2003 Multi-Trac 2001
• Automatically tunes your radios, In REAL
TIME, to track the Doppler changes.

• Outputs steer ing data to your antenna
rotator to track a satellite across the sky.

• Includes custom In terface Cable to suit
your station equipment.

• Uses one SERIAL port or a USB port.

For WEATHER
Track sun-shine, clouds and hurricanes.

TimeStep Weather Systems
• Measure land & water temp in IR images

• Standard APT/GOES "starter" systems
• 1.1 KM high Resolution systems for

NOAA HRPT and Feng-Yun CHRPT

VHF & UHF Filters
• Filters for 137 MHz through 2500 MHz
• Band Filters & ATV Channel filters
• Attenuate "out-of-band" interference
• Define your Vestigial ATV Sideband
• 2M Low Pass filter for OSCAR mode-J (v/u)

Call, write or e-mail for details

•
' , Shipping FOB Concord MA [§SA -j

- Prices Subject To Cha nge Without Notice ~

SPECTRUM INTERNATIONAL, INC.

•

Send All Correspondence To:
CQ Communications,

25 Newbridge Road
Hicksville, NY 11801

Or Call 516-681-2922
FAX 516-681-2926

Send $9.50 Per Issue (Check, Money
Order, Mastercard, VISA , & AMEX.)
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EI Reflector
Mas Grande D e l Mundo

38,778 paneles de aluminio forman el refl ector mas grande del Ir '
mundo. Cada panel es ajustado de fo rma in div idual para lograr '

una curvatura esferlca con una prec ision de 2mm. EI reflector

tiene un peso de 300 toneladas.

\
The Wor ld 's Largest Reflecto r

38,778 aluminum panels form th e largest reflec to r on th~ earth .

Each panel is individually adjuste d to produce a spherical curva­

tu re w it h a 2mm precision. The reflector weights 300 tons .

The plaque describing the Arec ibo radio telescope 's refl ector.

for new opera ting techn iques. Hams are getting used to these
techn iques and operations now are very successful.

Schedulin g of the transponder is under the control of the pri­
mary South African ground station; however, this ground station
is seeking advice from regional controllers around the world for
development of the transponder schedule on a continuing basis .
Ultimately, there will more amateur radio operation on the "Bird"
when the primary experiments are complete. Full details are on
the AMSA T-SA web page: <http://www.amsatsa.org.za/>.

Current frequencies and modes are :

Mode V/U (1) FM Voice Repeater (Use
narrow FM on the uplink)

Uplink: 145.8750 MH z FM,
PL 233.6 Hz.

Downlink 435.3450 MHz FM

HO-68 (Hope OSCAR 68)
Originally known as XIWANG- I (XW-I ), or Hope-I , this

dedicated amateur radio satellite was launched on 15 Decemb er
2009 from China on a Chinese launch vehicle. It is in a High
Low Earth Orbit (High LEO) at 1200 km altitude, giv ing it a
relat ively large footprint. On an overhead pass at my QTH (Fort
Worth , Texas) it is possible to have the entire Nort h Amer ican
continent in the footprint at once . The eas tern third of the U.S.
should have relatively easy acce ss to western Europe, and the
western two-thirds of the U.S. should have acce ss to Hawaii.
Access to the northern quarter of South America is available
from quite a bit of the U.S .

HO-68 has a CW beacon, a linear V/U transponder, a V/U
FM voice transponder, and a V/U packet capability . Init ial test­
ing of all of these capabilities has been very successfu l. I am
especially impresse d by the linear transponder. It remi nds me
somewhat of AO-07, AO- IO, and AO-13.

Vis it Our Web Site
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First view ofthe feed of the Arecibo Observatory in Puerto Rico.

Full details are avai lable on the China
AMSAT web page : <http://www.camsat.
cn> . Current freq uenc ies and modes are
as follows:

Mode V/U (1) FM Voice Repeater
(30 dbm [I w]):

Uplink: 145.8250 MHz FM, PL 67.0 Hz.
Dow nlink : 435 .6750 MHz FM

Mode VIU (1) Linear Transpo nde r
(Inverting) (30 dbm [ I w]):

Uplink: 145.9250-145.9750 MHz
SSB/CW

Downlink: 435 .7650--435 .7 150 MHz
SSB /CW

Mode V/U (1) PacSat BBS (30 dbm
[I w]):

Uplink: 145.8250 MHz AFS K 1200 BPS
Downlink: 435 .6750 MH z AFS K

1200 BPS

www.cq-vhf.com

Mode Beacon (23 dbm [200 mw]):
Downlink: 435.7900 MH z CW

Watch this one carefully as it deve lops!

UO-ll
On I March 1984, UO- I I was placed

in orbit on a Delt a laun cher from
Vande nbe rg AF B in Ca lifo rnia. Thi s
satellite was developed by the Univers ity
of Surrey in England with additional help
from all over in six month s. After a roc ky
start, it went on to have a very succe ssfu l
long time in space. It carried the first
store-and-forward digital co mm unica­
tions exper iment and a number of other
capabilities. It retained nea rly full func­
tion until about the year 2000 and start­
ed to lose function after that. About a year
ago (November 2008) it went off the air
co mpletely and was declared " legally

IDown East Microwave Inc. I
We are your # 1 source for 50MHz
to 1OGHz components, kits and
assemblies for all your amateur

radio and Satellite projects.
Transverters & Down Converters,

Linear power amplifiers, Low Noise
pream ps, coaxial components,

hybrid power modules, relays,
GaAsFET, PHEMT's, & FET's, MMIC's,

m ixers, chip components,
and other hard to find items .

Now offering a
synthesized local

oscillator option for all our
microwave transverters

Please see our web site
www.downeastmicrowave.com
for our Catalog, detailed Product

descriptions and interfacing details.

Down East Microwave, Inc.
19519 78th Ter.

Live Oak, FL 32060 USA
Tel. (386) 364-5529

info@downeastmicrowave.com

Be a FCC Licensed
Wireless Technician!

Learn Wireless Communications and
get your "FCCCommercial License"
with our proven Home-Study course.

Moveto the front of the employment
line in Radio-TV, Communications,
Avionics, Radar, Maritime & more...
evenstart your own business!

No previous experience needed!
Learn at home in your spare time!

rs;'d'~:COMMANDPRODUCTIONS41
WarrenWeagant's FCC LicenseTraining I
P.O. BOX3000,DEPT. 206 • SAUSALITO, CA94966 I
~me: I

IAdd,.ss: I

City/State : Zip: I
www.LicenseTraining.com I

email: info@licensetraining.com I
Call for FREE information kit today! :
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Overall view of the f eed.

dead." Its old familiar buzz was heard
again in November 2009! It lasted for
only a few days but went away again. It
has return ed once more since then and
may be back occasionally. Current theo­
ries about its operation can be found at:
<http://ww w.g3cwv.co. uk!>.

AMSATSpace
Symposium 2009

On 8-11 October 2009, AMSAT cele­
brated its 40 th annive rsa ry during the
AMSAT Space Sympos ium 2009 at the
Baltimore-Wash ington Intern ational
Airport Four Points Sheraton. Th e
AMSAT Board of Directors met on
Thursday and Friday, the sympos ium was
on Frid ay through Sunday, and the
ARISS Ops Team met on Sunday. The
AMSAT Annual General Meeting was
on Saturday afternoon . Martin Co llins of
the National Air and Space Museum was
the after dinn er speaker at the Saturday
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eve ning banqu et. The AMSAT Area
Coordinators Breakfast was on Sunday
mornin g before the IARU International
Satellite Forum .

After welcomin g the inco ming board
members, a new slate of officers was elect­
ed and appointed. Complete minutes of
the BOD meetin g are available in the
AMSA T Journal. Highl ight s were the
planning and status of ARISSa t- l, dis­
cussion of the next major AMSAT Proj­
ect (a 1U Cubesat), potenti al alliance with
the Univers ity of Florida in Gainesville for
educational outreach projects and poten­
tiallocation of the laboratory, and alliance
with the State University of New York at
Binghamton for educational outreach pro­
jects. All of these items were summarized
for the membership at the annual meeting
by President Barry Baines, WD4 ASW, on
Saturday aftern oon.

Papers on a variety of satellite-related
topi cs were present ed on Frid ay and
Saturday. Proceedings of the symposium

are ava ilab le from AMSAT. All atten­
dees we re give n a co py of the Pro ­
ceedings and of Bill Tynan , W3XO' s
grea t new book entitled AMSAT - The
First Forty Years.

The ARI SS' Operations gro up met on
Sunday morn ing for the first "Face- to­
Face Meetin g" of this gro up at the hotel
and on EchoL ink worldw ide to discuss
the direction of ARISS Operations. Thi s
meeting provided a valuable forum for
the group.

I went away from these meetings with
a renewed confidence in AMSAT. The
new organization has faced up to a realis­
tic set of goa ls and appears to have a new
slate of off icers who can carry them out.

QCWA
Th is may see m to be an unu sual turn of

events to discuss the Qu arter Ce ntury
Wireless Assoc iation (QC W A) in an
amateur radio satellites column, but there
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Feed detail.

are reasons. First, the meetin g was to be
held on the MS Eurodatn of the Holland
America Line while tourin g the eastern
Car ibbean. Second , seve ral of my friend s
- mostly fe llow "satelliters"- were go­
ing on the trip, and last, the highlight of
the trip for me was to be a visit to the

Arecibo Obser vatory in Puerto Rico.
Even if you are not famili ar with radio
astronomy you prob ably have heard of
and/or seen the Arecibo Radio Tele scop e
in movi es such as "Contact" and the
"Agent 007" offerings. We had a half-day
dedicated tour of the telescope. I have

included photos of some of the people,
and parts of the telescop e. Thi s is a truly
amazing device and rank s as one of the
marvels of the engineering world.

Oh, yes! Some of us did work satellites
from the deck of the Eurodam while at
sea, but unfortunately satellite pass times
and scheduled eatin g times were in con­
flict on numerous occas ions. Guess
which eve nt won! Th e food on these
crui se ships is exce llent, by the way!

Summary
Let' s welcome the "new Birds" into the

flock and continue to listen for the "o ld
Birds." Co ngratulations to South Africa
and China for excellent additions to the
"flock."

Please continue to support AMSAT in
its plan s for the future of the amateur
radio satellites . AMSAT is now updatin g
its web page at <http://www.amsat.org>
on a much more regular basis. Satellit e
detail s are updated regularly at <http://
www .amsat. org/amsat -ne w/satellites/
status.php>.

' Til next time ! 73, Keith , W5IU

Greater detail of the f eed.
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By Thomas Dean,* KB1JIJ

ATV
Amateur Television - Methods and Applications

Digital Amateur Television - An Introduction

Tom Dean, KBlllJ, is currently a
j unior at the United States Military
Academy at West Point. Tom has been
licensed since 2002 . His operating inter­
ests include HF contesting and dig ital
mode s. He is active in the Academy 's
amateur radio club, W2KGY, where he is
involved in building the Academy's fi rst
CubeSat. Tom is a student of electrical
enginee ring. His academic interests
include signal pro cessing, sof tware
defin ed radio, and complex variable
methods in partial diffe rential equations.

In his column, Tom plans to explore non­
traditional methods and applications of
Amateur Television. He also wants to help
show that building an amateur television
station is not quite as difficult as it might
appear. It has been a long-standing goal
of his to have an easily-obtainable digital
amateur radio setup that would operate in
manner comparable to current analog
methods in amateur television. -N6CL

"e-mail: <Thomas.Deantisusma.edu»

MPEG-2 Stream

Amateur Television has been on the
UHF bands for quite some time. In
the past, it has been standard prac­

tice to match the standard for commercial
broadcasting of television on the amateur
bands, making ope rating ATV easily
accessib le to the typical ham. The recent
mandate from the FCC that all terrestrial
broadcasts must be dig ital raises the pos­
sibility of making digi tal amateur televi­
sion, or D-ATV, common practice. There
are many adva ntages to transmitti ng dig­
ital signals. The use of com pressio n allows
for the ability to send higher reso lution
videos in the same bandwidth. Add i­
tionally, forward error correc tion schemes
allow for weake r signals to be received
with less error. Unfort unate ly, transmit­
ting the digital signa l is a slightly more dif­
ficult task than standard ATV.

This iss ue ' s co lumn provide s an
overview of digital television emi ssion
standards, and presents several theoreti­
ca l approaches that could be used to cre­
ate a digital television station. There has
bee n no wides pread use of D-ATV other

than ex perimentation, bu t hopefully in
the near future this will become as com­
mon as ATV is today.

Digital Television
and the ATSC

There are several possible ways to
encode and mod ulate a digital te levision
signal. Cab le-based sys tems tend to rely
on a modulation technique known as 64­
level Quadrature Amplitude Modulation
(64-QAM) . Alternatively, terrestri al
broadcast stations rely on a different
mod ulation method that is similar to that
used by ana log television , 8-level
Vestigial Sideband (or 8-VSB ). This type
of emi ssion is more suited for terrestrial
channels, and is therefore used in the
Advanced Televisio n Systems Com­
mittee (ATSC) standard whic h wa s
adopted by the FCC. The standard also
incorporates a forward-error-correctio n
scheme which is optimized for a terres­
trial enviro nment. If a D-ATV station
uses a co mmonly accepted standard, the

E--- Segment
Sync

Field
Sync

Figure 1. Block diagram of an ATSC transmitter.
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Figure 2. The VSB modulation process.

demodulation of the signal becomes much like the demodula­
tion of an ATY signal; the signal must be down-converted to a
standard broadcast TY frequency and can then be displayed on
an off-the-shelf digital television . For this reason , I would rec­
ommend the use of ATSC for any D-ATY projects.

Emission Overview
A video signal must go through a series of steps before it

become s an ATSC signal. The signal must first be digitized and
compressed into an MPEG-2 stream. Thi s stream can contain
both the audio and video signal of the transmission. It is not
uncommon to find cameras that will output an MPEG-2 stream,
as this is the same format adapted by the HOY standard used in
most cam cord ers. Additionally, there many commercial board s
available that will digitize and compress an analog video signal.

The MPEG-2 stream is then taken through forward error
correction. The data is typically first randomizedl , and then
sent to a Reed-Solomon encoder followed by an interleaver
and a Trelli s Encoder-. There are options within the standard
to allow additional forward-error correction to be added, at
the expense of video quality, to help in more adverse condi­
tions . Synchronization signals are then inserted into thi s
stream . Thi s separates the signal into fields and segments. The
purpose of the sy nchronization signals is to help the receiver
lock onto the signal.

At the heart of the ATSC standard lies the vestigial sideband
modulation (YSB) . This method of modulation is very similar
to double-sideband modulation. In order to modulate a digital
stream into YSB , three bits at a time are mapped to one of eight
possible DC voltages. A sm all DC voltage is also added to each

symbol, which results in a small pilot carrier being generated
in the final signal. This pilot signal helps the receiver to lock
on and detect the ATSC signal. Thi s signal is then mixed with
a carrier to create a double-sideband, suppressed-carrier signal.
The signal is then turned into a YSB signal simply by running
it through a filter which removes most of the lower sideband,
leaving the entire upper sideband and a portion of the lower
sideband. This modulation method is very similar to the ana­
log NTSC standard, and , like the analog signal, fits with a 6­
MHz channel. ATSC is capable of providing up to 19.39 Mbps
of data in this channel.

Figure 3. The Altera DE2 board. (Courtesy ofAlt era)
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Figure 4. An HF carrier genera ted by the DE2 using the video DA C and the
corresponding FFT.
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Possible Approaches
to a D-ATV Station

Unfo rtunate ly, there are not a large
number of co mmercial sys tems available
that crea te video signals in the ATS C for­
mat. Wh ile it is fairly co mmon to see an
analog signal be modulated into RF to be
displayed on the TV, interchange of dig­
ita l signa ls is typi call y accomplished
using non-R F tech niques such HOMI or
similar interfaces. This makes it a slight­
ly more di fficult probl em to be able to
tran smit digital video.

Since we are already dea ling with a dig­
ital signa l, it lends itse lf well to be
processed via software-defi ned radio. If
you have dealt with SOR, you are most
likely familiar with the Unive rsa l Soft­
ware Rad io Periph eral , or USRP. Thi s
board was developed with the intenti on of
demod ulatin g HDTV television signa ls
and has done so with some success. The
USRP is programmed through GnuRadio,
which links toge ther processing blocks of
C code using Python scr ipt. Creating an
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Figure 5. Designing an ATSC transmitter for the DE2 board using active HDL.
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Figure 6. A simplified design fo r a DAC using a summing
amplifier. Op-amps won' t operate well at the data rate need­
ed, so a summing amp would need to be designed with CMOS

chips capable ofoperating fas t enough.

ATSC transmi tter wo uld be a matter of progr amming each co m­
pon ent that is need ed to end up with the ATS C sig na l and the n
linking it togeth er. GnuRadi o, in fact, co mes with man y of the
building blocks need ed to accomplish suc h a task . Suc h an
approach is limited by the processin g pow er of the co mpute r, the
bandwidth of the US B interface, and the rate at which the video
ca n be streamed into the co mpute r to be processed . Tak ing a raw
video feed and turning it into an MPEG stream is not a simple
task. Combined with the othe r processing required , most co m­
put ers wo uld have trouble tran smitting ATSC in rea l tim e.

A no ther approach would be to move aw ay fro m a co mpute r,
but still re main entire ly in the di git al realm. Man y of the process­
es invol ved were design ed to be don e in hardware rather than
so ftware, so th is approach is more feas ible. An FPGA 3 would
be a great tool to accomplish mu ch of the processing required
afte r an M PEG stream is acquired. Since working w ith FPGAs
ca n be so mewha t d iffi cult, the re are severa l devel opment kits
that can tak e away the necessary board work. Th e A ltera DE2
board co ntai ns a JTAG programming inte rface as well as a vide o
DAC which is design ed for creating signa ls for an an alog VGA
monitor. I have had a fair amount of success usin g thi s DAC to
create baseb and rad io signa ls . It seems to me to be entire ly pos­
sible to program the DE2 board to do all the processin g post
MPEG co mpression to create a baseband RF signa l. This sig­
nal co uld then be up -con verted and ampli fied to create a full
AT SC tran sm itter. T o me, thi s approach seems to be the sim­
plest and most practi cal method.

A thi rd approach would be to use trad iti on al modulation
meth od s to create the 8-VSB signa l. Much of the processin g of
the video stream wo uld still have to be don e in the digital realm,

www.cq-vhf.com

but the modulati on would not be unlike designing an ord ina ry
AM modulator , but with a larger bandwi dth. The bit stream
could be mapped to the DC signa l usin g a DAC , or a minimal ­
ist could try designing hi s own DAC using a summ ing ampli­
fier. Su ch an approach would require co ns iderably more eng i­
neerin g , but could result in a lower cost product.

Conclusion
D-ATV is the future of ama teur television. There are many

advantages that digit al television offers over ana log television ,
one of whic h is picture qu ality. It wo uld also be a very easy leap
to mov e from havin g a D-ATV sta tion to bein g able to ha ve a
high -defin ition station. On e of the more difficult co mponents of
designing a digit al station is dealing with the qu antity of the data
and amo unt of co mputations invo lved in processing the video
feed. Thi s makes such a proj ect bett er suited for a more hard ware­
or iented approach. Su ch a project is ce rta inly achievable. I hope
to be able to sta rt making HD QSOs so me time in the near future!

Notes
I. While it may seem counterintuitive to randomize the data before

sendingit, it actually helps to reduce the amount of error that is received .
Since the amount of noise that the signal will encounter during its trans­
mission is random, the spacing and number of errors that it receives will
also be random. Much like conducting random sampling for a poll across
a population, we are more likely to get an accurate reconstruction of our
errored signal if we rely on a random representation of the signal.

2. Trellis coding, like Reed-Solomon coding, is a method of forward
error correction. The point of forward error correction is to add redun­
dancy to the data being transmitted in order to reduce the number of
errors that are received. While Reed-Solomon error correction encodes
a block. of data at one time, Trellis coding works with any length of
code and encodes a stream of data. Tre llis coding is closely related to
convolutional coding, where redundancy is added to a signal by creat­
ing multiple streams from mixing the signal with different forms of time­
delayed versions of itself. In ATSC, each symbol contains 3-bits (com­
ing from the fact that we have 8-level VSB). Trellis coding works by
sending differently mixed and delayed signals to each of the separate
bits. This type of error correction, combined with Reed-Solomon error
correction, allows us to approach very close to the theoretical limits for
the amount of information that can be contained in a noisy channel.

3. An FPGA is a Field Programmable Gate Array. It is esse ntially a
very large array oflogic gates that can be programmed to perform a spe­
cific function. An FPGA is a great advancement from older technology
such as masked ROM, or Programmable Logic Devices (PLDs), as they
can programmed in a much more flexible manner and are much more
scalable. FPGAs can contain a very large number of gates and can be
used to make up very complicated systems. They are very useful in dig­
ital signal processing and for proto typing Application Specific
Integrated Circuits (ASICs). They are programmed through the use of
a hardware description language such as VHDL (Very high speed inte­
grated circuit Hardware Description Language) or Verilog.
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By Joe Moell,* K00 V

HOMING IN
Radio Direction Finding fo r Fun and Public Service

En Route to Croatia via Ohio

Did you watc h the Tour de France bicycle race coverage
last July? It is amazing to see the effort that all of these
champ ions, as well as most regular weekend riders, put

into optimizing their gear. Each one seeks out ju st the right
shifters, cranks, hubs, pedals, and saddles to make up a custom
cycle that is perfec t for him or her.

It is the same way with hams who love on-foot hidden trans­
mitter hunt ing under international rules, which is called fox­
tail ing, radio-orienteering, and Amateur Radio Direct ion
Finding (ARDF) . As they progress in skill and interest, these
radio athletes look for gear that is bes t at giving them useful
beari ng info rmat ion without slowing them down while navi­
gating through the forest.

Last time I told you that most rad io-orienteers start out on
2 meters with a three-element di rect ion -finding Yagi .
Elements are made from a stee l measuring tape or another
flexi ble material. Th ese antennas are easy to construc t I and
work with any hand ie-talk ie or sca nner if you add an offse t­
type RF attenuator- to knock down the sig nal as yo u approach
a fox transmitt er.

After a few hunt s, some foxtai lers "graduate" to a spec ial
ARDF receiver with tone-p itch signal indication and automat­
ic attenuat ion, such as Sniffer MK4 by Bryan Acker ly,
VK3YNG.3 Others prefer to stick with manu ally operating the
attenuator, beca use it gives them a better "feel" of the distance
to the transmi tter. Are these the same type of people who pre­
fer to drive a stick-shift vehicle?

ARDF ca n be ju st a refreshing walk in the park , but win­
ning a medal usually requires some running-lots of it if you
are in a category with top-tier co mpetitors. Th erefore, yo ur
ARDF setup should be designed to be ca rried safely and effi­
cie ntly whi le running. Having the antenna in one hand and the
receiver in the other j us t wo n't do . Every thing sho uld fit
together in a single asse mbly with a handl e that doesn 't requ ire
an awkward hand position . You may be carrying it for over
two hours at a time, so make it co mfo rtable.

In forma l competitions, additional transceivers and GPS sets
with displays are not allowe d. Co mpetitors are given an orien­
teeri ng map with standard co lor codi ng for vege tation plus sym­
bols for trails, fences , boulders, gullies, and so forth. These
maps are norma lly printed on 8.5" x II " or 8.5" x 14" paper.

Many radio-orientee rs choose to cove r the map with clear
plastic and mount it onto a flat surface that is secured to the 2­
meter Yagi. That makes it easy to see the entire map while run­
ning and to mark beari ngs with a crayon or grease pencil.
Discarded political campaign signs printed on wea therproof
corrugated material are idea l for map boards. The downside is

*P.O. Box 2508. Fullerton, CA 9283 7
e-mail: <kOov@!lOmillgill.com>
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Vadim Afonkin, KB IRLI. finishes the 2-meter competition on
the sand at the 2009 IAR U Region I championships in Bulgaria .
Like most European radiospo rt enthusiasts. he has a special ori­
enteering outfit that includes gaiters to protect his 10IVer legs
fro m the brush. (Photo courtesy of Vadim Afonkin, KB I RLI)

that if it is a windy day, the board turns the antenna into a sail ,
making it difficult to hold steady.

Champions at ARDF who are also experienced at cla ssic ori­
enteering prefer to fold their maps down to about four by four
inches and to "thumb" them . They hold the map in their free
hand , oriented so that their direction of movement is at the top,
placing the thumbnail right on top of their location. As they
turn and travel , they upda te the map 's orientation and the
thumb' s position. They may count their steps to determi ne how
far along a trai l they have progressed. Using this technique, they
never lose track of their ow n position on the map.

What you wear is importa nt, too. Good runn ing shoes are a
must. Orienteering tops and pants of nylon or mesh are pop u­
lar among European fox tailers , beca use they fully cover arms
and legs, yet they are coo l and allow easy movemen t. " In
Sweden, we are not allowed to run in the fores t with short pants

Visi t Our Web Site
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Extra Class book
Go to the top with
Gordo! 2008-2012 book
includes all Element 4
question s and answers,
along with Gordo's fun , I­educational explana- I
tion s. Full of Gordo's

•
....._ ...great memory tricks for I

those tough math and i
electronic th eory questions (wait 'til you _
meet "Eli th e Ice Man")! GWEM $24.95 I

Extra Book & Software Package
Study at your comp uter and take practice I
exams as th e WSYI software scores your _
results and highligh ts areas th at need fur- I
th er study. Software includes explana- I
tions from Gordo's book. Package
includes Gordo's ExtraClass boo k and i
free Part 97 Book. ECS $49.95 _

I
Extra Audio Course on CD
Extra Class Theory Course recorded by
Gordo talks you th rough th e difficult Ele- I
ment 4 th eory to help you understand _
th e material and get you ready for your I
upgrade to the top. On 6 CDs. I

GWEW $39.95 •
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GWGW $29.95

. General Class book Up­
grade to the HF bands
with Gordo &: WSYI!
Gordo's manu al for 2007­
11 reorganizes all th e
question s into logical
topic groups for easier
learning. His explana­
tion s include highlight ed

~--- key words to help you re­
member th e material for test success.
Audio CD is full of great operating tips!

GWGM $20.95

General Book & Software Package
Study at your computer and take practice
exams. Software includes exp lana tions
from Gordo's book, scores your results
and highlight s areas that need further
study. Free Part 97 Book. GUS $44.95

General Audio Course on CD
General Theo ry Course recorded by
Gordo is full of the sounds th at bring
ham radio to life! He talks you th rough
th e Element 3 th eory to help you under­
stand the material for your upcoming
exam. 4 audio CDs.

Order today from W5YI: 800-669-9594 or on-line: www.w5yLorg
The W5YI Group P.O . Box 565101 Dallas, TX 75356 Mention this ad for a free gift._.- ._- ... .. -..-. - --- ---- _. .. _.- _.._- -- ... -_.-

_.._--_.---.'-----
'=:-..

:==--~-

_.

dmtd Technician Class for the
~~7.' .. _ 2006-10 entry-level exam!
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Tech Book & Software Package
I Package includes Gordo's book and Win­
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Tech Audio Course on CD
Technician Theory Course recorded by
Gordo walks you th rough what you need
to know for the Element 2 exam . Great! study companion to his Technician Class

I book, and an excellent study aid if you
I spend a lot of time in your car or truck!
• 4 audio CDs. GWIW $27.95
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At the 2009 USA and Region 2 ARDF Championships near
Boston, Susanne Walz. DG4SFF. of German y used this board
and pushpins to keep track ofher bearin gs and her position on
the map while out on the courses. (Photo by Joe Moell , KRJOV)

and short-s leeve d shirts," says Per-Axel Nordwaeger,
SM0BGU. "That is due to an outbreak of hepatitis, or some­
thing similar, about three decades ago."

"Nobody could figure out why only orienteers got the dis­
ease," P-A continues . "Then they notic~d that many of them

ran the same paths in the forest and got scratches from trees and
bushes. Doctors suspected that blood was getting on the branch­
es and being tran sferred from one runn er to another. We
changed the clothing requirement and it solved the problem."

Carry a bottle of water with you on the course. If it will be
very warm , consider a "camelback" water pouch with a hose
for sipping on the run. Don 't forget a granola or energy bar and
a whistle, in case you need to summon help .

Earn a Trip to Opatija
Every even-numbered year, the hams of one nation invite

those of all others to come to a forest to see who is best at radio­
orienteering. Thi s year, the 15th World ARDF Championship s
(We) will take place near Opatija, Croatia. Over 300 competi­
tors are expected to take to the fore st courses on 2 meters and
80 meter s.

Opatij a is on the Bay of Kvarner on the Adriatic Sea. It is
about 80 miles southwest of Zagreb , the country 's capital. One­
hundred miles to the west, acro ss the Adriatic, is Venic e, Italy.
For over 125 years, the resort there has been a magnet for arti sts
and other members of European high society, espec ially dur­
ing the winter month s. Composer Gustav Mahler and writer
Anton Chekhov were among those who spent time in these
Austrian and Hungarian villas to jump-start their creativity.
Today, touri sts like to visit its 14th-century Benedict ine abbey,
the nature park at Mount Ucka , the woods that are full of Bay
Laurel , and three nearb y medieval town s.

Participants will arrive in Croatia on Monday, Sept ember 13.
They will be transported to the Hotel Opat ija, where they will
rest and prepare for the equipment testing sess ion and opening
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Vadim Afonkin, KBIRLl (left), was recognized on stage at the
2009 Region 1 championships for his effo rts promoting ARDF
in North America. Shaking his hand is Panayot Danev, LZI US,
representing the host country and the interna tiona l ARDF

Working Group. (Photo courtesy of KB IRLl )

ceremonies on Tuesday. Co mpetit ion days are Wed nesday and
Friday , with a full day of rest and touri sm on Thursday. For
team members, the package cost of compet itions, acco mmo ­
da tions, food, and exc ursions is 320 Euros. Each person is
responsible for this fee as well as for his or her transportat ion
from home to Croatia and back .

Th is year' s WC will follow the latest revision of radio-orien­
teering rules, approved in September 2009 by the IARU Region
I ARDF Worki ng Group. New three-transmitter categories for
men over age 70 and women over age 60 were added, making a
total of six categories for men and five for women. Effec tive
course lengths are now specified for each category, ranging from
6 to 12 kilometers.

The USA has had a team at every WC since 1998, and this
yea~'s team m.ay be the biggest ever. We will be competing
against countnes that have had well-established ARDF pro­
gram s, often government funded, since the 1960s. Russians,
Ukrainians, and Czechs took home over 90 percent of the
meda ls in 2008 . On the other hand , some countries have never
had medal winners, but their teams grea tly enjoy participating
and learning. I:>

The USA co ntinues to improve in the spor t. Nadia Scharlau
:von the USA ' s first WC medal when she cap tured third place
In her category on 80 meters in 2006 in Bulgaria." George Neal,
KF6YKN, earned a bronze medal on 2 meters in the 2008 WC
near Seo ul, Korea.> The USA had four top-te n catego ry fin­
ishes that year.

Most nations select their ARDF team members by stagi ng a
n.ational championship eve nt. The USA has held one annually
SInce 200 I. In eve n-numbered years, it must take place in the
spring to allow time for fina lization of ARDF Team USA and
preparation for WC travel in the late summer or fall.

In odd -numbered years, the championships ca n take place in
the summer, maki ng it possible to utilize high-altitude locations
such as Lake Tahoe that are too wet or co ld in the spring. Also
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in odd years, the three IAR U regions are encourage d to hold
championships. Here in Region 2 (North and South Amer ica),
on ly the USA and Canada have established ARDF programs at
this time. The USA ' s national championships have bee n com­
bined with IAR U Region 2 Championships since 200 1. Plans
are in the works to have the Region 2 Cham pionships be in
Canada for the first time in 20 I3.

In June 2009, the USA'schampio nships took place in a north ­
eas tern state for the first time. Vadim Afonkin KB IRLI set
outstanding courses on both 2 meters and 80 met~rs in the 7000­
acre Blue Hills Reservation near Boston .? One quarter of the
participants had never co mpeted in a formal on-foo t tra nsmit­
ter hunting eve nt before, and of these, 80 percent live in east­
ern Massachu setts. Vad im, who learned ARDF in his native
~ussia as a you th, continues to promote and develop the sport
In the Bay State by putting on regular practice and tra ining ses­
~ions . His proteges will be formidable compe titors at upcorn­
mg USA championships and are expected to earn positions on
Team USA.

Th ree month s after his big even t in Bosto n, Vadim repre­
~ented USA at the 2009 IAR U Region I ARDFChampionships
In Ozbor, Bulgaria. He participated on the courses and in the
training camp j ust prior. Because the USA is not a Region I
country, Vadim had to compete as a visi tor and he was ineligi­
ble for medals. However, at the medal ceremony, he was invit­
ed up to the podium and received an award for his work in devel­
oping ARDF in this part of the world. It was presented by
Panayot Danev, LZ I US, who is Bulgaria ' s representative in the
ARDF Working Gro up.

To Ohio in May
Stepping forward to host the 2010 USA championships are

some very enthusiastic hams in the Cincinnati, Ohio area . It ' s
no surprise that ARDF is popul ar in the region bounded by
Interstate 275 and poin ts north , which includes nearby parts of
Kentu cky and Indiana. Now here in the country is there a greater
concentration of excellent orienteering sites with deep forest,
steep hills, and networ ks of trai ls.

USA's ARDF Championships are open to all, regardless of
radio-orientee ring skill level or ham rad io licensin g status.
For the second year, reg istration for the USA's nation al cham­
pionships will be at no charge for first-ti me participa nts and
for partic ipant s comi ng from outside North America.
Members of ARDF Team USA will be chose n fro m the win­
ners of these champio nships in Ohio and fro m the 2009 cha m­
pion ships near Boston .
. Everyo ne will gather on Friday, May 2 1 for informa l prac­

tree and equipment testing at a site to be announced . That will
be followed on Saturday by the forma l 2- meter competition at
another site with a cookout for all participant s afterwards. On
Sunday, the 80-meter competition will take place in yet anoth­
er location, followed by the meda l awards ceremony.

This yea r's co-c hairs are Bob ' Frey , WA6EZV, and Dick
Arnett, WB4SUV . They have trained in the area for years and
traveled to the WC four times. In 2003, they put on the highly
successful Third USA and Seco nd IAR U Region 2 ARDF
Championships, headquartered at Miami Universi ty in Oxfo rd,
Ohio. Both of them, as well as two other orga nizers , want to qual­
ify for the WC again. To make that possib le, each will be setting
one of the two courses and running the other.

Bob Frey, WA6EZV, and Brian DeYou ng, K4BRI , will put
out the 2-meter course. Dick Arnett, WB4SUV, and Matthew
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signal strength and stea lth aren' t over­
ridin g factors, which meth od is better at
getting acc urate bearings in these high
mult ipath si tuatio ns? Th at topi c is of
great interest to eng inee rs at ce llular and
wireless co mpanies, as well as to other
co mmercial users of VHF/U HF.

Two researcher s fro m the Applied
Elec tromagnetics and Wi reless Lab of
Oakland University in Rochester , Mich ­
igan did an extensive study to get answers
to that questi on . Th ei r findings we re
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attenuator on one receiver and a Doppl er
set with its array behind the quad on the
roof, co nnected to anothe r receiv er.
Usuall y, signals are very weak after leav­
ing the hilltop starting point. It is not
uncomm on for the quad to be the only
way to get bearin gs until I have' dri ven
about three-qu arters of the way to the hid­
den T and the Dopp ler comes into range.

What about tran smitter hunting in
urban areas where there are many sur­
faces to reflec t VHF/UHF signals? When

Robb ins, AA9 YH, will be responsible for
the 80- meter co urse. Additional ass is­
tance wi ll co me fro m memb ers of the
OH-KY-IN Amateur Radio Club,
Orienteering Cincinnati (OCl N), and the
Butler County VHF Assoc iation.

As of this writing, the exact competi­
tion sites have not been finalized, but Bob
and Dick have put the following locations
on the embargo list: Hueston Woods
State Park, Oxford Nature Preser ve,
Ceasars Creek State Park , Englewood
Park (Day ton), Mounds State Recreation
Area (Ind iana), and East Fork State Park .
Anyo ne who will be co mpeting in the
20 I0 ARDF championships may not go
into these areas unt il then , to prevent
them getting an unfair advantage of
familiarity with the terrain.

As it becomes avai lable, more info r­
mation is being placed in the offic ial web­
site of the 20 I0 championships," includ­
ing registr ati on form s, local lodgin g
information, and hunt frequencies. A pre­
championship ARDF trainin g ca mp on
May 19 and 20 is a possibility, so look to
the site for information about how to
ex press your interest in that. Bob and
Dick are also organizing the annua l
Foxhunting Forum at the Dayton Ham­
vention® one wee k earlier. That popul ar
session is tent ati vely scheduled for
Friday, May 14 at II AM in Room 2 of
Hara Are na, although it may change to
2:45 PM .

Doppler or Beam?
Many of the questions in my incoming

e-mail are about equipment selection for
vehicular direction finding at VHF and
UHF frequ encies. Whi ch is bett er , a
hand-turned beam or an add-on Doppler
set? Of course the answer is " It depend s."
For instance, when track ing a source of
malici ou s inter feren ce, a four-e lement
quad protruding through a hole in the car
roof is not very stealthy. The four quar­
ter-wavelength whips of a Doppl er array
are much easier to co ncea l. Before his
untim ely death in 2006, Mik e Oberm eier ,
K6SN E, tracked down num erous re­
peater jammers and bootleggers with a
Doppl er array mounted in the bed of his
truck , covered with a non-metallic she ll
to make it invisibl e from the outside .

On the other hand , an array of quarter­
wave length whips se lected one at a time
has much less gai n than a Yagi or quad .
When the signal to be tracked is distant
and weak, that' s impractical. For co m­
petiti ve 2-meter mob ile hunt s, my van is
equipped with a rotating quad and RF
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Bob Frey, WA6EZV, will be a co-chair of the organizersfo r the
20 10 USA ARDF Champi onsh ips near Cincinnati. Here he
shows his 2-meter ARDF gear to Kentaro Kurogi and Masahiko
Mimura, the two visiting competitorsfro m Japan, at last year 's
championships near Boston. He has mounted his map onto a
discarded campaign sign that is taped to the elements of his Yagi

antenna. (Photo by KfJOV)

detailed in a paper publi shed by the journal Physical
Communications Aloi and Sharawi compared three RDF sys­
tems at 2400 MHz. Each was mounted on a vehicle inside a
195' x 2 13' parking garage. Bearings were taken one at a time
on 488 tran smitt ers in 122 locations inside the garage, at four
heights above ground for each location. A second set of data
was taken with eve rything the same, except that there were 46
other vehicles surrounding the car with the RDF sets.

Of co urse the researchers didn 't have that many actual trans­
mitters or take that many actual bearings. In fact , they didn 't
take any field bearings at all. The y didn't even build any RDF
equipment. It was all done with computer simulation. The RDF
sets were represented by algorithms. The parking lot was cre­
ated as a model in Wireless InSite,9 a commercial software
package. That program trace s man y signal-ray path s between
each transmitter and recei ver , including reflected path s via sur­
faces of the parkin g lot and the other cars.The parking-lot model
was quit e detailed, including concrete, glass, rubber and metal
in the floor, ceiling, support post s, and the other cars .

The first method to be simulated was amplitude-based, anal ­
ogo us to RDF with a Vagi or quad . The researchers wrote pseu­
do-code for an automated sys tem with eight directional dual ­
polarization antennas, each coverin g a 45-degree seg ment of
azimuth. Received power level s from the antennas were calcu­
lated and then compared to determine the signal bearings. Two
possible half-power beam width s for each antenna were simu­
lated, 45 degrees and 90 degree s.

The seco nd system was a classic sequentially-s witched
Doppler set with a circle of zero-gain vertical antennas, switched
sequentially into the receiver. That switching imparts a FM com-

60. CO VHF • Winter 2010

Dick Arn ett, WB4SUV, runs the 2-meter fi nish corr idor at the
2009 USA and lARU Region 2 ARDF Championships 01 1 his
way to a gold medal in the M60 category. Dick is a co-chair of
the organizers fo r this yea r's championships in Ohio. (Photo

by KfJOV)

ponent to the incoming signal at the fixed frequency of the pseu­
do-rotation. The relative phase of that added modulati on is a func­
tion of the direction of arrival of the incoming signal.

The third RDF sys tem was described as "digital PLL. " It had
the same set of vertical antennas in a circle, but the relative sig­
nal phase at each whip was measured by a bank of phase-locked
loops . Th at information was compared against a tabl e of the
expected relati ve phases that had been calculated for eac h whip
at all azimuth dire ctions. The perceived bearing was the dire c­
tion of arrival for which the tabl e values produced the best fit
for the target phase information. Thi s is analogous to a multi ­
element time -di fference-of-arri val (TDOA) RDF system.

Some of the study conclusions see m obvious. Any experi­
enced hidd en-transmitter hunt er co uld have predi cted them . For
instance, a RDF antenna on top of the car roof work ed better
than one underneath it. Narrow (45-degree beam width ) direc­
tion al antennas gave better acc uracy than wide (90-deg ree
beamwidth) antennas in the amplitude-based sys tem. Acc uracy
of each method was better with no other cars nearby than it was
when surrounded by car s. Bearings were better when the tran s­
mitters were 70 inche s above ground, compared to lower loca­
tion s. No surprises there.

The big question was which of these RDF methods was most
accurate in high multi path . To determine this, the researchers
compared target azimuth as perceived by the simulated RDF
sets (the bearings) with the actual target azimuth. If the bear­
ing was within plus or minu s 22.5 degrees of being co rrect, the
data point was judged as a PASS. If the bearing was off by more
than that , it was judged as a FAIL.

The amplitude-based meth od won the contes t handil y. Pass
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Notes
I . http://www.homingin.com/equipment.

html
2 .h tt p ://www.ho m ing in.com/joe kOov /

offa tten.html
3. http: //www.foxhunt. com.au/
4. http ://www.homin gin .com/bulgaria.html
5. http://www.homin gin .comlk orea08.html
6. The story of these championships is in my

"Homing In" co lumn for Summer 2009 enti­
tled "C hampio nship Fox hunting Brings the
World to Boston."

7. http ://www.usardf2010.com/
8. D.N. Aloi, M.S. Sharawi, "Comparative

analysis of single-c hannel direction finding
algorithms for automotive applica tions at 2400
MHz in a complex reflecting environment,"
Physical Communicatio n (2009), doi: 10.1016/
j .phyco m.2009.08.002

9. http ://www.remcom.com/wireless-insite
10. More information on Doppl er RDF sets

and how to optimize them is in my " Homing
In" co lumn for Spring 2004 entitled "Ge t
Better Performance From Your Dopp ler Set."

or all-on-foot foxhunts, make 20 I0 your
year to get more involved in ham radio
direction-finding activ ities. Enco urage
other hams to do so also. Then let me
know what is happenin g in your area so
I ca n pass it along to othe r read er s.

73, Joe, K00 V

Many thanks to all of the CQ VHF read­
ers who have sent in their stories, ques­
tions, and ideas for futur e column topics.
Whether you prefer vehicular "T-hunts"

rates for the 45-degree beam width car­
top-mounted receive ant enn a in the
garage were between 65 and 89 percent.
Equiva lent pass rates for the better
Doppler (8 eleme nts) were only 10 to 20
percent. The eight-element TDOA sys­
tem was only slightly better than the
Doppler, with pass rates ranging from 15
to 24 perce nt.

This simulatio n ass umed an "idea l"
Doppler RDF system, which is probably
better than the Doppl er you are using for
transmitter hunting. Man y hams have
antenna sets with non-optimum antenna
RF switches, which creates an undesired
amplitude response that degrades the
bearing accuracy.10 Antenna position on
the vehicle can have a significa nt effect
on accuracy, too.

A 10- to 20-percent probabi lity of bear­
ings within 22.5 degrees of bein g correc t
makes the Doppler techn ique see m
almos t not wor thy of cons ide ration.
However, these researchers did not test
the method that ham s use to compensate
for the basic inaccuracie s of fixed-loca­
tion Dopplers: Increase the effective
baseline by taking readings from mult i­
ple places.

Hams with Doppl er experience know
that bearings from their sets at fixed loca­
tions are always suspec t due to multipath ,
so they keep their Dopp ler-eq uipped
vehicles in mot ion wheneve r possible.
They ave rage the bearings obtained from
many point s along the road, either with
computer ass istance or ju st by eye balling
the display. That goes a long way toward
improv ing Doppl er RDF accuracy and
making it on par with beams and other
amplitude- based techniq ues for VHF/
UHF mobil e transmitt er hunts.

I have two suggestions for future
research with these models:

I. Acquire a set of data with the RDF­
equipped cars moving along a track with­
in the parking garage, takin g mult iple
bearings and averaging. That would quan­
tify the improve ment that can be obtained
by increasi ng the effec tive baseline.

2. Bearin gs that are in error by 22
degrees do not give useful results when
triangulated, so acquire additional dat a
sets with pass criteria of plus or minus ten
degrees error and five degrees error. That
will provide an even better comparison of
the three RDF methods in high multipath.
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By Kent Britain,* WA5VJB

ANTtNNAS
Connecting the Radio to the Sky

Stacking Yagis

*1626 Vineyard. Grand Prairie, TX 75052
e-mail: <wa5vjb@cq-vhfcom>

interaction between the two antennas we
need to stack them as shown in figure 3,
right? No, because we have to consider
the capture area of the Yagis on the same
frequency at the same time . In figure 4
you can see how the capture area of the
I44-MHz Yagi is very small at 432 MHz,
and the 144-MHz capture area ofthe432­
MHz Yagi is next to nothing. This means
we can safely stack the antennas much
closer together. Just think of some of the
VHF rover stations with over a dozen
antennas on their roof racks.

At the 2009 Microwave Update con­
ference I had an opportunity to run some
quick tests on the antenna range. While
measuring a432-MHz beam, 50-ohm ter­
minated 902-MHz and I296-MHz Yagis
were mounted at different heights as
shown in photo A. At spacings as close
as 6 inches the gain change was only a
few tenths of a dB at 432 MHz. I had to
space them where the U-bolts were actu­
ally touching before the gain dropped a
full dB. Also, I think much of that was
SWR losses where the elements from the
other Yagi got close to the 432's driven
element. After all, on HF it is quite com-

works quite well for our applications. The
subject is capture area .

Think of capture area like you would a
panel of solar cells. If you want twice as
much power from a solar panel, or 3 dB
more DC power, you need twice as much
area. In this case we will call it capture
area. An antenna with 3 dB more gain will
also have twice as much capture area .

In figure I are two identical antennas.
While I drew the capture area as a line, in
reality it is a tapered area with very fuzzy
boundaries. You want to stack the anten­
nas at a distance where their capture areas
overlap just a bit. A little more overlap
and you have a cleaner pattern and less
losses in the phasing harness . Farther
apart and you get a little bit more gain,
but more masts and longer phasing lines
are needed, and in the end you lose most
of that extra gain. Also, for those of us
with EME arrays, stacking for optimum
suppression of side lobes is taking this
exercise to an entirely new level.

In figure 2 I chose a 144-MHz and a
432-MHz Yagi . Of course, any two bands
could be used, and a higher gain Yagi
would have a larger circle. To prevento

o

I
would like to start out with a bit of an
apology to the readers ofboth CQ VHF
and CQ. I try to avoid the having the

same topic in my columns in both maga­
zines, but stacking Yagis has been a hot
topic oflate. Nothing seems to get a group
of VHFers to take off in a dozen differ­
ent directions than a discussion on how
far apart you need to space your 50-,
144-,222-, and 432-MHz Yagis to min­
imize interaction. Also, I can go into a bit
more detail here than I could in CQ.

First we start with a concept that will
make university professors cringe, but it

Figure 1. Capture area of two Yagis
stacked for maximum gain. Figure 2. Relative capture area of Yagis for different bands.
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Figure 3. The stacking distance for
dissimilar Yagis.

Figure 4. Relative capture area of the Yagis on the same freq uency.

Photo A. Testing dissimilar Yagis at different spacings.

mon to build Yagis for two, three, and
even five bands on the same boom.

The bottom line is that you can mount
a higher band Yagi very close to a lower
frequency Yagi with virtually no interac­
tion. The next question is what changes
are there in the higher band Yagi? Well ,
with snow coming down as I write this
co lumn, it will take warmer wea ther to
make those measurement s. However ,
I'mjust a curious as you are, so stand by.

Pitfalls in Helix
Antenna Construction

With out a doubt, the UHF+ antenna
with the most myths is the helix. Dozens
of websites have simple calculations for
determining the dim ension s for your
desired frequency . There is a problem,
though . The ca lculations themselves
come out about 3 dB too high . However,
few hams actually bui ld the helix per the
assumptions behind those ca lculations.

The helix in photo B looks goo d, but it
does n' t work. I'll be going into the
assumptions and co nstruc tio n pitfa lls
next time.

Letters, Letters,
We Get Letters

From Mark , we have some questions
concerning recent advertisements about
"low- noise" VHF antennas . An antenna
picks up all signals, both the signal you

want and the signals you don 't want.
Below 2 MHz there are antenn a designs
that do a good job of picking up skywaves
better than local noise and they are called
low-noise antenn as, but that is not the
case with Yagis.

In figure 5 I have plots from two ver­
sions of a Cheap Yagi. Note that one has
much smaller back lobes than the other.

When it comes to extreme communica ­
tions such as moonboun ce, any signal
coming in from the back of the antenna
is j ust system noise. In this case low noise
means very low side and back lobes. For
ragchewing or repea ter service yo u
would never hear any difference. Thu s,
low noise is another way of say ing the
Yagi has a very clean pattern.
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It ' s one thin g to have a "Mickey
Mouse" antenna, and it' s anoth er thing to
have an antenna with Mickey Mou se
printed on it. At the Microwave Update
2009 co nfere nce we had the antenna
ranges set up. Photo C shows here Doug,
K A 2UPWIS, with his combination L-

Band/S-Band collapsible dish based on a
Disneyland folding parasol. Not bad­
ju st over 16 dBi gain on both 1269 MHz
and 2402 MHz.

Again , we welc ome your antenna

questions and topi c suggestions. Ju st
drop a note to my QRZ. com snail-ma il
address or an e-mail to <w aSvjb @cq ­
amateur-radio.com>. For other antenna
articl es and projects, you are welcome to
visit <www.waSvjb.com>.

73, Kent , WASVJB
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Photo B. Pitfalls when constructing helix antennas. Figure 5. Low back lobes and low noise.

Photo C. Mickey Mouse L-Band/Si-Bandcollapsible dish.
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CO is a different kind of ham
magazine. Fun to read ,
interesting from cover to
cover. Read and enjoyed
by thousands of people
each month in 116 countries
around the world.

CO is devoted entirely to
the things that Hams care
about. It's a fine blend ofL=------ technical ideas and projects,

news and reviews of new Ham products and
operating information, written and edited by
a group of people who are absolutely crazy
about this hobby!

If you enjoy Amateur Radio.
you·1I enjoy rm
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By Bob Witte," K0NR

FM

Arguments Against
Closed Repeaters

Many peop le argue against allowing
closed repeaters from simply a fairnes s
point of view . Locking people out of a
repeater is discrimination and ju st seems
like the wrong thing to do in this friendl y
hobby of amateur radio. Sometimes this is
articulated as being inconsistent with good
amateur practice (Part 97.10 Ia).

A more specific argument is found in
Part 97. IOl(b), which says:

Each station licensee and each control oper­
ator must cooperate in selecting transmitting
channels and in makin g the most effecti ve use
of the amateur service frequencies. No fre­
quency will be assigned for the exclusive use
of any station.

Why Closed Repeaters?
Th ere are a number of reasons why

groups or indi viduals decide to make their
repeater sys tems closed. The most com­
mon reason seem s to be the idea of keep­
ing particular types of indiv iduals and
operating sty les off the repeater. One
closed repeater system states this clearly
on its website with the motto "no scum
bags." If you dig deeper into this, you may
find that these repeater licensees have had
troubl e in the past with certain repeater
users spoiling the use of the repeater for
the larger group. Ham repeaters are more
than just pieces of radio gear on a hill ;
they have a social aspect to them. Over
time, groups that hang out on a repeater
tend to develop acceptable pattern s of
radio opera tion for that repeater. Like­
mind ed opera tors are attracted to the
same repeater systems and tend to have
compatible operating habits.

Some repeaters sit quiet all day long
exce pt for a few short calls and a sched­
uled net or two. Others are known as
ragchew machines and get a lot more use.
Some systems are ded icated to spec ific
ham interests such as ARES, RACES, OX,
etc. In most regions, a new ham gradual­
ly figures out the personalit ies of these
repeater social groups and migrates to one
they find to be comfortable. Now imagine
some of the ragchew-oriented folks get­
ting on a repeater that has users who pre­
fer a quiet channel and you can see some
conflict. If that ' s not enough, toss in some
diversity of political and social views and
it can get ugly. With a closed repeater, the
group attempts to actively control who is
allowed on the repeater and keep things
operating the way they prefer. .

Another reason for closed repeaters IS

the fi nancia l support argum ent. Re-

cial features such as autopatch operat ion
or repeater linkin g restricted to memb ers
only. Some closed systems will go ahead
and opera te "o pen" durin g an emergency
situation. Some closed repeater gro ups
are open to adding new members to help
support the cos t of the repeater system,
while other groups prefer to limit mem­
bership to the core group.

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

Repeaters: Open or Closed?
peaters are expensive and require signif­
icant time and money to keep them func­
tional. Some repeater ow ners ge t very
frustrated when a few user s hog the
machin e while not co ntributing any
financia l support. Pull out the club roster
for your local repeater gro up and co m­
pare it to the callsigns you hear eve ry day
on the repeater. You may be surprised at
how many regular users don 't pay dues
to support the repeater. Requiring a paid­
up club memb ership to use the machin e
is one solution to that problem .

Anoth er argument for keepin g a
repeater closed is because there are CO I/l­

plex features on the system. Consider a
gro up that puts up a repeater system that
has many options for linking togetherdi f­
ferent channels and repeaters. They may
conclude that the users need to be trained
to use the sys tem and decide to limit
access to ca refully se lected ham s who
have the competency to operate the sys­
tem. Thi s trainin g requirement (and per­
haps memb ership requirement) res ults in
a closed system .

Sup port ing these argume nts for hav­
ing a closed repeater is the underl yin g
pr inciple of private property. Th e
repeater ow ner thinks. "This repeater is
my amateur radio station and I decide
who has access to thi s equipme nt."
Nowhere in the FCC rules does it say an
amateur operator has to allow eve ryo ne
use of his station.

*21060 Capella Drive. Monum ent. CO 80 132
e-mail: <bob @kOnr.com>

What is a Closed Repeater?
The ARRL website (www.arrl.o rg)

gives us this simple definition : Closed
repeater- a repeater whose access is lim­
ited to a select gro up.

Sometimes called a private repeater , a
closed repeater is intended to be used only
by a specific group of radio amateurs. How
this excl usivity is enforced varies, but usu­
ally includes a strong dose of social pres­
sure. In other words, if you show up on a
closed repeater you are likely to be ver­
bally encouraged to find another repeater.
(The amount of politeness in the delivery
of this message tends to vary dramatical­
ly !) Closed repea ters may also employ
some technical methods to keep unwant­
ed users out, including various forms of
tone access (CTCSS, DTM F, DCS, etc.).
However, keep in mind that the use of tone
access does not necessarily mean the
repeater is closed . Years ago, the use of
CTCSS was often associated with closed
repeaters, but these days many open
repeaters use tone access to avoid a vari­
ety of interference problems.

For closed repeaters that are supported
by a formal organization, repeater usage
is usually limited to club members only.
Memb ersh ip elig ibility may be tightl y
contro lled (such as requiring sponsors hip
by current club members), or it may j ust
require an applica tion with payment of
dues. Another co mmon model for a
closed repeater is for a few indi vidual s to
collabora te on puttin g up a repeater and
make it avai lab le to on ly their soc ial
group. In this case. being "in the group"
can be very informal.

There are vary ing degrees of "c losed"
when it comes to repeaters. For exa mple,
many open repeaters choose to keep spe-

The FCC recen tly reaffirmed the
legitimacy of closed repeaters by
dismissing a petition to modify Part

97 of the FCC rules to eliminate closed
repeaters. In this column, we' ll take a look
at this controversial issue and try to
explain the FCC' s actions.
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FCC Rules Specific to Repeaters

www.hiprorepeaters.com
2m, 222, and 440 Repeaters
Link Systems, Transmitters,
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Two-Year Warranty
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In other words, licensed amateur radio
operators can use any frequency (within
their license privi leges). Therefore, they
should be able to use any repea ter .

Conventional FM repea ter technology
is not frequency agile. A repeater owner
sets up a repeater to function on a spec if­
ic pair of input/output frequencies, tunes
the transmitter, receiver, and dup lexer to
operate on that pair, and it stays there.
This creates a direct correspondence
between a partic ular amateur radio sta­
tion (the repeater) and a spec ific fre ­
quency (actually a pair of frequencies).
The FCC actively enco urages repeater
owners to work with their local frequen­
cy coordinator to select a freque ncy pair
that is not already in use, with the expec­
tation that the frequency coordi nator will
not coordinate another repeater on the
same frequency in the same general loca­
tion. Most ham radio activity isn't tied to
one frequency; if the frequency I want to
use is busy, I just turn the dial and find
another one, just as good as the first one.
Thus, the shared frequency argume nt is
that a coordinated closed repeater is
essentially assigned a frequency for the
exclusive use of a particular gro up of sta-
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§97.205 Repeater station.
(a) Any amateur station licensed to a hold­

er of a Techni cian , General, Advanced or
Amateur Extra Class opera tor license may be
a repeater. A holder of a Techn ician, Genera l,
Advanced or Amateur Extra Class operator
license may be the control operator of a
repeater, subjec t to the privileges of the class
of opera tor license held.

(b) A repeater may receive and retransmit
only on the 10m and shorter wave length fre­
quency bands exce pt the 28.0-29.5 MH z,
50.0-5 1.0 MHz, 144.0-1 44.5 MHz, 145.5­
146 .0 MHz, 222.00-222. 15 MH z, 431.0­
433.0 MH z and 435.0-438.0 MHz segments.

(c) Where the transmiss ions of a repeater
cause harmful interfere nce to another re­
peater, the two station licensees are equally
and fully responsible for resolving the inter­
ference unless the opera tion of one station is
recomm ended by a freq uency coordinator
and the operation of the other station is not.
In that case, the licensee of the non-coordi ­
nated repeater has primary responsibility to
resolve the interference.

(d) A repeater may be automatically
controlled.

(e) Ancillary functions of a repeater that
are ava ilable to users on the input channel are
not considered remotely controlled functions
of the station. Limitin g the use of a repeater
to only certain user stations is permissible.

(f) [Reserved]
(g) The control operator of a repeater that

retransmits inadvertently communications
that violate the rules in this Part is not account­
able for the violative communications.

tions. Th is seems inconsistent with Part
97.IO I(b).

The FCC Decision
The rece nt petition submitted by

Murray Green, K3BEQ, used the shared
frequency arg ument aga inst allowing
closed repeaters. Acco rding to the FCC
dism issal letter, the petition reques ted
" .. .that the Co mmission amend Sec tion
97.205(e) of its Rules to prohibit a
repeater station licensee or control oper­
ator from limit ing the use of a repea ter
to only certain user stations, unless a user
blatantly vio lates the Co mmiss ion's
Rules." The FCC rejec ted the argument,
saying, "Coordination does not and can­
not result in assignment or establish co n­
trol of an amateur se rvice channe l,
and noth ing in the rules prohibits other
amateur stations from using the channels
for which a repeater has been coordinat­
ed when they are not being used by
the repeater."

(h) The provis ions of this parag raph do not
apply to repeaters that transmit on the 1.2 ern
or shorter wave length bands. Befo re estab­
lishing a repeater within 16 km (10 miles) of
the Areci bo Observatory or before changing
the transmitting frequency, transmi tter
power, antenna height or directivity of an
existing repeater, the station licensee must
give writte n notification thereof to the
Interference Office, Arecibo Observa tory,
HC3 Box 53995, Arecibo, Puerto Rico
006 12, in wri ting or electro nica lly, of the i
techni cal parameters of the prop osal. I~

Licensees who choose to transmit informa- '
tion electro nica lly should e-mai l to:
prcz@naic.edu .

I. The notification shall sta te the geo­
graphical coordinates of the antenna (NAD­
83 datum ), antenna height above mean sea
level (AMS L), antenna center of radiat ion
above ground level (AGL), antenna direc tiv- I
ity and gain, proposed frequency and FCC
Rule Part, type of emission, effec tive radiat- ,
ed power, and whether the proposed use is
itinerant. Licensees may wish to co nsult
interfere nce guideli nes provide d by Cornell
University.

2. If an objec tion to the proposed opera ­
tion is receive d by the FCC from the Arecibo
Observatory, Arecibo, Puerto Rico, within
20 days from the date ofnoti ficat ion, the FCC
will consider all aspects of the problem and
take whatever action is deemed appropriate.
The licensee will be required to make rea­
sonable efforts in order to resolve or mitigate
any potential interference problem with the
Arecibo Observatory.

Now that is a rather odd statement by
the FCC, since genera lly accepted operat­
ing practice is to not transmit on the input
or output frequency of a repeater unless
you are intending to use that repeater.
Opera ting simplex on the input or output
of a repeater is highly likely to create inter­
ference with users of that repeater.

More importantly, the FCC upheld the
princip le that the repeater licensee or con ­
trol operator is respo nsib le for the prop ­
er operation of the repeater. The dismissal
letter says , "Section 97 .205(e) merely
enables a repeater lice nsee or co ntrol
operator to contro l the repeater, so that he
or she can ensure the repeater is proper­
ly operated as req uired by Sec tio n
97.105(a) ." In other words, limiting the
use of the repeater to only certai n user sta­
tions is an important tool for ensuring the
repeater is operating in compliance with
FCC rules.

This is very co nsistent with FCC
enforcement actio ns over the last decade.
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Take a look at the warni ng letters on the
FCC Amateur Radio enforcement page .
They include multip le letters to ama teur
radio operators who have been told to stay
off a particular repeater. Included in the
typical FCC letter is this statement:

The Co mmissio n requires that repeaters be
under the supervision of a co ntrol operator
and not only expects, but requires, that such
control operators be responsible for the prop­
er opera tion of the repeater system. Control
operators may take whate ver steps they deem
app ropriate to ensure compliance with the
repeater rules, including limiting the repeater
use to certai n users, co nverting the repeater
to a closed repeater or takin g it off the air
entirely.

Clearly, the Commission has cho sen to
back the repeater licensees and control
operators even to the extent of excluding
users fro m a repeater. Whi le this can
result in dictatorial behavior by a repeater
owner, to not support this principle open s
the door to repeater owners not being able
to effectively control their systems. One
ham told me onc e, "In the limit , all
repeaters are clo sed , because you as a
repeater licensee must be ab le to exc lude
certain operators to protect your license. "

What does this deci sion mean for the
average repeater user ? Not much . Let' s
face it: Our main problem is not being
excluded from repeater systems. A much
bigger issue is that there are lots of excel­
lent repeaters on lots of channels, avail ­
able but hardly ever used. If you find
your self locked out of a closed repeater,
there is likely another one around that will
meet your needs. So look around and find
the repeater group that fits your operat­
ing style. You'll be a lot happ ier and so
will the users of the closed repeaters.

Tnx and 73
Thanks for taking the time to read

another one of my columns on the "Utility
Mode." Closed repeaters are contro versial
and I have tried to treat the topic in a bal­
anced and factual manner. This article is
completely my opinion and does not nec­
essarily reflect the views of CQ VHF man­
agement and staff. I alway s enjoy hearing
from readers, so drop me an e-mail with
your thoughts. 73, Bob , K0NR
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Current Co ntests

The European Worldw ide EME Co ntest 20 10:
Sponso red by DUBUS and REF. Th e EU WW EME
contes t is intend ed to enco urage worldwide activ i­
ty on moonb oun ce. See: <http://www.marsport.o rg.
uk!dubu slEM ECont est20 IO.pdf>.

Spr ing Spri nts : The se short-duration (usually
four hour s) VHF+ contes ts are held on various dates
(fo r each band ) durin g the month s of April and May.
See N6CL ' s VH F Plus column in CQ magazine for
a future announce ment.

Th e 2 G Hz and Up Wor ld W ide Clu b Co ntest :
Sp onsored by the San Bern ardino Microwave
Soc iety, thi s contes t runs the second wee kend of
May. Rul es are at : <http:// www .ham-radio.com/
sbms/c lub_tes t/2g hz_up_tes t.html>.

Confe re nce a nd Conventio n

So utheast VHF Socie ty : Th e 14th annu al co n­
ferenc e will be hosted in Morehead, KY, April 22-
24. For inform ation go to : <http://www.svhfs.o rg/>.

Dayt on HamVention ®: Thi s will be held as
usual at the Hara Arena in Dayton . Ohi o May
1 ~16, . Go to: < http ://ww w.ham venti on .org>.

Calls for Papers

Ca lls for papers are issued in adva nce of forth­
co ming co nferences either for present ers to be
spea kers, or for papers to be publi shed in the co n­
ferences' Proceedings , or both .The fo llowing orga­
nization s and/o r co nfe rence orga nizers have
annou nced ca lls for papers:

So utheaste rn VHF Society Confe re nce : Tech­
nical papers are so licited for the 14th annua l
South eastern VHF Society Conference to be held in
Morehead, KY on April 23-24. Papers and presen ­
tations are solicited on both the techni cal and oper ­
ational aspec ts of VHF, UHF, and Microwave weak
signal amateur radi o.

Th e deadline for the submissio n of papers and
present ations is Febru ary 5, 20 IO. All submiss ions
should be in Micro soft Word (.doc) or alterna tive ­
ly Ado be Acrobat (.pdf) files. All text, drawings,
photos, etc . should be blac k and white only (no
color). Submissions for present at ion at the confer­
ence should be in PowerP oint (.ppt) format, and
deliv ered on e ither a USB mem ory stick or CDROM
or posted for downl oad on a web site of your choice.

Plea se ind icate when you submit your paper or
pre sentati on if you plan to attend the co nference and
present there or if you are submitting ju st for publi­
cation . Papers and present ations will be publi shed
in the conference Proceedings. Send all questions.
comme nts, and submissions to the program chair,
Robin Mid gett . K4IDC, via <K4IDC@comcast.
net> . For further informa tion about the co nfere nce
go to: <http://www.sv hfs .org> .

Ce ntral States VHF Society Confe rence:
Techni cal papers are solicited for the 44th annual
Central Stat es VHF Society Conference to be held
in St . Loui s, MO on Ju ly 22- 24 . Papers. pre senta­
tions, and posters on all aspec ts of wea k-s ignal VHF
and above amateur radio are requ ested . Please co n­
tact the folk s below if you have any questions about
the suitabi lity of a top ic. Strong editorial preference
will be given to those papers that are written and for­
matted spec ifica lly for publi cat ion , rather than as
visual present ation aids. Submissions may be made
via the follow ing: elec tronic form ats (preferre d) via
e-ma il; uploaded to a web site for subsequent dow n­
loadin g ; on medi a (3. 5" floppy. C D, USB stick!
thumb drive). Deadlin e for submissio ns: May I . For
more inform ation , co ntac t CSVHFS President Ron
Ocho, KOl!JZ. at <koOz@arrl.net>.

Quarter ly Calendar
The following is a list of important dates for EME
enthusiasts:
Feb. 5 Moon last quarter.
Feb. 7 Poor EME conditions .
Feb. 13 Moon apogee.
Feb. 14 New Moon. Poor EME condi tions.
Feb. 21 Moderate EME conditions.
Feb. 22 First quarter Moon.
Feb. 27 Moon perigee.
Feb. 28 Full Moon. Excellent EME conditions .
Mar. 7 Last quarter Moon.
Mar. 7 Very poor EME conditions .
Mar. 12 Moon apogee.
Mar. 14 Moderate EME conditions .
Mar. 15 New Moon.
Mar. 20 Spring equinox .
Mar. 21 Moderate EME conditions.
Mar. 23 First quarter Moon.
Mar. 28 Moon perigee . Excellent EME conditions.
Mar. 30 Full Moon.
Apr. 4 Poor EME conditions .
Apr. 6 Last quarter Moon.
Apr. 9 Moon apogee.
Apr. II Moderate EME conditions.
Apr. 14 New Moon.
Apr. 18 Poor EME conditions .
Apr. 21 First quarter Moon. Lyrids meteor shower.
Apr. 24 Moon perigee .
Apr. 25 Very good EME conditions .
Apr. 28 Full Moon.
May 2 Very poor EME conditions .
May 5 Eta Aquarids meteor shower.
May 6 Moon apogee . Last quarter Moon.
May 9 Moderate EME conditions.
May 14 New Moon.
May 16 Poor EME conditions.
May 20 Moon perigee . First quarter Moon.
May 23 Good EME conditions .
May 27 Full Moon.
May 30 Very poor EME conditions .
June 3 Moon apogee.
June 4 Last quarter Moon.
June 6 Moderate EME conditions.
June 12 New Moon.
June 13 Poor EME conditio ns.
June 15 Moon perigee .
June 19 First quarter Moon.
June 20 Moderate EME conditions .
June 26 Full Moon.
June 27 Very poor EME conditions .
July I Moon apogee.

- EME conditions cOll rtes)' 1V5LUU

Meteor Showers
Th e a-Ce ntaurids meteor shower is expec ted to

peak on Febru ary-S at 0530 UTC. Th e v-No rmids
showe r is ex pec ted to peak on March 14. Oth er
February and Mar ch minor showers includ e the fol­
lowin g and their possible radi o peak s: Capri­
corn ids/Sagitta rids. Febru ary I. 1500 UTC; and x­
Capricornids. February 13. 1600 UTe.

Th e Lyr ids meteor shower is active dur ing April
16-25. It is predi cted to peak around 2200 UTC on
the 22. Th is is a north -south showe r, produ cin g at
its peak aro und 10-15 meteors per hour . with the
possib ility of upward s of 90 per hour.

A minor showe r and its predi cted peak is n­
Pupp ids (peak on April 23, at 2200 UTC). Oth er
April . May, and June minor showe rs includ e the fol ­
lowing and their possible radio peaks: April Piscids,
April 20, 1500 UTC ; b-Piscids, April 24 , 1500 UTC ;
t-Arietids. May 9, 1400 UTC; May Arietids, May 16.
1500 UTC; and o-Cetids, May 20, 1400 UTe. June
Arietids, June 7. 1700 UTC; zeta-Perseids, June 9.
1700 UTC ; and f3-Tal/rids, June 28, 1600 UTe.

For more infor mation on the above meteor show­
er predict ions please see Tom as Hood, NW7US's
prop agat ion co lumn beginning on page 7 1 as well
as the International Met eor Or gani zation ' s website:
<http://www.imo. net>.
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By Mitch Gi ll. NA7US

t:Mt:RGt:NC~ COMMUNICATIONS
The Role of VHF in EmComm

EmComm - Then and Now

Ihave been an amateur radio operator
for over forty years and have seen the
many changes our hobby has gone

through . Many of those changes have
been for the better, but some came with
a certain amount of aggravation. It see ms
that change is hard for most of us "o ld
timers" but more readily accepted by
younger hams.

Prior to 9/ II , if there was an emergency
your local gove rnment agencies would be
clamoring for the ass istance of local
hams. We would merely arrive on site and

*29838 SE zssa. Place, Ravensdale. WA
98051
e-mail: <na7us@arrl.net>

be ass igned a communications task, eve n
if we were ju st as a backup for their com­
mun ications. I rememb er as a kid seeing
a mobil e emergency setup of a local ham.
It consisted of a Swan sooe and power
supply with a trunk full of radios, cables,
antennas, and parts- all stuffed neatly in
a Studebak er. Now a ham can fit almost
the same capabiliti es into a backp ack.

Just prior to 9111 our state (Was hington
State) and counties demanded that all
emergency voluntee rs have an emer ­
gency volunteer card. Thi s card protects
the state in the eve nt that a volunteer was
hurt while ass isting in an emergency by
giving himlher medical insurance for that
time period. I am sure that many other

states are requiring this as well. In today' s
post-91l1 era many orga nizatio ns also
require train ing that is given for free by
the Federal Emergency Managem ent
Age ncy (FE MA) . Some organizations
may require background checks or addi­
tional trainin g provided by the ARRL.

Th e real question is whether all this
trainin g is necessary in orde r to ass ist our
fellow man.

I ca n only speak fro m my person al
experience . As a member of the Wash­
ington National Guard and the Subj ect
Matter Expert (SME) in emergency com­
muni cations, I was aske d to be a member
of the first team from our sta te to fly to
New Orleans after Hurricane Katrina.

This is the team that brought the first air-to-gro und communications into New Orleans after Hurricane Katrina. The author is
in the first row second fro m the left .
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A communications van brought in by another state to assist in communications.

New Name for MARS

The former Military Affiliate Radio
System has been re-christened as the
Military Auxiliary Radio System and has
been charged with a new mission in the area
of Homeland Security. Bruce Tennant,
K6PZW, has the details:

"Yes, MARSdoes have a new mission. On
Wednesday, December 23, the Department
of Defense issued an official Instruction con­
cerning MARS that is effective immediately.
This Instruction gives the three MARS ser­
vices-Army, Air Force, and Navy/Marine
Corps-a newfocusand their first majorrevi­
sion since January 26, 1988.

"In the past, MARS had focused primar­
ily on emergency communications and
health and welfare support. The DoD' s
Instruction now directs the three MARS ser­
vices to provide contingency radio commu­
nications to support US government opera­
tions, Department of Defense components,
and civil authorities at all levels.

"MARS units will still continue to pro­
vide health and welfare communications
support to military members, civilian
employees, and other designated groups
when in remote or isolated areas, in contin­
gencies, or whenever appropriate. However,
MARS must also be capable of operation in
radio only modes without telephone service
or access to the Internet. Also, it must be sus­
tainable on emergency power when public
utility power has failed. Also, some MARS
stations must be transportable for timely
deployment." - AR News line, //l/LO

Our mis sion wa s to se t up co mm unica­
tions for the operations ce nter in order to
control the air traffic in and aro und the
city . When we arrived, there was no co n­
tro l system in place; several close ca lls
between mi litary and civi lian hel icopters
made the success of our mission impera­
tive. We arri ved about I :00 AM, and eve n
though we were tired from the long flig ht,
we managed to complete this task before
the sun rose . As soo n as we were up and
running , we began our 12-hour shifts to
monitor and assist. During our time off
there was very litt le to do, and being a
ham wit h a "Go-Ki t" (whic h I had stuffed
in my duffle bag), I set up my "shack" in
the hall way beside my cot. My equipme nt
consis ted of a Yaesu Fl'-8 17 and a dipo le
taped to an A I0 that was in for mainte­
nance before the hurricane hit.

My first attempt was to try all of the
repeaters that I had pre-programmed
before arriving in the area. No luck, as

www.cq-vhf.com

mos t, if no t all, had been damaged or
destroyed. Th e one I did fina lly hit was
deathl y silen t du ring the entire month that
I was there . As for the HF bands, I have
to admit that my antenna was located on
a metal aircraft in an all- me ta l hanger
abo ut e ight fee t off the ground. I was
lucky if I co uld hear down the run way,
let alone anyw here else .

I did meet up with ano ther ham who
was an officer in the Loui siana National
Gu ard . He sha red with me how frus trat­
ed he was that they were den yin g entry
into the New Orl eans area to ham radio
operators who had not been requested or
who did not have the required train ­
ing/background check. After returning to
the state of Washington , I heard that this
had occ urred more ofte n than not , eve n
though amateur radio was tout ed for its
support during Kat rina. Today, five yea rs
later , there is a bill in the Senate see king
to have the Departm ent of Hom eland

Securi ty look at how amateur radio ca n
be used to sup port its miss ion.

So here is the good and the bad. I am
in tota l agree me nt that training sho uld be
req uired for every ham who desires to
work in emergency co mmunications at
an actua l disaster site. Let me be clear that
th is tra ining is only req uired if yo u desire
to work at the site itse lf. Most, if not all,
organiza tions now req uire NIMS train ­
ing. NIMS sta nds for the Nat ion al
Incident Managem en t Struc ture , and the
associated training covers all aspects of
respondi ng to an emergency. One of the
most import ant co nce pts is in under­
standi ng the Incident Command St ruc­
ture (IC S) . In order to operate in tod ay ' s
ICS environmen t you need to know who
the Incident Commander is and under­
stand the ro les of those below him or her.

Those hams who wa nt to provide sup­
port fro m their home QTHs are not
required to have any training, but I high -
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Our communications setup when we moved to Baton Rogue just prior to Hurricane
Rita hitting.

ly recommend the courses offered by the
ARRL. The se courses will help you
understand how operations are run today
during an emergency. For those who
want to work at the actual site , the more
training you seek, the better prepared you
will be. As for background checks, each
person will have to cross that bridge and
make his or her own decision when he Oil"

she come s to it. I personally have no prob ­
lem with it, but I know that some do .

In summary, how we respond to emer­
gencies has changed dramatically over
the years. We hams need to embrace this
change rather than battle it, because
change will win most every time. Look
at the sidebar and you can see how the
MARS mission has evolved.

I believe that as technology continues
to grow, we will see VHF playing an even
greater role in disaster communications
of the future-higher power, more re­
peaters, portable repeaters, and the list
goes on. Let' s be prepared to be a part of
the team, as every emergency gives us an
opportunity to learn how to improve.

Photo ofan inlet on the Slidell, Lousiana side of Lake Pontchartrain. The surge came in f rom the ocean, and when the levees
broke in New Orleans, the water sucked all of the buildings and items right into the lake.
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By Tomas Hood,* NWlUS

The Science of Predicting VHF-and-Above Radio Conditions

The Sun is Alive!

Propagation Outlook
for February through April

Because of the nature of the Earth's orbit aro und our Sun, we
have two seasons eac h yea r when any adverse space weather
has a grea ter influ ence in caus ing geo mag net ic disturbances:
Th e first is known as the spring equinoc tia l season and the sec­
ond is known as the autumnal equinoct ial season. Th ese are the
two tim es durin g the co urse of the Earth's orbit aro und the Sun
when the Earth is injust the right positi on to be most influence d
by so lar activity.

By the New Year ' s Eve, three addit ional sunspot regions
eme rged-1036, 1037, and 1038. Region 1037 qu ickl y ended,
but the oth er s co ntinued to help keep things exciting .
Add itionally, Acti ve Region 1039 emerged on December 27
and co ntinued to -rotate across the so lar disc until it rotated
aro und out of view on Janu ary 6, 20 10. On Janu ary 7, region
1036 appeared to be rotating back into view! Perhaps now we
ca n start to accept the idea that the new cycle is we ll und er way.
Wit h that co mes ove rall imp rovem ent on higher frequ encies in
the high-frequ enc y shortwave spec trum. Soon, with thi s up-tick
in sunspot activity the F-region of the ionosphere will beg in to
offer VHF prop agati on .

Figure I . One of the largest active sunspot regions yet observed
in the new sunspot Cycle 24, NOAA 1035, seen here in the
Michelson Doppler Imager (MDl) intensitygra m (IGR) on
Decemb er 18, 2009. (So urce: Solar and Heliosph er ic

Observatory (SOHO])

*P.O. Box 9, Stevensv ille, MT 59870
e-mail: <nw7us @arrl.net>

VHF PROPAGATION

The last decade closed out with a welcomed sign that our
nearest star was no longer inac tive. From Novemb er 2009
until press time (early January 20 I0), sunspot activity ruled

the solar disc. Decemb er was a very active month , with only 10
days without official sunspots. December 9 ended 16 days of zero
spots that started at the end of moderately-active Novemb er.
Sunspot reg ion 1034 (as numbered by The National Oceani c and
Atmospheric Administration, NOA A), small but belonging to the
new Cycle 24, emerged near the eastern limb of the Sun. Thi s
small region resulted in an init ial sunspot count on Decemb er 9
of 13. By Decemb er 12, it appeared to be fadin g, yet on December
13 it increased in spots with a count of 14.

Then on Decemb er 14 another new sunspot region numbered
1035 emerged, kickin g the sunspot count up to 28 . By December
IS, its size was seve n times wider than Earth! Over the next sev­
eral days through December 18 this new Cycle 24 sunspot group
rapidly increase d in size, becoming one of the biggest yet in the
new cycle. On Decemb er 16, the complex magnetic structures
within thi s sunspot region triggered a co ronal mass ejectio n
(CME) toward Earth. Thi s massively huge cloud of solar plas­
ma (billions of tons!) arrived about three days later, but did not
cause any geo mag netic disturbance.

Coronal mass ejections are the fue l for auroral activity, and
that is we lco med activity to the VHF weak-signal DX hound.
When active sunspot reg ions breed CMEs, the possibl e res ult
is geomagnetic storms that counter any positi ve effect that the
increased solar activity may have on radi o signal prop agation
on the frequencies below 6 meters. At the sa me time, the CME
unleashes a plasma cloud that rides the solar wind and then , if
the unleashed ejection is directed into the orbital path of Earth,
causes aurora. Auroral act ivity occurs at the E-reg ion of the
ionosphere, and "clouds" of highl y-ioni zed clouds form that in
turn may reflect radi o signals in VHF and sometimes even UHF
spec trum.

By December 19, the Sun kicked into high-gear with the total
sunspot count climbing to 43, the highest ye t in the new sunspot
Cycle 24. Thi s pushed the 1O.7-cm flux up to 87 on December
17! Wh ile the increase in sunspot activ ity and the higher dail y
10.7-cm flux (rema ining in the mid -80s) are not yet high enough
to energize the ionosphere for F-region VHF prop agation , it sig­
nals an enco urag ing up-tick in sunspot cycle activity.

Spea king of size, the size of active sunspot region s is give n
as unit s, eac h unit bein g one milli onth of the Sun ' s vis ible hemi­
sphere (this unit does not have a specific name). The Acti ve
Region 1034 that emerged on December 9 measured ten of these
unit s, or 10 milli onths of the visible so lar disc . By December
II , it grew to 20 mill ionths. With the new sunspot region , 1035 ,
emergi ng on December 14, the total area of all active region s
only totaled 30 milli onths. However, 1035 quickly grew in size.
By December 20, the total area of all sunspot regions equaled
a huge 330 millionth s of the visible Sun!
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The spring equinoc tial season peaks between March and
April of eac h year. Becau se we're in the very start of solar Cycle
24, it is likely that we will have significant geomagnetic dis ­
turb ances this yea r, triggerin g the sort of auroral activity known
to brin g about VHF acti vity.

What is Aurora?
Auro ra is a direct result of solar pla sma interacting with

gasses in the upper atmos phere. Aurora occurs during geo­
magnetic substorms. Dur ing these substorms, solar wind plas­
ma resulting from coronal mass ejections can rain down into
the atmosphere. Gasses in the atmosphere start to glow under
the impac t of these particles. Different gass es give out various
co lors. Think of a neon sign and how the plasma inside the gla ss
tube, when exc ited, glows with a bright color. The se precipi­
tating particl es mostly follow the magnetic field lines that run
from Earth's magnetic poles and are concentrated in circular
regions around the magnetic poles call ed "auroral oval s." The se
bands expand away from the pole s during magneti c storms. The
stronge r the storm, the greater these oval s will expand. Some­
times they grow so large that people at middl e latitudes, like
Californ ia, can see these "Northern Light s."

Because the Earth ' s magneti c dipol e axis is most closely
aligned with the Sun ' s solar wind spiral in Apr il and October,
the interaction between the solar wind and the Earth's magne­
tosp here is greatest durin g these two seasons. Thi s is why auro­
ra is most likely to occ ur and strongest durin g the equinoctial
months. When you see the solar wind speed increase to over 500
kilometers per seco nd, and the B, (one of the three dimennsions
of the interplanetary magneti c field) remain s mostly negati ve
(the IMF is oriented mostly southward), expect an increase in
geomagnetic activity, as revealed by the planetary K-index (Kp) .

This year, the spring equinoc tial season will be acti ve, with
a few strong geo magnetic storms . If we do experience moder­
ate to storm-level activity due to recurring coron al hole s, look
for aurora -mode propagation. The higher the Kp, the more like­
ly you may see the visual auro ra. However, you don 't have to
see them to hear their influence on propagation. Listen for sta­
tions from over the poles that sound raspy or fluttery. Look for
VHF OX. So metimes it will enhance a path at certain frequen­
cies, while other times it will degrade the signals. Sometim es
signals wi ll fade qui ckl y, and then come back with grea t
strength. The reason for this is that the radio signal is being
refracted off the more highly ionized areas in the E-region of
the ionosphere that are energized by this aurora. The se ionized
areas ebb and flow, so the ability to refract changes, sometimes
qu ickly. I' ve observed the effect of aurora and associated geo­
magnetic storminess eve n on lower HF frequencies.

Radio Aurora
If there are enough solar particl es flowing down the Earth ' s

magnetic field lines and co lliding with atmospheric atoms and
molecules, ion ization occurs . Thi s ionization may be sufficient
to reflect VHF and lower UHF rad io waves, generally between
25 and 500 MH z. Thi s usuall y occ urs in conjunction with visu­
al aurora, but the mechanism is a bit different and it is possible
to have one (vis ual or radio) without the other.

Using radio aurora, the chances of contacting stations over
grea ter distances than would ordinarily be possible on the VHF
frequencies is increased . Like its visual counterpart, radio auro­
ra is very unpredictabl e. The thrill of the chase draw s many
VH F wea k-signal DXers to working auroral OX.

Figure 2. Look at all of the activity on December 22, 2009! At
the end of 2009, the sun became very active with a combined
active area larger than any previous active day since the end
ofsolar Cycle 23. The 10.7-cm fl ux index rose to just shy of90

during this period. (Source: SOHO)

Figure 3. The intensitygram (MDI IGR) view ofNOAA Active
Region 1039 on the last day of 2009. This sunspot region did
not f ade away as it rotated away from view on January 6,2010,
but continued to produce minor flares. All of this activity dur­
ing December, at the end of the second most "quiet" year of
the solar minimum (2008 had more zero days than did 2009),
indicates that the new solar cycle is alive and beginning to

strengthen (Source: SOHO)
______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ _ _ _ _ :1
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VHF aurora l echoes , or reflections, are
most effective when the angle of inci­
dence of the signal from the transmitt er
with the geo magnetic field line, equal~
the ang le of reflection from the field line
to the receiver. Radio aurora is observed
almost excl usive ly in a sector centered on
magnetic north . The strength of signals
reflected from the aurora is dependent on
the wavelength when equivalent power
levels are employed. Six- meter reflec­
tions can be expected to be much stronger
than 2-me ter reflec tions for the same
t:ansmitter output power. The polariza­
tion of the reflec ted signals is nearly the
same as that of the transmitt ed signal.

The K-index is a good indicator of the
expa nsio n of the auroral ova l and the pos­
sible intensity of the aurora. When the K­
index is higher than 5, most readers in
the northern states and in Canada can
expec t favora ble aurora conditions. If the
K-index reached 8 or 9, it is highly pos­
s.ible for radio aurora to be worked by sta­
nons as far south as Ca lifo rnia and
Florida. Your magnetic latitude can be
found using the map at <http://www.sec .
noaa.gov/AuroraiglobeNW.htm!> .

Meteors
While there are no major meteor show­

ers during February and March, April has
one meteor shower worthy of note. The
Lyrids peaks on April 22 at 1700 UTC.
Whil e this shower peaks at about 18
~eteor.s per hour, or about one per every
five minutes on average, it can provide
some good radio bursts. It is possible to
see the hourly meteor rate (ZHR) reach
as high as 90 per hour this year.

The debris expelled by comet Thatcher
as it moves through its orbit causes the
Lyrids. It is a long-period comet that vis­
its the inner solar system every 415 years
or so. Despite this long period, there is
activity every year at this time, so it is the­
orized that the comet must have been vis­
iting the solar sys tem for qu ite a long
time. Over this long period, the debris left
with each pass into the inner solar system
has been pretty evenly distributed along
the path of its orbit.

Th is material isn' t quite eve nly dis­
tributed , however, as there have been
some years with outburs ts of higherthan
usual meteor activi ty. The most recent
of these outburs ts occ urred in 1982, with
others occ urring in 1803, 1922, and
1945 . These outbursts are unp redictable
and one could eve n occ ur this yea r. Th e
best time to work this shower should be
from midn ight to ea rly morn ing.

www.cq-vhf.com

The Solar Cycle Pulse
The obser ved sunspot numb ers from

October through December 2009 are 4.6,
4:2, ~nd 10.6, showing a slow yet steady
n se In the activity of the new sunspot
cycle, Cycle 24. The smoothed sunspot
counts for April throu gh June 2009 are
2.2,2.3, and 2.7. The smoothed numbers
will likely show little improvement until
the average cove rs the very last months
of 2009, as the observed sunspot count
for August 2009 is zero.

The monthly 10.7-cm (preliminary)
numb ers from October through De­
cember2 009 are 72.3, 73.6, and 76.8.The
smoothed 10.7-cm radio flux numb ers
for April through June 2009 are 69.3,
69.7, and 70 .2. As with the smoothed
sunspot numb ers, the smoo thed flux
numb ers will show littl e improvement
until they include the last month s of 2009.

The smoo thed planetary A-index (Ap)
numb ers from April through June 2009
~re 4.3 , 4.1, and 4.0. The monthl y read­
mgs from October through December
2009 are 3, 3, and I (the most quiet this
cycle). The ove rall geomag netic condi­
ti~n~ have bee.n much quieter during the
minimum pen od between solar Cycl es
23 and 24 than the last few prior solar
cycle minimums.
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The monthly sunspot numbers fore­
cas t for February through April 20 I0 are
17, 20, and 23. The monthly 10.7 ern is
predicted to be 78, 80, and 82 for the
same period. That's rea lly great news, as
we ' ll likely see improvement in F-Iayer
prop agation higher and higher in the
radio spec trum.

(Note that these are preliminary figures.
Solar scientists make minor adjustments
after publishing, by careful review.)

Feedback, Comments,
Observations Solicited!

I am looking forward to hear ing from
you about your observa tions of VHF and
UHF propagation. Please send your
reports to me via e-ma il, or drop me a let­
ter about your VHF/U HF expe riences
(sporadic-E, meteor scatter?). I'll create
summaries and share them with the read­
ership. I look forward to hearing from you.
You are also welcome to share your
reports via my public forums at <http://
hfr~dio:org/forums/>. Up-to-date propa­
gat~on Information is found at my propa­
gauon center: <http ://prop .hfradio.org/>.

Until the next issue, happy weak-sig ­
nal DXing.

73 de Tomas, NW7US

"Specia list in RF Connectors and Coax"
Part No. Descrip tio n Price
83-1SP- l0SO UHF Male , Amphenol $2.50 ea.

(10 or more) $2 .40 ea.
UHF Male Silver Tetlan, Gold Pin 1.50
N Male RG·8, 213, 214 Delta 4.75
N Male Pin for 9913, 9086. 82 14
Fits UG·2 1 DIU s UG-21 StUN's

UG·2 10/99 13 N Male for RG-B with 9913 Pin
UG·146A1U N Male to 50·239, Teflon USA
UG·838/U N Female 10PL·259, Teflon USA

Complete Coll ection of Crimp-On PL-259's
for All Cabl e Groups - Stra ight or Right Angle

Your Phil/yslran Deafer
The R.F. Connection

213 North Freder ick Ave., #:11CO
Gaithersbu rg. MD 20an · (301) 840-54n

800-783-2666
FAX 301-869-3680
www .therfc.com

Complete Selection Of MIL·S PEC Coax . RF Connectors And Relays

Kanga US
;s back!

KK7B Kits - microR2 , microT2
6 and 2 meter converters
6 and 2 meter CW TX's

Improved microR1 ,
UQRP TX MKII, TiCK and
CWTouch Keyers/Paddles

PICEL3 PIC Trainer
AADE UC Mtr '

www.kangaus.com
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I By Miguel Enriquez," KD7RPP

THt: VHF-PLUS CLASSROOM
Furthering Ham Radio Through Education

Eimers: A Vital Part of Ham Radio Education

One ofthe EImers who has been supporting the Pueblo ARCfor years is Ron Phillip s,
AE6QU,from the West Valley Amateur Radio Club in Sun City, Arizona.

Last yea r was a very good year for
the members of the Pueblo Magnet
High School Amateur Radi o Club.

It was a yea r that saw new memb ers, new
licenses, new acti vities, and , most im­
portantly, new Eimers. It was also a year
that culminated in the creation of a ten­
yea r design and development program to
con stru ct and launch a CubeSat satellite
for digital amateur television and audio
communications.

As a math ematics teach er and ARC
sponsor, findin g new projects and locat ­
ing the resources to compl ete those pro­
jects is a constant challenge. Gettin g the
students interested in doing the projects
is the easy part of this endeavor. With the
help of the ARRL's Education &
Techn ology Program , the Pueblo ARC
has a "pa tron saint" of sorts that provides
wonderful possibilities to stimulate stu­
dents' imagi nation and creativity. Build­
ing direct ional antennas to use in fox ­
hunt ing radio activities required one set
of ski lls. Building a 5-watt QRP rig and
getting it to work requ ired a higher ski ll
set. However, designin g, developin g,
construc ting, testin g, and laun chin g a
CubeSat satellite will requ ire skills that
are far beyond the present level of Puebl o
ARC members.

That is where Eimers become the crit­
ical part of this success formula. Since the
Pueblo ARC began making presentations
to parent s, teachers, admini strat ors, and
ham radio club audiences informing them
of the very ambitious CubeSat satellite
program, many amateur radio operators
have offered their assis tance. The first to
step up to the plate was Mark Spencer,
WA8SME. Mark is the ARRL's Edu­
ca tio n and Techn ology Program Coor­
din ator. Mark ' s support was the first
dat um that sugges ted our ambitious pro­
ject is atta inable. Larry Brown, W7LB ,

*c/o Pueble Magnet High School Amat eur
Radio Club. 3500 S. l Zth Ave.. Tucson. AZ
857 13
e-mail: <Mig uel.Enriquez /is tusd l. org»
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was equally supportive and pledg ed
whatever technical ass istance he could
provide. Jack McGowen, AD7NK, the
newly elected pre sident for the Green
Valley Amateur Radio Club, was, and has
been, equally supportive. Lloyd Miller,
N7GV, also from the Green Valley
Amateur Radio Club and our venerable
technical problem solver, was quick to
join the rank s of volunteers aga in.

These EImers have been supporting the
Pueblo ARC for years now along with
Ron Phillips, AE6Q U, fro m the West
Valley Amateur Radio Club in Sun City,
Arizona and Bruce Betterley, WA IBZQ ,
from the University of Arizona Amateur
Radio Club.

Bob Frett , KE7YTF, is one of the
newest Eimers to join the CubeSat satel­
lite project. Bob was also responsible for
getting his brother-in-law, William Creek ,
and his wife Elisha from Apache Junction,
Arizona to donate an ICOM IC-718 to the
Pueblo ARC. William and Elisha have not

been bitten by the ham radio bug but have
made thei r contribution to the Cub eSat
program because they saw the value of
their investment for the students, for the
school, for the ham radio community, and
for the U.S. Technically, the moniker
"E lmer" would norm ally not apply to
them, but we are making an exce ption.

Two add itional new Eimers to the
Puebl o ARC are Katherin e Larso ,
KF7GFG, and Alex Th ome, KF7GFF.
Katherine and Alex obtained their licens­
es primarily so they ca n support our
CubeS at project. Both of these Eimers
atte nded the ARRL Teacher Institute IT
taught at Pueblo Magnet High School last
sum mer and qui ckly committed to our
ambit ious goal. The ARRL Teacher
Institut e is des igned to provide support
for teachers at all levels with the primary
objective of helping teachers use elec­
tronics and robotics in the classroom to
effectively promote math and science lit­
eracy. Alex is currently completin g his

Visit Our Web Sit ·
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Two new Eimers to the Pueblo AR C are Kath erine Larson, KF7GFG , andAlex Thome,
KF7GFF.

PhD in co mputatio nal neuroscienc e.
Katherine is a research scientist, teach er,
poet , and noveli st whose teaching
method is as soft and loving as a moth ­
er's whisper in your ear.

EImers become the vital part of any

ham radio community because they are
truly the keepers of the flame. With out
them and their expertise ham radio would
regress to a "dark age" period. Nowh ere
in the books would our club have found
the solution to fixing a Drake T-4XB , but

Kurt Cramer, W7QHD, knew exactly
how to drop the tran smitter six inches
onto the table to get it working. You don 't
read that in the manual. His 40-plus yea rs
of enjoying the qual ity signal from his
Drake rigs taught him that skill.

And so as the new decade begins, the
Pueblo ARC students are focused on a
long-term program of grow th and devel­
opment. As word of the CubeSat project
spreads, other students want to join the
Pueblo Amateur Radio Club. At a recent
science night eve nt held at Pueblo, two
students and their parent s attended ju st to
inquire about getting permi ssion to attend
Pueblo High School because their mid­
dle school is not a feeder schoo l.

I never had an Elmer, as such. How­
ever, my next-door neighbor, returning
from the Air Force some 50 years ago,
served as my unofficial Elmer. It was his
demonstrati on of a CW co ntact with
Boli via that got me hooked. In a way,
Sergeant Manuel Fierros became a better
magician than Houdini when he allowed
me to hear the symphony of dots and
dashe s via the wire-s tyle headph ones
used in WW II. I still have those head­
phones. Until next time...

73 de Miguel , KD7RPP

co.' Amateur Radio & RSGB books &dvds

Practical Wire Antennas 2
By Ian Poo le, G3YWX
This significa ntly expanded and lully revised edition includes
a wide range 01practical wire antennas. $23.50

HF Antenna Collection A collection of outstanding articles
and short pieces published in Radio Communications magazi ne.
Single- and mulli -element horizontal and vertical anennas ,
feeders , tuners and much more! $33.00

HF Antennas for All Locations
By Les Mo xon , G6XN
Design and construction of hundreds of antennas. No matter
what your location, there's one for you! $33.50

RSGB Books - View additional RSGB titles on our website

"Getting Started" DVD Paks
co Ham Radio Welcome Pak

Includes 3 programs:
Ham Radio Horizons
Getting Started in Ham Radio
Getting Started in VHF

CO VHF Specialty Pak

Includes 3 programs:
Getting Started in Satellites
Getting Started in VHF
Getting Started in Packet

CO HF Specialty Pak
Includes 2 programs :
Getting Started in DXing
Getting Started in Contesting

A comprehensive source-book
on VHF propagation . Tropo
Ducting, Sporadic-E, Aurora,
Meteor Scatter, F2 Prop, TEP
and more! $15.95

The ShortVertical
Antenna & Ground
Radial

Understanding, Building &
Using Baluns & Ununs
by Jerry Sevick, W2FMI

The successor to Baluns and
Ununs. New material and
designs , with crystal clear
explana tions of how and
why they work . $19.95

VHF Propagation
A Guide For Radio Amateurs

by WB2AMU & WB6NOA

by Jerry Sevick, W2FMI
Small but solid guide walks you through
the des ign and installation of inexpensive,

yet effective short HF vertical antennas .
If antenna restrictions are a problem - this
book could keep you on the air $10.00

W6SAIHF
Antenna Handbook
by Bill Orr , W6SAI

Inexpensive, practica l antenna projects
that work! Gides you hrough he building
of wire . loop . Vagi & vertical anten nas.

$19.95

The Quad Antenna
by Bob Haviland, W4MB

A comprehensive guide to
the constructio n. design
and pertormance of
Quad Antennas . $19.95

LewMcCoy on Antennas
by Lew McCoy, W11CP
Lew presents his invaluable
antenna information in a
non-intimidating way. $19.95

The NEW Shortwave
Propagation Handbook
by W3ASK, N4XX & K6GKU

A comprehensive source

of HF propaga tion principles ,
sunspots ionospheric
predictions . $19.95

Shipping & Handling · U.S. andpossessions - add $7for thefirst book. $3.50for 2ndand $2for each additional.
FREE shipping & handling onorders over $100 (merchandise only). Foreign· Charges are calculated byorder weight & destination.

c - CQ Communications, Inc. 25 Newbridge Road, Hicksville, NY 11801 ~;MEX

I[ffiJ 1-800-853-9797. View more items @ www.cq-amateur-radio.com
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By Mark Thompson, WB9QZB

DIGITAL RADIO
Digital Technology on VHG UHG and Microwaves

Digital Frequency Coordination

Band plans have been present on the
HF, VHF, and UHF bands for
many decades. They were created

to ensure that various modes and band
uses didn't interfere with one another.
Bands are regulated by the FCC, and it
mandates band frequency usage by
license class and/or mode. Band usage is
also stipulated by ham organizations.
National organizations such as the ARRL
have created voluntary band plans to
specify calling frequencies for each
VHF/UHF band and designate band
usage for segments of each band. Band
plans can vary by geographical area to
meet the specific needs of that area.
Statewide and regional frequency-coor­
dination organizations were created pri­
marily to coordinate the frequency usage
of FM repeaters in an orderly manner to
ensure a minimum of interference among
repeaters on the same frequency. Co­
ordination organizations typically work
with organizations in nearby states and
areas to minimize interference.

On the HF bands there are recom­
mended frequencies for the use of both
digital data and voice modes such as
RTTY, PSK-31, and WinDRM, etc.

Some History
During the 1970s and 1980s the num­

ber of 2-meter and 70-cm FM repeaters
increased dramatically. In order to ac­
commodate the need for more frequen­
cies , many areas changed from 30-kHz
channel spacing to 15-kHz pair spacing
in the 146- and 147-MHz repeater sub­
bands. Fifteen-kHz spaced repeater pairs
were created between the 30-kHz pairs
and used inverted receiver and transmit
frequencies in order to minimize inter­
ference to existing 30-kHz spaced
repeaters. When the 145-MHz repeater
sub-band was opened, it typically was
spaced at 20 kHz. In some areas the 146­
and 147-MHz repeater sub-bands were
respaced to 20 kHz as well.

*P.O. Box 457, Palatine, IL 60078
e-mail: <wb9qzb@arrl.net>
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In the early 1980s, when packet radio
became popular on the VHF and UHF
bands, band plans had to be modified to
accommodate packet radio usage. The
ARRL modified its national band plan
and specified frequencies for packet
radio usage.

Packet radio grew dramatically from
the middle 1980s through the early I990s.
Most hams who used packet first set up
their station on 2 meters on the typical
calling frequency, 145.01 MHz. The fre­
quency quickly became congested to the
point of becoming unusable due to slow
throughput on the frequency because of
repetitive packet retries. Packet radio is a
half-duplex mode. If a packet transmis­
sion isn't complete, the packet TNC will
transmit again until it is successful. As
usage grew, there wasn 't enough time
available on the calling frequency to han­
dle all of the stations. Additionally, pack­
et radio relies on all stations on a fre­
quency to hear one another. If a station
does hear others on the frequency, its
transmissions could collide with them,
causing packet retry transmissions and
reducing throughput even further.

One of the solutions to frequency con­
gestion was to create LAN (Local Area
Network) frequencies for separate areas
in a region to improve overall through­
put. LAN frequencies were also desig­
nated to specific uses such as bulletin
board systems (BBS), DX PacketCluster,
and Keyboard-to-Keyboard.

Packet frequencies on 2 meters typical­
ly were in the 144.91-145.09 MHz range
spaced every 20 kHz, like the repeater fre­
quencies in the 145-MHz repeater sub­
band. Packet radio also often used fre­
quencies in the non-repeater sub-band
from 145.51-145.79 MHz.

In some areas packet users put full­
duplex packet FM repeaters on the air on
the 2-meter and 70-cm bands. The pur­
pose was not only to extend the range of
packet stations, but more importantly to
dramatically improve throughput by
eliminating the hidden-transmitter effect
caused by packet stations on a frequency
not hearing one another.

Packet users also constructed high ­
speed backbone links to transmit data
among BBSes. The backbone link fre­
quencies often used the same bandwidth
as analog FM, but sometimes they were
wider when higher data speeds were used.
The network backbone links on 70 cm
often needed to be coordinated in order
to not cause interference to other packe~

users and also to not interfere with
repeaters and remote links . This required
coordination with repeater coordinators
who worked together, but often didn ' t
publish , the frequencies of repeater sys­
tem remote links.

The designation of LAN and network­
ing frequencies needed coordination as
well. In many areas the local repeater
coordinator wasn 't interested in coordi­
nating packet frequencies because they
do so for "repeaters." Consequently,
packet radio frequency coordination typ­
ically became the responsibility of the
local packet radio club.

When packet radio use began to decline
in the late 1990s, the need for coordina­
tion became less necessary. In fact, in
many areas packet radio clubs member­
ship fell dramatically and in some cases
the clubs disbanded due to lack of par­
ticipation and interest.

Packet radio might have become com ­
pletely unused had it not been for the
development of APRS (Automatic
Packet Reporting System) in the late
1990s. However, in many areas there has
been a resurgence of packet activity,
including many newer hams who had
never used packet radio before. Th is
increased usage will ultimately require
hams on a local and regional basis to
again coordinate usage of frequencies on
a geographical basis.

Digital Voice Modes
Within the last few years, for the first

time digital voice modes have started to
be used on the HF and VHF/UHF bands,
On VHF and UHF digital voice modes
such as APCO P25 and D-ST AR are the
most common modes. P25 and D-ST AR
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As analog FM repeaters and frequen­
cies reserved for FM transition to narrow­
band digital voice repea ters, there will be
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could be placed at 6.25 kHz above and
below the analog FM center frequency
and potenti ally a third repeater on center
frequency perhaps with some degree of
geographic separation. Additionally,
when adjacent FM frequencies become
narrow-band as well an inter-channel,
narrow-band frequency could potential­
ly be established. On 20 kHz and 15 kHz
2-meter bands the narrow-band repeaters
are placed 5 kHz above and below cen­
ter frequency. The IRA plan has been suc­
cessfully implemented over the last 21/2
yea rs in Illinois. The plan has dem on­
strated that an ex isting analog FM pair
can be used for two D-STAR repeaters in
the same geographica l area without caus­
ing interference to adjacent FM repeaters.
More information about the IRA Digital

can be used simplex or with repeaters.
Since these digital voice modes use
repeaters, they need a pair of full-duplex
frequencies and consequently need coor­
dination from a local frequency coordi­
nator. The challenge for a frequ ency
coo rdinator has been where to place these
new digital repeate rs.

Although current P25 repeaters requ ire
only 12.5 kHz of band width for digital
voice, they ofte n are implemented in
dual-mode. In dual-mode a P25 repeater
can rece ive and transmit either analog
FM or P25 digital. While this approac h
preserves compatibility with legacy FM
users, the repeater requires the same
bandwidth as a tradit ional analog FM fre­
quency coo rdination.

However, narrow-band modes such as
D-STAR are only 6.25 kHz wide. Since at
least two D-STAR repeaters could be
placed in the spectrum that one analog FM
repeater requires, it would be wasteful to
coordinate a D-STAR repeater on the cen­
ter frequency of an analog FM pair.

Repeater coo rdinators were faced with
a decision of how and where to coordi­
nate narrow-band repeaters such as 0 ­
STAR. In some areas reallocating sepa­
rate frequencies to digital-only use was
considered.

In California, where all repeater fre­
quencies are often already coordinated
and frequencies are not ava ilable, some
repeater ow ners and coordinators desig­
nated D-STAR repeaters as not actually
repeaters so they could place them in the
145.5-1 45.8 sub-band where repeaters
were not allowed by FCC reg ulation.
Some declared that the inherent delay in
all digital transm ission s meant they
weren' t sim ultaneous transmissions and
therefore were n' t repeaters. Others called
D-STAR repeaters auxi liary stations.'
The FCC eve ntually declared that digital
voice repeaters were repeaters and exis t­
ing FCC regulations applied to them.

Th e Illin ois Repeater Associatio n
(IRA) took a different approach to coor­
dinatin g narrow-band repeaters. Their
Digital Migrati on Guide line plan pre­
serves co mpati bility wi th the ex isting
band plan while conse rving spec trum.
Th is approac h allows spectrum to be real­
located to narrow-band repeaters on the
2-meter and 70-c m band s as exis ting ana­
log FM pairs become ava ilable. When an
analog FM pair beco mes available, the
IRA plan can divide the FM repeater pair
into up to three narrow-band 6.25-kHz
wide channels. On the 30-kHz spaced,
70-cm band two narrow-b and repeaters
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By Rich Arland,* K7SZ

Bi::GINNi::R'S GUIDi::
All you need to know but were afraid to ask

SETf, EmComm, and YO-YO 72

Hello and welcome to 2010 . I trust
that Santa was good to you and
this new year will be an informa­

tive and fun- filled time as we explore
more of VHF+. As a starter for the new
year, I plan on deviating a bit from the
norm and wander into an exciting aspect
that couples real QRP (low-powe r sig­
nals, 5 watts and under) with VHF+,
resultin g in an almost surreal endeavor:
Searching for Extra Terrestrial Intelli­
gence (SET!)!

SETI- 10 l
One of the great things about living in

northeast Pennsylvania for a number of
years was I was close to Dr. Paul Shuch,
N6TX, better known as "Dr. SETI" (see
his column elsewhere in this issue- ed.).
Paul is the firebr and behind the SETI
League (http://se tileague .org/), head­
quartered in New Jersey. I first became
acquainted with Dr. Shuch about 10 years
ago when I attended a York (PA) VHF
club meetin g where he was the guest
speaker. The topic ? SETI, of course!

Both my wife, Patrici a, and I were
transfixed by Paul' s present ation and
joined The SETI League on the spot! His
overall message: SETI is doable on a
small budget , using cast offC-Band satel­
lite TV dishes and some relativ ely inex­
pensive hardware , including the sound
card on your computer. During his multi­
medi a presentati on, Dr. Shuch showed
how easy it was to retrofit a 9- or l2-foot
dish and achieve the sensitivity approach­
ing (if not surpassing) the huge "Big Ear"
radio telescope at Ohio State University .
Wow ! That is a lot to take in all at once!

The "WOW!" Signal
Speakin g of "WOW!" the Big Ear

radio telescope was the one that heard the
famous "WOW!" signal in 1979. What
was the "WOW!" signal? It was a series
of coded observations recorded by a radio
astronomer who was using the Big Ear at

*770 William St. SE, Dacula, GA 30019
e-mail: <k7sz@arrl.net>
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the time. In the margin of the printout he
placed the letters "WOW !" alongside the
incoming signal. Was this the first indi­
cation of extraterrestrial life? The answer
is unknown . Even though radio astron­
omers across the world followed up on
the "WOW!" signal, no other emanations
from that particular portion of the sky
have ever been recorded. Try as they did ,
no one could duplic ate the signal on other
radio telescopes. Some think that this was
an anomaly-some glitch in the receiv­
ing or recording equipment. Others think
it might have been a terre strial source
such as an artifi cial Earth satellite or pos­
sibly a spy aircraft. In short, no one know s
for sure. The "WOW!" signal still mys­
tifies radio astronomers to this day.

SEll League and You
The ultimate goal of The SETI League

is to use amateur radio astronomy equip­
ment manned by SETI League members
to pro vide an "a ll-sky" search in an
attempt to receive some microwav e trans­
missions from intelligent species outside
our own planet. It seems far fetched, but
in reality it is a starting point that, unfor­
tunately , has been pushed aside by main­
stream science and NASA. This leaves
interested amateurs in the driver ' s seat.
With the current microwave receiving
techniques coupled with re-tasked C­
Band satellite TV dishes and some very
sophisticated software, an individual can
assemble a workin g radio telescope that
would rival anything that could have been
placed on line by universities and/or gov­
ernments only 20 years ago. Now that is
saying something.

The cost is quite eco nomical, too, if I
do say so myself. My l 2-foot C-Band
dish cost me absolutely nothin g! It was
free in exchange for my efforts to remove
it. Thanks to Kyle Albritton, W4KDA,
and his big pickup and trailer, we man­
aged to dismount the dish from its mount­
ing pole , load it on the trailer, and drive
it about a half mile to my home. Two of
my neighbors helped us man-handle the
dish on and off the trailer. It now sits
beside our house awaiting a new mount-

ing system and a whole bunch of con­
crete. All in good time.

Receiver Considerations
Believe it or not, procuring a dish was

the easy part of this SET! station. The
receiver was the biggie. If you have deep
pockets, a wide-band commerc ial receiv­
er such as the ICOM R-5000 would be 3L

goo d choice. Why? It' s simple: The
receiver tunes all the way up into the
microwave regio n. This means no down­
conver ter to worry about, and you calli
simply change out the LNA (low- noise
amplifier) at the dish feed point with one
that is cut for the hydrogen line ( 1420
MHz) or the hydroxyl line (1667 MH z)
and run the signa l directly in from the dish
to the rece iver. (Note: The hydrogen line
and the hydroxyl line are a band ofradio
f requencies between 1420 and 1667
MHz. This is a very quietfrequency spec­
trum where there is little noise from
space. It is theorized that because of the
quietness, the best possible SET! efforts
can take place. The hydrogen line is the
spectral line created by changes in the
energy state of neut ral hydrogen and
occurs at a freq uency of 1420.40575177
MHz. The hydroxyl absorption line is at
approximately 1667MHz.-ed.) The out­
put of the receiver is then routed to the
station computer runn ing the audio DSP
software. Ergo, an "instant" (almos t)
SETI station.

If, however, you are like the majority of
the rest of us, you are going to have to
either make or buy an LNA with an LNB
(down-converter) to place at the dish feed
and run the down-converted RF signal into
a VHF receiver (older 2-meter radios often
are pressed into service here) and then take
the audio output of the VHF receiver
(henceforth referred to as a tunable IF) into
your computer audio DSP software.

These extra steps esca late the overall
cost of our new SETI station. However, it
is an acceptable way to acco mplish the end
mission-to listen to the stars. Until
recentl y, Down East Microwave, along
with other gear manufacturers, has mar­
keted LNBs that will work at the dish feed.

Visit Our Web Site
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Well , that is about it for this time. I will be revisiting this
top ic in the next installmen t of this column, so be prepared.
Hmm .. . that sounds like the Boy Sco uts! 73, Rich , K7SZ

YO-YO 72!

EmComm and You
Once you understand that you must become trained, get busy

and get the training. Our local Gw innett Co unty (GA) ARES
unit has a pre-deployment training program that all ARES mem­
bers must com plete prior to be allowed to participate in any
ARES drill s/real-world disaster eve nts. Yes, they do take
EmCo mm seriously here. '

Invariably, both new and experie nced EmComm personnel
start puttin g together their "Go-Bag," or as I like to ca ll it,
"GOOD-Bag" (Get Out Of Dodge Bag). Unfor tunately, all too
often the Go-Bag becomes the primary foc us of the EmCo mm
volunteer's life. ARRL ARES/ RACES guide lines ca ll for being
self-suffic ient for a 72-hour period, referred to as "YO-YO 72,"
or "You' re On Your Own for 72 hours."

In rea lity, I prefer to provision my GOOD-Bag for a mini­
mum of two weeks, since you really don 't know what you might
be getting into, and having the extra prov isions, batteries, spare
underwear, medicati ons, bottled water, power-bar rations, etc.,
might mean the difference between being part of the solution
to the disaster or part of the problem .

There is always the tempt ation to include as much radio gear
as possible, along with a multitude of batteries, and every thing
up to and includin g the proverbial "kitchen sink." Resist this
temptati on, please! First of all, the chances of needing a box car
full of comm gear are virtually non-existent. You will mainly be
concerned with VHF/UHF com ms, so stick with that. A good,
multi-band HT loaded with the necessary local FM repeater/sim­
plex frequencies along with a hand-held scanner (to cover the
local police/fire/EMS frequencies, NOAA WX radio) and an
AMIFM commercial receive r to listen to the local news outlets
will be all you really need to take along.

The ARRL ARES/RACES guide lines present a comprehen­
sive list of things that your Go-Bag should have in it. Among
the most important is to be sure that any maintenance medica­
tions that you might be on should be procured ahead of time
with the help of your primary-care physician. Ditto on eye ­
glasses. Compare notes with other mem bers of yo ur
ARESIRACES memb ers to get an idea of what they have in
their Go-Bags. You 'd be surprised at what you might find.

within the disaster-preparedness community quickly found out,
many hams did not have the training or the developed ski lls and
discipline needed to dove-tail with the professional wor ld.

To address those shortcomings, the ARRL, much to its cred­
it, started offering continuing education courses in emerge ncy
communications (see <http://www.arrl.org>) with the hope that
those amateur radio operators already invol ved with the
Amateur Radio Emerge ncy Service (ARES) and Radi o
Amateur Civil Emergency Service (RACES) would become
involved and beco me fully trained EmComm volunteers.

Having taken all three levels of the ARRL's EmComm cours­
es, I can attes t to the fact that the training is compre hensive,
timely, thorough, and once trained, you are recog nized as an
EmCo mm volunteer who can be counted on to work within
the disaster response co mmunity. In other words, yo u are
"valida ted" and have become an asse t to the professional
disaster mitigators.

EmComm

Unfortunately, due to the lack of demand, these are no longer
offered commercially, which means that you will either have to
procure a used LNB or make one from plans in various ARRL
publications or from internet sites. Either method is permi ssible
and not all that difficul t.

As my SETI stat ion takes shape I will return to this theme
and give updates as to how I conquered the various obstacles
to get my statio n on the air. Although theoretically this is a
"beginners" co lumn, most of this SETI station is composed of
commercial off- the-shelf equipment that is not beyond the capa­
bilities of a newcomer to the hobby to dupli cate. After all, think
of the the idea of engagi ng in the quest of a lifetim e, trying to
unravel one of the all-time mysteries of mank ind: Are we alone
in the universe? The idea that we, as radio amateurs, are able
to participate in this ultimate quest is sayi ng quite a lot about
our technology and our skills.

Emerge ncy Communications (known also as EmComm ) is of
particular interest to me personally, and I feel that anyone new
to the ham radio hobby needs to be thoroughly indoctrinated into
the nuances of EmComm and why it is so important to the sur­
vival of our hobby. Having been involved with ham radio for
nearly 50 years, I have watched our methods of communications
evolve and expand into the exc iting and ultra-cool systems we
currently are using. When I first entered the hobby, AM (ampli­
tude modulation) was "king" and SSB (single sideband) was just
making inroads into HF communications. A few years later, AM
signals were relegated to a narrow portion of the lower HF bands
and SSB had come to dominate HF long-haul communications.
In college we still used a lot of AM and CW on the VHF bands.

In the late 1960s the switch to FM was ju st starting, and to
get a FM signal on 6 or 2 meters required the procurement and
subseq uent modification of a piece of used commerc ial FM gea r
such as a Motorola, GE, or RCA police and/o r fire department
radio. Once converted you had one or two channels of FM that
allowed you to opera te on a local repeater channel and one sim­
plex channel (most likely the repeater output). As soo n as the
Japanese equipment manufacturers saw the huge potenti al mar­
ket for 2-meter FM radios, the race was on. First with crys tal­
controlled gear, which was followed by synthes ized gear that
allowed full VHF/U HF band coverage.

Today we have exce llent VHF+ FM rigs that offer built- in ter­
minal node controllers (TNCs), Automatic Packet Reporting
System (APRS) ready equipment, and now, with the advent of
ICOM ' s D-STAR software, we have digital voice/ data systems
capable of operating on VHF+, which greatly enhances our capa­
bilities as emerge ncy communicators.

The FCC, as part of our licensing agreement, dictat es that
we, as ham radio opera tors, be ava ilable to lend a helping hand
with emergency communications durin g times of natural and
man-m ade disasters. Amateur radio is one of the very few "hob­
bies" that allows the part icipant to active ly support his/her local
community.

Si nce the atroc ities of Septemb er II , 200 I, EmCo mm has
become a buzz word across the spectrum of disaster prepared­
ness. Professional disaster-preparedness mitigators have come
to rely on trained amateur radio operators to augment, and in
some cases completely replace, communications systems/facil­
ities destroyed or impaired due to a cr isis situation. The key
word here is "trained." The days of the ham radio operator show-

I ing up with a hand-held transceiver (HT) and a couple of bat-

I
tery packs to "furnish comm" are over. As the professionals
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By Bill Brown," WB8 ELK

UP IN THt AIR
New Heights for Amateur Radio

Launches by the Space Hardware Club of UAH

The Space Hardware Club of Unive r­
sity of Alabama, Hunt svill e (UAH)
has been flying a number of uniqu e

high-altitude balloon experiments. The
club memb ers meet two nights each week
to work on their experiments and often
launch a couple of balloons each semes­
ter. One of their payloads last year con­
sisted of human and mouse nerve cells in
an enviro nmenta l chamber to see the
effec ts of a trip into the stratosphere. The
ce lls survived! UAH also flies Balloon­
sats as part of the electrica l engineering
senior design class, but the Space Hard­
ware Club (SHC) is uniqu e in that stu­
dents of any major can participate.

This past fa ll on a beauti ful October day
the SHC students launched a high-d efin­
ition camcorder that also downlinked live
video . The fast-sca n amateur television
(ATV) transmitt er section (see photo I)
put out 3 watts on the 70-cm band into a

*/2536 T 77. Findlay. OH 45840
e-mail: <wb8elk@aol.com>

Photo I. The Space Hardware Club's hi-definition ATVtransmitter payload.
(All photos by Bill Brown, WB8ELK)

Photo 2. Club members get to wear this unique T-shirt.
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Photo 3. The Space Hardware Club students prepare to launch
their balloon experiments.
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Photo 4. Barry Lankf ord, N4MSJ, sets up his portable ATV
ground station.

horizontally polarized Little Wh eel ant enna. In addition, there
were several APRS (Automa tic Packet Rep orting System)
transm itters on 144.39 and 144.34 MH z for tracking the bal ­
loon ' s position during flight.

The ca lm winds allowed a picture-perfect liftoff (see phot os
2 and 3) as the students watched their payload rise high above
Hunt sville, Alabama. Barry Lank ford, N4MSJ, brou ght his
portabl e ATV receiver and antenna to watch the video during
the flight (see photo 4). In addition, the Elect rical and Computer
Enginee ring (ECE) departm ent at UAH has allowed the Space
Hard ware Club to set up a grea t ground station in a roo m on
the second floor that has roof access for their antenna sys tem.
The az/e l rotor sys tem combined with some custom program­
ming of their gro und-s tation co mputer allows the antenna to
track the balloon by decoding the APRS downlinked position
and altitude, calculating the azimuth and elevation bearin gs and
automatica lly steering the antennas toward the balloon throu gh ­
out the flight (photo 5).

Thi s first flight of thei r ATV sys tem had some antenn a prob­
lems (the Littl e Wheel had been beaten up pretty badly during
a numb er of ea rlie r missions), so only a few minutes of live
ATV sig nals were received. However , they did ge t some beau ­
tiful high-defin ition video recorded on the camcorder ' s mem ­
ory card.

Jason, KG4WS V, did some repair work on the Littl e Wheel ,
and the club members flew the payload aga in a few weeks later
from the Sparkman Middle School with excellent full -color live
video recei ved by many ATV stations ac ross the southeast. I
was able to receive that flight with nothing more than a 3-e le-

www.cq-vhf.com

Photo 5. SHC students man the campus ground station.

Photo 6. Balloon ATV received by WB8ELK using an ICOM
IC-R3 and handh eld Arrow Antenna.

ment handh eld Arrow Antenna hooked up to an ICOM IC-R3
radio in TV mode throughout the majority of the flight (photo
6) . Hank , W4HTB, had co lor video recepti on from ove r 200
miles away in Bowling Green , Kentucky and also link ed his
received video onto the BATe' s (British Amateur Television
Club) strea ming video web site (www. batc. tv). Th e balloon
burst at peak altitude was quit e spec tac ular. We co uld clearly
hear the ball oon pop and were treated to the so und of the air
rushin g by the payload as it started its rapid descent in the near­
vac uum of the edge of space.

Th e final porti on of the parachute drop back to Earth was
quit e exc iting and a bit nerve-wracking, as the payload ca me
down only a few hundred feet fro m Alaba ma's equivalent of
the Gr and Can yon (Li tt le River Ca nyo n State Park ).
Fortunately, a cliff-hanging recovery was not needed , as the
payload managed to land in a tree not far fro m a road near the
edge of the canyo n.

For more info and announce ments of future flight s from the
Space Hardware Club, visit: <http://s pace hardware.uah.edu>.

73, Bill , WB 8ELK
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By Dr. H. Paul Shuch," N6T

DR. St:TI'S STARSHIP
Searching For The Ultimate DX

Watching Terrestrial Television at Alpha Centauri

In our last co lumn, we explored an
attempt to beam the 2008 film The Day
the Earth Stood Still to purport ed sc i­

ence-fiction fans at Alpha Centauri, our
nearest ste lla r neighbor. We showed
throu gh link ana lys is that to watch the
movie they would require an antenna on
the order of 3200 km in diameter - rough­
ly the size of a co ntinent.

Although I refuse to rule out the possi­
bility of advance d ex tra terres tria l bein gs
engi neering antennas (or arrays of anten­
nas) of co ntine ntal sca le, there still re­
main s the probl em of pointing those
im mense antennas in our directi on. Re­
ca ll that the beam width of a par ab oli c
antenna ca n be es timated fro m its diam­
eter and operating waveleng th. For the
Centaurian antenna, that hal f-p ower
beam width is on the orde r of:

A = 5.0 X 10.2 m
8= 0 3.2x 106 m = 16nRad

which is on the order of a millionth of a
degree. One shudders to think how any
civ ilization, no matt er how advance d,
co uld aim a who le co ntinent to that level
of acc uracy, much less track a movin g
target from a moving object for the length
of a two-hour movie. However , more sig­
nificantly, one mu st ask: Wh y both er?

One would think that by co mparison to
the Ce ntaurians' cha llenge of aiming an
antenna of co ntinental size, our probl em
on Ea rth, poi nting our tin y 5.5- me ter
uplink antenna, wo uld be trivial. No t so,
because altho ugh our antenna's hal f­
power beam width is a respectable half a
degree, we are deal ing with an n-bod y
Newto nian mot ion probl em ove r inter­
ste llar distances.

Co nside r first that we are aiming our
antenna from the surface of a planet that
is bot h spinning on its axis and orbiting
its star. Th at sta r is, in turn , revolvin g

*Executive Director Emer itus, The SET!
League, Inc., <www.setileague .org>
e-mail: <n6tx@setileague .org>

around the ce nter of the Milky Way
ga laxy, as is the Alpha Centauri sys tem.
Ou r movie-go ing audience is os tensibly
situated on the surface of a planet some­
where in that tripl e-star sys tem. Unless it
is tid all y locked (no t a happy circ um­
stance for the eme rge nce of life), that
planet is doubtless rotating on its ax is, and
negotiating a co mplex orbita l da nce with
respect to its three suns. Our ow n motion
is known , or ca n at least be co mputed.
Having not yet eve n det ected our target
plan et , we ca n only guess as to its co m­
plex path over tim e.

"Overtime" is our key here . Rem ember
that wh en we look at Alpha Ce ntaur i in
the southe rn sky, we are see ing not where
it is, but rather where it was so me 4 1/4

years ago. Thus, whe n we tra ns mit
toward Alpha Cent auri , our antenna mu st
aim, and track , not where it was 4 1/4 years
ago, or even where it is tod ay, but ra ther
where it will be 4 1/4 years hence.

True, our hal f-degree transmit beam­
width gives us so me leeway. As our beam
spreads out co nica lly in interstell ar space,
there is a cha nce that we might ge t luck y
and that part of our signal may end up
intercepting its intended target. Th en
again, maybe not. It ' s not an easy matter
for me, or the Deep Sp ace Communi­
ca tio ns Netwo rk (DSCN), to calculate .

The forego ing calculations might well
cas t a pall over the whole SETI enterpr ise .
How can we ex pect, one might wonder, to
intercept incid ental radiation from a dis­
tant civilization when our ow n broadcasts
are most likely not detectable at eve n the
nearest star, but for superhuman efforts
and incredible antenna engineering?

Th e enco uraging answer is that SETI
sc ience see ks not to watch movies (or, in
fac t, to dem odulate intelli gen ce of any
kind ) as much as to ident ify signa ls of
clearly intelli gent ex tra terrestria l or igi n,
provid ing proof of ex istence of our cos­
mic co mpanio ns . Let ' s think abo ut how
The Day the Earth Stood Still uplink
might have provided proof of ex istence
to our cosmic co mpanio ns, over far

greater dis tances than Alpha Centaur i.
Firs t, and most obvious ly, whi le de

modu lating viewable FM video require
a reputed positive signa l-to-noise rat io o
the order of 10 dB, we ca n detect the pres
ence of an artificial sig na l at un ity SNlR
or even less. Thus, dispen sing wi th th;:
ass umed I O-dB detector thresh old allo w
us to decrease our receive antenna size b
a factor of three, or alte rnatively, t
increase our de tec tion range for the orig
ina lly co mputed antenna also by a fac to
of three. However, it gets even bett er.

Significant increases in de tectabilit
are achieved in SETI receivers by inte
grating a received signal over time. Th
longer the time averaging, the more a sig
nal rises out of the noise . Of co urse, mod
ulat ion (that is, info rmation co nte nt) i
lost in the process, but if we are seekin
proof ofexistence ra ther tha n video enter
tai nme nt, this is hardl y a fac tor. In the pre
sen t example, by integrati ng our receive,
signal for a mere three seconds, we ad,
an ad ditiona l 40 dB to our SNR. Thi
wo uld allow us to increase distance by ,
fac tor of 100, or decrease receive anten
na size by a factor of 100, or so me co m
binat ion of the two.

Fi na lly, altho ugh a 40-M Hz cha nne
allocation (34-MHz receiver bandwi dth
is typical for analog satellite T V, there an
many mod ulation modes that co nce ntrat
co ns iderable power into a far nar rowe
bandwidth . Si nce nar rowing receive
bandwidth impro ves SNR, we mi gh
expect to detect these narro wer sig nal
over far greater distances, or wi th signif
ican tly smaller an tennas. A 500-watt carr
rier, for example, co ntai ned within a II)

Hz bandw idth co uld eas ily be detectei
over interstellar distances by an antenm
such as Arecibo in Puerto Rico , Earth'
largest radio telescope, given about WI
seconds of integratio n time.

Gi ven the above, one wonders ove
wha t dis tance video programmin g fro n
the DSCN can realis tica lly be receive!
given Earth- level technology. It turns ou
that an Arecibo co uld recover clea r vide,
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This year's calendar brings you 15
spectacular color images of some of
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than
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from this up link out to a range of abo ut
3-billion km. This figure represents the
approximate distance between the Sun
and Uranus at aphelion. Th us, an Arecibo
Observatory on Uran us could, if proper­
ly aimed, be used to mo nitor Earth's
satellite TV uplinks.

Bear in mind that the uplink facility
used at DSCN initially was intended to
relay FM video via a communications
satellite parked in the Clarke orbital belt.
a mere 38,000 km from Earth. This is a
facility designed for relatively local com­
munications. That it appears capable of
interp lanetary video relay is encouragi ng.
It should not disappoint that its utility over
interstellar distance s seems suspect.

"Give me a lever long eno ugh," wrote
Arc himedes more than two mille nnia
ago , "and a fulcrum on whic h to place it,
and I shall move the world."

"Give me an antenna large enough ,"
wrote the Alpha Centaurians, "a nd a tar­
get at which to aim it, and I shall watch
your world ."

Their task in viewi ng The Day the
Earth Stood Still. though not inconsistent
with the laws of phy sics, is nonetheless
daunting beyond belief.

73, Paul , N6TX
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' 100 W w/ autotuner ' built-in Power SUPf
• DSPfilters / Voice memory recorder
• 200W(FT-2000D)
• 3 BandParametric Mic EO • 3 IFroofing Ii

Call For Low Pricing!

FT·450AT HF+ 6M TCVR

•
~_~ ~~ .~ro
~ :,_ ..- . u::F)-.
s '

• 1OOW HF/6M • Auto Tuner built-in • DSF
• 500 Memories • DNR, IFNotch, IFShift

Call Now For Special Pricing

FT·7900R
• 50w 2m, 45w on440mHz
• Weather Alert
' 1000+Mems
• WIRES Capability
• Wideband Receiver (Cell Blocked)

Call Now For Your Low Price!

Ultra compact HF,VHF, UHF

• 100w HF/6M, 50w 2M, 20w UHF
• DSP included • 32colordisplay
• 200mems • Detachablefront panel (YSK·S

Call forLow Price!

, FT·2000/FT20000 HF+6M It

._-------~.~---

VX·8R
50/144 /222/440 Handheld

• 5w (l W 222)
• Bluetooth optional
• waterproof/submersible3 ft 30 mins
• GPS/APRSoperation optional
• Li-ionHi-capacity battery
• wideband Rx

• Ultra-Compact Dual-BandHT
w/ Wide band RX

• 1.5WRF out 2m/ 1w RF out 440
• WiRESCompatible
• 1000Memory channels
• AABattery compatible

w/OptionalFBA-37

Call For Low Intra Price!

VX·6R
2M/220/440HT

• widebandRX- 900memories
• 5W 21440 , 1.5W220 MHzTX
• Li-IONBattery - EAI system
• Fully submersibleto 3 ft.
• CW trainer built-in

NEW Low Price!

• 2m/440 HT
• 5W Wide-band receive
• CTCSS/DCS Built-in
• Emergency Auto ID

Low Price!

FT·60R

50/2M/220/440 HT
• Wideband RX- 900Memories
• 5WTX(300mw 220Mhz)
• Li-Ion Battery
• Fu lly Submersibleto 3 ft.
• Built-in CTCSSIDCS

"'~:J:":li'l!'» • InternetWIRES compatible

Now available inBlack!

Cool Winter Specials
From Yaesu
Coupons shown expire1/31/10

• V+UN+VlU+Uoperation
• V+U full duplex ' Cross Bandrepeater function
• 50W2M 35WUHF
• 1000+ Memory channels
• WIRES ready

Call Now For Low Pricing!

' 100W HF/6M
• Auto Tuner built-in
• 3 roofing filters built-in
• DMU-2000 Compatible

Call Now For Low Pricing!

• HF/6M/2MI70CM • DSPBuilt-in
• HF 100W(20Wbattery)
• Optional P.S. +Tuner ' TCXOBuilt-in

Call Now For Our Low Pricing!

FT·8970 VHF/UHF/HFTransceiver

PHOENIX, AZ
10613 N. 43rdAve, 85029
(602) 242-3515
(800) 444·9476
Gary, N7GJ, Mgr.
Corner of 43rdAve & Peoria
phoenlx@hamradlo.com

PORTLAND, OR
11705 SW. PacificHwy.
97223
(503) 598-0555
(800)854·6046
Leon, W7AD, Mgr.
Tigard-99W exit
fromHwy.5 & 217
portland@hamradio.com

ATLANTA, GA
6071 Buford Hwy., 30340
(770) 263-0700
(800) 444·7927
Mark, KJ4VO, Mgr.
Doraville, 1 mi. no. of 1·285
atlanta@hamradio .com

WOODBRIDGE, VA
(Near Washington D.C.)
14803 Build America Dr. 22191
(703) 643-1063
(800)444-4799
Steve, W4SHG, Mgr.
Exit 161,1-95, So. to US 1
woodbridge@hamradlo.com

NEW CASTLE, DE
(Near Philadelphia)
1509 N. Dupont Hwy., 19720
(302) 322-7092
(800) 644·4476
Chuck, N1 UC, Mgr.
RT,131 /4 rni., 50.1-295
newcastle@hamradio.com

SALEM, NH
(Near Boston)
224N. Broadway, 03079
(603) 898-3750
(800)444·0047
Peter, Kll M, Mgr.
sales@hamradio.com
Exit 1,1-93;
28 mi. No. of Boston
salem@hamradio.com

SUNNYVALE,CA
510LawrenceExp.#102, 94085
(408) 736-9496
(800) 854·6046
Jon, K6WV, Mgr.
So. fromHwy. 101
sunnyvale@hamradio.com

DENVER,CO
8400E. Iliff Ave. #9, 80231
(303) 745-7373
(800)444·9476
John, WOIG, MQr.
denver@hamradlo.com

OAKLAND,CA
2210Livingston St., 94606
(510) 534-5757
(800) 854·6046
Mark, WI7YN, Mgr.
1-880 at 23rd Ave. ramp
oakland@hamradio.com

SAN DIEGO, CA
5375 Kearny Villa Rd. , 92123
(858) 560-4900
(800) 854·6046
Jose, XE2SJB, Mgr.
Hwy. 163 & Claremont Mesa
sandiego@hamradio.com

ANAHEIM. CA
(NearDisneyland)
933 N. Euclid St., 92801
(714)533-7373
(800)854·6046
Janet, KL7MF, Mgr.
anahelm@hamradio.com

BURBANK,CA
1525 W. Magnolia Blvd, 91506
(818)842·1786
(800)854·6046
Eric, K6EJC, Mgr.
Magnolia between

S. Victory & Buena Vista
burbank@hamradio.com
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· Shown with the optional FGPS-2
GPS Antenna and the optional
CT-136 Adapter.



Earge Multifunction Dot Matrix LCD &
Selectable 8 color Backlight

_S~PM~te Front Panel & Rugged
Die-cast Chassis ( F_an-Iess 150 W Output)

Optional GPS 0Reration
(with FGPS-1 or FGPS-2, GPS Antenna unit attached)

Integrated HigH-Performance APRS®Operation
with SmartBeaconing™ 1200 19600 bps Data Commu~tion-

Rear Panel
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• APRS" is a registered trademark of Bob Bruninga WB4APR.
• SmartBeaeaning ,. from HamHUD Nichetronix

---._~= _ _ _ _ • 0 -"'--,-_-==---'----


	00001
	00002
	00003
	00004
	00005
	00006
	00007
	00008
	00009
	00010
	00011
	00012
	00013
	00014
	00015
	00016
	00017
	00018
	00019
	00020
	00021
	00022
	00023
	00024
	00025
	00026
	00027
	00028
	00029
	00030
	00031
	00032
	00033
	00034
	00035
	00036
	00037
	00038
	00039
	00040
	00041
	00042
	00043
	00044
	00045
	00046
	00047
	00048
	00049
	00050
	00051
	00052
	00053
	00054
	00055
	00056
	00057
	00058
	00059
	00060
	00061
	00062
	00063
	00064
	00065
	00066
	00067
	00068
	00069
	00070
	00071
	00072
	00073
	00074
	00075
	00076
	00077
	00078
	00079
	00080
	00081
	00082
	00083
	00084

