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High performance preamps, sequencers
and antenna switching up to 3 GHz.
See the Array Solutions website for more
details along with our other VHF and UHF
products including the popular 6 Meter
Stack Match , Power Master watt meters
and others. Array Solutions is your source
for top quality VHF gear.
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LINt: OF SIGHT
A Message from the Editor

Raising Our Technical Competency

With this issue were are raising the
technical competency level by pub
lishing two quit e techn ical articles.

The first article, by Roger Harrison ,
VK2ZRH , origi nally appeare d in the Volume
40 , Seco nd Quarter issue of DUBUS maga
zine. In response to my request to publi sh a
similar article in CQ VHF, Harrison rewrote
it so that it is better suited to the North
American readership .

In his semi nal work, Harrison discusses
peti t chordal hop and layer trapping , which he
posi ts they "enable a dramatic increase in the
MUF of an oblique propagation path ." He
adds : "Layer trapping has the potenti al to
extend MUFs beyond 350 MHz. It may have
been involved in the few reports of 220-MHz
Es propagation in Nort h America."

Are you intrigued? If so , you can read
Harrison's article start ing on page 14 .

The second article , by James Kocsis ,
WA9PYH, is an exte nsive homebrew of an
AZiEL rotor contro ller. Several of us who
work the satellites have strugg led with how to
rotate and elevate our antenna arrays as we
follow a satellite across its port ion of the sky .
Kocsis designed and built his solutio n and
instruc ts us on how we can build ours.

EME on a Shoestring-Almost!
While Kocsis had sate llite communications

in mind as he designed his rotor controller ,
"V HF Propagation" co lumnist Tomas Hood ,
NW7 US , may have unwittin gly discovered
another use for the controller. Hood devotes
this issue's co lumn to the new ease of EME
com munications . Co mmenting on the
changes, he writes :

Gone are the days when receivers were deaf
and moonbounce required such Herculean
efforts. Now, armed with the right software, a
good soundcard-equipped personal computer, a
modest beam antenna, and some patience along
with a modem VHF transceiver, you can easily
work DX via the visible Moon!

For best results , the modest beam that Hood
refers to needs to be able to follow the natur
al satellite, the Moon . Thus, Kocsis ' s con
tro ller will do a nice job.

The right software that Hood describes is
Joe Tay lor , K IJrs JT65 program. In Hood 's
co lumn he descri bes the different versio ns of
JT65 and how to crea te a station capable of
mak ing heretofore impossible EME QSO s. I
invite you to learn more by read ing Hood ' s
co lumn beg inning on page 64.

In keeping with the EME theme , "An
tenn as" co lumn edi tor Kent Britain,
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WA5V18 , describes a long-boom (20-ele
ment) 432- MHz antenna that he des igned for
worki ng Arecibo when that station returns to
the air in a year or two. We in the EME com
munity are co llectively holdin g our breath in
the transition to the new contrac tor for the
mega-d ish antenna . Ass ura nces fro m well
placed sources that it will return cause us to
breathe a bit easie r and Britain to design more
antennas . Look for another long-boom anten
na in a future "Antennas" column.

The Latest on ARISSat-l
Taking a bit of a gamble, "Satellites" edi

tor Keith Pugh , W5IU , devotes considera ble
space in his column describin g how to work
the ARISSat - 1 satelli te once it is laun ched
from the International Space Station.From the
AMSA T website (http://www.amsat.org)
Gould Smith , WA4S XM , the ARISSat - 1 pro
jec t manager, writes:

The deployment date for ARISSat is still soft;
a major factor is the shuttle launch. As of July 6
the EVA date is inearly August. ... Since we have
no firm date or time for the EVA we cannot pre
dict where the satellite will be heard first. We will
let everyone know more as we know more.

Pugh' s gamb le is that the launch date will
slide just past the time that you will have
received this issue and read his col umn, which
beg ins on page 57 .

Summer's Special Propagation
The deck for Features Editor Gordon West ,

WB6NOA's article begi ns: " It happ ens
almost every summer. Most of the time it
begi ns during the 4th of July weeke nd . Th is
year was no exce ptio n." What happens almost
every summer is the tropo ducting that takes
place between Hawaii and the mainland West
Coas t. This year 's July 4th weekend proved
to be another grea t one for the duct. West
describes what happened this year and what
to expect concerning future tropo-duct eve nts,
begi nning on page 8.

Other Great Reading
Including the Web

The other co lumns also provide great read
ing for your special interest in the wonderful
world of the VHF Plus ham bands. I invite you
to read all of them-including the We b
Specia l article "Hope for F-Layer Propagation
on 6 Meters in Cycle 24" by CQ VHF Features
Editor Ken Neubeck, WB2AM U. To access
his article, go to <http ://www.cq-vhf.com>
and click on the link. Unlike in the past when

we have presented teasers of articles in the
then-current issue, Neubeck 's entire article is
posted , thereby taking advantage of the
resources available to us to make avai lable
eve n more great VHF Plus reading .

Naturally , we hope that the "tease" of a full
article will encourage the website readers to
sign up for a full subscription in orde r to read
all of the content that you have at your finger
tips . Therefo re, if you know-of someone who
needs his or her copy because he or she is con
stantly borrowing yours and "forgetting" to
return it, send that person to our website with
the enticeme nt of a bonus article online .

Co ncern ing the web, if this concept of plac
ing some of the content online works , then
maybe we will look at placing more of the con 
tent of this , your magazi ne, onli ne .

Missing
Two regular writers are missing from this

issue . Mark Morrison, WA2VVA, had to take
off this issue due to fami ly matters.Tom Dean,
KB IJIJ,just graduated from West Point and
is headed to Stanford to do graduate work . We
should see their exce llent work agai n in future
issues of CQ VHF.

Oops!
Neubeck' s article 'The AR RL VHF

Contests" which appeared in the Spring 201 1
issue contained a couple of misstatements
concerning the ARRL con test rules .We regret
these errors .

More important , however , was Neubeck's
incl usion of a couple of snippets of a grid!
square map. It turns out that these snippets are
part ofICOM's copyrighted grid square map .
He did not realize that these were portio ns of
ICOM 's map and I failed to ca tch it. Ulti
mately, I have the responsibility to catc h these
copyrig ht issues. There was no source attri
bution in the figure caption for the grid square
map sections that Neubeck used .

I personally apologized to Ray Novak ,
N9JA, National Amateur Marketing Manager
for ICOM America, for my mistake when I
saw him at the Ham-Com con ventio n this past
June . Additionally , to him, and stated here in
this editorial, I will endeavor to be more care
ful about such issues in the future .

And Finally
As you can see from the Quarterly Ca lendar

on page 6 , there is plenty of VHF Plus activ
ity to go aro und during the next few month s.
I hope to see you partici pating in some ofthese
eve nts . Until the next issue . .. 73 de Joe ,N6CL
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QUARTERL~ CALENDAR OF EVENTS

Quarterly Calendar
The following is a list ofimportant dates for
VHF-Plus enthusiasts:

The2011 AMSAT-NASpaceSympo
sium and Annua l Meeting is to be held
November 4-5 in San Jose, California at
the Windham Hotel. For more informa
tion, please see the AMSAT URL per
taining to the symposium at: <http://
www .amsat.org/> .

Calls for Papers
Calls for papers are issued in advance

of forthcoming conferences either for
presenters to be speakers, or for papers to
be published in the conferences' Pro
ceedings, or both . For more information,
questions about format, media, hardcopy,
e-mail, etc., please contact the person list
ed with the announcement. The follow
ing organizations or conference organiz
ers have announced a call for papers for
their forthcoming conference:

Microwave Update : A call for papers
has been issue for the 20 II Microwave

Current Contests
August: There are two important con

tests this month . The ARRL UHF and
Above Contest is scheduled for 6-7
August. The first weekend of the ARRL
10 GHz and above cumulative conte st is
scheduled for August 21-22 .

September: The ARRL September
VHF QSO Party is September 10-12.
The second weekend of the ARRL 10
GHz and Above Cumula tive Contes t is
September 18-19. The following are the
dates for the Fall Spr ints: The 144 MHz
Fall Sprint is September 19,7 PM to II
PM local time. The 222 MHz Fall Sprint
is September 27 , 7 PM to II PM local
time . The ARRL 2.3 GHz and Above
EME Contest is September 24-25 .

October: The 432 M Hz Fall Sprint
is October 5, 7 PM to II PM local time .
The Microwave (902 M Hz a nd a bove)
Fall Sprint is October 15, 6 AM to 12
PM local time. The ARRL 50 M Hz to
1296 MHz EME Contest is October
22-23 . The 50 M Hz Fall Sp ri nt is
October 29, 2300 UTC to October 30,
0300 UTe.

November: The ARRL 50 MHz to
1296 MHz EME Contes t is November
19-20 .

For ARRL contest rules, see the issue
of QST prior to the month of the contest
or the Leaque's URL: <http://www.arrl.
org> . For Fall Sprint contest rules , see the
Southeast VHF Society 's URL: <http://
www .svhfs .org> .

Current Conferences
and Conventions

September: The 2011 TA PRlA RRL
Digital Communica tio ns Co nference
will be held September 16-18 in Balti
more , Maryland, at the Four Points by
Sheraton BWI Airport , 7032 Elm Road.
Reservations: 1-800-368-7764 or 1-410
859-3300. For more information, see:
<http://www.tapr.org/dcc.html>.

October : The 20 II Microwave Up
date conference is to be held October
13-16 in Enfield , Connecticut at the
Holiday Inn. Reservations (must mention
Microwave Update): 1-860-741-2211 .
For further information, please check the
Microwave Update website: <http://
www .microwaveupdate .org>.

Aug. 2
Aug . 6
Aug. 13

Aug. 18
Aug.21
Aug . 29
Aug . 30
Sept. 4
Sept. 12
Sept. IS
Sept. 20
Sept. 27
Sept. 28
Oct. 4
Oct. 8
Oct. 12
Oct. 12
Oct. 20
Oct. 21
Oct. 26
Oct. 26
Nov. 2
Nov. 8
Nov. 10
Nov. 18

Nov. 23
Nov. 25

Moon perigee
First quarter Moon
Perseids meteor shower and

Full Moon
Moon apogee
Last quarter Moon
New Moon
Moon perigee
First quarter Moon
Full Moon
Moon apogee
Last quarter Moon
New Moon
Moon perigee
First quarter Moon
Draconids meteor shower
Full Moon
Moon apogee
Last quarter Moon
Orion ids meteor shower
New Moon
Moon perigee
First quarter Moon
Moon apogee
Full Moon
Leonids meteor shower and

Last quarter Moon
Moon perigee.
New Moon; partial eclipse of

the Sun

Update conference, to be held in Enfiel d ,
Connecticut. The deadline for submission
is September I. If you are interested in
submitting a paper for publication in the
conference Proceedings , please contact
Paul Wade , WIGHZ, at <wlghz@arrL
net> for additional information.

AMSAT-NA 2011 Space Sy m po
sium: Technical papers are solicited for
the 20 I I AMSA T Space Symposium and
Annual Meeting to be held November 4
5 in San Jose, California. Proposals for
papers , sympos ium presentations, and
poster presentations are invited on any
topic of interest to the amateur satellite
program. Papers on the following topic s
are solicited: Students & Education,
ARISS, AO-51, P3E, Eagle, and other
sate llite-related topics.

Camera-ready copy on paper or in elec
tronic form will be due by the date
announced on AMSAT website (http ://
www.amsat.org) for inclusion in the
printed symposium Proceedings. Papers
received after this date will not be inclu d
ed in the printed Proceedings . Abstracts
and papers should be sent to the nam e
listed in the symposium announcement
on the website.

Meteor Showers
August: Beginning around July 17 and

lasting until approximately August 24 ,
you will see activity tied to the Perseids
meteor shower. Its predicted peak is Oil

August 13. The K-Cygnids meteor show 
er is expected to peak on August 18.

September: The a -Aurigids is expect
ed to peak on September I .

October: the Draconids is predicted to
peak on October 8. The predicted ZHR
(zenith hourly rate) may reach storm lev
els. The Orionids is predicted to peak Olll

October 21 .
Nove mbe r : The Leonids is predicted

to peak around 0340 UTC on November
18. As with last year's shower, this year 's
peak may go largely unnoticed .

For more information on the above
meteor shower predictions see Tomas
Hood, NW7US's "VHF Propagation"
column elsewhere in the issue of CQ
VHF. Also visit the International Meteor
Organization's website: http://www.imo.
net/ca lendar/20 II .

__________________________________________:J
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(10.3dBd) yagis. Built for durability and
ease ofassembly, this package is the perfect
choice to go onyourportable mast.



Hawaii Calla!
It happens almost every summer. Most of the time it begins during the 4th
of July weekend. This year was no exception. Here WB6NOA documents
the an nual occurrence-and this year's beginning of tropo propagation
between Hawaii and the mainland U.S.

By Gordon West,* WB6NOA

F
or over 50 continuous years, the Hawaii VHF/UHF bea
con network bangs out 24/7 CW propagation beacons
aimed at the United States West Coast, 2500 miles away.

"I don't think we have ever had a summer when I didn't get
beacon reports from the main land," comments Paul Lieb,
KH6HME, during his every-year visit to the mainland in
January.

"I remember our first Hawaii to West Coast mainland bea
con, put together by Ed Tice, W6NGN, from an earlier Gonset
'Goonie bird ,' keying the carrier on and off from the Island
Hotel elevator roof into a 5-element beam aimed stateside,"
says Lieb , where no one but the US Navy realized the pre
dictability of the every-July tropospheric duct covering this
2500-mile path.

"In the 1960s, John Chambers, W6NLZ, was well aware of
the military tropospheric ducting experiments between Hawaii
and San Diego, California (the Tradewinds experiment) and
pulled off the first full-fledged QSO on the 220-MHz band,"
adds Lieb.

Chambers operated from a hill in Palos Verdes, California,
and Paul indicates Chambers was quite a character: "Ifhe didn't
like you, don't drop by his shack!"

In the 1970s, Paul heard stories about television translator
technicians listening to FM music coming from the mainland,
at their TV translator site high atop the Mauna Loa volcano . " It
was a long drive. There were so many potholes on Saddle Road
that you really had to go slowly. And the volcanic road out to
the corrugated metal translator shack was barely drivable!" adds
Lieb, saying he went through through severa l Mercury station
wagons during his half-century of treks to the top of the hill.

One of the first beacons up at the 8200-foot eleva tion site,
on the side of an active volcano, was W6PJA's 432 CW sys
tem. Almost immediately, the 8200-foot site was a "tropo
pipeline" into southern California, with beacon reports coming
in throughout the year, not just in July and August.

Ten years later, the 2-meter beacon went up and the Mauna
Loa volcano erupted, with the lava flow making it impossible
to get to the beacon site for over half a year. Yes, the beacons
stayed on the air!

"The corrugated building has been through a lot. One time a
windstorm blew the roof off, but the beacons kept hammering
away," laughs Lieb.

Plenty of funny things have happened up at the beaco n site
during band openings. "About 15 years ago, the tropospheric

*CQ VHF Features Editor
2414 College Drive, Costa Mesa, CA 92626
e-mail: <wb6noa@cq-vhfcom>

ducting conditions were so good-all the way up to 3456 MHz ,
with Chip Angle, N6CA-that I spent an entire week in the
metal shack giving out contacts as far north as Washington
State, throughout the west coast of Oregon and Califoroia, and
even into Mexico ," adds Paul, remembering that it got down to
the high 40s as he slept outside in his the most recent Mercury
station wagon.

"Then there was the time I drove Gordon West up to the top
of the hill, and I didn't watch the gas gauge. We ran out of gas
at the beacon site. We ended up siphoning gas into the car from
the underground generator tanks through some open-air hard
line!" says Lieb. "Hey, I wasn't worried!"

Paul Lieb, KH6HME, during the interview at Gordo's QTH and
beams aimed to Hawaii on 2 meters and 70 em, plus 1296 MHz .____________________________________________:1
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KH6HME at Gordo' s shack during this interview.

In the early yea rs, radio f ax was the only way to see high-pressure cells over
the Pacific .

This Year's Opening
As predicted , the Hawaiian beacon on

2 meters, 144.170 MHz, began to show
up to the West Coast on June 23 this year,
with a hurricane to the south, and the
Pacific high moving on shore in southern
Cal ifornia.The tropo opening lasted only
a day. However , a bigger opening was
looking like it would move in on the clas
sic July 4th weekend. "Every July 4th we

site as soon as anyone on the mainland
hears the incoming CW signals.

Jul y 4th almost always sees the
"Pacific high" straddling the Pacifi c
Ocean between Hawaii and the US West
Coast. This month-long Pacific high is
characterized by air aloft descending
toward the ocea n, called subsidence .Thi s
descending air stratifies at about the
1000-foot level and is squeeze d by moist ,
dense air below it and the co ntinued!
descending high-pressure air above it.

When you squeeze air, it ge ts warm ,
creating a waveguide effec t for VHF and
UHF and micro waves .The more narrow
the tropo-duct stratified inversion layer,
the more intense the signal strengths ,and
generally the higher the frequency of
operation .

"When I see the weather service report
a 10-degree increase in air temperature in
air aloft , this change is usually enough to
trigger a VHF/UHF band opening be
tween my Mauna Loa beacon site to the
mainland ," says Lieb . Paul then shuts
down the beacons, hooks up his regular
transceivers, and starts ca lling CQ on
144.170, as well as 432.075. He some
times QSYs up to 144.200 and 432.100 to
get the attention of mainlanders whose
signals he is hearing are 2500 miles away!

"My best DX is north ern Washington
near Seattle and the tip of Baja , Cali
forni a, including maritime mobil e off
Baja , too ," comments Paul. In his 80s ,
with the enthusias m of a teenager ,he says
he still gets exc ited when he approaches
the beacon site and hears FM music from
the mainland pour ing in on his car radio!

"Get the word out. Work Hawaii on
bands other than high frequency or VoIP .
Work us direct on VHF and UHF, SSB
and CW ," finalizes Lieb , the tropo pio
neer who is always there , on the top of
Mauna Loa at the beacon site when the
band pops open on July 4th ,or almost any
other time when he learns that the band
is open to the mainl and.

" I' ll be listening !" says Paul ,one of the
most dedicated and nicest hams I know
when Hawaii ca lls.

(VoIP) tied into local ham repeaters and
local simplex stations that no longer cre
ate the thrill of actually talking to DX sta
tions. What 's the excitement to yak with
Hawaii when all you need to do is push
*2468,and you can talk to someone on the
beach atWaikiki with an HT?No big deal.

"We need to make it a priority to get
more hams excited about weak-signal tro
pospheric ducting," states Paul , tirelessly
heeding the call to head up to the beacon

Paul' s visitors to the beacon site log in
on the back of a wooden door that is filled
with ca llsigns, and until 10 years ago, the
door was filling up fast.

"There is also an FM inter-tie repeater
system up here , but they have more re
peaters than they do users," smiles Lieb ,
ackn owledging that even weak-signal
operation on 2 meters and up is signifi
cantly down from a decade ago .

Maybe it' s Voice over Internet Protocol

1O . co VHF • Summer 2011 Visit Our Web Site
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As forecasted, the Hawaii VHFIUHF
beacon came out of the fireworks' smoke
and noise on the 4th of July evening. Paul,
KH6HME, made it to the hill the next
day, July 5th, and when he shut down the
beacon and lit up his transceiver, there
was a pile-up to work him, fro m San
Diego to the Bay Area!

At one point, he accomm odated a
request to switch over to FM, and this

Hepburn computer analysis of tropo opening between southern California
and Hawaii.

get openings to Hawaii," comments Tom
Mackay, W6WC.

Most interesting, via the Catalina
Island mount aintop repeater, 147.090
MHz, operated by Frank Shannon,
KR6AL, was "Doctor Quack"(KH6DQ)
in Hawaii coming over the repeater on
FM and yacki ng up a storm over the
repeater to California hams, 2500 miles
away, like he was a local!

www.cq-vhf.com Summer 2011 • CO VHF • 11
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Chip Margelli, K7JA, preparing to listen fo r Hawaii down at the beach ill southern California! Sometimes all on-the-water
location is best for tropo.

W6SAI HF Antenna Handbook
by Bill Orr , W6SAI

W6SAI was known for his
easy-to-understand writing
style . In keeping with this
trad ition , this book is a thor
oughly readable text for any
antenna enthusiast , jam
packed with dozens of inex
pensive, pract ical antenna
projects that work!

8.5 X 11 Paperback $19.95
New! CD Version $14.95
Buy both for only $29.95

33 Simple
Weekend Projects
by Dave Ingram, K4TWJ

Do-it-yourself electronics
projects from the most bas ic
to the fairly sophisticated .

Pract ical tips and techniques on creating
you r own projects.

6 X 9 Paperback $17.95

Sloper Antennas
By Juergen A. Weigl, OE5CWL

Single- and Multi-Element
Directive Antennas
for the Low Bands
With calculations and practical
experience, this book shows
which basi con cepts have to be
considered for sloper antennas
for the low bands.

6 X 9 Pape rback $24.95

New! CD Version $18.95

Buy both for only $36.95

Reflections III
by Walter Maxwell, W2DU

Includes all the information in
Reflections I & II and much,
much more! This fUlly revised
and updated , this 424-page,
third edition is truly a must have ! A!~:mm~\

8.5 X 11 Paperback $39.95
New! CD Version $29.95
Buy both for only $59.95

Understanding, Building &
Using Baluns & Ununs
by Jerry Sevick, W2FMI
The successor to the popular
and authoritative Baluns and
Ununs. Great deal of new
tutorial material , and des igns
not in previous book , with
crystal clear explanations of
how and why they work.

8.5 X 11 Paperback $19.95

New! CD Version $14.95

Buy both for only $29.95

The Short Vertical Antenna
and Ground Radial

by Sevick, W2FMI

Small but solid guide walks
you through the design and
installation of inexpensive, yet
effective short HF vertical
antennas .

6 X 9 Paperback $10.00

Shipping& Handling: U.S. add $7for thefirst Item, $3.50for thesecond and $2 for each add'i item. FREE shipping onorders over $100 to one U.S. address. CN/MX-$15 for
t st Item,$7for 2nd and $3for each add' i. All Other Countries-$25 for 1st Item, $10 for 2nd and $5for each additional. Buy Both=slngleItem!

CQ Communications, Inc., 25 Newbridge Road, Hicksville, NY 11801
Call:1-800-853-9797. Fax: 516-681-2926. website: www.cq-amateur-radio.com
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KH6HME's QSLfrom the record -mak
ing contact with Mexico.

made him the most popular signal on the
2-meter band! Many FMers were cross
polarized, but his signal from the 8200
foot Mauna Loa active volcano was so
strong that the copy was full quieting!

The tropo opening was classic-high
pressure system between California and
Hawaii, clouds just below Paul , looking
to his east at the West Coast mainland.

This DSP speaker from West Mountain
Radio really helps in detecting a band
opening to Hawaii from the mainland .

Here in southern California, hot weather
with a blanket of low clouds and fog was
just sitting on the shoreline. The Hepburn
report showed a favorable path between
California and Hawaii on VHF/UHF.

"I could hear FM broadcast stations on
my car radio on the trip up to the 8200
foot volcano-FM stations from the
mainland and Mexico," comments Lieb.
"Stereo , too!" he adds, "coming in to my
station 5/9.

Paul was 5/9 on 432 MHz, with the
1296-MHz beacon also being heard
2500 miles away, tropo! Paul remained
on the air for over six hours, but head
ed down the hill (a three-hour drive)
to swap out a relay hanging up on his
preamp. He promised to head back on
the hill the next day, if we continued to
hear the beacon coming in to the West
Coast.

As I conclude writing this article , it is
midnight now on July 5th and all three
beacons on 144,432, and 1296 MHz, are
pounding into my shack near the Pacific!
It looks like it will be another good year
for tropo openings between the West
Coast and Hawaii, on all bands from 2
meters on up!

www.cq-vhf.com Summer 2011 • CO VHF • 13
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On the MUF
of Sporadic-E VHF Propagation
Petit Chordal Hop and Layer Trapping

The classic model of Es propagati on can support maximum usable frequencies (MUFs)
above 144 MHz, but only rare ly, and exponentially so, for 220 MHz. How, then, to
explain the frequent rep orts, worldwide, of VHF propagation with high MUFs? This
article demonstrates, for the first time , that this propagation likely occurs by means of
petit chordal hop in a d isturbed Es layer. Indeed, petit chordal hop Es may be more
the norm than the exception in supporting VHF propagation from 50 MHz on up. In
addition, high MUFs may be supported on some occasions by signal trapping between
closely spaced Es layers, one above the other.

By Roger L. Harrison,* VK2ZRH

There has been much comment, discussion , and specu
lation over decades on the whys and wherefores of spo
radic-E (Es) propagation at VHF. Given that it ' s an

ionospher ic mode, just how Es supports propagation at fre
quencies into the mid-VHF range and higher has puzzled ama
teurs and scientists alike and led to some interesting specu
lation on occasions. " 2, 3, 4, 5

*PO Box R908. Royal Exchange NSW / 225, Australia
e-mail: <rogerh@apogeegroup.com.au>
Editor's note,' The original of the fo llowing article appeared in the
2120/ / issue ofDUBUS (Vol. 40, Znd quarter). This article has been
edited to better suit a North American audience . Any queries should
be directed to the author at his address above.

Sporadic-E contacts betw een amateurs on the 50-MHz
band have been commonplace for many decad es. More
recentl y , contacts on 70 MHz between amateurs in countries
hav ing that band allocation have also become more or less
commonplace. With the pro liferation of amateurs operating
on 144 MHz in countries the world ove r, reporting of co n
tacts via sporadic-E has burgeoned ove r the last 20 yea rs. It ' s
almost 50 years since I first experienced Es OX on 6 and 2
meters , and 40 years since I first researched ionospheric spo
radic -E and VHF propagation .

In my early career, during the 1970s, I worked in a senior
technical position at the Australian IPS Radio and Space
Services (IPS) for some seven years. I learned a lot about the

km
.. f .

. ; IF2 !~-JI
Ordmary (0) F1 ''ft.IJ71(' Extraordin~ry (X)

2nd Es reflection~~/~. I

, ' IAI t, i

E-I~yer ., ' '\.fbEs1., »: Sporadic E (Es)

, ~ .~, '-~Ig
I I 'I 1111I1II1I1,ml-'· · , ~ , ' Tit t

h'Es foEs fxEs h'Es =115 km

Brisbane 10101 /2010 21 :40 UT foEs = 4.1 MHz

fbEs = 3.8 MHz
fxEs =4.8 MHz

1 2 3

lonogram: .IdatallonJb ri/cln/10A:l1/C0 100 1102 140

4 5 6

Frequen c y (MHz)

7 S 9 10 11 12 13 14 151617

\13.02

Figure / . Vertical incidence ionogram with various key f eatures marked. The ordinary (0) and extraordinary (X) ray refl ec
tions are clearly seen, 0 to the lef t, X to the right. The ordinary ray penetration f requency ofthe Es layer,foEs, is a measure of

the peak electron density. The Es layer is "blanketing" the F1 layer below 3.8 MHz (denoted as jb Es).
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Figure 2. Vertical elevation, showing geometry ofthe ionosonde "view" ofa spora dic
E layer (not to scale). As shown, if h 'Es is 100 km. the antenna system illuminates a

circle of 100 km radius (BD). If h 'Es is 115 km, then the view radius is 115 km.

A AB = BO = h'Es (-100 km)
ionosonde Be - 58 km

grams , recorded on 35-mm and 16-mm
film in that era .Sparked by studies of Es
in North America written by Mel vin
Wilson , W2BOC I and Pat Dyer ,
WA5IYX6, I researched the diurn al and
seaso nal morphologies of Es in the
South ern Hem isphere , including the
high latitudes7 , using both ionograms
and ama teur VHF-band reports. When I
rekindled my interest in sporadic-E dur
ing the past decade , all this experience
came in handy.

Es propagation on the lower VHF
bands of 50 and 70 MHz is generally
considered to be via conventional ionos
pheric propagation modes-the simple
geometry you learned about when study
ing for your license exam . But many
amateurs are skeptical of or don't believe
this could hold up at 144 MHz (or even
at 100 MHz in the FM broadcast band),
or if itdid ,such events would be extreme
ly rare. However, reports of widespread
144-MHz Es OX over decades are now
so numerous as to confound that8 while
the observations and analysis of Es prop
agation on the 88-108 MHz FM broad-

ionosonde antenna
beamwidth

ogy, among other things, and pursued
my interest in sporadic-E in my own
time , with the encourage ment of col
leagues at IPS. I have trawled through
and sca led many thousand s of iono-

I

100 km
I
I

© VK2ZRH

Es B
(

ionosphere and ionospheric radio prop
agation. I learned to interpret and scale
ionograms (read off the parameters). I
worked in trans-equatorial VHF propa
gation research and ionosonde technol-

1 2 3

lonogram: .Idatallonibri/clni08/11/C0 08 11200535

4 5 S

Frequency (MHz)

7 8 9 10 11 1213 14151S17

V3.02

Figure 3. lonogram showing a dense, tota lly refl ecting plane Es layer at 110 km, having a high value for f tEs of 9.6 MHz.
Hence, foEs here is 8.9 MH z.
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1 2 3

lonogram: JdataJlonlcbr/cln/11101/C01101130233

4 5 6

Frequency (MHz )

7 8 9 10 11 121314151617

V3.02

Figure 4. An example of "spread Es. " The first F-Iayer echo is mid-image; jbEs is 5 MHz. Lowest virtual heigh t, h 'Es, is 99 km.
The top f requency is above 20 MHz, so pea k electron density is very high.

foEs h'Es (km) DMAX Angle (i ) fMAX
9MHz 90 2 141.8 80.43 54 .2

100 2257 .6 79.91 5 1.5
110 2367 .8 79.43 49 .2
120 2473 .1 78.97 47.2
130 2574 .1 78.52 45 .4

Table I. Basic Es propagation parametersfor the limitin g case,
where angle (e) = 00. Indicative values offMAXare derivedfor

foEs of9 MHz. Note how DMAX and fMAX vary with h 'Es.

cast band by Pocock and Dyer are legendary.? Thus, what' s
happening?

Revisiting the Propagation Model
With the adve nt of the VK Logger (www .vklogger.co m)

for reportin g VHF propagation in the Australasian region ,
and the ava ilability of IPS ionograms onlin e!", I have been
able to take advantage of the opportunity to scrutinise VHF
propagation path s in Australia where the mid-points are
located with in "view" of an ionosond e , as this enables direct
mod elin g of the propagation geometry and its relation to
ionosph eri c co nditions . Th e results have been both "as
expected" and delightfully surprising !

Mid -latitude sporadic-E consists of thin , den se layers of
ionization form ed by wind shears in the E-reg ion that com 
pre ss long-li ved metallic ions into horizontal clouds or
"patches" from less than I km to about 5 km thick , appear-

16. co VHF • Summ er 2011

ing at height s ranging generally between 90 and 130 km .
Patches may be only 100 m across , with cloud s up to thou
sands of km in extent. I I , 12, 13

I have found that VHF propagation by sporadic-E occurs by
at least two principal modes:

I .conventional ionospheric reflection ("classical") by a thin ,
"plane" Es layer , and

2. by success ive reflections via the crests of ripples or other
structures in an Es layer that subsequently returns the raypath
to Earth - which I call petit chordal hop .

In each case, I can demonstrate with case studies that the well
established propagation geometry and ionospheric science can
be applied to analyse and model the propagation and the max
imum usable frequency (MUF) for a path . However, there may
be a third propagation mode that I have dubbed "laye r trap
ping, " which I discuss later in this article . Both petit chordal
hop and layer trapping enable a dramatic increase in the MUF
ofan oblique propagation path.

Before going into the details of these propagation models ,
it is first necessary to understand something about sporadic
E as seen on vertical incidence (VI) ionograms .

Es on lonograms
VI ionograms are produced by swept frequency , pulsed RF

HF radar s with antennas pointed straight up. The echoe s
returned from the various regions of the ionosphere are dis-
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penetration frequ ency , denoted as f tEs ,
which is 9 .6 MH z . To determine f oEs
from an ionogram like this,ftEs is ge n
era lly ass umed to be fxEs, and foEs is
found by subtrac ting half the gy rofre-

-f *S'*S' S' h'Es
~~&~""?

o 10 ,,,,,,OJ
Q)

I
8c

0
:;:;
ro 6>
Q)

Q)
4.c.....

ro
0- 2>-ro
L-

0
© VK2ZRH

4.0 M factor 5.0 6.0

tangent at -------",~=......---:~-_~ 'p lane' Es
reflection point

layer over Bri sbane. Not e the multiple
reflections. No F-Iayer echoes can be
seen, so the Es is said to be fully blan
keting. The virtu al height of the first
return is 110 km ,and it cea ses at the "top"

Figure 5. Geometry ofpropa gation via plane Es (exagge rated scale). R is the radius
of the Earth. D is the distance over the Earth 's surface between A and B. The line
from C to P is at right angles to the Earth 's surface and has a length of R + h.

Angle (b) =90 - i.

The lonosonde "View"
IPS iono sonde antennas are upward

pointing cro ssed-deltas (many ionos
pheric stations use these antennas). They
have a half-p ower beamwidth of about
90° through the mid -HF range, narrow
ing to about 60° abo ve 10 MHz.

As illustrated in figure 2 , when Es is
present, the antenna system " illuminates"
an area with a radiu s equal to the height
of the Es layer (also referred to as "whole
sky" illumination) and the receiver will
respond to returns from within the entire
area covered. If h'Es is 100 km, the view
radius is 100 km . At the narrower
beamwidth , the radiu s of the circle illu
minated is about 58% of that for the wider
beamwidth. Nevertheless, the iono sonde
receiver responds to echoes across the
whol e area, particularly when the Es has
ripples or other structures within it.

lonograms of
Particular Interest

played on a graph of height versus fre
quency. Figure I is a fairly typic al sum
mer-morning ionogram for Bri sbane ,
Australia , showing the E, F1, and F2lay
ers and sporadic-E.14 I have marked the
vari ous features . The ordinary (0) and
extraordinary (X) reflections are clearl y
seen, 0 to the left , X to the right. The
"s plit" reflections result from the effect
of the Earth 's magneti c field on RF prop
agation in the ionosphere . The E, F1, and
F2 echoes curve upward to a cusp as fre
quen cy increases due to group retardation
of the signal near the peak electron den
sity . The Es traces do not curve up , as the
layer is very thin and the ionosonde res
olution is insufficient to resol ve it. Note
the multiple refl ections . After the first
return , the others are from repeated
ground-ionosphere-ground echoes.

The ord inary ray penetration frequen
cy, or foEs, is important becau se it ' s a
measure of the layer ' s peak electron den
sity. The Es virtual height , or h 'Es , plays
a key role in determining the propagation
path distances and, in conjunction with
f oEs , the MUF of the path. The extraor
dinary ray penetration frequency ,fxEs, is
0 .7 MH z higher thanf oEs. The difference
(called the "s plit") is half the gyrofre
quen cy (fH) , the natural "s pin rate" of
electrons in the iono sphere, which is 1.4
MH z at Brisbane.l > Hence ,fxEs - foEs
=0.7 MH z.

Figure 3 is an ionogram showing Es
typical of a flat (or "plane" ) , thin, dense

Figure 6. How the M fa ctor varies with the raypath elevation angle and height ofa
plane Es layer.
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quency. Therefore , in thi s instance,
f tEs - 0.7 MH z = foEs = 8.9 MH z.

Figure 4 is another iono gram , this time
showi ng "spread" Es. The spreading of
the Es traces likely arises from crinkles,
ripples ,or other struc tures in the Es layer,
which reflect the transmitter pul ses from
vary ing ranges at oblique angles , as we ll
as from directly ove rhea d, perh aps at dif
ferent height s. Group ret ard ation also
co ntributes to the spreading. Note that the
Es trace exte nds off-scale at 20 MH z and
only part iall y blankets the F-Iayer.
Spread Es is a co mmon phenomenon .

horizontal

b =90 - i

/' raypath
elevation angle__...L-__

© VK2ZRH

p

roo

Es

M factor =S i ~ (b )

MUF - foEs
- sin(b)

where: fOp is the usable operatin g fre
quency , and fo Es the measured ordinary
ray vertica l inc ide nce penetration fre
quency at P.

Th is is the we ll-known "secant law"
relationsh ip , fro m which the "class ical
MUF ' can be evaluated. The secant of an
angle var ies from 1.0 at 0° to infinity at
90°. So you can see immediately that the
larger the incident angle, the grea ter the
usabl e opera ting frequency for a given
value offoEs. Th ere is a maximum value
for (i), which is reached when the e leva
tion angle is tangent to the Earth -i .e.,
angle (e) = 0°. Tr iangle CAP is now a
right -angle triangle , Hence , sin(i) =

VHF Propagation via
a Thin, "Pla ne " Es layer

Th e geome try of a propagation path
via plane Es is illu strated in figure 5. A
plan e Es layer lies parallel to the Earth ' s
surface, not tilted across its ex tent or
having ripp les or oth er structures in it (no
lumpy bit s!).

The raypath of a signal from a tran s
mitt er at A, at an angle (e) above ground,
travels towards the Es layer , is refracted
towards the gro und at P, and recei ved at
B. Th e common conve ntion refers to this
as reflect ion. Here , (i) is the angle
between the incide nt raypath and the ver
tical line thro ugh P, while (r) is the angle
bet ween the vertica l and the emerging
raypath . Angle (e) is the raypath eleva
tion angle, while angle (b) is that between
the incident raypath and a tangent to the
reflection point at P, which is a hori zon 
tal line . Th ese ang les are important in
det ermining the MUF for a path.

In Ionospheric Radio 16, author Davies
sets out the relationships for propagation
in a thin layer in a series of very useful
equations.

Figure 7. Close up of the geo metry f or propa gation via plan e Es.

Thi s situation also sets the maximum
possible usabl e frequ ency , expressed as:

Eq 2 .2

Eq 2 .5

Eq 2.3

Eq 2 .6

Eq 2.4

I
sin(b)

I
M factor = --(') =cos 1

D = 2R [ (90 - e) - i]
57.3

MUF = foEs.sec(i)

MUF= foEs
sin(b)

Thus, the M fac tor can be evalua ted
from either l/cos(i) or l/sin (b).

MUF= foEs
cos(i)

As angle (b) is the co mplement of (i)
[that is, 90 - i] and sine is the comple
ment of cosi ne , 2.4 can be rewritten as:

Knowing f oEs and h 'Es at a path mid 
point , and thu s being able to derive angle
(i) , sec(i) is referred to as the "M factor"
(multiplier), for ob viou s reason s . To
make life eas ier in determining the MUF,
it' s more convenient to deal with the more
familiar sine and cos ine tr igonometric
functions , which are "standard" fun c
tion s on sc ientific ca lculators and in
printed tables of sin , cos and tan values ,
Th e secant of an angle is the inverse of
its cos ine, so 2.3 can be rewritten as :

Th e MUF is deter mined by the secant
law:

For path geometries oth er than the lim 
iting case- i.e . ge nera lly " usua l" c ir
cumstan ce s - a litt le trigonometry pro 
vides the foll owin g equations for
determining (i) and D:

(i) = arcsin [ _R_ sin (90 + e)] Eq 2 1
(R + h) .

Eq. l.l

When (e) is 0°, thi s sets the maximum
(theoretica l) one-h op range or path dis
tance, expressed as:

DMAX = V8Rh Eq . 1.2

fMAX =foEs -'\. 1(1 + R ) Eq 1.3
V 2h

These three equations cove r the "lim
iting case," where (e) = 0°. Equation 1.3
gives us the MUF for the limiting case.
Clearly, the height of the Es layer (h 'Es
= h) is important to all these relationships,
so all the critical parameters of Es prop
agation are determined by fo Es and h 'Es.
For a given value of f oEs, the maximum
path distance and fMAX vary directly with
the Es layer height , as shown in Table 1.
The mean radius of the Earth used in the
ca lculations is 6371 km .17

Achieving a rayp ath elevation of 0° is
generally impractical , but many Es prop
agation paths occur at rem ark abl y low
angles, oft en in the range 2-3°, or occa
sionally below. VHF antenn a radiation
pattern s in the vertica l plane may show
low responses at such angles compared
to the peak gain elevation ang le, but the
response is not zero. Remember that air
craft-e nha nced propagation on long
path s occurs at angles below 1° , for
example .

(i)MAX = arcsin [ R~ h]

CA/CP.The length ofCA is R , while CP
is Rs-h , so we can find the maximum of
angle (i) as follows:

Eq. 1.0fop = foEs .sec(i)
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The relationship between the raypath elevation angle (e) and
the M factor is non-linear , with a different curve for different
Es layer heights , as illustrated in figure 6 . Es layers at the lower
heights yield a higher M factor and thus higher MUFs. A lower
raypath elevation angle, with longer paths , rapidl y improves
the M factor , but angles below 2° experience a flattening of the

50.057 MHz 1648.7 km

I
I
I
I PaR
I Canberrar <, ' sande~...... , r;;
I..... ~

I
I

Figure 8. The path between the VK7RAE 50.05 7-MHz beacon
at Devenport, Tasmania, and VK4CZ on the north side of
Brisbane, Queensland. The circles around the two ionosonde
locations show each ionoso nde 's view at Es heights; they don 't

quite overlap.

M factor increase in all cases. The M factor for the limiting
case , with an Es layer height of 90 km , is 6.03; for Es at 100
km , it' s 5.73; at 105 km , it' s 5.6 (not 5 .3 or 5.4 , with an ass umed
height of 100 or 105 km , as is often bandied about).

Tabl e 2 illustrates the MUFs achievable for a variety of ionos
pheric and path parameters . The range of h 'Es values here are
commonly observed on ionograms (e.g., figures 3 and 4) and
the path lengths are generally typical , at least in the
Australasian-South Pacifi c region . For Es prop agation at 144 .5
MHz, note that fo Es need s to be above 24 MH z for eleva tion
angles up to 4° or 6° . I personally have observed such values
of fo Es on ionograms when 'sondes swe pt 1- 30 MH z
( 1950s-1970s era ). Indeed , I have seen ionog rams with Es off
scale at 30 MHz from that era. However , while memorable,
they were not common . Instances of off-scale Es at 20 MH z on
present-era ionograms are readil y found among the online dis
plays of the IPS network stations. H

Figure 7 sums up the case for the geometry of VHF propaga
tion via plane Es. As Es is very thin compared to its altitud e, the
trigonometry is much simpler than that employed for F-layer
propagation and parallel s optical reflection from a mirror.

A Case Study of Plane
Es VHF Propagation

Figure 8 shows a path between VK4 (Queensland) and VK7
(Tas mania) where the path mid-point passes within the view of
the Canberra ionosonde at Es heights . The mid-point , and like
ly point of reflection, is marked PoR . Scott , VK4CZ, frequent
ly spots this 50 .057-MHz beacon on the VK Logger with RST
reports ranging from 419 throu gh 599 . Figure 9 is the ionogram
nearest to the time of one such spot-2304 UT on 2 Janu ary
2009. Here,ftEs is 10.2 MHz. AsjH is 1.6 MHz at Canb erra rs ,
f oEs would be 10.2 - 0.8 =9.4 MHz.

As the path length is known, the eleva tion angle (e) is ca l
culated to be 2.6°, and angle (i) to be 79.98°. Hence , angle (b)

1 2 3

lonogram: JdataAon/ebrlei nJ09101/C00901022303

4 5 6
Frequ ney(MHz)

7 8 9 10 11 121314151617

V3 .02

Figure 9. Ionogram fo r VK4CZ-VK7RAE (beacon) spot of 2304 UT 2 Jan 2009. The beacon runs 20 W to crossed dipoles (VK
Logger, Beacons page). RST was 549. h 'Es is 92 km.ftEs is 10.2 MHz. An echo from another Es cloud at a large oblique angle

(44°1) is evident. Path length is /648.7 km.
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h ' Es

90km

100km

llO km

(e) (i) D (km) M facto r MUF for foEs of foEs for MUF '" (MHz)

9MHz 20 MHz 50.5 70.5 144.5
I 80.37 1919.1 5.98 53.82 11 9 .6 8.5 11.8 24.2
2 80.22 1730.1 5.89 53.01 117.8 8.6 12.0 24.6
4 79.63 1416.5 5 .56 50.04 11l.l 9.1 12.7 26.0
6 78.72 1174.1 5.1 1 45 .99 102.2 9.9 13.8 28.3
8 77.55 989 .6 4 .64 41.76 92.8 10.9 15.2 >30

I 79.87 2030 .3 5.69 51.21 113.8 8.9 12.4 25.4
2 79.72 1841.3 5.6 50.4 112 9.1 12.6 25.8
4 79.16 1521 5.32 47 .88 106.4 9.5 13.3 27.2
6 78.28 1271.9 4.92 44.28 98.4 10.3 14.4 29.4
8 77. 15 1078.5 4.5 40.5 90 11.3 15.7 >30

I 79.38 2139.2 5.42 48.78 108.4 9.4 13.1 26.7
2 79.24 1948 5.36 48 .24 107.20 9.5 13.2 27.0
4 78.71 1621.1 5.1 1 45 .99 102.2 9.9 13.8 28.3
6 77.86 1365.4 4.76 42 .84 95.2 10.7 14.9 >30
8 76.77 1163 4.37 39.33 87.4 11.6 16.2 >30

Table 2. MUFs achievab le via plane Es for common path geometry parameters and two indicative values offolis, plus foEs
values required for propagation on 6m, 4m and 2m. Note how relatively small changes in h 'Es and path elevation angle

(e) affects the MUF.

(c) for the spread Es case is 5°. Sine10)
divided by sin (5) is 1.9924 . The equa
tions for the M fac tor and MUF now
become:

The geo metry es tablishes a critica l
angle for the Es tilt angle (t) related to the
raypath elevation angle (e) . For a raypath
elevation angle very slightly greater, it
will meet a slightly sma ller tilt angle
(closer to the nose of the crest) and the
reflected raypath will emerge at an angle
below the horizontal. A raypath with (e)
very slightly smaller will meet a slightly
greater tilt angle (farther to the right of
the cres t's nose) and the reflected raypath
will emerge above the horizontal.

For a ray path that strikes the right
hand cres t just past the nose , the eleva
tion ang le will be lower and it wi ll need
a slightly sma lle r Es tilt ang le to be
refl ected hor izontally . Likewise , a ray
path that strikes a cres t to the left will
be at a higher elevation ang le and will
find a slightly grea ter Es tilt ang le to be
reflec ted horizontally .

The array of wave- like ripples or other
periodic structures in the Es will act on
an incident wavefront in a way similar to
how an optica l diffraction grating affects
monochrom atic light. The emerge nt
wavefront breaks into alternate areas of
constructive and destructive wave inter
ference ,yielding footprints on the ground

is 10.02° . Thus , MUF = 9.4/sin(b) =
9.4/0.17399 = 54 .026 MHz. We can be
confident that it was Es within the
Canberra ' sonde' s view that supported
the propagation on this occasion as the
VK7RAE signal raypath to the north of
the PoR passes below the Es layer at the
latitude of the Sydney' sonde by at least
15 km . A raypath from VK7RAE slight
ly lower than 2.6° would be reflected
from the Es layer in the Sydney 'sonde's
view , but make landfall some 100 km
north of VK4CZ (in the sea!).

Petit Chordal Hop VHF
Propagation via Spread Es

As outlined earlier, the spreading of Es
trace s on ionograms likely arises from
crinkles, ripples, or other structures in the
Es layer which reflec t the ' sonde trans
mitter pulses from varying ranges at
oblique angles, as well as from directly
overhead, perhaps at different heights.
The structure of Es layers has been the
subject of considerable scientific
research and discussion over decades
(e .g., notes 18, 19, 20, 2 1, 22, 23). It
seems that wind-shear turbulence in the
neutral atmosphere modul ates the ion
ization in complex ways. While "s truc
tured" Es is likely to take a number of
forms, From and Whit ehead!" and
Bemhardt- j- 23 desc ribe layers having
"crinkles" or being "rippled ," or having
"c lump s" of greater electron density
within the cloud. Likely models of Es
structures are illustrated in figure 10. It
appears that Es ripples, as in exa mple (1)
and A here , are of small scale, perhaps 1-

5 km crest-to-crest, with vertical ampli
tudes very much less than that. Other like
ly periodic structures include lobes on the
underside of Es clouds, as in example (3)
and B, of up to 10 km lobe-to-lobe and
around I km deep , or elliptical structures
some 5-10 km long by about I km deep .

The propo sed principle ofpetit chordal
hop Es VHF propagation is illustrated in
figure I I . A raypath from a transmitter at
A, at elevation angle (e) , meets a ripple
in the Es layer at a small angle (c) to a
tangent with an upward tilt of the ripp le
at P I . If the electron density is sufficient
to refract the raypath such that it emerges
hori zontally, it will then travel to meet the
next crest of the ripple at P2, where it will
be deflected in a reciprocal manner. The
upward tilt of the ripple impro ves the ray
path 's obliquity to the Es layer and thus
the path MUF. The question is, by how
much?

Figure l2F shows a close- up of the
refraction geometry. The incident signal
will reach the Es layer over a range of ray
path eleva tion angles. If one raypath
strikes a ripple at a tangent such that the
tilt angle (t) equals the raypath-to-tangent
angle (c), the refracted raypath will be
horizontal (i.e ., angle (d) = 0°).

The M factor , which I have called the
"MR factor" , is determin ed by angle (c)
as is the MUF , now called MUFR' Angle
(c) will be half that of angle (b), which
determin ed the M factor and MUF in the
plane Es case . The impact of this is that
the M fac tor and thus the MUF are very
nearly doubled fo r the range of small
angles involved. For example , if angle (b)
is 10° for the plane Es case , then angle

MR factor =~()
Sill C

foEs
= sinCe)

Eq 2.7

Eq 2.8
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ofhigh signal strength in some places and
low strength or no signal in others. This
is sometimes called the "flashlight
effect." It torments operators who can
hear nearb y stations working DX that
they can' t hear! There can be a number
of reasons for this effect with Es; the
foregoing is just one .

For petit chordal hop via spread Es, the
variation of the MR factor with elevation
angle and h 'Es is illustrated in figure 13.
Compare this to figure 6.

One last question arises: If the ripples
are shallow, will they produce the tilt
angles in the Es required to support petit
chordal hop? Yes! If the ripple s are sinu
soidal in shape (or roughly so) , with a
depth of at least 5% of the crest-crest dis-

tance , the tilt angle will range from 0° at
the lower crest to 5.7° maximum at half
depth, which is sufficient for paths hav
ing elevation angles up to 6°,5°,4° , and
3° when h 'Es is, respecti vely, at 90, 100,
110, and 120 km. Ripple s with a crest-to
crest scale of I km may be less than 100
meters deep ; at 3 km crest-to-crest, only
150-meters deep. Greater depth/cre st
cre st ratio s provide a greater rang e of
angles. The ' range of tilt angles required
for petit chordal hop extend from about
4.8° up to about 7.4° for h 'Es ranging
from 90 km to 120 km .

If the spread Es consists of structures as
in figure 10 (3) and (4) , their cross-sec
tions may range from roughly circular to
elliptical and thus present a suitable range

of tilts facing the ground. Figure 14 illus
trates an upward-lookin g plan view ofray
paths supported by such structures .
Propagation by petit chordal hop from
wave-like ripples in Es would not be sup
ported where raypaths were parallel , or
nearly so, to the waves. Lobular Es struc
tures will support petit chordal hop in any
direction .

Tabl e 3 (like Tabl e 2) illustrat es the
MUFs achievable for a variety of ionos
pheric and path parameters under spread
Es conditions. Values of h 'Es and path
lengths (D) are generally typical. For Es
propagation at 144.5 MHz, note that the
required foEs ranges between only 12.2
MHz and 16.7 MHz! These are values
commonly found on iono grams from

(Continued on page 68)

(1)

•
4- d 4 d u

(2)

u

(4)

w umw"

© VK2ZRH

Figure IO. At left : some likely models fo r Es structures (seen in profil e), based on ref erences I2, I 5, and I6. Turbulent wind shear
structures are the cause ofspread Es on ionograms. (1) Rippled layer. (2) Ripples on a long wave. (3) Lobes on the underside of a
layer. (4) Clumping produced by Kelvin-Helmholtz turbulence. At right: images of atmospheric clouds produced by wind-shear

turbulence. A- rippled wave cloud fo rmation (pic: author). B- mammatus cloud fo rmation (pic: Wikipedia commons).

I
h =h'Es
I
I
I
I

P2
___.....~~~~~lt......_ ........ 'rippled' Es

t to Es at
tangent' on point

renee \

~===_-------D-------_====::::::

Figure I I . The general geometry ofpetit chordal hop propagation via a rippled (or structured) Es layer. The raypath is refra ct
ed to the horizontal at PI via a suitable tilt in the Es layer, then refra cted back to ground at P2 via a reciproca l tilt. Path MUF

rises significantly. The distance f rom PI to P2 may range fro m I km to perhaps IO km.
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A Homebrew AZ/EL Rotor Controller
There are several solutions to AL/EZ rotation of antenna arrays, from
armstrong to commercial. In this article WA9PYH describes and
documents his homebrew version.

ByJames Kocsis, * WA9PYH

This article describes a homebrew
azimuth/elevation (AZ/EL) rotator
system. The system consists of a

controller (the electronics) and two mod
ified TV antenna rotators . The controller
uses a very simple and elegant design by
XQ2FOD to which I have added some
circuitry to better suit my needs .The con
tro ller receives positional information
from a program (SatPC32) running under
Windows® via the PC parallel port
(LPT I or LPT2) and moves the antennas
so that they point at a sate llite as it moves
across the sky . It indicates azimuth (AZ)
and elevation (EL) position in degrees on
two digital panel meters . During a satel
lite pass the system keeps the antennas
pointed to within a few degrees of the
actual satellite position , which is ade
quate since most antennas used for satel
lite work have beamwidths much greater
than a few degrees.

After the introductory information,
this article is divided into three sections:
(I) the controller, (II) modifications to the
rota tors , and (III) checkout and adjust
ment as a system.

Parts
The rotators are the type used to rotate

TV antennas . The AZ (N, E, S, W) rota
tor is "bell" shaped. The EL rotator is
square shaped and has an offset between
the support pipe and the TV ante nna mast.
Make sure it is the type that has the anten
na mast passing completely through the
rotator body . As shown in photo I the EL
rotator is turned on end and mounted on
a flange and short piece of pipe mounted
in the AZ rotator.

The bes t source I found for both types
of rotators and the controllers is yard
sales. The second best source is hamfests
(since hams will know what the con
trollers are worth and will charge you

*53180 Flicker Lane, South Bend, 1N 46637
e-mail: <wa9pyh@arrl.net» Photo 1. The two rotators showing the pipe andflange, 6-32 screw through the collar.
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Photo 2. The panel meter on the left has an open-f rame power transformer-bad news
f or the sensitive circuitry close by. Use one similar to the one on the right. as it keeps

the size of the cabinet small.

Photo 3. The inside o.fthe controller. Power supplies are on the left (±J 5V and 5V),
the transformer cooling fan is mounted up and to the right of the transformers. the
circuit board is on the left with potentiometers pointed upfor easy adjustm ent. at the

bottom are the digital panel meters. switches. and LEDs.

The electronics part of thi s project
encompasses commonly available parts
except for the D/A (digital/analog con
verter) and toggle switches S I and S2.
The D/A spec ified is an 8-bit dual D/A
20-pin DIP . I had some l2-bit dual D/A
24-pin units on hand , so I grounded the
four low-order bit input s and used it as an
8-bit unit. The schematic shown in figure
I shows the connections for the D/A that
I used (DAC8221). If you use the D/A
specified in the original circuit wire the
D/A as shown.

Switches S I and S2 are SPDT center
off but with a spring return to center from
either side. Thi s type of switch is needed
so that when running in the manual mode
you don 't accidentally leave the rotator
turning . It forces you to keep your finger
on the switch until you reach the desired
position . I know it sounds like a small
issue, but the fir st time you leav e the
switch in the "on" position and the rota
tor run s away (out of ran ge), it will
become a big issue!

I didn't have a socket for the 24-pin
D/A (DAC822 I) that I used, and I didn 't
feel like spending the extra mone y on a
24-pin socket, so I installed an 8-pin and
l6-pin socket beside one another and
epoxied them in place. If you use the
AD7528 specified in the original circuit,
a 20-pin socket is needed .

The 28-volt tran sformers (T I and T2)
cam e from the original rotator con
trollers . Any tran sformer that supplies 28
VAC will work , provided it can supply
the needed current.

I used LM348s for U2-U6 instead of
the LM324s specified in the original cir
cuit since I had them on hand and had a
bipolar (± 15V) power supply. If you have
only a single power supply , you must use
LM324s.

Avoid large differential parall el meters
with their own power supplies . Photo 2
shows the type to avoid on the left and
the recommended type on the right. The
tran sformer in the large DPM is open
frame; the windings are not shielded. I
used them in an earlier version of the con
troller, and the 60-Hz field coupled into
the circuitry and drove it crazy . To veri
fy that they were the culprit I placed a
small steel plate between them and the
circuitry and suddenly it all worked prop
erly . From the voice of experience: Use
a small LED or LCD digital panel meter
that is powered by 5V and you won't have
any probl ems with noise pickup.

For the PC enable switch, S3 , con sid
er using a switch that is "locked " in posi-

my companion article (QST, Novemb er
2008). (Don' t forget to get the control
box, too) . With the popularity of cable
and satellite TV very few people use out 
side antennas anymore and will be glad
to have them remo ved at no cos t.

more . hi hi !). Anoth er source is to offer
to climb a neighb or ' s towerlroof to
remove all the equipment: rotator and
hopefully a large VHF antenna whose
boom you can use to construct the circu
larly polari zed Yagi antennas detailed in
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PARTS LIST

Table 1. Parts listfor AZ/EL rotor controller.

Inductors
Ll , L2: qty 2; All Electronics , CR-IOOO; I mHy RF choke; $0 .50

Diodes
01 -08: qty 8; IN914 or IN4148
09-12; qty 4; LEO

PIN Signal Name
1 AZ and EL potentiometer

ground
2 AZ and EL transformer

secondary ground
3 AZ potentiometer high
4 AZ potentiometer wiper
5 AZ motor CW winding
6 AZ motor CCW winding
7 EL potentiometer high
8 EL potentiometer wiper
9 EL motor CW winding

10 EL motor CCW winding
11 not used

Table 2. Connections on 11 pin connec
tor on bulkhead.

no inductive spike such as the coil in a
mechanical type , and there are no contacts
to "stick" after many operations . From the
voice of experience: I bought some new
looking (no scratches, clean) SSRs at a
hamfest and one half of them were bad
when I tested them at home , plus a few
more failed during testing version I of the
controller. I replaced them with new units
and there have been no failures to date .
Unless you can try them before buying, it
is better to buy new units.

To keep RF out of the circuitry an LC
filter should be installed on the poten
tiometer wiper leads going to the rotators.
Shielded cable between the controller
and the rotators is required to further
reduce RF pickup. In the first version I
used unshielded cable and no LC filters.
Each time I transmitted, the RF picked up
by the nearby long leads drove the con
troller crazy. I tried just the filters and that
was not enough. My setup required
shielded cable, LC filters , and a 47K
resistor at U4 pin 10 and US pin 10 to
change the very-high-input impedance
(2.5 megohm) of the op amp to a lower
value that is much less sensitive to RF.

Select a cabinet that will comfortably
contain all parts . I used a box that origi
nally contained other circuitry that was
removed for this project. Mine came with
a fuse-holder/power-receptacle, a power
line filter, on/off rocker switch, and a
baked-on finish . In its former life it was
an 8-port printer multiplexer that proba
bly cost over $100. I bought it at a yard
sale for $1.00. It has threaded metal
inserts to hold together the four sections.
It is a very robust, rugged design with all
edges perfectly square, and it looks very
professional. Its design is so good that
I've been able to install and remove the
screws many, many times and they still
hold! The price ofa simple aluminum box

full 0 to 5V range and the D/A can only
go to 5 V. For the EL rotator, Mr .Murphy
says this random antenna position will
always be outside the normal operating
range (2.5V/90 degrees)!

I chose SSRs (Solid State Relays) to
switch power to the motor windings .SSRs
are small, relatively inexpensive, produce

Miscellaneous
OPM -I, OPM-2: part no . PM-I22; qty 2; All Electronics; digit al panel meter , O-NNN mV .; $15.00;

note: Hosfelt Electronics PM-29B , $13.95 ea.
EL rotator small gear: part no. 03125416; qty I; <www.mscdirect.com>;320P.I .. dia .I /4 .. bore ,

32 teeth , plastic , gear; $3.35
EL rotator large gear: part no . 03302718; qty I ; <www.mscdirect.com>; 32 OP, 2-114" dia , 5/16"

bore, 72 teeth, plastic , gear; $7 .85
AZ rotator gear: part no . 03125101 ; qty I ; <www .mscdirect.com>;240P.I .. dia .I /4 .. bore , 24

teeth gear ; $3 .27
S I , S2: part no . MTS-65; qty 2; All Electronics; (on)-off-(on) SPOT toggle switch; $1.25 ; note :

Hosfelt pin 51-219, $1 .50
S3: qty I; SPST toggle, long handle ; note:optionally locked in position until pull (see text)
K l-K4: part no . SRL Y-20; qty 4; All Electronics; 3-32 VOC I 3A , 120 VAC soli- state relay;

$6.50 ; note : or equivalent
Lithium grease: qty I; Panef Corp , Milwaukee , WI
TI , T2 : qty 2; from rotator controller; 115 VAC to 28 VAC transformer
6-32 ,2-56 screws , nuts , washers
1/4" x 6-32 setscrew: qty 4
Ground lug : qty 2; note : used to make EL potentiometer gear brackets
Bell-type rotator: qty I
Square style rotator: qty I; Alliance
Multiconductor cable , shielded: part no . 644447; qty I; Jameco; 15 conductor, 25 feet shielded cable;

$24 .95; note :also available in 100-foot roll , pin 644455 , $49.95

Resistors -all fixed values are 1/4 watt
RI , R14, R36: qty 3; 39K
R2, R13, R17 , R27-R30, R35, R43, R44, R49, R52-R5: qty 15; 10K
R3-RI2: qty 10; 15K; note : any value between 10K and 15K
R15, R18, R20, R21 , R24 , R25: qty 6; 20K
R16 : qty I ; lOOK
R 19: qty I ; 470K ; varies based on system dynamics (see text )
R22, R26: qty 2; 1M
R23 : qty I ; 330K; varies based on system dynamics (see text)
R31-R34: qty 4 ; I K
R37 : qty I; 470
R38, R46 , R47 , R50 , R57, R59: qty 6; IK , 10-25 tum, miniature potentiometer; note: Jameco

pin 853556, $1 .95 each or at hamfest
R39, R51 : qty 2; 47K
R40 , R48 : Bourns type 3500 ; qty 2; IK , 10-turn potentiometer, 1/4" shaft ; note : availability varies,

see All Electronics , Jameco pin 855818 5K ohm, hamfests, can use 5K with increased susceptibility
to RFI

R41, R42, R45 , R58 : qty 4; 5K
R56 : qty I; 2K

Integrated Circuits
VI: Part No . A07528JNZ-NO ; qty I ; Analog Devices/Digikey; 20-pin, dual 8-bit O/A converter;

$9.36 ; note : 24 pin 12-bit , OAC -822I , PMI, Inc . used in authors' unit
V2-V6: Part No . LM324; qty5; quad opamp; note : can also use LM348 if using bipolar power supply
V7: Part No . LH-0070 -2H; qty I; National Semiconductor; precision lO-volt reference in author's

unit ; note : can also use a 12 volt regulator & voltage divider to obtain 10V

Capacitors
C I, C2, C3 :qty 3; .1 JIFd disc
C4, C5:qty 2; Holsfelt Electronics 15-930, $5.95 ea ; 150 JlFd , 50 VAC , non-polarized

tion until you pull outward on the handle.
This will prevent enabling PC control if
the switch is hit accidently. Until the PC
loads data into the D/A, the D/A can go
to any position command and will try to
move the rotator to that position unless
you hit switch S3 in time. This affects
only the EL rotator, since the AZ uses the
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ROTATOR MOTOR

Figure 3. The pref erred method ofmounting parts if using perjboard is to lay down
the parts.

120VAC

SAVES SPACE,
BUT DIFFICULT

TO REPLACE PARTS

28VAC

wiring layout is well worth the time spent.
Figure 2 show s the part s layout and
wiring diagram of the board in my unit.

The ranges of the DPM s should be set
up to use as much of their full capability
as possible to kee p the sig na l-to- no ise
ratio high so that you see stab le readin gs.
Put some Sco tch® +33 black electrica l
tape ove r the 11l0-degree digit ; the sys
tem doesn't really have that fine a reso 
lut ion and the extra digit will just confuse
you. Also, if the DPM you use can sup
press the display of a "+" sign, wire it up
that way. However, you do want the dis
play to show a "-" sign so that you ca n
tell if the EL has gone below the hori zon
and if the AZ has gone below 0 degrees
when in manual mode.

PREFERRED METHOD
EASIER TO REPLACE

ICs & TOUCH TEST POINTS

L .J

Figure 4. Rotator motor checko ut circuit.

CW

CCW

r - --------,

RESISTOR OR CAPACITOR

/
~
I ~CLlP

PERFBOARD

tion). Ver ify that it ( I) is stable in opera
tion (chec k for RF interference while
transmitting); (2) points both rotators in
the ind icated direction ; and (3) is stable
with the antennas mounted (chec k for
sys tem osci llation, overshoo t, and hunt 
ing for null ). Test the board mounted on
a breadboard so it is easy to get to the test
points to mak e wiring changes , adjust
part values (mainly in the co nditioning
circuits around U4 & US and R 19 & R23),
and correc t mistakes during adjust
ment/checkout.

Lea ve enough lead len gth on wires
go ing from the board to various points on
the back and front of the cabinet so that
the board can eas ily be moved out to
allow changing component s , etc . A good

Construction and Layout
The IC sockets I used have relatively

short stepped pins. The step usuall y sits
on top of a PCB , but if using a perfboard
as I did , you should slightly drill out each
hole so that the plastic body of the sock
et is flush with the board and makes the
full length of the pin available where two
wires are co nnected to a pin.

Whil e there are 12 connec tio ns be
tween the rotators and the co ntroller,
some can be combined onto on one wire.
I used a total of 10 conductors between
the rota tors and the contro ller. Table 2
shows pin versus function information. I
used a bulkhead to provide a "clean
break" of the contro ller from my anten
na system . Th is provides light ning pro
tect ion for this circuit as well as the rest
of my radio equipment. (See my article
in QST November 2008 for details .)

Keep the power supplies and trans
forme rs at one end of the box to minimi ze
coupling 60 Hz into the circuitry.

Resist the temptation to mount the
completed board in the cabinet until you
have fully checked out the entire sys tem
(rotators/c ircuit/PC interface, and opera -

this size is ove r $20 , the metal tapping
screws that hold it together would have
worn out the holes long ago , it is not paint
ed, and it has a real "homebrew" look.
The $ 1.00 "yard sale special" looks grea t
in comparison.

The 150-)1F 50- VAC capac itors at C4
and C5 are not co mmonly available. First
try those that are in the ex isting rotator
co ntro llers to see if they are still usable
eve n though they are old (see Table I) ,
but I have not tried them . The capacitors
that were in my controllers work fine.

Note that in photo 3 there is a small fan
aimed towa rd the two 28V tran sform ers;
it is mounted at a 45-degree angle. It pro
vides cooling for the tran sformers. Sinc e
the tran sformers were intend ed to be
pow ered onl y intermittently , I found
them to get quite warm when powered
continuously (15-1 8 minutes is required
for a near ove rhea d pass) . One of the
transformers in my unit has what appears
to be a thermostat , but there were no shut
downs after hours of having power
applied .

U7 (LH0070-2H), a lOY precision
voltage source , isn 't readil y ava ilable . I
had some in my junk box. Ifyou can find
one at a hamfest I suggest using it. A suit
able alternative is to use a 12V regulator
IC and resis tor voltage divider to reduce
the voltage to IOV.
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Photo 4. The high-tech rain cover. This is a large-size plastic
container that is used to hold cat litter.

I was able to make all part s fit on a 4" x 6" piec e of perf
board , but solde ring the resistors and ca pacitors was difficult
because all part s were so clo se together. I recommend a larger
board and layin g down the resistors instead of standing them
up (see figure 3). Th e ICs on my board will be difficult to replace
because they are lower than all oth er part s; it will be difficult
to pry them out and hopefully they won 't fail. Perhaps FAR
Circuits will offer a board for thi s project so you won 't have
this problem .

I. Controller
Circuit Description

Th e or igina l circuit design is by XQ 2FOD . A full descrip
tion and sche ma tic of his design can be found at <www.
qsl.net/ve2d x/p roject s/fod .htm>; also see <http://ludens.cl/
Elec tro n/fodtrack/fodtrack.html».

Eac h of the two channels (AZ and EL) in the circuit is a cla s
sical feedback clo sed-loop control circuit; a request position is
input and is co mpared to the feedback position.

Here ' s a detailed de scription of how the EL chann el (0 to 90
degrees) work s: The REQUEST angle position from the pro
gram com es in the form of an 8-bit digital word that is loaded
into half of the dual-channel D/A U I . Th e D/A produces a volt 
age output at pin 22 (buffered by U6A and appears at pin I)
which is proporti onal to the ang le (0 to 2.5V forO to 90 degrees).
Th e FEEDBACK angle position is generated by potentiometer
R40 in the rotator and conditioned by U5a-d to produce 0 to
2.5V for 0 to 90 degrees actual position. The REQUEST volt 
age is co mpared to the FEEDBACK voltage from the rotator
potenti om eter in U2b . The output of U2b turn s on either U3c
or U3d, which turn s on Q3 or Q4, and through some steering
dio des turn s on rela ys K3 or K4 and LEOs 0 II or 01 2 . K3 and

30. co VHF • Summer 2011

Photo 5. This is the bracket that holds the potentiometer and
gear in the EL rotator.

Photo 6. The AZ rotator with all modifications. Note that the
potentiometer has been removed. The new LOsturn poten
tiometer, bracket. and gear have been added. Secure all the
new wiring with cable ties to keep it away f rom moving parts.

K4 appl y power to the rotator motor to mov e it until feedback
equals request plus/minus a sma ll deadband . Th e deadband is
set by R23 and C3.

Circuitry that I added includes: a di git al di splay of actual
position on two small panel meters , LEOs to indicate which
direction the rotators are being commanded to turn, SSRs to
send power to the motors , s igna l conditioning (gain and off
set) to get the feedback signa l into the ran ge needed by the
circuit (0-5V for 0-360 de grees AZ and 0-2.5V for 0 to 90
degrees EL ) , and a stable 10V source to provide excitation
for the potentiometers.

(Continued on page 75)
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CQ's 6 Meter and Satellite WAZ Awards
(As of July 1,2011)

By Floyd Gerald, * N5FG, CQ WAZ Award Manager

6 Meter Worked All Zones
No, Cullslgn
I N4CH
2 N4MM
3 JlI CQA
4 K5UR
5 EH7KW
6 K6EID
7 KOFF
8 JFIIRW
9 K2ZD
10 W4VHF
II GOLCS
12 JR2AUE
13 K2M UB
14 AE4RO
15 DL3DX X
16 W50 Z1
17 WA6PEV
18 9A8A
19 9A3J1
20 SP5EWY
2 1 W8PAT
22 K4CKS
23 HB9R UZ
24 JA31W
25 IKI GPG
26 WI AIM
27 K1LPS
28 W3NZL
29 K1AE
30 IW9CER
3 1 1T9 IPQ
32 G4BWP
33 LZ2CC
34 K6MIO /KH6
35 K3KYR
36 YVIDIG
37 KOAZ
38 WB8XX
39 KIMS
40 ES2RJ
4 1 NW5E
42 ON4AOI
43 N3DB
44 K4Z00
45 G3VO F
46 ES2WX
47 IW2CAM
48 OE4WHG
49 TI5KD
50 W9RPM
5 1 N8KOL
52 K2YOF
53 WAI ECF

Zones needed to have all 40 confirmed
16,17,18,19 20,212 22 324,25,26 ,282 9 ,34 ,39
17,18,19 21 2 2,232 426.28.29,34
2, 18,34 ,40
2,16,17,18,19,21,22,232426,27,28,29,34,39
12,6 ,18,1923
17 ,18,19 ,21,22,2324 2 6 2 8,29,34 ,39
16 ,17,18,19,20,21 2 2,23,24,26,27 ,282 9,34
2,40
2,16,17,18,19,212223,2426,2829,34
16,17,18,19,21 ,222 3,24,25,26 .28.29 ,34 ,39
1,6,7,12,18,192 2,232 8.11
2,18,34 ,40
16 ,17,18,19,21 2 2,23,24,26,282 9 ,34
16 ,17,18,1921 2 22 3,24,262 82 9 ,34 .17
18,19 ,23.11,32
2, 16,17,18,19,202 122,23 ,24,26 .28,34,39,40
3 ,4,16,17,18,192 02 1,22,2324,26,29,34,39
12 ,3,6,7,10,12,18,19 2 3,31
12 ,3,4.6,7,10,12,18,19 ,23,26,29 ,31 ,32
12 ,3,4 ,6,9,10 ,12,18,19 2 3,26,31 ,32
16,17,18,1920 21 ,22,23,24 2 6 ,282 9,30 ,34.19
16,17,18,1921 2 22 3,242 6 ,282 9,34,36.19
12 .1,6 ,7,9,10, 18,19,23.1 I ,32
2.5 ,18,34 ,40
12 ,3,6 ,10,12,18,19.23,32
16,17,18,1920 21 2 22 324 2 6 2 8,29,30,34
16,17,18,19,2122,23,24.2627 ,28,29,30,34,37
17,18,19,212 2,23,24,26 .272 8,29,34
2 ,16,17,18,19,2 122,23,24 ,25.26,28,29 ,30,34,36
1,2,6,18,19,23,26,29,32
1,2,3,6 ,18,19,232 6 2 9 ,32
1,2,3,6 ,12,18,19,22,232 4 ,30,31.12
1
16,17,18,19 ,23,26,34 ,35 ,37,40
17,18,19 ,21,22,23,24 ,25 26,28,29,30,34
1,2,17,18,1921 2 3 ,24,26,2729,34,40
16 ,17 ,18,19 ,212 2,23,24,26,28,29.14.19
17,18,19 ,21,222 3,24 2 6 ,282 9.14,37,39
2,17,18,192 12223,24,2526,28,29,30,34
1,2,3,10,12,13,19,23,32,39
17,18,19 ,21 ,222 324 ,26 ,27,28 ,29 .10,34 ,37,39
1,18,192 3,32
17,18,19 ,21 2 22 3,24 ,25 ,26 ,272 829 .10 ,34,36
2, 16,17,18,19,2122,232425,26,2728,29,34
1,3,12,18,19 ,23,28,29 ,31,32
1,2.1,10,12,13,19,31,32,39
12 .1,6,9 ,10,12,18,1922,23,272 82 9 .12
1,2.1,6,7,10,12,13,18,192 3 2 8.12,40
2, 17,18,19,2 1,22,2326,27 .14,35.17 ,38.19
2,17,18,19,21,22,23,24,26,29.14.17
17.18,19,21,22,23,24,26,28,29 .10 .14 ,35,39
17,18,1921 2 2,2324,25 2 6 ,28,29 .10.12,34
17,18,19 ,21,23,24 ,25,26,27,282 9 .10,34,36

54 W4TJ
55 JMISZY
56 SM6FHZ
57 N6KK
58 NH7RO
59 OK1MP
60 W9JUV
6 1 K9AB
62 W2MPK
63 K3XA
64 KB4CRT
65 JH71FR
66 KOSQ
67 W3TC
68 IKOPEA
69 W4UDH
70 VR2XMT
7 1 EH91B
72 K4MQG
73 JF6EZY
74 VE IYX
75 OKIVBN
76 UDQ F
77 K5NA
78 14EAT
79 W3BTX
80 JHIHHC
81 PY2RO
82 W4UM
83 15KG
84 DF3CB
85 K4PI
86 WB8TGY
87 MUOFAL
88 PY2BW
89 K40M
90 JHOBBE
9 1 K6QXY
92 JA81SU
93 Y09HP
94 SV8CS
95 SM3NRY
96 VK30T
97 UY 1HY
98 JA7Q VI
99 K 1HTV
100 OK1RD
101 S5 1DI

102 S59Z
103 UY5ZZ
104 UXOFF
105 EI310

17,18,19,21,22,23,24 ,25,2627,28,29.14.19
2,18.14,40
1,2.1.6 ,12.18.19,23 ,31,32
15,16 ,17,18,19 ,20 ,212 2,23,24 ,34 ,35,37,38,40
1,2,17,18,19 ,21,222 3,28.14 ,35.17.18.19 ,40
1,2.1 ,10 ,13,18,19 2 3,28,32
2, 17,18,192 1,22,23,2426,28,29.10.14
2,16,17,18,19,2 1,22,23,24.26,28 .29,30,34
2, 12,17,18,192 1,22,23,24,26,28,29.10,34,36
17.18,19,21,22.23,24,25 2 6,27,28,29,30 ,34 ,36
2, 17,18,19,21,22,2324,26,28,29.14.16,37,39
2.5,9 ,10,18,23 ,34,36,38,40
16 ,17,18,19 ,20 21 2 2,23,24,26,28,29 ,34
17 ,18,1921 ,222 3,24 ,262 8,29,30 ,34
1,2.1 ,6,7,10,18,19,222 3,26,28,29,3 1.12
16 ,17,18,19,21,22,23 ,24,26,27,28,29 ,30,34 ,39
2.5,6,9 ,18,23,40
12 ,3,6 ,10 ,17,18,19 ,23,27 2 8
17,18,19,21 2 2,23,24 ,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 .10 ,34
1,2,3,6 ,7 ,10,12,18,19 ,22,23,24 .12,34
12 .1,6 ,10,12,13,19 ,24 ,26 .10,31
16,17,18,19 .21 2 2,23,24 ,26,28,29 ,33,37,39
1,2,6,10,18,19 ,23,32
17,18,19 ,22,23,26,34 .17,38
2.5,7 ,9,18,34,35 ,37,40.
1,2,17,1840M, 19,21,22,232 6,28,29,30 .18,39,40
18,192 1,22,23,24 2 6 ,27,282 9 .14,37.19
1,2,3,6,10,18,19 ,23,27 2 9 ,32.
12,12,18,19,32
17,18 ,19 ,21,22 ,23,24 2 6 ,28,29 .10 ,34 .17,38.19,
16,17,18,1921 ,22,23,24 2 6 2 8.29,30.14,36 .19
1,2.12,18,19,22,23,24 ,26 ,27,28 2 9 ,30 ,31,32
1,2,17 ,18,19 ,22,23,26,28,29,30 ,38.19,40,
17,18,19,2 1,22,23 ,24,2628,29.12.14 ,36,38.19.
2.13,34,40
17,18,19 ,2122,23.14 ,37 ,39
2,7.8,9,19,33,34,36,37.18,39,40
1,2,6,7,11 ,12,13,18,19 ,232 8,29 .10 ,31,40
12,6,7 ,18,19,23,2628 ,29
1,6,10,1 2,13,19 ,23,25 2 6,29,30 ,31,32,39
2,10,11,12,16,34,35,37,39 ,40
1,2.1,6,7,9 ,12,18,19,23,26,28,31,32.16
2,40
17,18,19 ,2 1,222 32 4 ,26 2 8,29,34
2,6,7.8 ,9,11,12,13,18,19,2122,28,39,40
1,2,6,18,19
1,2,6 ,7,10.12,17,18.19 ,22,23 2 426,31 ,32
1,2,3,6 ,7,10,11,12,13,18,19,29 ,31,32,39
1,2,6 .7,10,12,13,18,19,22,28,29 ,31,32
1,3,12,18,19 ,23,29 .10 ,31,32

Satellite Worked All Zones

No. Ca llsign Issue da te Zones Needed to have
a ll 40 confirmed

I KL7GRF 8 Mar. 93 None
2 VE6LQ 31 Mar. 93 None
3 KD6PY I June 93 None
4 OH5LK 23 June 93 None
5 AA6PJ 2 1 July 93 None
6 K7HDK 9 Sept. 93 None
7 W1NU 13 Oct. 93 None
8 DC8TS 29 Oct. 93 None
9 DG2SBW 12 Jan, 94 None
10 N4SU 20 Jan, 94 None
II PA0AND 17 Feb. 94 None
12 VE3NPC 16 Mar. 94 None
13 WB4MLE 31 Mar. 94 None
14 OE3JIS 28 Feb. 95 None
15 JA1BLC 10 Apr. 97 None
16 F5ETM 30 Oct. 97 None
17 KE4SCY 15 Apr. 01 10.18,19,22,23,

24 ,26.27.28,
29,34,35 ,37,39

18 N6KK 15 Dec, 02 None
19 DL2AYK 7 May OJ 2, 10,19,29,34
20 N1HOQ 31 Jan, 04 10,13,18,19,23,

24.26,27 .28,29,
33,34,36,37 ,39

No. Ca llsign Issue date Zones Needed to ha ve
a ll 40 confirmed

21 AA6NP 12 Feb . 04 None
22 9VIXE 14 Aug. 04 2,5,7,8,9, 10,12,13,

23 ,34,35,36,37,40
23 VR2XMT 01 May 06 2,5,8 ,9, 10,11,12,13.23,34 ,40
24 XE1MEX 19 Mar. 09 2,17,18.21.22,23.26,34.37,40
25 KCOTO 17 Mar. II None

CQ offers the Satellite Work All Zone s award for stations who confirm a mini 
mum of 25 zones work ed 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 numb er of zones that are
confirmed when the appli cant first applies for the award,

Endorsement stickers are not offered forthi s award , However, an embossed , gold
seal will be issued to you when you finall y confirm that last zone,

Rule s and applications for the WAZ program may be obtained by sending a large
SA E with two unit s of postage or an address label and $ 1,00 to the WAZ Aw ard
Manager : Floyd Ger ald , N5FG , r.o.Box 449 , Wiggin s , MS 39577- 0449 , The pro
cessing fee for all CQ awards is $6,00 for subsc ribers (pleas e include your most
recent CQ or CQ VHF mailin g label or a copy) and $ 12,00 for nonsubscribers , Please
make all chec ks payable to Floyd Gerald . Applicant s sending QSL cards to a CQ
Checkpoint or the Award Manager must include return postage . N5FG may also be
reached via e-mail : <n5fg@ cq-amate ur- rad io.com> .

*P,O, Box 449, Wiggins, MS 39577-0449; e-mail: <n5fg@cq-amateur-radio. com>
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First Look!

The Cornet CAA-500 HFNHF/UHF
Antenna Analyzer

By CQ VHF Staff

The NCG Company made a big splash at this year 's Dayton
Hamvention® with the new CM-500 HFNHFIUHF Antenna

Analyzer.

32. co VHF • Summer 2011

At this year's Dayton Hamvention'P, the NCG Company
booth drew quite a crowd as representatives displayed
a prototype of the new Comet CAA -500 HFIVHF/UHF

Antenna Analyzer. The staff of CQ VHF has now had the
opportunity to have some "hands-on" time with this handy
station accessory, and we 're bringing you the highlights in
this edition of CQ VHF .

Feature Highlights
The CAA-500 has several unique features that it provides to

the owner. The first is the frequency coverage , which includes
the 50 MHz, 70 MHz (in Europe) , 144 MHz , 222 MHz , and
430 MHz amateur bands. The frequency coverage is divided
into seven bands, and coverage is continuous except for a small
gap between about 259.8 MHz and 282.5 MHz, of no conse
quence for amateur radio use.

Another new feature in this analyzer is the provision of dual
analog meters, with precision needles for accurate measure
ments . One meter display s the SWR, while the other displays
impedance (in ohms); this pairing of meters thus allows the user
to determine the resonant frequency of an antenna system more
easily than if only one parameter was displayed.

The third major feature is the provision of two antenna con
nectionjacks: one jack ,used below 300 MHz , is a "UHF" (a.k.a.
"SO-239") receptacle, while the other, used above 300 MHz,
is a "Type N" jack that provides better maintenance of a 50
ohm impedance at the higher frequencies. The unused jack is
automatically switched out when the frequency selection is per
formed by the user.

The CAA-500 is powered by six I.5V "AA " cells, and it also
has an "External DC" jack on the side of the case; DC voltages
between 8V and 16V (250 rnA minimum ) will power the CAA
500 (a DC cable is supplied). Most users will just run it off of
batteries, of course .

First Impressions
The first thing that comes to mind when picking up the

CAA-500 is "quality ." It has a solid , somewhat heavy feel
to it, and the actions of the switches and controls remind one
of high-grade laboratory test equipment. Thi s unit feel s built
to last!

The digital frequency display is bright , and the cross-needle
metering is very easy to read with excellent clarity.

The documentation supplied with the CAA-500 covers many
aspects of field operation of the analyzer, including advice on
coaxial-cable lengths, common-mode current problems, and

Visit Our Web Site
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The Comet CAA-500 may get a workout on your next Field Day adventure, or some
ofthe forthcoming VHF/UHF contests!

The Comet CAA-500 's bright fr equency
display and precision metering make
SWR analysis in the fie ld simple and

quick.

CAA500_top : The CAA-500 utilizes a
high-quali ty "Type N" connector above
300 MHz. to ensure accuracy of SWR
measurements relative to 50 Ohms in the

UHF range.

other helpful tips that display an appreci
ation of questions that hams might have
while using this product. Nice job ,
Comet!

Using the CAA-500
Operation of the CAA-500 couldn 't be

simpler. Just install the batterie s, connect
your antenna to the appropriate coaxial
jack , set the frequenc y range using the
seven-position rotary switch , and then
use your thumb to set the CAA-500 onto
the frequency of interest. The two meter
needles move smoothly as the frequency
is adjusted , and if all goes well you'll see
a I: I SWR and a 50-ohm impedance on
the frequency on which you want reso
nance to occur. If not , a simple sweep of
the frequency range via the thumb-wheel
control will give you a quick indication
of where your antenna system is resonant,
allowing you to make corrective adjust
ments.While the CAA-500 does not have
separate display of the resistive and reac
tive components of impedance, it does
tell you the essentials:

(A) What is the SWR?
(B) If the SWR isn't I : I, is the imped

ance higher or lower than 50 ohms?

This information is all the data most
users require ,and the ease of operation of
the CAA-500 is a real plus in the field.

We tried the CAA-500 on several
antennas on Field Day , including HF
dipoles and beams, VHF Yagi s, and a
435-MHz Moxon Rectangle that turned
out to have a broken connection on the
driven element. The CAA-500 performed
flawlessly in all cases, and it was a sim
ple and intuitive device that clearly was
well designed.

Summary
The Comet CAA-500 is a high-quali

ty , well-conceived standing-wave ana
lyzer that has wider frequency coverage
than other such devices in the market
place . The inclusion of the 222-MHz
band is a real benefit to U.S. VHF oper
ators, who have not had access to a hand
held antenna analyzer for that band up to
now .The CAA-500 may well be the ideal
tool for your future antenna projects!

The manufacturer' s suggested retail
price for the Comet CAA-500 is $449 .00,
and more information may be obtaine d.
from NCG Company, 15036 Sierra
Bonita Lane , Chino , CA 91710 (http://
www .cometantenna.com) .
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By Joe Moell," K00V

HOMING IN
Radio Direction Finding for Fun and Public Service

New Products, New Hunt Opportunities,
and Foxhunting "Down Under"

PicCon from Byonics turns any VHF/UHF handie-talkie or mobile radio into a
fox transmitter with distinctive tones and on/off timing. (Photo courtesy Byon

Garrabrant. N6BG)

"Iwant to start transmitter hunts in
my area, but I need a fox trans 
mitter. What shall I use?"

That's near the top of the list of fre
quently asked questions in my e-mail
inbox. It also shows up regularly on inter
net mailing lists for radio direction find
ing (RDF) enthusiasts . Often the re
quester has just won his (or her) first
hidden transmitter hunt, which might be
called aT-hunt or foxhunt, depending on
where he lives. He is looking for a trans
mitting device because it's his turn to
hide for the next hunt.

For a club of beginners who will be
doing RDF in their cars, the first hunt can
be very easy for the hider. Just drive to
an unlikely location and yak into the
microphone at intervals called for by the
hunt rules. Give them verbal taunts or
read articles in CQ VHF. If they are hav
ing lots of trouble, you may need to give
a clue or two.

For a few ham clubs, this continues to
be the usual format for mobile hunts,
especially when they occur only a few
times a year. The hiders wait and trans
mit in the parking lot of a restaurant
where everyone will eat afterwards , or
they set up a picnic or barbecue in a park
that everyone has to find.

Most groups eventually graduate to
more difficult hunts (or they run out of
new restaurants and parks!). An unat
tended foxbox adds to the fun and saves
the hider 's voice . The familiar vehicle is
no longer a giveaway. An unattended fox
(or "T") frees you to move around, draw
ing attention away from the transmitter's
location. You can enjoy the spectacle of
the hunters scurrying to locate it. It saves
your voice , too. The easiest audio source
for this purpose is an MP3 file of voice
or random notes. To cycle the T on and
off, put a blank file in the rotation and use
a transmitter with VOX.

*P.O. Box 2508. Fullerton . CA 92837
e-mail: <kOov@}lOm;llg;ll.com>
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Mobile T-hunts around the country
have an endless variety of rules, calling
for transmissions ranging from a few sec
onds every few minutes to continuous.
On the other hand , championship on-foot
foxhunts under International Amateur
Radio Union (IARU) rules! require five
synchronized fox transmitters sending a
prescribed CW message for 60 seconds
each in numbered sequence.

The optimum solution for most hunts
is a device with no moving parts that pro
vides distinctive audio and versatile on
offcycling for ordinary mobile and hand
held transceivers .Several designs for fox
controllers have appeared in recent
years, using CMOS logic, microproces
sors, or PICs.

For a controller that's almost ready to
plug and play with your rig, consider
PicCon by Byon Garrabrant, N6BG. This
was the first product ofByonics, his com
pany , and it has become the most popu
lar controller for both mobile T-hunting
and on-foot amateur radio direction find-

ing (ARDF). PicCon has fully program
mable transmit on/off timing and a delay
feature to start transmissions automati
cally at hunt time. With a connection to
a recei ver, you can change programming
from a remote location before or during
the hunt.

PicCon's parts are packed onto a 17/8"
x 13/4" circuit board . You can build it from
a kit in about 30 minutes if you have a fine
tip soldering iron. It is also available
assembled and tested. Connectors and
cables for the mic, speaker, and push-to
talk (PTT) lines of the radio are not includ
ed. Byon sells cables for many popular
radios, or you can make them yourself.

When you first activate a new PicCon,
it sends a pre-programmed 3-second tone
sequence over and over for 30 seconds
and then identifies in CW with the soft
ware version number. Your first task is
to change the CW message to your call
sign and set the transmission on and off
times as appropriate for your local hunts.
You do this by sending DTMF com-

Visit Our Web Site
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Micro -Fox J5 from Byonics is a synthesized 2-meter transmitter and f oxhunt controller powered by a 9-volt battery. (Photo by
Joe Moell, K@OV)

mands to the fox transceiver connected to
PicCon using another radio that transmits
on the frequency where the fox rig is lis
tening .

You can get fancy by designing your
own tone sequence . There are 99 tone
pitche s to choose from, and the sequence
can have up to 28 tones before repeating .
The speed of the tone sequen ce is pro
grammable, as is the speed of the CW ID.
You can even program a repeating 8
event series of tone sequences, off times,
and IDs.

Want to hide your T on Thursday and
have it come on at hunt time on Saturday?
One DTMF command lets you specify a
delay of up to 100 hours before the first
transmission. If the hunt must end at a

certain time , another command will ter
minate all transmissions after a pre-pro
grammed duration.

A New Micro-Fox
For Byonic s ' latest transmitter hunting

product, Byon teamed with Allen Lord of
VHS Special Service s to create Micro
Fox 15, a complete QRP 2-meter trans
mitter and controller on a 1" x 3" circuit
board . It is ideal for hamfest foxhunts in
city park s and for short-range ARDF
training sessions.

Instead of DTMF tone programming
like PicCon, the Micro-Fox has a RS-232
data cable. Configuration software,
available for free download from the

Byonics website, sets the transmit fre
quency, onloff cycle time s, delay for
tum-on and shut-down, plus call sign or
message for modulated CW ID. The
software also lets the user enter a custom
tone pattern , which could be MOEI
MOI/MOS messages for ARDF.

Not many new computers have RS-232
ports. In my closet was a laptop that is 10
years old and runs a very early version of
Windows® XP. After Byon made a
minor modification to the softw are so that
it would run on that XP build , it was easy
to program the Micro -Fox with its serial
port . I also used a USB-to- seria l adapter
to test the software on my Windows® 7
laptop .Once I figured out that the adapter
was on COM7 and I set the software

The Micro-Fox J5 in a LMB die-cast enclosure with lockdown wire, ready to deploy for a transmitter hunt. Not shown is the label
with my cell phone and pager numbers, in case a passer-by reports it as a suspicious package to the authorities. (Photo by KfJOV)
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Marvin Johnston, KE6HTS (left), makes kits fo r tape-measure Yagis and offset atten
uators. He also sells tape holders, handles, and radio mounts made by Julianne Walsh,

KI6DYX (right). (Photo by KfJa V)

This deluxe measuring-tape Yagi has six tape holders, a handle, and a radio holder
from the 3D printer of KI6D YX. Inside the top of the handle is the active attenuator

board. (Photo by KfJaV)

For simple and effective on-foot RDF on
2 meters, the most popular antenna is the

tendown the package with piano wire and
a small padlock. Fortunately, most park
visitors aren' t carry ing bolt cutters! The
metal box and lockdown wire form a
counterpoise for the whip antenna that
seems to increase the transmit range .

Get a Handle on It

foxbox, ready to conceal in a hollow log
or other clever hiding location . For the
rigors of our regular ARDF training ses
sions, I wanted something more sturdy
and secure. A miniature transmitter in a
public park is at risk for theft , as I dis
covered the hard way.

I found an ideal die-cast metal box
from LMB , model KAB-3321. There is
room inside for the board , battery, and
power switch. I added an eye bolt to fas-

You'll find features on scanner monitor
ing of police, fire, utility, and aircraft com
munications; internat ional shortwave lis
tening; CB radio; amateur radio; FRS;
GMRS; monitoring radio digital commu
nications including CW, arrv, SITOR,
etc; AM/FM commercial broadcasting;
weather and communications satellites ;
telephone equipment and accessories;
radio nostalgia ; alternat ive radio; clan
destine radio; and military radio.

Popular Communications
25Newbridge Road , Hicksville , NY11801
Phone: 516-681-2922; Fax 516-681-2926

Visit our web site:
www.popular-communications.com

accordingly, it programmed Micro-Fox
perfectly . Firmware upgrades of the
Micro-Fox can also be performed
through this serial connection.

The microprocessor clock in Micro
Finder isn' t precise ,but it is a simple mat
ter to compensate for timing errors . Let
it run for 10 minutes and measure the time
error with a stopwatch. Enter this error
into the configuration program, and
thereafter it will be dead on, except for
temperature drift.

The new Micro-Fox is rated at 15 mil
Iiwatts output. I measured 17 milliwatts
with a fresh 9-volt battery . That is not
nearly enough power to cover a standard
lARD ARDF course, but it is plenty for
a suburban park . It will continue to work
(at reduced power) until the voltage gets
below about 4.5 volts, so one battery will
give over 10 hours total transmit time .
Byon says that he and Allen are looking
into making a power amplifier board that
would take the output to 600 milliwatt s
or more , enough for full- size ARDF
courses with elevated antennas.

Micro-Fox 15comes in a 6" x I" x 5/8"
clear plastic tube for protection. You
could put a battery inside and mount the
antenna on the cap to make a complete

Listening isonly half the fun...
POPULAR
COMMUNICATIONS
is the other half!

The World's most
authoritative
monthly magazine
Read by more active
listeners world-wide. --_....J

USA Canada/Mexico Foreign
1 Yr 0 32.95 1 Yr 0 42.95 1 Yr 0 52.95
2 Yrs 0 58.95 2 Yrs 0 78.95 2 Yrs 0 98.95

,3 Yrs 0 85.95 3 Yrs 0 115.95 3 Yrs 0 145.95
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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 mo re.

Fast Reliable Service Since 1963
Free "Tech Flyer".

We welcome small orders from all over the world!

AMI~

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

3-ele ment Yag i with PVC-pipe boom and measuring-tape ele
ment s. Its flexible elements are not suitable for mounting on a
car and use at highway speeds, but they are ju st right for safe
ly beating the bushes , because they spring back into place.

Joe Leggio , WB2HOL, was first to publi sh the design- for a
measuring-tape antenna over a decade ago . Since then , many
variations have followed for 2 meters and other band s. If you
have a length of coax with a connector to match your hand -held
radio-', then a trip to the hardware store will get you all the rest
of the parts. Compl ete kits are also available.f

You will also need an RF attenuation sys tem to keep the
receiver from ove rloading and to allow you to take bearings as
you approach the hidden tran smitte r. Resistive attenuators are
not effective for on-foo t use with handi e-talkies , because strong
signals will penetrate the receiver case. On-foot hunters prefer
active attenuators (also called offset attenuators) with an oscil
lato r and mixer diode that put s a controlled amount of signal in
another frequency where the receiver does not overload.>

The biggest problem with 2-meter RDF Yagis is how to hold
onto them while beating the bushes for hidden transmitters. A
hand around the boom is a bit awkward , and it introduces body
capaci tance that may affect antenna performance. An extension
of the boom behind the reflector as a handle solves the hand-in
the-antenna problem, but it is even more awkward, because the
entire antenna pulls the hand down at the wrist. Most pre-teens
cannot hold an antenna this way .

My solutio n was a wooden handle at the bal ance point of the
boom. It keeps body parts out of the field of the beam and avoids
torqu e on the wri st. At one of our ARDF sess ions, Julianne
Walsh , KI6DYX, of Goleta, California saw my handle and

www.cq-vhf.com

decided that she needed one. She had just the right equipment
to fabricate it at home.

Julianne and her husband Peter enjoy making small objects
with their 3D printer.P The next time I saw Julianne at one of
our hunts ,there was a bright-orange handle clamped to her Yagi .
Atop the handle was a compartment that was ju st the right size
to hold the circuit board for her acti ve attenuator.

A month later at our next on-foot hunt, Julianne showed off
another improvement for the measuring-tape Yagi . She had
made plastic rings to hold the elements to the boom securely in
place. No more screws, sticky tape, or hose clamps! I told her
that all she needed now was a way to mount the radio to the
antenna for one-handed hunting. Sure enough, she was back at
the next hunt with a nifty plastic platform behind the reflector
that secured her handie-talkie via its belt clip.

KI6DYX' s plastic parts in fluorescent colors attracted a lot
of attention and interest. People wanted to know how to get
them , so Julianne decided to make them available for sale
through Marvin Johnston, KE6HTS . He makes the antenna and
attenuator kits for first-timers to assemble before our hunting
sessions. Several colors for the part s and styles for the radio
holders are available . A page on Marvin 's web site is in the
works , which will be linked from my "Homin~ In" website .
You can also contact Marvin directly bye-mail.

Foxhunting Opportunities Abound
For many years in southern California the first Saturday of

each month was the day for 6-meter tran smitter hunting .
Vehicles with unus ual antennas would be in a row atop a hill
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A military- surplus loop antenna such as this one with a built 
in attenuator makes a very simple RDF systemf or 6-meter hunts
when used with a scanner or hand-h eld receiver for that band.

(Photo by KfJOV)

in Fullerton at 10 AM as the hunt teams took bearings on a 50 .3
MHz FM signal. A few of the cars and truck s had Yagis, full
size quad s or shrunken quads on top, but most hunters relied
on small loop antennas, either home-built or military surplu s.

Loops aren't very sensitive, but the hidden transmitters often
ran 50 watts or more. It wasn 't uncommon for them to be 30 or
more miles from the starting point. After a couple of hours, all
teams had found their way to the hider' s site , either by follow 
ing the signal or gettin g some clue s. Then it was time for lunch
and storytelling .

Six-meter hunts are starting up again, led by Will Anderson ,
AA6DD, of Riverside. "We don't do it as much anymore," he
told me, "but every few months when the stars are in alignment
and enough hunters are available, we 'll have a hunt."

If you live near the Inland Empire of California, join in and
find out what 6-meter RDF is like . Newcomers are welcomed
and encouraged. Announcements of upcoming hunt s will be
posted in the "Homing In" website .

More opportunities to hunt transmitters in southern
California await you at the ARRL Southwestern Division Con
vention in Torrance on the second weekend of Septernber .f
On Frid ay evening, September 9, there will be a multiple-
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transmitter mobile hunt on 146.565 MHz, set by J. Scott
Bovitz, N6MI.

Then on Sunday afternoon , I will be putting lots of hidden
transmitters in a nearby park . How many can you find in 90
minutes? The convention organizers have promi sed nice prizes
for both hunts.

After the Torrance hunt s, ARDF fans will head for the "Land
of Enchantment" for the USA ' s 11th national championships
of on-foot RDF. Albuquerque Amateur Radio Club and New
Mexico Orienteers are bringing together radio-orienteers from
all over the USA for two days of intense competition on the
third weekend of September. It is also the sixth championships
of IARU Region II (North and South America), pitting state
side foxtailers against Canadians in friendly competition.
Several experienced ARDFers from Germany have also regis
tered to attend and participate .

The activities get under way on Wednesday , September 14
with a two-day optional "training camp" where beginners and
experts can hone their radio-orienteering skills. Formal activi 
ties begin on Frida y with a competitor meeting and an equip
ment testing sess ion, called a "model event ." The championship
2-meter competition will begin early on Saturday in a nearby
forest, followed by an award s banquet that evening .On Sunday,
the 80-meter competition and medal-awards ceremony will take
place in a different location.

USA ' s ARDF Championships are open to anyone of any age
who can safely navigate in the woods for several kilometers
with hand-held radio gear. An amateur radio license is not a
requirement. Medal s will be awarded for the top three fini sh
ers on each band in ten age categories, six for males and four
for females . To avoid parking problems in the forest and pro
vide for rapid evacuation in case of wildfire, competitors will
be bused between the event hotel in Albuquerque and the moun
tain venue s.

If you are interested in being a part of these championships,
contact the organizers right away to see if there is room left for
you on the buses. More information is at the event website? and
at my "Homing In" site .

A Fox on the Barbie?
Speaking of national championships, the result s of the annu

al foxhunting event at Mt. Gambi er have been posted . Every
year, the South East Radio Group puts on a ham radio conven
tion at this volcanic site in South Australia. Included are the
Australian Foxhunting Championships.

Although there are a few on-foot foxhunting champions there ,
most hunts "down under" involve mobile s and pedal-to-the-floor
driving. Every month hunters in the Melbourne area gather and
draw starting positions. The fox depart s in his car and is given
about a IO-minute start. After that , hunters are permitted to track
and follow the mobile fox . Soon the fox goes to ground (stops
moving), sometimes staying in the vehicle and sometimes putting
the transmitter out in the bush.

To save time on hunts where the fox is not right out on the
road , back-seat team membe rs jump out and take off on foot
when they think they are within rapid hiking distance of the
fox. This practice is called droppin g runners . The front- seat
hunters continue, trying to drive the vehicle closer , as the run
ners beat the bushes. Usually they find an unattended foxbox,
but on occa sion the fox has been one of the hunters in disguise,
waving a beam around and supplying strong signals to indi
vidual hunters.

Visit Our Web Site



Yagis. loops, motors, chain drives. cathode-ray-tube displays. and computers are all
part of the annual Australian Foxhuntin g Champion ships at Mt. Gambier in South
Australia each June. Each hunt vehicle needs RDF equipment f or six ham bands.

(Photo by Mark Diggins. VK3MD)

Notes
I . http://www.homingin .com/intlfox.html#rules
2. http://theleggios.net/wb2hol/proje cts/rdf/tape_bm .htm
3. Small and flexible RG-174 is ideal , but RG-5 8 can also be used . Wrap several turns around the
boom as shown in the handle photo . This forms a choke balun which prevents feedl ine signal pick
up from adverse ly affecting the direction al pattern .
4. http ://www .west.net/-marvin/wb2h ol.htm
5. http ://www.h omingin .com/joekOov/offatten .html
6. http ://en .wikipedia.org/wiki/3D_printing
7. marvin@west.net
8. http://www .hamconinc.org
9. http://www .wb8wfk .com/2011 _ARDF_WEB/index.html
10.http://www .ardf.org.aulWordPress/20 11/20 ll-fox-huntin g-champion ship s-at-mt- gambier/

Radi o foxes in Melbourne often are
hidden on the bank s of the Yarra River.
At least one team carries an inflatable rub
ber dinghy and compressed-gas cylinder
in the car in case they drive up on the
wrong side of the river and want to cross
quickly. That ploy is foiled, however,
when hider s put the transmitter along the
bank in heavy brush, with thorns.

The high point of the year for Australian
foxhunters is the Mt. Gambier event. This
year it was June 11-12 ,celebrated nation
wide as the Queen 's Birthday Weekend .
There were nine events in two days with
about twenty foxes to find on the SO-meter ,
lO-meter , 6-meter , 2-meter, 70-centime
ter, and 23-centimeter bands.

The biggest challenge was the Wayne
Kilpatrick Memorial Night Foxhunt on
Saturday. FM foxes keyed down on 10
meters,6 meters, 2 meters, and 70 cen
timete rs , to be found in a prescribed order.
Marshals kept close watch to ensure that
the rules were obeyed . One rule stated:
"Should it be necessary to leave the vehi-

cle , only one set of RDF equipment is
permitted amongst the group from that
vehicle . This includes foil under T-shirt s
and hand-helds."

Each team was given distinctive tokens
to be dropped into a well-secured tube at
each fox when found . Afterwards , the
marshals used the order of the tokens in
the tube to determine the order in which
the foxe s were found by each team .
Direction-finding was difficult , but the
recent rains made the going even more
treacherous, with some teams getting
stuck in the mud and wet grass. A report
and video are now on the web .U'

That' s all for this time . I will be back
in three month s with the medal winners
and photos of the championships in New
Mexico. I also want to get storie s and pho
tos of your local hunt s, so please keep
sending them to me at the addresses list
ed on the first page of this column.

73 , Joe , K00V

Associated Radio
www.associatedradio.com - 800-497-1457

Universal Radio, Inc.
www.universal-radio.com - 800-431-3939

Lentini Communications, Inc.
www.lentinicomm .com - 800-666-0908

Austin Amateur Radio Supply
www.aaradio.com - 800-423-2604

Radio City, Inc.
www.radioinc.com - 800-426-2891

Pnces. products and po llCl&Smay vary betwee n doaler loc:.allOf~
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By Kent Br itain,* WA5VJB

ANTtNNAS
Connecting the Radio to the Sky

Roving Antenna Range and Much More

Figure 1. The 432/435-MHz driven element.

12.5"

) .5"

6.0"

a bit can pick up several dB and help clean
up the antenna pattern .

Do you think you have invented a new
super-duper, gazillion-dB antenna? I
have an HP415E and detector diode wait -

g #10 Copper Wire

432/435 MHz Driven Element

.5"
----------IH~------~

. ..
SWR Trim

sure the antennas side by side at the same
time under the same conditions .

On the microwave range we take time
to let you tweak your antenna designs .
Quite often moving a dish feed in or out

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

I
am sure the Cent ral States VHF
Society Conference in Irvin g, Texas
this July 29-30, 20 11 will be covered

in many venues, but I would like to point
out our roving antenn a range . Marc ,
WB0TEM , takes care of the 50-, 144- ,
222-, and 432- MHz antenna measuring .

I take care of902 MHz though 24 GHz,
and sometimes eve n higher. On a typical
Friday morning we will measure 100
125 antennas. Eve n if you can' t actually
attend the conference, you may know
someone who will, and if they have a bit
of space and you have an antenna you
have wondered about, here is your chance
to get it tested. This way we can skip the
specs of the antenna companies and mea-

Photo 1. CSVHF antenna range.
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Photo 2. "But I built it 'exactly' to your dimensions ."

Plot 1. Return-loss plot ofthe prototype Yagi.
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hickory, teak , etc. With additional cor
rection factors for moisture content, I
think that I'll just stick with my II2-inch
wood on 11/4-inch wood for now.

Figure I shows the 432/435-MHz dri
ven element (see Table 1 as well). You

While many have worked out boom
correction factors for metal booms , I
don't know of anyone who has worked
out simi lar correction factors for a wood
boom. I can just see it now-tables of
dimension corrections based on pine ,ash,

Element Length Distance from
Reflector Element

Ref. Point 13.5 0
Driven see fig . I 5.25
01 12.3 9.5
02 11.9 14.0
03 11.8 19.5
04 11.8 27.3
05 11.6 36.4
06 11.4 47.3
07 11.4 57.5
08 11.4 68.8
09 11.4 79.0
010 11.4 89.0
011 11.4 99.5
012 11.4 109.5
013 11.4 117.25
014 11.4 124.5
015 11.4 135.0
016 11.4 146.5
017 11.4 156.0
018 11.3 166.0

Table I. Dimensions for the 432/435
MHz driven element (see figure 1). All
dimensions in are in inches. All elements

are liB-inch diameter .
ing for you. Someday I'll have to men
tion the 123 dBi gain 1296-MHz anten
na one chap submitted . It is a long story .
Furthermore, the lad had some problems
mixing linear and logarithmic math.
Nevertheless, for a dish antenna to have
123 dBi gain at 1296 MHz, it would need
to be about the size of the state of Texas.
I'm afraid he came up about III dB short
of his prediction .

Boom Correction Factor
"But 1 built it exactly to your dimen

sions !" As shown in an accompanying
photo, a fence post may make a good
strong boom, and while wood is an insu
lator, it still affects the length of eleme nts.

When designing and then building an
all-metal Yagi, you have to compensate
for the part of the element that is inside
the boom . In general, the elemen t is
slightly smaller to allow for that fat area
in the middle of the element. We have a
similar issue with a wood boom . If you
have ever built a couple of 40-meter
dipoles, you noticed that a dipo le made
of bare wire,and one with the same gauge
wire but insulated, is about a foot short
er. Light waves travel more slowly when
passing throug h water or glass, and radio
waves travel more slowly when passing
through a dielectric .

The plastic insulation on the wire is a
dielectric and slightly slows down the
radio wave .Therefore, the antenna has to
be shorter to allow for the plastic. Wood
does the same thing ._____________________________:J
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Photo 3.
Twenty-element
432-MHz Yagi.

want to use something that is about 1/8
inch in diameter, and it is nice to have
something to which you can solder. No.
10 bare copper wire works well. For this
antenna I used 1/8-inch bronze welding
rod . It is a bit stiff for bending the loop,
and you need some pretty good wire cut
ters when trimming for best SWR. But

hey, it was already on the work bench and
time was short.

The coax is soldered directly to the dri
ven element. Coax shield goes to the cen
ter of the element. The coax center con
ductor goes to the tip of the]. For those
who are good at finding fly specs in pep
per, yes, the connection points are not
exactly the tip and the center, but close.
Built to these dimensions, the SWR is
usually better than 2 to I .

If you can measure SWR at 432 MHz,
then experiment to your heart's content.
I have a supply of 1/8-inch hobby tubing.
If , or when, I make that one-too-many
cuts mistake, then I just slip some tubing
over the element tip and lengthen it back
out a bit. The dimensions for the driven
element are experimentally determined,
the fancy way of saying these are the
dimensions that worked best, not a com
puter prediction .

Plot I is the return-loss plot of the pro
totype 20-element Yagi. Minus 10 dB
return loss is about a 2 to I SWR. -20 dB
Return Loss is about a 1.2 to 1 SWR.
SWR-wise, the antenna came out pretty
successfully.

Construction
The boom is 112" x 3/4" trim wood. You

have a lot of options here, but as we just
talked about, you want the element to be
inside about liz-inch of wood.

The elements can be just about any 1/8
inch diameter rod material. Aluminum
ground-rod wire works well after you
have straightened it out. Copperlbrass
hobby tubing and bare # I0 copper wire
also work. Oh, do I have some stories
about a welding supply house that no
longer wants to talk me about gasses and
welders when I come in.

Photo 4. Support boom and mounting.
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Photo 5. Driven element and coax attachment.
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For this particular antenna the elements are l/S-inch alu
minum welding rod .The driven element can be either phosphor
bronze or silicon bronze welding rod . The bronze welding rods
are easier to solder to. There is nothing wrong with using the
bronze welding rod for all the elements. It is just that the alu
minum rods are a bit cheaper when they are selling the weld
ing rods by the pound .

After drilling your boom with a I/S-inch drill bit and putting
in the elements, use a drop of glue to hold the elements in place.
Almost any of the construction adhesives ,or even "Super" glues,
can be used. No big blobs of glue, however. We're back to that
dielectric problem again.

I drilled a couple of holes in the antenna booms and fastened
them to the larger wood with several drywall screws. Again,
you can use your favorite fasteners , but I wanted to be able to
take the antenna apart and store it when not in use.

When I get a second antenna built we will cover how to stack
them for more gain or to run circular polarization . In another
photo you can see how I drilled the boom for mounting the U
bolts. Don't do what I did ; I drilled the wood for the U-bolts
then attached the II2-inch wood with the elements.

You want any mast to split the element s-that is, it needs to
be as far away from the director elements as possible . In the
photo you can see the "oops" where the mast would hit a direc
tor element. Also note how I offset the elements to make room
for the U-bolt .

AMSAT
Do you want to have one heck of a signal on one of the

Low Earth Orbit (LEO) Birds? Trim the driven element ever

www.cq-vhf.com

so slightly for best SWR at 435 MH z and the antenna's 17
dBi gain is virtually unchanged from 432 MHz. From Plot 1
you can see the SWR hardly changes between 432 MHz and
435 MHz.

Arecibo and EME
From a short conservation with Joe Taylor, KIJT, at the

Dayton Hamvention® this year, it seems there are plans to put
the lOOO-foot Aercbio dish on EME again . No exact dates have
been set. However, another year or so is likely . Want to put
432-MHz KP4 in your logbook ? Well, it's time to get prepared!

Oh,did I mention they want to have 1296 MHz off the Moon
next time at Arecibo ? How about some long Cheap Yagis for
1296 MHz? I have those in the pipeline.

Future Projects
I have a second 20-element 432-MHz Cheap Yagi under con

struction. I kind of ran out of time to write about it in this col
umn. With the second antenna I can show combinations of phas
ing harness and mounting points such that the antennas can be
mounted for vertical ,horizontal , and right-hand circular or left
hand circular polarizations.

As always I welcome antenna questions and column sug
gestions from readers . Send an e-mail to <wa5vjb@cq
vhf.corn», or <wa5vjb@amsat.org> will work . Also, for sev
eral dozen other antenna proje cts, visit <http://www.
wa5vjb.com>, the Reference section.

73 , Kent , WA5VJB

Summer 2011 • CO VHF • 45
._ . __ .. __._. .... _-_._--_._-----------



By Rich Arland, * K7SZ

BtGINNtR'S GUIDt
All you need to know but were afraid to a sk

Computers and Amateur Radio

The following is a record of a recent conversation between
my wife , Patricia, KB3MCT, and me:

KB3MCT: "Yo u just spent $800 for a what?"
K7SZ: "A computer- a laptop,actually-a really, really nice

high-end Toshiba laptop."
KB3MCT: "Are you totally out of your mind?"
K7SZ: "No, I needed a new one, since the six-year old HP

had a hard-di sk failure. I have columns to do , a book to pub
lish . I mean it's not that I won't make the money back in a few
month s."

KB3MCT: "You had better hope that your roya lty check
comes in or we 're going to be eat ing a lot of beans and rice !"

And that, faithfu l readers, is the way things transpired
between us few months ago. This got me started thinking about
why I needed a new high-end computer in the first place. My
good friend and world-class CW operator Mike Wea thers,

*770 William St. SE, Dacula, GA 30019
e-mail: <k7sz@arrl.net>

ND4V, told me once that "there is no such word as need in the
ham radio vocabulary; want, on the other hand, is a comp lete
ly different matter."

Welcome back for anot her installment of "Beginner' s
Guide ." This time we will diverge a bit from the radio portion
of the hobby to talk a bit about computers and their relation
ship to our hobby.

Over the last 35 years the growth of the personal computer
industry has been phenomenal, if not downright frightening!
Having been involved with amateur radio for almost half a cen
tury , I would never have believed how much we 've come to
depend on computers in the ham shack. Starting with a phone
call from Lee Horton, W51AV, in 1976, I became involved with
some of the very first personal computers. In those days virtu
ally all PCs were built by hams or electronics geeks ,since Apple
and Microsoft didn 't exist and IBM was still heavily into the
massive main-frame computers that ruled the financial and
logistical worlds.

Lee's little Digital Group computer was extremely primitive
by today ' s standards . You programmed it using DIP switches

My new (used) HP computer alongside my Elecraft K3.
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www.CheapHam.com

Comet CAA-500
In Stock - On Sale

quality, brand-name, reconditioned, used
computer from a reputable reseller.

Recently, after my $800 purchase of a
new Toshiba tri-core ultimate-whizz
bang computer, I got "schooled" in the
fine art of finding a good used computer
for about 75% less money!

First of all, I had convinced myself that
I "needed" a high-end laptop with all the
latest technology to do my writing, inter
net research, and to integrate with my
radio gear in the shack. With the upsurge
in software defined radios (SDRs), a fast
computer with a high-end sound card is
an absolute "must have ." Ergo, let's go
spend $800! Well, I got the bloody thing
home and then found that I couldn't get

Alinco, ARRL, Arrow
Antennas, Comet,
Daiwa, GRE, Heil,

Jetstream, LDG, S9
Tigertronics, and More

<E

$99.95 Dual Band

C?5wouxun°

Discount Prices - Great Service - 24 x 7x 365

(laptop or desktop), opening the box, and
unpacking the new computer, pulling it
out of the plastic wrap, setting it up, plug
ging all the things into their respective
jacks. Ah, yes ... it is almost a religious
experience! However,just like a new car,
obsolescence is built in, and once out the
door of the "dealership," its value plum
mets like a stone!

I am not one to get the "latest and best"
when it comes to computers, or ham gear
for that matter. However, I have managed
to violate my own buying code and pur
chase computers and radio gear new on
rare occasions. I usually don't make a
habit of doing that. It's just not prudent
economically. I'd much rather buy a good-

New or Used?
There is something magical about

bringing home a brand-new computer

or front-panel toggle switches! Slow and
tedious was an understatement. There
were no snappy GUIs or graphics at all,
for that matter. Those early days were
pretty stark . Comparing Lee's Digital
Group computer to today's offerings is
like comparing the original Wright Flyer
to an F-22 Raptor!

It wasn't long before computer kits
were being sold , which, of course, led to
the first commercial offerings which
included the Radio Shack TRS-80 and the
Color Computers (CoCo), along with a
host of other manufacturers flooding the
newly generated home-computer market
with their gear.

While stationed in England in the
USAF, I procured a Sinclair ZX-81
(Timex-Sinclair 1000 in the states) , a 16
kb RAM pack, and a small cassette
recorder for my shack. This thing was
such a pain in the tail to program with its
undersized membrane keyboard and/or
cassette recorder/player that I finally rel
egated it to keeping time as the shack dig
ital clock! Of course, it was not all that
accurate, getting its timing from the AC
line! However, it was a computer and I
programmed it in Sinclair Basic and it did
work ... sort of.

Then, in rapid succession, came a
Commodore VIC-20, a Commodore 64,
a Tandy TRS-102 "laptop," an IBM-XT,
IBM-AT, etc ., etc. Each was an improve
ment over the previous computer. I even
had a couple of CoCo- lIs for use as RTTY
terminals, CW keyboards , and, of course,
packet radio.

Today, some 30+ years later, I have a
number of computers in the house that are
linked by my own wireless LAN . Where,
oh where, did I go wrong? Man, com
puters are so integrated into our lives that
just thinking about not having access to
the internet makes me depressed! Al
though I don't have access to the actual
data, I would be willing to bet that at least
85% (possibly more) of the active radio
amateurs in the U.S. have some form of
computer(s) in their home/shack. That is
a lot of computing power!

All this being said, what do you really
need (want?) for your shack? That is a
question that we'll try to answer. After
all, that's what we're here for: to get you
answers to your questions and hopefully
guide you in the right direction to further
enjoyment of the radio hobby.

r
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Please allow6·8 weeksfor delivery of first Issue

Good News for the
VHF/UHF Enthusiast

Arland Goes Back to School
Finding a reputable computer shop that handles used gear

(and that offers a warranty) is similar to finding a good mechan
ic! There are a lot of computer "gurus" out there, and very , very
few of them actually know what they are doing, let alone offer
their services at a reasonable cost. After several abortive
attempts to find a reputable computer repair shop that also recy
cled older computers coming off commercial lease, I stumbled
upon Pro Computer in Buford , Georgia (http://www.proc
mog .com/) .Sheldon, the owner, had helped me previously with
several computer problems concerning our desktop machine at
the house and my six-year old HP laptop .

I was lamenting the loss of DB9 RS-232 ports on the newer

laptops when he suddenly produced a commercial HP laptop
from behind the counter. This was a reconditioned off-lease
machine featuring a titanium case, high-resolution screen (1020
x 1240), 60-G B hard disk, four USB ports , a Firewire port, an
honest-to-goodness RS-232 port terminated in a DB9 connec
tor ,CD/DVDdrive,1 GB RAM, IEEE port ,Wi-Fi internal card ,
and loaded with XP Pro for the unbelievable price of $225! I
was literally blown away! Havingjust sold one of my HF trans
ceivers that was surplus to requirements at K7SZ, I quickly
bought this HP laptop and, for $30 extra , purchased a one-year
extended warranty from Sheldon.The l5-inch screen and small
er overall footprint of the new HP laptop fits right into the shack
motif. Talk about a win-win!

The morale of this story is this: Big money doesn't neces
sarily produce the desired results when it comes to computer
equipment. Ditto with ham gear. Had I consulted Sheldon at
Pro Computer prior to my mindless buying spree, I would have
saved close to $600 that could have been used on other much
"needed" ham gear. Therefore, it pays to do your homework
before you strike out with the plastic or checkbook.

How does this commercial HP laptop work? In a word, great !
My burning desire had been to interface my computer with my
Elecraft K3. I had done this several years previously when I
owned a K2, with outstanding success. I used Ham Radio
Deluxe as a starter package with the K2 and the newest version
of HRD works very well on the new laptop hooked to the K3.

The Elecraft K3 is such an awesome radio that it deserves
my best efforts from the driver's seat! Ergo , the new HP lap
top . In addition, I am planning on using the HP laptop for some
upcoming experiments with some of Tony Park, WB9IYG's
very inexpensive SDRs that I am building (check <http: //www .
kb9igy .com> for avai lability and price) .Actually ,Phil Graitcer,
W3HZZ, did the SMD work for me (I have problems seeing ,
handling, and soldering the very small surface-mount [SMD]
parts .), and I am doing the through-hole components and final
packaging. I am hoping that the soundcard in the new laptop
will be up to the task; otherwise I will be going on a quest for
a new soundcard post haste .

In addition to interfacing with the K3, my newly acquired HP
laptop is loaded with several satellite tracking programs ,
WinLink software, packet software, a couple of propagation
programs, Digi-Pan software, along with a few other ham
radio-related programs. In short, my new addition is really earn
ing its keep in the shack . My only regret is not exploring recon
ditioned off-lease laptops prior to spending a significant amount
of money for a computer that did not fill my requirements.

Another way to allow hams to interface their USB-only ser
ial port comp uters to a true RS-232 serial port is to use an Inside
Out Networks Edgeport/2 USB Converter, readily available on
eBay for around $25-$30 with software. This little box con
verts one of your USB ports into a true RS-232 serial port with
the proper levels to control an external device such as a radio,
rotator controller, or older communications equipment. The
main reason I did not go this route is the lack of space on my
ops bench. Adding another box is not the solution for me ,
although it might well be a workable solution for you and your
station gear.

._-- .....---._--
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it to talk to my radios! It seems that no computer manufactur
ers currently produce a consumer-grade laptop with an RS-232
port anymore.Everything has gone USB! This presented a prob
lem in that now I had to procure a USB-to -DB9 serial cable and
software in order to make the new whizz-bang laptop talk to
the radios! What's another $35-$40? Then there is the unfor
tunate truth that not all serial cables are created equal . I ended
up trying three different cables before I found one that worked
to my satisfaction.

The other problem I encountered was the physical size of the
new computer. It would not fit comfortably on the shack oper
ating table. Sometimes size really does matter! In this instance,
the l7-inch screen, while great for watching videos and gener
al computing, was not able to integrate into the shack! I had
spent $800 for what?

Mail your order to:

CQVHF • 25 Newbridge Road • Hicksville, NY 11801
Subscribe on line at www.cq-vhf.com

FAX your order to us at 516 681-2926
Call Toll-Free 800-853-9797

That's a wrap for this installment, gang . Six meters has been
open and I now have a roof tower , rotator, and 5-element Yagi
for 6 meters. Therefore, with any amount of perverse luck I will
have a decent signal on the "Magic Band" in the not too distant
future. 73, Rich, K7SZ
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By Bill Brown," WB8ELK

UP IN THE AIR
New Heights for Amateur Radio

Field Day Balloon

j
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F
or seve ral years in a row I' ve launched a balloon for Field
Day. This year I put together a payload with a 25-milli
watt multi-mode transmitter on 2 meters FM sending

down the balloon 's position in Domin oEX , RTIY ,and CW for
mats.Since the payload was a very lightweight 8 ounces, Idecid
ed to hitch a ride attached to the weekl y ozone sounding bal-

*12536 T 77, Findlay , OH 45840
e-mail : <\Vb8elk@ao l.com>

Photo J. Brian Huang (lef t) and Shane Wilson, N4XWC (right),
launch the Field Day balloon.

www.cq-vhf.com

Photo 2. Tammy Cockrell listens to the balloon 's signals at
the Huntsville ARC Field Day site.

Photo 3. The high-gain satellite array at the HARC site did a
great job receiving the balloon.
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Photo 4. Shane Wilson, N4XWC, climbs the tree to recover
the payloads.

loon. Every Saturday an ozo nesonde is launched from the
NSSTC (Nationa l Space Science and Technology Center)
building in Huntsville , Alabama at I :00 PM Central Time,
which conveniently was the start of Field Day this year . The
launchsite is less than a mile from the Huntsville Amateur Radio
Club 's Field Day site in a grassy area next to Space Camp.

We used my netbook and a Verizon cellular modem to stream
live video of the launch via the Briti sh Amateur Television
Club's streaming video website (http://www.batc .tv) and had a
number of viewe rs from around the world.

Great Day to Fly
It was a great day for a flight , with clear skies and no surface

winds. The balloon took off and headed straight south to fly
directly over the HARC Field Day location . We took the short
dri ve to hang out with the HARC folks and to demonstrate how
to track the balloon 's digital modes. We dropped by the satel
lite station,and Tim Cunningham, N8DEU, turned the full force
of his large AZ/EL satellite array towards the balloon . In
between satellite passes we had great reception of the balloon' s
low-power signals using this setup. Since the upper-level wind s
were very low, the balloon stayed within 15 mile s of Huntsville,
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Photo 5. The payloads being lowered out of the tree.

so we were actually able to receive the signals using nothing
more than an HT with a rubber duck.

The Chase
Shane Wil son , N4XWC, and I took off in his well-equipped

chase vehicle to track down and reco ver the payloads. Th e fast
CW telemetry reall y helped , since I could copy the altitude
without having to look at the computer while we dro ve . We
used the <http://spacenear.us/tracker> website to track the bal
loon's position and sent the position reports to that websi te via
the modified dl-FLDIGI program on Shane 's laptop hooked up
to the internet via a Verizon modem.

Shane managed to catch up with the payload as it was para
chuting back from the edge of space after the balloon burst at
92,000 feet just south of Huntsville . We were just a few hun
dred yard s away when it landed . After a few minutes peru sing
a satellite map , we figured out that it was in a tree line ju st north
of a large pond .

Treetop Adventure
Sure enough, we saw an orange parachute way up in a large

pine tree behind a house on the shore of the pond . The owner

Visit Our Web Site
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Photo 6. Sab rina Cline, KJ4YAJ, ope rating the GOTA station at the Hunt sville
Field Day site.
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warned us to watch out for a beaver dam
at the base of the tree and also to be care
ful of snapping turtles. We braved the
beavers and the turtles and hiked back
to the tree to discover that the main pay-

Photo 7. Shan e, N4XWC, presents the
ozonesonde payload to Sabrina, KJ4YAJ.

www.cq-vhf.com

load s (the ozonesonde and my trans
mitter) were actually in a seco nd tree
and only about 30 feet high. Shane loves
to climb trees and without hesitation
jumped right into the tree and scurried

ID ROTOR ~
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Rotors, Parts and Repair Service
Reconditioning Largeor Small

American Made Rotors
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All parts instock for immediate
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'LABOR ONLY·PARrs &SHIPPING ADDITIONAL

• Learn to design with and
program microcontrollers

• Add smarts to your project
• PIC-based architecture
• C, Basic, Assembly
• Getting started book
• Ham radio examples
• Many accessories

up to grab the payloads . The last sever
al flights have ended up in tall trees, and
Shane wouldn' t know what to do if we
ever land in a pasture or field . Ap
parently I must have a tree-tracking sen
sor in my payloads. Even if there is a
single tree in the middle of a thousand
acre pasture, my payload usually will
land in the tree.

Shane lowered down the payloads
from the treetops and we headed back to
the Huntsville Field Day site with our
catch of the day. We arrived back just in
time for a fantastic cookout and showed
everyone the transmitters that they had
been hearing earlier.

During the show-an dn-tell, Sabrina
Cline, KJ4YAJ, saw us holding the un
usual payloads while she was operating
the GOTA (Get On The Air) station.
Since she is fascinated by atmospheric
research and meteorology, we presented
her with the ozoneso nde payload.

As usual we had a great flight with
the balloon transmitter being heard by
other Field Day sites in a several-state
area. I look forward to doing this again
next year!

73, Bill, WB8ELK

Sierra Repeater Controller
High reliability, multi-port linking
repeater control systems
Professionally assembled in the USA.

• Modular
• 1-8 ports
• Full 8x8 switch
• Rackmount
• Board stack

.......liiiiiiiiii;.; •PC configuration
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Summer 2011 • CO VHF • 53
--------------------_._. _--~-



By Bob Witte," K0NR

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

FM VHF Distance from Pikes Peak

One of my favorite ham radio activ
ities is gett ing on top of a big
mountain and seei ng whom ' can

contact on VHF. One of the prime spots
in the co untry for doing this is from the
top of Pikes Peak, Colorado, which is a
short drive from my home . Not only does
Pikes Peak exceed 14,000 feet in eleva
tion , there is a road to the top so you can
drive to the summit.

The Question
I recentl y rece ived this question via e
mail from Dave Joseph , N0 MUA:

Bob, , ran across your pictures of moun
taintoppingonColoradopeaks and thought if
anyone couldanswer this it would be you and
your group. We run on 146.52 here in Cof-

*21060 Capella Drive, Monument, CO 80132
e-mail: <bob @kOnr.com>

feyville, Kansas, and a group of us have
brought up the question how far east can a
mobile atop Pikes Peak be heard on 146.52
FM? The mobile would be mine running an
'COM V8000 into a Tokyo Hy-Power amp
at 375 watts, LMR 400 coax to a Cushcraft
13B2 beam pointing to the east.

Thi s is one of those " How far wi ll my
signal go?" quest ions that always gets my
attention. Other fo lks may find this inter
esting, so , decided to spe nd some time
researching the topic . For the purposes of
this discussion ,' will assume we are talk
ing abo ut tropospheric propagation and
not some of the more exotic propagation
modes such as meteor scatter, aurora, or
sporadic-E skip.

Radio Horizon
The (incorrect) conventional wisdom

is that VHF propagation is "line of sight ,"

extending a bit beyond the optical hori
zon . From Wikipedia, we find that the
distance to the optical horizon can be
approximated by:

d = Y l.5h

where d is the distance to horizon in mi les
and h is the height of the observer above
gro und in feet.

Pikes Peak reaches to 14 ,II 0 feet
above sea level. The eastern portion of
Co lorado is re latively flat , with the ele
vation typically ranging between 4000
and 5500 feet above sea level. The Front
Range of the Rocky Mountains (which
includes Pike s Peak ) towers over the east
ern flat lands, creating an ideal situation
for radio propagation . With that in mind ,
we'll use a simple model that assumes
Pike s sticks up 9610 feet above a pan
cake-flat eastern Colorado at 4500 feet.

Pikes Peak at 14,110 feet above sea level towers over the eastern plains of Colorado .
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We can calcu late the optical horizon of
Pikes Peak as equal to:

VI.5 x 9610 = 120 miles

Yes, this is an approximation, so feel
free to knock yourself out with a more
precise calculation. As you will see, it
doesn't really matter.

It is interesting to note that there is a
community 30 miles west of the Kansas
border called Firstview, Co lorado which
is supposed to provide the first opportu
nity to see Pikes Peak when traveling
from the east on Highway 40. First view
is about 135 miles eas t of Pikes Peak, so
the 120-mile calculation is in the righ t
ballpark.The radio horizon is generally
15% beyond the optical horizon , so that
means our line-of-sight radio horizon is
about 1.15 x 120 =138 miles away . I' ve
operated from the summit of Pikes, and
working stations on 2 meters at this dis
tance is not difficult.

Colorado 14er
Event Records

The Colorado 14er Event invo lves
mountaintopping from the summits of the

www.cq-vhf.com

fifty -four 14,000-foot moun tains of
Co lorado (and sometimes California!).
We 've held the Colorado 14er Eve nt
every year for well over a decade, so we
have some experience with operating FM
transceivers from these peaks. FM is the
dominant mode for this event, since most
of the radio operators climb the peaks on
foot, making a handheld radio the pre
ferred rig .A few years ago during the 14er
Event I recall working the Mt. Sunflower
crew (highest point in Kansas at 4039
feet, 160 miles from Pikes) from Pikes
Peak on 2 meters FM using a 25-watt
mobile and a not-very-well-positioned
1/4-wave antenna on the SUV fender.

I pulled up the distance records for the
Colorado 14er Event and found that the
best DX using 2 meters FM was when
Phil Krichbaum, N0KE, on Mount Bross
worked Larry Lambert, N0LL, in Smith
Center, Kansas at a distance of375 miles!
Clearly, we are well beyond line-of-sight
for this radio contact. N0LL has a very
capable big-gun VHF station on his end,
and N0KE was using a 13-element KLM
Yagi antenna and running 160 watts of
power. Mount Bross sits at 14,172 feet
and is about 60 miles west of Pikes Peak.

Despite the popularity ofFM, we know
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This map ofeastern Colorado and Kansas shows the various locations discussed in the article.

References
Colorado 14erEvent: <http://www. 14er.org>
~ount Su.nflower, Kan~as : <http://www.kansastravel.org/mountsunflower.htm>
Line-of-Sight Propagation: <http://en. wikipedia.org/wiki/Line-of-sighcpropagation>

any ducting going on during these l4er
Event contacts. If tropospheric ducting is
in play, then even longer distance con
tacts are possible. Here's a report I
received from N0KE:

During a CSVHF [Central States VHF]
Conference in Colorado Springs one sum
mer there was a very stable mass of hot air
going east from Colorado and some excep
tional tropo. I was running 100 watts to a 4
ele 2-meter Yagi mounted on my vehicle's
spare-tire bike rack. My first QSO was near
South Bend, Indiana, and I was just barely
above most of the homes in Colorado
Springs. I worked stations in Missouri
Kansas, Nebraska, Iowa, Illinois, Indiana:
Michigan, and Wisconsin, and the opening
lasted until about II AM on Saturday and

The K4S QSL card shows the radio setup at Mount Sunflower in Kansas.

that it is not that great for weak-signal
work. When signals are weak, the FM
threshold effect kicks in and the receiv
er's ability to demodulate the signal drops
off quickly with decreasing signal level.
Using SSB is much more effective than
FM . For example, during VHF contests I
have worked N0LL from Pikes using 50
watts and a single 2M9 Yagi on 2 meters
SSB with no difficulty.

Also during the Colorado l4er Event,
Phil,N0KE (and JeffGerst,N0XDW) on
Mount Bross worked W7XU in Parker
South Dakota on 2 meters CW at a dis~
tance of 551 miles. Keep in mind that as
the signal strength fades, SSB has a seri
ous advantage over FM, and CW is even
better! Therefore, for squeaking out the
marginal contacts, CW is the way to go.

We generally do not get much tropos
pheric ducting as far west as the Colorado
mountains, so I don't believe there was
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Sunday. Two VHF stations in the Colorado
Springs area worked 432 tropo as far as
Columbus, Ohio. Tropo like this rarely gets
as far west as the populated areas of the front
range of Colorado.

The original question concerned work
ing Pikes Peak from Coffeyville, Kansas
using 2 meters FM. I had to look up where
Coffeyville is and discovered that it is
way the heck over on the east side of
Kansas, maybe 50 miles from Missouri
and about 525 miles from Pikes Peak. To
get back to Dave's question, making a
contact from Pikes to Coffeyville on
l46.52-MHz FM on any given day is not
very likely. Maybe if we got some excep
tional tropospheric propagation ... but I
think even then it would be unlikely to
complete the contact using FM. Using
SSB or CW would raise the odds a bit
but it would still be a stretch. However:
you never know what might happen on
VHF. That's what makes it fun.

So what have we shown? VHF doesn't
just stop at line-of-sight and typically
propagates well beyond the optical hori
zon. Under the right operating condi
tions, we can make contacts hundreds of
miles away.

If you happen to be in Colorado, try a
little mountaintop operation from Pikes
Peak. You might get hooked on it!

Also, thanks for taking the time to read
another one of my columns on the Utility
Mode. I always enjoy hearing from read
ers, so stop by my blog at <http://www.
kOnr.com/blog> or drop me an e-mail at
<bob@kOnr.com>. 73 , Bob, K0NR
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By Keith Pugh," W51U

SATELLITtS
Artificially Propagating Signals Through Space

ARISSat-1 "Ready to Go," AMSAT at Dayton,
Project Fox, and Field Day

ARISSat-1 is still on board the International Sp~ce Station
(ISS) waiting on a Russian space walk (EVA) in late July
or early August for deployment. Also, Dayton

Hamvention® 20 II is now history, but let' s review what went
on at Dayton in the world of amateur radio satellites, in~luding
Project Fox, our next satellite. Finally , let' s explore a different
approach to working satellites on Field Day 20 II .

ARISSat-l Ready to Launch
As this column is being written (4 July 2011 ) , ARISSat-1

is still on board the ISS awaiting deployment; however, it is
currentl y scheduled for deplo yment in late July or August
20 II .Once launched, due to a very-low-altitude orbit and bat
tery uncertainties, it will only be usable for tW? or three
months. Optimisticall y, this might go as long as SIXmonths.
We need to be ready to go and use it to the greatest extent pos
sible . Deplo yment will happen right at the start of the school
year in the North ern Hemisphere ,so let 's get it into the schools
immediately.

ARISSat-1was launched from Baikinor on a Progress Supply
Ship to the ISS on January 28, 2011. ARISSat-1 was hooked to
an external antenna shortly after arrival and successfully test
ed. Many stations throughout the world heard and recorded data
during that brief test. The scheduled deplo yment on February
16 did not occur due to insufficient time available during the
EVA. Roscosmos (the Russian Space Agency) now indicate s
that ARISSat- 1 will be deployed during the next planned
Russian EVA in July or August 20 II. A planned turn on as part
of a celebration of the 50th Anniversary ofYuri Gagarin' s First
Manned Space Flight on April 12 was unsuccessful. Indications
from our Russian counterparts are that, due to earlier testing,
the charge state of the spacecraft battery was too low to support
the activity and a concern for the limited number of re-charg~s

available precluded charging it at that time. A full charge ~Ill

be placed on the battery before deployment; meanwhile,
ARISSat-1 (also known as RADIOSKAF-V and KEDR) is in
storage on board the ISS. Hopefully, by the time you read this
the launch will have been successful and ARISSat -1 will be in
operation. Don 't fo rget the limited time to use it!

Get ready to participate and to help introduce this valuable
teaching asset into the classrooms of the world. A listing of capa
bilities and "get ready instruction s" follows courtesy of the
ARISSat - I Team and the AMSAT News Service (ANS). This
information is more intensive than usual for this column, but I
want to help get the word out to as many folks as possible .

*3525 Winifred Drive, Fort Worth, TX 76133
e-mail: <w5iu@swbell.net>

www.cq-vhf.com

145.950 MHz FM Downlink: FM transmissions will cycle
between a voice ID as RSOIS , select telemetry values, 24 inter
national greeting messages in 15 languages, and SSTV images.
One of the message s will be a conversation between Yuri
Gagarin and ground control. See the SSTV item below for point
ers to get your station ready to receive the SSTV images .

435 MHz/145 MHz Linear Transponder: The linear
transponder will operate in Mode UIY (70 em Up, 2m ~ow~).

It has a 16-kHz wide inverting passband and the convention WIll
be to TX LSB on the 435-MHz uplink and RX USB on the 145
MHz downlink. This mode is designed to work with low-power
transmitters and omni antennas.

145.919 MHz/145.939 MHz CW Beacon: The CW trans
missions will be callsign ID RSOIS , select telemetry, and call
signs of people actively involved with the ARISS program.

145.920 MHz SSB BPSK-I000 Telemetry: The BPSK
transmissions will feature a new IkBPSK protocol developed
by Phil Kam, KA9Q, to be readable in low-signal-level condi
tions . The BPSK data will transmit satellite telemetry and data
from the Kursk Experiment.

The ARISSat-1 BPSK-lOOO downlink is transmitted in SSB
mode on 145.920 MHz . When the CW2 beacon on 145.919
MHz is active, this indicates that the BPSK-lOOO format is being
transmitted. If the CWI beacon on 145.939 MHz is active , this
indicates the backup of BPSK-400 format is being transmitted.

Transmitting at 100 mW, both BPSK rates include Forward
Error Correction (FEe), and it is expected that modest quarter
wave antennas with low-loss coaxial cable will provide suffi
cient signal strength for decoding and display by the
ARISSatTLM software.

An audio feed from a SSB receiver to the computer' s sound
card input is needed . An initial "Receive Only" configuration
is easily done consisting of an audio patch cable between your
radio and the soundcard. Take the speaker or headphone out
put from the radio and run it into the line (or mic) input on your
PC soundcard.

BPSK-IOOO sounds like a "shusssch" with a higher pitch than
the 400-bps growl. It is difficult to tune by ear. The CW2 bea
con is used as a tuning signal for BPSK-lOOO.The PC and Mac
ARISSatTLM software display contain s a dotted line that you
use to tune your receiver until the CW signal bumps line up with
the dotted line on your PC screen. This will allow you to decode
the BPSK-lOOO signal and you will also he able to copy the
CW2 beacon.

Download the free Window s® ARISSatTLM ground-station
soundcard demodulator and display software: <http ://www.
arissattlm.org/download/ARISSatTLM_050_Setup.exe>.

Download the Mac ARISSatTLM software: <http://www.
arissattlm.org/download/ARISSA TTLM .zip>.
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Antenna Control Roger Ley, WA9PZL, controls demo antennas.

Col. Doug Wheelock, KF5BOC, interviews a "future astronaut. "

recorded images as part of the sequence.
The camera that took the picture can be
identified by the color of the callsign in
the upper left of the SSTV image. The
SSTV image will be sent down as FM
audio SSTV in Robot 36 format on
145.950 MHz about every 140 seconds.

The RF downlink power on the
l45.950-MHz FM downlink will be 250
mW, which is predicted to provide a link
margin around 6 dB on an HT with a "big
whip" when the satellite is at 15 degrees
elevation . This should be sufficient to
receive SSTV pictures, although you may
need to orient the whip to line up the
antenna polarization.

ARISSat-1 is not stabilized, so the
antenna orientation is unpredictable and
a certain amount of fading will happen.
The receiving link margin may be
improved with a handheld beam such as
an Arrow, Elk, or Cheap Yagi antenna
(http://www.wa5vjb.com/references/
Cheap%20Antennas-LEOs .pdf).

General Overview Radio-to-Sound
card Interface: To view the SSTV
downlink from ARISSat-1 you'll need a
computer running SSTV software for
your soundcard and an audio connection
between your radio and the computer.

If you are already on the air with other
amateur radio soundcard applications,
chances are you are ready to receive
ARISSat's SSTV downlink with little or
no modification to your setup.

The audio from the radio to the com
puter is the key link. An initial "Receive
Only" configuration is easily done , con
sisting of an audio patch cable between
your radio and the soundcard. Take the
speaker or headphone output from the
radio and run it into the line (or mic) input
on your PC soundcard .

Setting the level is simple, as the
MMSSTV software has a bar indicator.
Just adjust the soundcard gain slider and/
or radio volume control so that the SSTV
signal is within the center part of the bar.
MMSSTV will give you an "overflow"
indication if the volume is too high.

If your rig has a "Line Out" connec
tion, this can be run to the soundcard
"Line In." Using the radio "Line Out" you
won't have to deal with the interaction of
the radio's volume control with the
soundcard levels, but you will still need
to use the soundcard "Volume Control'"
to set the "Line In" levels.

SSTV Software Download Sites:
There are many amateur radio SSTV soft
ware decoding applications available .
One of the easiest to use on Windows®

ers to help you get your station ready to
receive and display the SSTV pictures
transmitted by ARISSat-l.

One fun feature is that there are four
SSTV cameras mounted on the space
craft. On photos of ARISSat-1 you may
have noticed black brackets on the out
side of the spacecraft. These hold the mir
rors that reflect the light onto the lens of
the cameras. The software-defined-trans
ponder will use the image data from the
cameras to generate the SSTV downlink.

ARISSat's software will sequentially
select a new or stored image from one of
the four cameras. There are two pre-

The ARISSatTLM software user guide
is available: <http://tinyurl.com/42uhtyf>
(amsat.org)

Get your color ARISSat-l Frequency
Guide: <http://tinyurl.com/4t497t2>
(amsat.org)

ARISSat-l Presentation Slides
(-I MB): <http://tinyurl.com/4n4pzkm>
(amsat.org)

SSTV Downlink Details: The
ARISSat-l FM downlink on 145.950
MHz includes live SSTV images as part
of the cycling voice ID, select spoken
telemetry values, and the international
greeting messages. Here are some point-
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computers is the MMSSTV program . Th is can be downloaded
from: <htt p://mmhamsoft.amateurrad io.ca/pages/mmsstv.
php> . The Ham Radio Deluxe software package also includes
SSTVoperation.

SSTV software for the Mac is avai lable at: <htt p://web.
me .com/kd6cji/MacSSTV/MultiScan.html>.

ARISSat- l Co nclus ion: What better way to introduce sci
ence, techno logy , eng ineering , and mathema tics (STEM) into
the classroom. Visit <http: //www.arissatl .org> and <http ://
www .amsat.org> regu larly. Stay tuned for additiona l updates!!

AMSAT at Dayton 2011
Once again , AMSAT had a grea t presence at the Dayton

Hamvention® with a large booth, engineering disp lays of new
satellite gear, a grea t forum, an AMSAT/ TA PR banquet, a
Thursday evening "Ge t Together ," and a satellite demo nstration
area. This year we shared boot h and forum space/time with
AMSAT-China for the first time . We also co-hosted, along with

Keith Pugh, W5IU, opera ting as Andy Squires, VK3AS, looks
on. (All photos courtesy of Keith Baker, KBI SFIVA3KSF,

AMSAT Treasurer)

Keith Pugh, W51U, and Roger Ley, WA9PZL, ready to go
with demos .

www.cq-vhf.com

the ARRL, a visit by Col. Doug Wheelock, KF5BOC, NASA
astronaut. Doug was a very open and gracious guest. He was cer
tainly a real "c rowd pleaser."

The AMSA T Forum , moderated by Alan Biddle , WA4SCA ,
AMSA T Secretary, featured the follow ing speakers and topics:

Barry Baines , WD4ASW , AMSAT President ,"AMSAT
Status Report"

Alan Kung, BA IDU, CEO of AMSAT-China, "Say Hi to the
wor ld - from AMSA T-C hina"

Goul d Sm ith , WA4SXM , AMSAT VP User Services ,
"A RISSa t- 1 in Space"

To ny Monteiro , AA2TX, AMSAT VP Engineer ing, "Project
Fox - AMSAT's First Cubesa t"

Alex Harvilchuck , N3NP, Nex tGe n Program Man ager ,
"NextGe n CubeSat Program Update"

Slides and audio from these presentations will be ava ilable
in future AMSAT publications. Project Fox will be featured
later in this column.

As usual (for the last seve ral years), I spent most of my time
in the outdoor AMSAT satellite demonstration area . First , I
want to recognize Roger Ley, WA9 PZL, and Mark Hammond ,
N8MH , for their outstanding help aga in this year. I also want
to recognize some great help fro m "dow n under ," VK3AS ,
Andy Squires, for unsolicited help with tear down and other
support.

We still don 't know what happened , but on Friday we were
"s nake bit" for the whole day. We blamed equipment, setup,

®

We're Going Back To Space!

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

www.amsat.org
or call

(888) FB AMSAT • (301) 589-6062
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AMSAT-China at AMSAT booth at Dayton.

AMSAT-China gets "suited up."

Alex Harvilchuck, N3NP, NextGen
Program Manager, gave a presentation on
the SUNY effort during the AMSAT
forum at Dayton . We will be hearing
much more about Project Fox in the near
future. A picture of our CQ VHF Editor,
JoeLynch ,N6CL,his wife Carol, W6CL,
Douglas Quagliana , KA2UPW, and
Tony Monteiro, AA2TX , along with a
full scale model of the Project Fox
CubeSat is included in this column. Also
included is a picture of AMSAT Office
Manager Martha Saragovitz with
AMSAT member John Shew, N4QQ.

Field Day 2011
Every year I get questions regarding

how to work satellites on Field Day .
Usually, I answer these questions "one on
one" and then report on how Field Day
went after the fact. This year , Field Day
operations were discussed "up front" in
my last column. A short operations report
follows:

Being basically lazy , I decided to take
the lazy approach" and not carry so much
baggage to the Field Day site this year.
Instead of my Hy-Gain, auto-tracked
antenna array, I went with the same
"Cheap Yagi" and "Cheap AZIEL posi
tioner that I have used at Dayton and other
hamfests for several years. Tracking was
to be done manually . I took only one
radio , my FT-847 , and left any external
amplifiers at home . This approach great
ly reduced the ERP available and limited
the success of the entry, especially on the
FM Birds . I was still able to make one

www .amsat.org/arnsat-new/fox/> . Tony
described the goals of the project and how
AMSAT intends to reach them with an
affordable but very small satellite
(CubeSat).

With today' s technology , it appears to
be possible to build a CubeSat replace
ment for AO-51, which is the principal
goal. Developments of some of the key
designs have been done by partnering with
the State Univers ity of New York
(SUNY), Binghamton. This is another
implementation of a long-standing goal of
AMSAT- to enhance education through
the development and use of satellites.

Chinese Amateur Satellite Group
hn~~ .m~*~~_ER

Project Fox
AMSAT's First CubeSat

Now that ARISSat -l is (or soon will
be) "on its way ," AMSAT has returned
to work on Project Fox . This effort was
approved by the BOD a couple of years
ago but had been overtaken by the
ARISSat-l effort. Tony Monteiro,
AA2TX , AMSAT YP Engineering, gave
an excellent presentation on this effort
durin g the AMSAT forum at Dayton.
Further details are available at: <http ://

operator error, and anything else that
came to mind. At the end of the day , we
were very discouraged . On Saturday and
Sund ay we used the same basic setup,
with some modifications for equipment
we thought was bad , and "went on with
the show." Everything worked great and
we had a good finish . Subsequent tests of
equipment we thought had failed indicate
that it was all good. I guess Murphy is
still "a live and well."

Col. Doug Wheelock, KF5BOC , and
Kenneth Ransom, N5YHO , visited with
us for a while and drew quite a crowd.

On Saturday, we were able to let the
AMSAT-China Team listen to HO-68 's
beacon (their satellite) and let them talk
to some U.S. stations via YO-52 , an
Indian Satellite.

With the help of Mark Hammond,
N8MH , in Dayton and Drew Glas
brenner , K04MA , in Florida (both AO
51 command stations) we were able to
make a reluctant satellite, AO-5I ,behave
and produce some great demonstrations .
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Mark Hamm ond, N8MH, AD-51 Con
troll er and "satellite demonstrator

extraordinaire. "

AO-5 l (directly overhead) contact and
several contacts via AO-07 and YO-52.
The linear Birds came through as usual;
however , even the linear Bird s suffer
from crowding and excess power on the
uplink by some stations.

Lesson learned: Field Day is a really
rough enviro nment, much worse than
Dayton demos! If you want to make a lot
of contacts, be sure to take along the big
ger antennas and auto-tracking. We tried
several methods of manual tracking and
finally settled on giving the "antenna con
troller" (another ham) my iPhone with the

PocketSat3 tracking program running
and letting him just keep the antennas
updated with an occasional call for polar
ization changes.

Summary
Let ' s welcome ARISSat-1 to the class

room and the ham shack once it' s "in
orbit." It represents a golden opportuni
ty to showcase amateur radio and ama
teur radio satellites to kids in the class
room and promote STEM while having
"hands on" and "heads on" fun .Stay alert
for its launch and be ready to partic ipate.

Continue the Amateur Radio Satellites
in Education theme with Project Fox. It
is a natural carry-on to ARISSat-l , and
will be AMSAT-NA' s next sate llite.
Support FUNCube, a similar AMSAT
UK satellite that may launch before
Project Fox.

Take the lessons learned from Field
Day 20 II and apply them to next year's
effort. Don 't forget to make the Field Day
satellite station the "showplace" of the
event.

Come to Dayton next year and partic
ipate in this great event. If you can 't make
it to Dayton, support AMSAT at your
local hamfest. We never have enough
volunteers representin g AMSA T , so
don 't be bashful.

It ' s time to plan to attend the AMSAT
Space Symposium and General Meeting
in San Jose , Cali forn ia on 4-6 Novemb er
20 II. Attend the BOD meeting on 3

November to gain additional insight into
how AMSAT operates .

Please continue to support AMSAT 's
plans for the future of amateur radio satel
lites. AMSAT is now updating its web
page at <http://www.amsat.org> on a
much more regular basis. Satellite details
are updated regularly at <http://www.
a m sa t .org / am s at - ne w/sa te l l i t e s t
status.php>. Follow the projects and
progress of AMSAT-UK at <http ://ww w.
uk.amsat.org/>.

'Til next time! 73, Keith , W5IU

OSC\R 1
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Project Fox full- scale model.

Caro l, W6CL, and Joe, N6CL , of CQ VHF with Project Fox model, Douglas
Quagliana, KA2JUPW, AR1SSat-1 sof tware, and Tony Monteiro, AA2TX, AMSA T

VP ofEngineering.

www.cq-vhf.com

John Shew, N4QQ, and Marth a
Saragov itz, AMSA T Offi ce Manager.
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By Mitch Gill, NA7US

EMtRGtNC!:j COMMUNICATIONS
The Role of VHF in EmComm

How Prepared Are We?

I
am always looking for more ways I can be prepared for an
emergency. As amateur radio operators our ability to send
and receive information has saved lives and property, but is

that all we need to do? I don't think so. I believe that we need
to be even more prepared.

Form a Neighborhood
Emergency Response Group

I share a well with 15 other families. We all live on one to
five acres, and until a change was made we only saw each other
once a year to discuss what was needed for the well or to wave
at each other as we went to work. It is a sad state of affairs, but
it is the way most of us live. I decided after the 2000 Nisqually
earthquake here in Washington State that I needed to do some
thing .We lost all telephone and cell phones for about two hours
and it was intermittent for several hours after.

Two meters and 70 centimeters became my eyes and ears to
what was happening in my local area . I was able to find out that
the river near me had changed course and was potentially going
to overflow onto a major roadway into our area .With that infor
mation I was also able to advise other hams to let people know
that the road was closed indefinitely .

I was also aware of major damage in the downtown Seattle
area, the hospitals on emergency power, and peop le that were
stranded for various reasons. My ability to help out a few peo
ple made me realize how vulnerable my neighbors were. If the
earthquake had been stronger (and we are anticipating that the
"Big One" will occur sooner rather than later), I could have
been dealing with trapped or injured neighbors .

This event was a life-changing experience that helped me
to start our neighborhood emergency group . It was, at first,
my offer to assist in any communication needs that could arise
in the event of an emergency, but it has since grown into much
more. One neighbor happens to be a nurse and he and his wife
became our medical support. All of the neighbors pitched in
and bought first-aid supplies and medical books that they
maintain.

Another neighbor became the keeper of the emergency food.
Each of us was required to purchase a one-month supply offood
and water, and this neighbor collected them all and stored them
in his shed set off from the house . Another neighbor was a
mechanic and another was an electrician. I could go on, but you
get the idea .

I, of course, was in charge of communications, and since I
had all the spare equipment I needed , there was no need for the
group to purchase any radio equipment. My emergency setup
is in my trailer and I have the ability to quickly set up HF, VHF,
and UHF communications. I can operate FM, SSB, CW, pack
et, and PSK . With five gallons of gas I can opera te two hours

*29838 SE 285th Place, Ravensdale. WA 98051
e-mail: <na7us@arrl.net>
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a day for weeks, and with my solar cell and batteries I can run
low power indefinitely .

The main goal of the group was to meet the needs of the
neighborhood in the event of an emergency , but we also agreed
to assist anyone who needed help even if it meant reducing our
food supply or first aid supplies .With those goals in mind, many
of us have donated more food so that we can help others who
have not prepared.

What About Your Neighborhood?
You may be thinking that it's all well and good if you live

like I do, but that's just not true . It does not matter whether you
live in a suburb or a condo or wherever. If you have neighbors ,
you can be of service and you can get the ball rolling to start
your own group. Believe me when I tell you the satisfaction of
knowing I can help others and that I will have everything my
family needs even if it is a large disaster. It lets me sleep com
fortably at night. Expect the worst, prepare for it, and pray that
it never happens. That's my motto . At the very least we all
should prepare. It is what our families expect of us .

What is Your State Doing?
We all are aware of how hams like us have assisted during

emergencies , but what are the states and counties doing to
ensure that communications are maintained? Has amateur radio
been incorporated into their interoperability plans? I decided
to review a few plans .

The first one I chose is New York, for obvious reasons. Here
is what I found: In the State of New York's State Com
munications Interoperability Plan it states in paragraph 5.11.3
what communications equipment must be, at a minimum,
included in order to interoperate with their vehicles and to
restore and sustain communications during a disaster. One of
those pieces of equipment is a dual-band VHF/UHF "amateur
radio." It is one thing to state VHF/UHF radios, but to define
it as amateur radio shows that amateur radio is a major player
in that state's mind .

Now that I had looked at New York , I decided to look at states
that may not have incorporated amateur radio into their plans .
I hope that I am wrong, but let's see what I can come up with
in your state . The states I chose are South Dakota, Minnesota ,
and Rhode Island.

In South Dakota, I found no references to amateur radio or
ham radio in its interoperability plans. Maybe I am missing
something? I tried to look at Minnesota's plan but found that
the state government was shut down and none of its websites
were operational. No mention of amateur radio in Rhode
Island 's plans either. I am disappointed but not totally sur
prised. In order to be fair, I have decided to also look at some
states where I know that amateur radio plays a key role. Those
states are Florida and Washington. Washington definitely uses
amateur radio for interoperability and backup emergency

Visit Our Web Site



W4RT Proven Performance Accessories
Electronics for YAESU, ICOM, and KENWOOD Radios

www.w4rt.com W4RT Sells ALL LOG Electronics Products

W4RT
Electronics

www.w4rt.com

300,500 & 2300 Hz Filters
FT-817(NO), 857(0) & 897(0)

FT-2000, IC-703 & IC-718

Noise Cancelling DSP
bhi Ltd. dynamically-adaptive
neural-network technology
achieves remarka ble noise
and tone reduction. Fits most
radios incl. FT-817. IC-736f738,
1G-706MKIIG, TS-50.TS-440.
DX-394, FRG-l00. FT-897.
FT-847. and more

9·35 dB Noise Reduction
in 7 Selectable Levels

4·65 dB
Tone Reduction
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ElECTRONICS
MASTER DEALER

The miniVNA PRO is an extraordinary
and unique handheld vector network
analyzer that makes available a
multitude of new features and capabilrties
which are perfect for checking antennas
and RF circuits for hams and commercial
users. Togetherwrth your PCllaptop. you DUAL-FILTERS
can add to your laboratory the further "or
advantages of having this first-class VNA
instrument.This is the world's first wireless Excellent software for W indows, MAC, and LINUX (32 & 64 -bit) IC-703 & IC-718
analyzer capable of scanning and sending Also available is the miniVNA that covers 0 .1-180 MHz.
the data using an integrated Bluetooth . . . .
module to a remote PC/Notebook up to Software under development to run mlmVNA PRO uSingSyrnbian S60 3rd ed. PHONE.

100 meters from the miniVNA PRO's location.Desk Top Speaker. Great Mobile Speaker
• Calibration using open-short-Ioad OUTS..ANDING

for accurate results • "..

• Range of Z from 1 to 1000 ohm DSP Noise Cancelling
• Two ports VNA
• I/Q DDS Generator Speakers
• Two separate RF output IIQ
• Built in Bluetooth Class 1 for

remote measurements
• Internal Battery Li-ion with 1000 mAh

(4 hours full- scan operation)
• Buitt-ln battery charger (up to 400 mAl
• Power save mode
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co mmun ications . Florida should, as
hams are very active ly ass isting during
and in the aftermath ofhurri canes, but are
they in the plan for the state? Not that I
could find .

Does this mean that these states do not
use amateur radio in an emergency? No,
I am sure that they all do , but it does show
me that they may not be specifically
addressed in the state plans. I believe that
the many ARES groups in your states
should chec k to see if they are addressed ,
and if not , maybe you can change it.

Last Thoughts
A great program to get your neighbors

invo lved is the Community Emergency
Response Team (CERT), which is locat
ed at <http: //www.citizencorps.gov> .1t
does not address amateur radioemergency
communications, but it does address all
forms ofdisasters . Even if you cannot find
a course locally , the entire course and
materials are located at that site and are
worth downloadin g and reading.

Unt il next time , rememb er the better
prepared you are, the more you can help
your family, friends , and neighbors.

73, Mitch , NA7US
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By Tomas Hood,* NW7US

VHF PROPAGATION
The Science of Predicting VHF-and-Above Radio Conditions

Calling All North American
VHF Amateur Radio Operators!

Figure I. Screen capture of the lT65B Earth-Moon-Earth QSO between OKI DFC
and ZS2GK, who is running 35 watts with two stacked Yagi beams . Many stations
work EME now with a single beam and 100 watts. because lT65B has made such con
tacts possible. (Source: OKI DFC:<http://www.okldfc.comiemelemelT_MAP.htm>)
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K IJT/wsjt.html) which implemented
these new weak-signal communications
protocols. WSJT offers several modes
(including FSK44 I , the JT65 family, and
JT6M) intended to support meteor scat
ter, troposcatter, and Earth- Moon-Earth
(EME, or "moonbounce") communica
tions. JT65 is a specific protocol family
designed for weak-signal conditions.
JT65B is designed to optimize EME con
tacts on the VHF bands. JT65B includes
error-correcting features that make it very
robust, even with signals much too weak
to be heard .

Before we can talk about the benefits
of a mode such as JT65B we need to delve
into a bit of background on communica
tions and information theory. In the ear
liest days of wireless the conversion
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Joe has contributed to the amateur radio
community in a very significant way,
changing the playing field for weak-sig
naloperation.

Joe was first licensed as an amateur
radio operator while he was still a teen
ager. His ham radio interest led him to
astronomy. When he applied his mind to
the idea of developing a communications
protocol that would work well under very
low signal-to-noise ratio conditions on a
communications signal path between the
Moon and Earth-bound amateur radio sta
tions, he formulated a number of proto
cols that have revolutionized the amateur
radio world of weak-signal DXing .

In 2001 , Joe wrote the WSJT (for
"Weak Signal/Joe Taylor") software
(http://physics .princeton .edu/pulsar/

*PO Box 1980, Hamilton , Montana 59840
e-mail: <nw7us@arrl.net>

What is the most exotic VHF prop
agation mode you personally
have experienced while operat

ing on VHF? Pinging your signal off of a
meteor trail? Catching aurora-mode DX?
Making contacts by way of back-scatter
propagation? Or, have you worked sta
tions in nearby states by way of sporadic
E propagation?

Have you worked low-power moon
bounce, yet? Do you think that you have
to have 1500 watts of RF concentrated
with a highly directional, high-gain radio
telescope to bounce your VHF signal off
the Moon? Gone are the days when
receivers were deaf and moon-bounce
required such Herculean efforts. Now,
armed with the right software, a good
soundcard-equipped personal computer,
a modest beam antenna, and some
patience along with a modern VHF trans
ceiver and you can easily work DX via
the visible Moon!

In the 1990s, an enterprising scientist
who loves amateur radio pioneered a pro
tocol that changed the way moonbounce
enthusiasts approached making two-way
contacts off the reflective visible lunar
surface. This mode became known as
JT65, and specifically the flavor of JT65
that is used in moonbounce communica
tions is JT65B.

The JT65A communications protocol
was conceived and first implemented by
Joe Taylor, K IJT. Joe (Joseph H. Taylor,
Jr.), who has a B.A. in physics (Haverford
College, 1963) and a Ph.D. in astronomy
(Harvard University, 1968), participated
in the discovery of the first pulsar in a
binary system as well as the first confir
mation of the existence of gravitational
radiation in the amount and with the prop
erties first predicted by Albert Einstein.
Joe shares a Nobel Prize with Russell
Alan Hulse for the discovery of this bina
ry pulsar. Joe has many more honors and
awards recognizing his achievements.
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As it turns out, for real-time data
streams we can't ge t to the theoretical
limit. Each mod ulation technique (for
example, RTTY uses "frequency-shift
keying," CW and Hellschreiber use "on
off keying," and PSK31 uses "p hase-s hift
keying") has an inherent limitation in the
ability of the receiver system, whether
machine-human or pure machine, to dis
criminate between states. Improving
SNR beyond a cer tain point becomes
impossible.

However, all is not lost. An alternate
technique for improving SNR is to imple
ment red unda ncy in the data. We use
red unda ncy all the time in amateur
radio-repeating callsigns, signal re
ports , locator grids, etc. Of course, this
effect ively reduces the channel capacity
(the "throughput"), which appears in
Shannon-Hartley as bits/second- i.e., a
function of time. IfPSK3 1 has a through
put of 30 wpm, and we repeat our call
sign six times to overcome a weak path,
then clearly our throughput is less than 30
wpm. What we've effectively done by
using redundancy is we've reduced the
SNR required for detection of our ca ll
sign. Of course, in this example we still
rely on the operator to look at the decod
ed text, and using the human mind's awe-

mechanism between received signals and
language was via the human ear, the dif
ference between background static and
the static of a spark-gap transmitter inter
preted as Morse code and written down
by an operator at the receiving end.
Technology advancements wou ld later
give rise to continuous wave (CW) and
voice (phone) transmitters; the difference
between the two being a trade -off
between better detection of weak signals
for CW and faster throughput for phone .
Using the same antenna and power level,
the useful range of a CW signal is much
greater than that of a SSB signal. This is
why CW has been noted as a great mode
for weaker-signal operation, and why
low-power (QRP) opera tion is typically
a CW-mode endeavor.

Speaking strictly in terms of detectable
signal-to-noise ratio (SNR), a CW signal
that is "encoded" at 12 words per minute
(12 wpm) is generally held to be copy
able at an SNR of -15 dB, whereas a
phone transmission that sends informa
tion at 250 wpm requires an SNR of +6
dB. (These ratios typically are calcu lated
based on a 2.5-kHz channel bandwidth.)
If we normalize these to a one-character
per-second (cps) rate-e.g., 12 wpm CW
versus speaking one letter per second
phonetically on phone-the detec tab le
SNR for phone becomes -8 dB. Thus, on
a truly level playing field CW yields an
improvement of 7 dB over phone.

The adoption of machine-to-machine
communication (for instance, RTTY,
Hellschreiber, and so on) in the ear ly 20th
century provided faster throughput and a
marginal increase in SNR performance,
but at the expense of channel bandwidth.
The normalized SNR of these early
machine-to-machine modes works out to
be only about 2 dB-hardly an improve
ment worth getting excited about.
(Although to be fair, the value of RTTY
was not so much from SNR improve
ments, but rather that it printed directly to
paper, freeing the radio operator to do
other tasks .) Even the development of
PSK31 in the late 1990s by Peter
Martinez, G3PLX, did not yield an im
provement in normalized SNR, although
it did reduce the bandwidth requireme nts
through the use of Varicode, a form of
data compression.

If the application of data compression
can reduce bandwidth requirements, are
there other techniques that can be applied
to improving SNR performance? And
how much room for additional improve
ment might there be?
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Figure 2. An example of the waterfall display in the WSJT sof tware by KJJT show
ing the JT65B protocol transmission during an Earth-Moon-Earth QSO (in this exam
ple. the signal ofstation K2UYH) . JT65B allows anyone with a modest beam and low
power to work moonbounce. unlike the "old days " when a station had to have max
imum power and very high -gain antenna arrays (see text ). (Source: OKlDFC:

<http://www.okldfc.comleme/emeJT_MAP.htm> )

some ability to do pattern recogni tion ,
extract the callsign from the garb led text.

Thus, if we 're willing to accept lower
throughput and use redundancy, we can
improve SNR for a given modulation
method. Further improvement can be
achieved by using an error-correcting
code, leveraging the power of a comp ut
er to encode the data in a process known
as Forward Error Correction (FEC). We
can then use a computer on the receiver
to invert the FEC encodin g and corre late
the redundant data blocks into a single
error-free block of data. Combining
redundant sending .and error-correcting
codes allows us to reach the theoretical
throughput limit. JT65B 's performance
tracks well with theory and has been
shown to yield an additional 7 dB of
detectable SNR (nearly approaching the
theoretical limit), which equates to a 5x
impro vement in system performance.
Thi s means that reliable decoding of a
signal at - 24 dB SNR is now possible !

Options Freq 2447 OF: 1177 (Hz)

Moonbounce ona BUdget
Do you have a directional 2-meter

antenna, a 2-meter transceiver with the
ability to transmit 50 watts output, and a
modern PC? All that is required for a
beam antenna for moonbounce is a four
element VHF Yagi! The rest of the equa
tion is the JT65 software and a good PC ,
plus some operating skill.

The great news is that unlike the early
days of moonbounce activity , the need to
know Morse code is no longer a require
ment. Now you just need to know how to
use the software and how to orientate the
antenna for a success ful EME QSO .

In order to make an EME QSO, the
most important requirement is (obvious
ly) that both stations can see the Moon
simultaneously (both stations must have
"a common window") . If you have a typ
ical tropo /meteor-scatter antenna, you
likely will not be capable of elevating it
(aiming it higher or lower on the horizon) ,
but you still can make EME contacts
when the Moon is near the horizon .

A single Yagi antenna pointing to the
horizon normally allows you to use your
station to work EME until the Moon is up
to 15 to 18 degrees above the horizon . If
you have a clear take-off toward your
MoonriselMoonset, this meansabout three
hours of possible operation every day!

If you can install a low-noi se VHF pre
amplifier mounted as close to the anten
na as possible , it can improve your abil
ity to hear the weaker EME signals, but
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it is not always necessary in order to make
your first contacts. The larger EME sta
tions are using a lot of power and will
compensate for your station ' s lack of
receive gain. You can always get a pre
amplifier later , when you dec ide it' s time
to improve your reception .

Steps to
MoonbounceSucce~

Step 1. Get the free WSJT program, the
digital communications program written
by K IJT and specially intended for weak
signal communications . For 2-meter
EME you will use the JT65B mode . You
can download it from K lJT's site at
<http: //physic s .princeton .edu/pul sar/
K lJT/> . Install it according to the latest
setup instructions on KlJT's site .

Step 2. Connect your PC to your VHF
radio. If you have already worked some
kind of digital communications (for
instance , RTTY , PSK31) you may be able
to use the same interface for the WSJT
program, and you could skip this step.

If you have never connected your PC
to the transceiver , then you will need
some kind of interface to connect them.
If you can afford it, the best is to buy a
commercial interfac e .

If you want to build your own inter
face , you will need to make the serial port
cable from your computer able to key the
PTT line of your transmitter. You also
must isolate and attenuate the audio from

the computer soundcard so it can be con
nected to the tran smitter MIC input.
Information on how to do this can be
found in many places.

Finally, you will have to split the audio
output from your receiver and run an
audio line over to your computer sound
card . Thi s will permit your computer to
also hear your receiver and proce ss the
signals comin g in.

Step 3. Automatically synchronize the
PC Time . WSJT modes (especially
JT65B ) require a very accurate PC clock
time in order to achieve good results. The
PC clock must be highly accurate; in fact,
that it is not enough to manually update
the PC time. It is necessary to update it
automatically according to some reliable
source. The most common way to do it is
by way of a Time Synchronization pro
gram , such as Dimension 4 or Auto
machron , and configuring either one to
synchronize the time every 5 minutes or
so via the internet.

It is important that you select one of the
time servers that will provide accurate
and reliable time corrections to your com
puter from your particular location and
internet connection. You can verify that
the time has been properl y set within a
half second by listening to WWV and
watching the seconds display on the
Dimension 4 program screen.

Step 4. Run WSJT for the first time and
configure it. Configurin g the WSJT op
tions properly is important in order to

Visit Our Web Site



make successful QSOs,so please read the
configuration options carefully, being
sure to enter your station information and
other parameters.

Step 5. As to transceiver setup, make
sure that your transceiver is configured
for upper sideband (USB) operation and
that the receiver is set to the widest filter
width. If you have bandpass adjustment
on your receiver , make sure it is set to
pass tones from 1200 Hz to 1800 Hz (usu
ally by turning the bandpa ss off). In gen
eral, you could leave the noise blanker
active, but make sure you tum the AGC
off. If your transceiver has a microphon e
compresso r or speech-processor button ,
you should also deactivate it , but be sure
to adjust your sound-level output on the
soundcard and the microphon e level on
the transceiver for a good ALC level for
full power output when transmittin g the
tones.Some operators do tum on the com
pression/speech processor function to
ensure full-power output of all tones, but
doing so may cause distortion and intro
duce problems with decoding at the dis
tant receiver.

Always make your first attempts at
arranging a "sked" with some of the big
ger stations (stations that are equipped
with eight stacked Yagi antenn as or
more!). Scannin g the band lookin g for
signals is not a very good idea . Only sta
tions with large arrays can detect the
weak EME signals by ear. You had bet
ter look for the frequency of the stations
calling CQ on the DX Cluster or in a JT65
EME chat.Then you can try to detect their
signal and answer their CQ.

Don 't expect to hear the signals via the
speaker or headphones. While you could
eventually listen to the signals of the most
powerful stations , that won' t be the rule
for JT65B EME operation .

Don't give up if you don 't succeed in
you first EME attempts . There are many
factors affec ting the Earth-Moon-Earth
path and some of them are unpredictable.
Often you will have to try several times
until succeeding in a QSO .

Meteor Showers
VHF radio enthusiasts can also count

on working meteor showers durin g the
summer season. One of this summer's
good radio meteor showers should be the
b-Aquarids (SDA), active from July 12
through August 23 with a peak expected
onJuly 30 with azenith hourly rate (ZHR)
of 16. Indeed , the shower has sometimes
given a surprisingly strong radio signa
ture . Be sure to use modes such as CW or
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FSK44 I (using the WSJT softwa re by
KilT).

Also look for the Draconids , primari
ly a periodic shower that produced spec
tacular, brief , meteor storms twice in the
last century, in 1933 and 1946. Most
recently, in 2005, we saw the return of the
stream's parent comet , 2IP/Gi acobini 
Zinner , returning to perihelion. Thi s
year's peak is expected to occ ur on
October 8, possibly at storm level. The
shower should be active from October 6
through October 10.The Draconid mete
ors are exceptionally slow moving , a
characteristic that helps separate genuine
shower meteors from sporadics acc iden
tally lining up with the radiant. This is a
good shower to work meteor-scatter
mode, since we might see storm-level
activity this year. For more information ,
take a look at <http ://www .imo.net/> .

The Solar Cycle Pulse
The observed sunspot numbers from

April through June 20 II are 54.4 ,41.6,
and 37.0 . The smoothed sunspot counts
for September through December 20 I0
are 19.6, 23.2, 26 .5, and 28.8.

The monthly 1O.7cm (preliminary)
numbers for April through June 20 II are
112.6, 95 .9, and 95 .8. The smoothed
1O.7-cm radio flux for September
through December 2010 are 82.4,85.3,
87.7 , and 89.6.

The smoothed planetary A-index (Ap)
for September through December 20 I0
are 6.3, 6.4, 6.4 , and 6.5, showing a slow
increase in overall geomagnetic activity.
Thi s is consistent with the increase in
solar energy . The monthly readings for
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www.hamt est on l ine.com

April through June 20 11 are 9, 9, and 8.
(Note that these are preliminary figures.

Solar scientists make minor adjustments
after publishing, by careful review).

The monthly sunspot numbers forecast
for August through October 20 II are 61,
64 , and 66. The monthly 10.7 em is pre
dicted to be 116, 11 8, and 120 for the
same period . That ' s really great news, as
we'll likely see days with significantly
higher 1O.7-cm readings (as the monthl y
figures are averages from a month of
daily readings); there may well be days
when the solar energy will rise high
enough to support VHF propagation . If
this happens, please report to me!

Feedback, Comments,
Observations Solicited!

I am looking forwa rd to hearing from
you about your observa tions of VHF and
UHF propagation. Please send your
report s to me via e-mail,or drop me a let
ter about your VHF/U HF exper iences.
I'll crea te summaries and share them with
the readership. Up-to-da te propagation
information is found at my propagation
center at <http ://sunspotwatch .com/>. If
you are using Twi tter, follow @hfradio
spacewx for space weather and propaga
tion alerts, and follow @NW7US to hear
from me about various space weather and
amateur radio news. Facebook members
should check out the CQ VHF Magazine
Fan Page at <http ://wwwJ acebook.com/
CQVHF>, and the Space Weather and
Radio Propagation Group at <http ://
www .faceboo k.co rn/spacewx .hfradio> .
Until the next issue , happy weak-signal
DXing. 73 de Tomas, NW7US

831·427·8197 • KC6QLB
www.powerportstore.com
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On the MUF ofSporadic-E VHF Propagation (from page 22) -eJ

mid-l atitude 'sondes. It is clear from the
foregoing that the MUF can potentially
reach 350 MHz when foEs reaches 30
MHz, but we alread y know that such
occasions are rare .

Two Case Studies of
Petit Chordal Hop
Es Propagation

so MHz: To demonstrate the validity of
the petit chordal hop model, I examined
VK Logger 6-meter spots for the
VK7RAE-VK4CZ path (figure 8) and
looked for instances where the ionogram
closest in time to a spot had anf oEs value
well below that required for classical (or
plane) Es propagation . It was not difficult
to find one . Indeed , there were many over
the past few years. VK4CZ spotted the
VK7RAE beacon at 0255 UT on 29 Dec
20 10, giving a 569 report . Figure 15 is the
Canberra ionogram for 0253 UT on that
day. With h 'Es of 101 km, the raypath ele
vation angle (e) is 3.2°, (i) is 79.38°, and
(b) 10.62°. The classical M factor would
be 5.42 (eq. 2.6) and, with an fo Es of 4.7
MHz, the MUF (eq. 2.5) would be about
25.4 MHz. With spread Es, the VK7RAE
raypath would need to find an Es tilt angle
(t) of half 10.62° =5.31°. Now, the MR
factor is 10.81 (eq. 2.7) and thus the MUF
(eq. 2.8) is 50.8 MHz!

144 MHz: As before , I trawl ed VK
Logger 2-meter spots for the VK4-VK7
path , seeking instance s where the iono
gram closest in time to a spot had anfoEs
value well below that required for classi-

cal Es propagation. Dou g, VK40E, in
Brisbane , Queen sland , spotted a contact
with Karl , VK7HDX, in Launceston ,
Tasmania , on 10 Jan 2008 at 0533 UT , on
144.13 MHz SSB , giving a 52 report.
Figure 16 shows the path , which reveals
the mid-point (PoR) within the Sydney
ionosonde ' s view.

Figure 17 is the Sydney ionogram for
0535 UTon the day. Withh 'Esof98 km ,
the raypath elevation angle (e) is 3.4°, (i)
is 79.46° ,and (b) is 10.54°. In this case,
the classical M factor would be 5.47 and
the related MUF almost 75 MHz. With
spread Es, the raypath would need to find
an Es tilt angle (t) of half 10.54° =5.27°.
Now , the MR factor is 10.89 and thus the
MUF is 149.16 MHz!

Discussion
In relating reported contacts to iono

grams at or near paths ' mid-points, I have
found that spread Es is more the norm
than the exception . I can conclude that ,
for a given path , the sporadic-E MUF
depends on three things:

(a) the height of the Es layer (h' Es),
(b) the peak electron density (foEs),

and
(c) the presence or absence of spread

Es at the path mid-point.
Howe ver , as spread Es can arise from

a variety of structural morphologies in an
Es layer , for petit chordal hop VHF prop
agation , spread Es is a necessary but not
sufficient condition of itself. The spread
Es needs to arise from ripples or other

favourable structures that present a series
of small tilts in the vicinity of the propa 
gation path mid-p oint.

A 2003 paper by Gra ssman and
Langenohl-f on long-di stance Es propa
gation paths at 144 MHz provides iono
grams relating to the path s of many
reported single-hop and two-hop Es con
tacts involving the Canary Isles , the
Iberian Penin sula , and Central Europe.
The ionograms are from ' sondes at
Roquetes (northeast Spain) and Huelva
(southwest Spain). Both ionograms show
intense, spread Es with ftEs at 13.6 MHz
in each case. Thi s implie s anfoEs of 12.9
MHz , which the auto -scaling correctly
scales in one case (Roquetes), but the
other incorre ctly scalesfoEs at 9.9 MHz .
The authors reject the simp le (classical )
ionospheri c model and other suggested
models, such as cloud-to-cloud skip or
Pederson ray prop agation, but don 't
advance a model for the iono spheric
refraction geometry. It seems to me that
petit chordal hop available via the spread
Es at each general area of iono spheri c
reflection would adequately explain the
propagation model for the great European
144-MH z OX opening of 20 May 2003.

To support 200-222 MHz Es propaga
tion 25. 26. 27, the class ica l propagatio n
model would require fo Es of at least 37
MHz for a layer at 90 km , or greater than
40 MHz for Es at 110 km ; see Tabl e 2.
Given that, from my own experien ce and
from the literature , instance s offoEs val
ues of 30 MHz are notably rare, and con
sidering the accumulated instances

h ' Es

90 km

100km

1l 0 km

(e) (t) D (km) approx. MR factor MUFR for foEs of foEs for MUF ~ (MHz)

5 MHz 20 MHz 50.5 70.5 144.5
1 4.815 1920 11.91 59.55 238.2 4.3 6.0 12.2
2 4.89 1731 11.73 58.65 234.6 4.4 6.1 12.3
4 5.185 14 17 11.07 55.35 221.4 4.6 6.4 13.1
6 5.64 1175 10.18 50.9 203.6 5.0 6.9 14.2
8 6.225 99 1 9.22 46.1 184.4 5.5 7.7 15.7

I 5.065 203 1 11.33 56.65 226.6 4.5 6.3 12.8
2 5.14 1842 11.16 55.8 223.2 4.6 6.4 13.0
4 5.42 1522 10.59 52.95 211.8 4.8 6.7 13.7
6 5.86 1273 9.8 49 196.0 5.2 7.2 14.8
8 6.425 1080 8.94 44 .7 178.8 5.7 7.9 16.2

I 5.3 1 2 140 10.8 54 216 4.7 6.6 13.4
2 5.38 1949 10.67 53.35 213.4 4.8 6.7 13.6
4 5.645 1622 10.17 50.85 203.4 5 .0 7.0 14 .3
6 6.07 1366 9.46 47.3 189.2 5.4 7.5 15.3
8 6.6 15 1164 8.68 43.4 173.6 5.9 8.2 16.7

Table 3. MUFs achievable for petit chordal hop Esfor common path geometry parameters and two indicati ve values of fo Es,
plus foEs values requiredfor propa gation on 6,4, and 2 meters. Note the values of f oEs required to support 2-meter Es prop

agation compared with those in Table 2.
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Figure 12. Close-up of the geometry fo r propagation via rippled Es. The ref racted raypath will be horizontal when angle (c)
equals the tilt angle (t), yielding angle (d) ofzero degrees. The ripples do not need to be orthogonal to the propagation path. On
an ionogram, h 'Es will be the lower height of the crests and the Es trace will be spread, as in fig ure 4. The impact is to

almost double the MUF.

Figure 13. Under the right spread Es conditions, leading to petit chordal hop prop
agation, the M factor (MR fac tor here) increases dramati cally, almost doubling.

Compare this to fig ure 6.

600-1000 km apart as a model for extend
ed path VHF Es propagation up to 3200
km , without intermediate ground reflec
tion , or grande chordal hop, to continue
my French nomenclature.

To support the grande chordal hop
hypothesis , Pocock- cited a 1986
research paper on ionospheric propaga
tion models by A .K. Paul28 in which the
author used digital phase comparison
measurement s between three spaced
receiving antennas of an iono sond e to
determine angle-of-arriva l from sporadic
E layer echoes . Paul concluded that the
" . . . layers are frequently tilted in differ
ent directions with deviation s from the
hori zont al rangin g up to 30°." Cloud s
were assumed to be "relatively small, on
the order of 50 km ," pancake-shaped and
tilted as a whole, yielding echoes tens of
kilometres away from overhead .
Ionosonde observations of Es showed
rapid variation, but Paul could not dis
cern "w hether those changes mean for
mation and decay of patches or rapid
motion of patches (in different direc
tions?) through the observation area , or
changes of tilts and orientation of Es
patches." If tilted Es cloud s are short
lived , whether in time or geog raphica lly,
the chances of two fortuitously placed
tilted cloud s supporting grande chordal
hop propagation for anything more than
seconds at a time seem remote indeed .

In a study of Es structure and motion ,
From and Whitehead 19 used a steerable
beam (4° wide) HF radar near Brisbane ,
Australia , to observe plane and spread Es.
In regard to plane blanketing Es (F-Iayer
reflections not seen), they concluded that
the clouds are sizeable-varying" ...
from a few (km) to 25 (km) measured in

km, requiring a path elevation angle (e)
of 0.4° to yield an MR of 11.1. The path
length would be about 2210 km .

The literature and online contact log
gings note many instances ofextended Es
propagation beyond the maximum clas
sical single-hop skip range of about
2100-2300 km (for h 'Es of 110 km , see
Tables I and 2), in circumstances where
doubl e-hop skip can be ruled out. This
particularly appli es to 2-meter Es con
tacts. Some notable occasions have been
reported in the amateur radio literature
ove r the years where prop agation has
extended to about 3200 km without an
intervenin g ground hop . Mel Wil son,
W2BOC 1and Emil Pocock ,W3Ep3 both
proposed c1oud-to-cloud chordal hop via
tilted clouds space d fortuitously

*1:: *1::*1:: I:: h'Es
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MR factor (spread Es)

recorded of Es above 200 MHz, includ
ing TV OX reception , sugges ts a more
prevalent propagation model is called for.

Table 3 highlights the opportunities for
222- MHz propagation where Es condi
tions like that in figure 4 prevail (spread
ing, f tEs >20 MHz), which appears to
happen rather more often than previous
ly suspec ted, at least in the Southern
Hemi sphere , judging by the instances
with which it can be observed on IPS sta
tion ionograms. It' s a pity that the 222
MHz band is not an amateur allocation in
Australia! The Es layer height needs to
be in the lower range , 90 to 100 km , and
raypath elevation angles below 4°, to pro
vide high enough MR factors when foEs
reac hes or exceeds 20 MHz. Geo
metrically, the limit would be Es at 105
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the direc tion of travel" - larger in the tran sverse direction and
tilted less than 10

• Additionally , they observed that spread Es
echoes appeared short-lived in the radar records, concluding
that the " ... echoes presumably come from small clouds of ion
ization , but only last two or three seconds" noting that each
cloud moved with the same velocity. However , later research
by R . 1. Barnes-" , supervised by Dr. Whitehead and using a
later version of the stee rable beam (2 .50 wide ) HF radar,demon
strated throu gh observation and modelling that the short- lived
appearance of the echoes is an artifact of From and Whit ehead 's
original analys is procedure. Barnes concluded that a "better

model for spread-Es (is) one where a larger cloud, produced by
the wind- shear mechanism ,subsequently has many small irreg
ularities of the order I km in extent produced within it by some
other disturbance (that) move with the same velocity as the larg
er cloud." Barnes ' work also throws doubt on the conclusion s
drawn by Paul , reducing the likelihood of grande chordal hop
as an explanation for 2300-3200 km ex tended range VHF Es
prop agation.

Under some circumstances, petit chordal hop propagatio n
via spread Es may extend path distance s farther than the max 
imum cla ssical single-hop skip range of about 2300 km (for

I
0::

~
>
o

raypath 1

CREST

CREST

raypath 1

raypath

Figure /4 . I' ve used shaped plastic to model these plan views of petit chordal hop propagation raypaths as if seen f rom the
gro und. At left is the rippled Es case, as in fig ure JO(J). At right , lobe (" malllmarus ") structures as in fig ure JO(3). With rippl ed
Es, as raypa ths approach paralleling the crests, the less certain it becomes that petit chordal hop will be suppo rted. Lob e

structures in the Es layer will suppo rt raypaths in any direction.
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Figure / 5. Jonogram relatin g to VK7RAE-VK4CZ spo t of 29 Dec 20 JO at 0255 UT. Not e the distin ct Es spreading;
ftEs = 5.5 MHz (foEs = 4.7 MHz) and h 'Es = /0/ km. Path length is /648.7 km. The path MUF was calculated to be 50.8 MHz!
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h 'Es of 110 km) . Small-sca le ripples on a long wave of, say,
300+ km extent, as illustrated in fiigure 10 (2), would crea te
suitable conditions for a "w hispering gallery" that would extend
single ground-Es-ground paths to 2600-2700 km. Path lengths
of this order are common for contacts between New Zealand

144.13 MHz 10101 /08 0533UT 1592 km

!--------+--I.--1.---- 300S

I
I I
I
I
I Canberra
1"-
I '--..
I
I

Figure 16. Path fo r the VK40E- VK7HDX 2-meter SSB con
tact of10 Jan 2008, showing the relationship to the Canberra
and Sydney ionosonde views. Path length is 1592 km. The PoR

is within the Sydney 'sonde' s view.

(ZL) and eastern states Australian (VK) stations and for VHF
TV reception (see VK Logger History page) .

An incident signal meeting the crest of a ripple at the base of
a long wave will be deflected with some raypat hs emerging
above the horizontal (see figure 12),which are then able to reach
the next crest of a ripple at a slightly higher altitude, and so on ,
following the curve of the long wave , and even tually returning
a suitable raypath towards ground when the long wave curves
downward.Those raypaths deflec ted below the horizontal may
not be suffic iently deflected to intersect the ground . Raypaths
deflected horizontally may meet the downward-curved section
of the long wave a considerable distance away and advan ta
geously find a plasma frequency (or refraction coefficient) that
deflects the raypath towards the ground . If not, the raypat hs will
be " lost" to ground-Es -ground propagation . Propagation paths
following the curve of a long wave's whispering gallery will
support higher MUFs because the incident angle s are
favourably reduced. For example, if angle (c) is reduced to 3.30

(see figure 12 and Table 3), and provided it is no worse than that
across the whispering gallery, the MR factor increases to 17.37.
Hence , for an foEs of 20 MHz, the MUF would be 347 MHz.
How often this might happen depe nds on the possible incidence
of long waves modulating Es layers, a subject that requires fur
ther investigation .

A more likely geo metric propagation model ab le to sup
port 2300-3200 km extended-range VHF Es propagation ,
without intermediate gro und reflection , involves spread Es
struc tures like that illustra ted in figure 10 (3) and B , and fig
ure 14. In the latter , the zig-zag shaped raypath 3 would be
able to pass across a large-spread Es clo ud (a bit like shoot
ing river rapids in a canoe), eve ntua lly finding a raypath to
gro und. Mam matus (litera lly , breast-like) structures in the
ionizatio n would tend to co llimate raypaths, providing sig
nal reinforcement at the other end of a pat h. The ques tion is:
Do large clo uds of spread Es occur?

The Canberra and Sydney ionosondes are 208 km apart , with

km

lonogr am : .Idata/ i on/cdn/cln/DS/D1/ C OOSO1100 535

2 3 <1 5

Frequenc~( (MHz)

8 7 S 9 10 '1'1 12 '13 '14151817

\13 .02

Figure 17. lonogram relating to the VK40E- VK7HDX contac t at 0533 UT 0 11 / 0 Jan 2008. h 'Es is 98 km.ftEs is 14.5 MHz, so
foEs is / 4.5 - 0.8 = / 3.7 MHz. The E, Fl, and F2layers are fu lly blanke ted and the Es shows spreading. This ionogram could

be interpreted in several different ways, but the fac t that it show s spread Es is sufficient for the purpose in this case.
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combin ed views at Es heights extending
some 400 km edge-to-edge (for h 'Es of
100 km ; at 110 km, the 's onde views
overlap). Spread Es seen at simultaneous
times on the ionogram s of both is notably
frequent during the major summer and
minor winter Es seasons, at least for the
seasons I have examined since 2008 (e.g .,
2118 UT, 21 Jan 2011. Hence, if marn
matus structures are present , a shooting
the-rapids model would be a reasonable
proposition , supporting VHF Es propa
gation paths out to at least 2600-2700 km
where classical double-hop VHF propa
gation could not be supported becau se Es
electron densities (and thus MUFs) are
too low for two success ive paths of
1200-1 350 km. As noted above , appar
ently single-hop path lengths of
2400-2700 km are common for 6- and 2
meter contacts and VHF TV reception
across the Tasman Sea between eastern
Australi a and New Zealand . On fewer

occasions, spread Es is seen at simulta
neous times on the Canberra,Sydney, and
Brisbane ionosondes (e .g., 0518 UT, 13
Jan 20 II). The edge-to-edge views of the
Canberra and Brisbane ionosonds are
some 1100 km, although it is not known
if the Es layer "fill s in" the distance from
Sydney to Brisbane. The se circum
stances offer tantalizing potential.

The Heide Model of
Es Reflection Geometry

In the German DUBUS VHF-uwave
magazine No.4 of 20 10 [30], Klaus von
der Heide, DJ5HG , proposed an intrigu
ing and novel explanation for 144-MHz
Es propagation in which the wave is "cap
tured" within the Es layer if it is bent (or
curved) such that the quotient of bending
divided by the layer thickness (bid) lies
between 1.5 and 4.0 , and that the value
offoEs is between 12 MHz and 16 MHz .

cdncd 01/01/2006 23:45 UT

Thi s model improves the raypath' s
obliquity to the Es layer and thus the path
MUF . Howe ver , I think that the condi 
tions Dr. Heide propo ses for capturing a
wave at 144 MHz are difficult to achieve
in nature , if not impossible . Firstly, the
electron density gradient in a plane Es
layer does not appear to vary linearly,
with a constant gradient from base to top .
The electron density reache s a sharp
peak, sometimes at half the layer thick
ness ,and sometimes closer to the base .31,
32 In ionospheric science, the profile of
electron density in an Es layer, from base
to peak , is taken to be quasi-parabolic-v ,
for which modelling and real-world
results agree.

Secondl y, Dr. Heide calculates that a
value for foEs of only 2.5 MHz is neces
sary for 144-MHz waves to be captured
inside the "bent" layer. For the YK4
VK7 paths, which pass through the cir 
cles of view of the Sydney and Canberra
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Figure 18. Sydney ionogram for 2345 UT on 1 Jan 2006, showing multi-layer Es that may have "trapped" 2-meter signals
between them. supporting contacts over 1750-1950 km at the time. Short-skip propagation at 6 meters was not evident at the
time. but it was for 10 meters. An foEs of 6.7 MHz for the lowest layer (l08 km) meant that the classical MUF only reached

about 40 MHz.
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mult i-layer Es

Figure /9. The principle of "layer trapping " VHF propagation. The grazing angles of the raypath trapped between the layers
provides a higher MUF than the lower layer could support.
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Figure 19 illustrates the principle . Once the incident signal
penetrates the lower layer, and with a grazing angle of just less
than 3° between the raypath and each Es layer, the calculated
MUF in this instance would have been above 148 MHz. Multi
layer Es is not uncommon , being reported man~ times over
decades from rocket observations of Es.31, 32, 4 Figure 20
shows a relatively recent rocket sounding (2005), where two
thin layers 2 km apart were observed over Japan.34

As layer trapping propagation can exclude short-skip 6-meter
propagation while at the same time supporting 2-meter propa
gation , this may act as a tell-tale for observant operators (pro
vided 6-meter stations are on the air). In addition.if multi-layer

ionosondes , I have trawled many, many VK Logger 144-MHz
spots since January 2008, but cannot find a single instance of
such a low foEs coincident with 2-meter propagation.

Layer-Trapping VHF Es Propagation
In January 2006 a 2-meter opening between VK3 and south

ern VK4 showed some peculiar characteristics. Path lengths
ranged from 1750 to 1950 km. No short-skip 6-meter propa
gation was reported at the time. Short-skip 6-meter signals are
often a tell-tale indicator for 2-meter openings .l However,
reception of the 28-MHz VK2RSY beacon located NW of
Sydney was reported in Melbourne (VK3) at the time (a path
of about 880 km).

With tropospheric refraction ruled out on the basis of signal
characteristics and a negative Hepburn indication, I examined
the sequence of IPS ionograms for the period spanning the sig
nal reports, from 2330 to 2350 UT. The terminals of the N-S
paths indicated that the mid-points were close to the latitude of
the Sydney ionosonde. The ionograms showed that a multi
layer structure had developed, with two closely spaced layers
at 108 km and I 13 km (see figure 18).

Analysis of the ionogram for 2345 UT shows the F- Iayer is
blanketed at 6 MHz, while the Es layer at 108 km blankets the
113-km layer up to about 6.5 MHz (point X) , after which some
spreading of the I 13-km layer is evident. Another Es return is
seen at 132 km. From the sequence of ionograms , this latter
return turns out to be an echo from another Es patch at an
oblique angle, moving horizontally. Three values for ftEs are
identified - 7.5,9.9, and I 1.8 MHz. For the 108- and I 13-km
layersJoEs values are 6.7 MHz and 9.1 MHz, respectively,
which means the electron density of the layer at 113 km was
greater than the one below.

The path lengths of 1950 km and 1750 km mean raypath ele
vation angles to the 108-km layer ranged between 1.9° and 3°.
The plane Es MUF for a 1950-km path would be 40.6 MHz,
while for a I750-km path it would be 39.7 MHz.

My proposition is this: An incident signal at 144 MHz would
be partly refracted by the lowest (108 km) Es layer and then
continue to the Es layer above (113 km), meeting it at a graz
ing angle , to be refracted back towards the 108-km layer , in
tum reaching it at a grazing angle , to then be refracted back
toward the upper layer and so on, the signal being "trapped" or
"guided" between the layers for a distance before exiting the
pair of Es layers some distance later or upon meeting some dis
continuity that directs a raypath towards the ground.
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Es extends over a large geographical extent, path lengths would
be exte nded well beyond the classical maximum single-hop
skip range .

Reading the account s of 200-222 MHz Es prop agation by
Cooper25 and Pocock-" , the characteristics of the layer trap
ping model can readily be discerned in some of the quot ed
instances.

Layer trapp ing has the potenti al to extend MUFs beyond 350
MHz. It may have been invol ved in the few reports of220-MHz
Es propagation in North America .Anecdotal evidence from YK
opera tors sugges ts one -way signals have been observed on 432
MHz durin g an inten se 144-MH z opening.

I am indebted to Terry Bullet35 for help with the ionogram
analysis (figure 18) and beneficial comments on the propaga
tion models.
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A Homebrew AZ/EL Rotor Controller (From page 30)

OUTSIDE
ROTATOR

INSIDE
ROTATOR

.------,.-+-:::::n-----, .---- NUT

..--- FLAT WASHER

~ f -- WIRE/CABLE TO CONTROLLER

r--..c~,c::::::::::J---,~ FLAT WASHER
L..-...J...-+--::>-,----' -- NUT STAR WASHER

F~
c:::::::::J ~ lfa" FLEXIBLE PLASTIC

"- SOLDER LUG

Figure 5 . The order ofparts for one terminal on the EL rotator terminal strip.

Photo 7. The large plastic gear that goes in the EL rotator. It shows how to begin
f orming the slot so that it can be mounted on the rotator collar. Be sure to stay

completely inside the scribe marks.

The or iginal circuit on the website
shows feedback signals as 0 to 2.5 V. The
signal from the rotator in my setup is not
in this range, so some additional circuitry
is needed to amplify and offset it. U5a-d
perform the needed offset and amplifica
tion. A stable reference voltage (provided
by U7) is needed so that readings and thus
positions don 't change with internal tem
perature changes in the cabinet. R49 and
R50 remove any offset voltage at 0

degrees. This offset voltage and the feed
back voltage are buffered by U5b-c and
then added in U5d. The gain (amplifica
tion) is set to unity by R52 through R55.
This same voltage is reduced by R58 and
R59 to bring it into the range of the panel
meter that displays the angle in degrees.
R56-57 scale the feedback voltage into
the range matching the request-OV to
2.5V.The values of the fixed resistors may
need to be adjusted slightly if the poten-

tiometers don 't bring the voltages into the
ranges needed .

II. Modifications
to the Rotators

A gear and potent iometer was added to
the AZ rotator. It engages with the teeth
on the existing ring gear. The gear I used
is made ofstee l and came from a junk box
but a new plastic gear is available from
MSC Industri al Supply Company;
-cwww.mscdirect .corn». The EL rotator
uses a large modified gear added to the
collar and a smaller gear and poten
tiometer mounted to the body. The large
gear for the EL rotator and its small mate
are also available from MSC.

S ince the EL rotator is mounted on its
side (a position not originally intended)
rain water can eas ily leak inside. A plas
tic container that form erly held cat lit
ter was cut to fit over the rotator. Cut
off the top third of the container then
cut notches on both sides to fit the cross
boom (see photo 4).Secure it with nylon
rope and you have a (mos tly) watertight
enclosure .

Before wastin g any time and effort
cleaning or modifying the rotators make
sure the motors work. First perform a
resistance check on the motor windings .
The EL rotator should measure approxi
mately 2 ohm s for each half of the motor
windin g and 4 ohm s acro ss both .The AZ
rotator should measure approximately
6.5 ohm s for each halfofthe motor wind 
ing and 13 ohms acro ss both. Next con 
nect ju st the three motor lead s and the
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Photo 8. The large gear completed and ready to be installed on
the EL rotator collar.

Photo 9. Close- up show ing where the new plastic gea r is
located on the EL rotator collar.

capaci tor to the transformer as shown in
figure 4 to see if it will move. If the resis
tance readings are prop er , the tran s
former measures 28 VAC , and the rota
tor still doesn't move , then the capacitor
may be bad . Measure the capac itor to
make sure its value is near that shown on
it or try the capacitor from the other rota
tor. If it still fails to turn , the grease may
be so hard ened that it is keeping the
motor from moving.

Take it apart and see if this is the case .
Take pictures with a digital camera and
make drawings as you take it apart so that
you can put it back together with all the
gears and other parts in the proper loca
tions and order. You will need someone
to take the pictures for you, since your
hands will be dirty and greasy as you dis
assemble the units.

When disassembling the AZ rotator,
put a bulky rag or blanket underneath to
catch the ball bearin gs that may fall out
when you remove the top . When disas
sembling the EL rotator, use a secure grip
on the small wire clip s that secure the
gears in place or they will go flying across
the room. A good way to prevent the
" launch" of these clips is to use a side cut
ter and a light grip to pull them off the
post. Better yet, wrap a short length of
bare wire around the curved end a few
times and pull on the wire to remove the
clip . Not that I ever launched one .

Cleanup and New Lubrication
Once you have determined both motors

funct ion , they will need to be cleaned up
and new grease applied .Mount each rota-

tor in a vise so you can eas ily work on the
unit and don 't have to chase it across the
floor. Compl etely remove all the gears ,
clip s , etc . Remove the potentiometers
and the associated wiring from both units,
as you will be installin g new poten
tiometers . (I have found the existin g
wipers bounce . This will drive the con
troller electronics crazy. A good stable
feedback signal is needed. ) Clean all
gears , shafts, and seats completely . Use
a degreaser that leaves no residue , or use
alcohol for the final rinse . You may have
to lightly scrape off some of the grease
that has hardened on the gear teeth , sur
faces, etc . Use a brass brush, not stee l, so
that you don 't remo ve any metal from the
gears. Replace any hardware that is rust
ed or damaged .

For the Bell (AZ) Rotator
I . Fabri cate a small plate to hold the

potentiometer in place (see photo 5). (I
am unable to supply a diagram of the plate
showing dimension s , since I forgot to
make measurements and now it' s on the
roof. Regardless, there is plenty of room
to accommodate the potent iometer.)

2. Attach color-coded wires to the three
terminals of the potenti ometer. Cut them
so that they can easily reach three of the
termin als, but don 't connect them to the
terminals at this time.

3 .Mount the potenti ometer in the plate ,
making sure the termin als and wires are
positioned such that they won 't touch any
moving parts.

4 . Drill two .107" (7/64") diameter
holes approximately 90 degree s apart in

,

@9
BEND

ALONG
THIS
LINE

Figure 6. Where to bend the ground lug
to form the bracket that holds the large

gear to the EL rotator collar.

the hub of the 1" gear. Tap the holes to
accept I14" X 6-32 setscrews. Mount the
gea r on the potentiometer shaft.

5. Preset the potentiometer to the mid
dle of travel .

6. Connect the three potenti ometer
wires to three termin als on the terminal
strip.

7 . Mount the asse mbly using the orig 
inal large bolt and a star washer top and
bottom to make sure the asse mbly doesn ' t
move.

8. Apply power to the rotator and make
sure that the new gear engages the ring
gear properly and noth ing touches any
moving parts during one full rotation
(photo 6) . This process may take several
iterations to get it "just right" since ( I)
the gear may be too high or too low on
the shaft, (2) the gea r may not be fully
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engage d into the ring gear resultin g in the teeth skipping over
eac h other, or (3) the gear may be pushing too hard aga inst the
ring gear causing it to put side press ure on the potentiometer.

9. If needed , replace the term inal strip screws with brass
screws. The terminal s in my rotator were clean, but the screws
were badly rusted . Place stai nless-stee l was hers under the
screws so the cable wires don 't move as you tighten the screws
during finally asse mbly.

For the "Sideways" (EL) Rotator
Major modifica tions are needed for this unit and are the most

diffic ult part of the entire project. The changes are: (1) fabricate
a new terminal strip, as the old one has only four terminal s and
six are needed; (2) add a partial gear (about 330 degrees of a
2 114" diameter gear) to the "collar" (the hollow part of the rota
tor where the antenna mast passes through); and (3) mount a
potentiometer/gear combination to a bracket. Here is a detailed
descript ion of the required modifications:

I. Co mpletely remove the phenolic term inal strip plate. Make
a new one from l/S" plastic after tracing the shape of the old

Photo 10. The homemade "brackets" that secure the gear to
the collar.

Photo 11. Another view of the EL gear with the homemade
"brackets. "
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one onto the plastic . I found some drawer separa tors that were
made of a hard but somew hat flexible plastic; a bri ttle materi
al won' t work, since it will crack when you drill holes or file it
to shape. Six terminals are needed , so you will have to space
them close r than on the original plate. Use stai nless-stee l
screws, nuts , and washers so that they don' t rust. The hole pat
tern for the term inals should be such that you ca n tell which is
which when you attach the rotator-co ntrol cable wiring. I rec
ommend two rows of three termin als with the motor co nnect
ed to one row and the potenti ometer to the other row. Co nnect
the center tap of the motor and the wiper of the potentiometer
to the center-screw terminals . You can use an ohmmeter to
determine which wire is which at the controller end. The order
of parts for each terminal is show n in figure 5. The screw and
nearest nut should be tightened with a wrench much tighter than
you will tighten the outermos t nut so that the entire asse mbly
doesn 't come apart when you loosen the outer most nut.

2. The 2 1/4"-diameter gear must have a large slot cut in it so
it can be attac hed to the "collar." Photos 7 and 8 show the slot
cut in the gear. This needs to be done carefully, since the gear
is plastic . Use a small-scale (ruler) to measure out 3/s" out from
the hub and place a small dimpl e every 20 degrees or so using
a pointy objec t; I used a scribe .Then connect the do ts by scratch
ing a line with the scribe. Thi s will form a circle approximate
ly 19/ 16" diameter to match that of the co llar. Use a straig ht
edge to draw two lines parallel to eac h other from the circle you
just created to the outer edge of the gea r. Now driII 1/S" holes
in the gear about 1/S" apart in the shape of a "U"; stay com
pletely inside the scribe lines. Then use a hand saber saw to cut
from hole to hole until the center pops out. Use a half-round
file to form the rounded part of the slot and a flat file to form
the straig ht edges. Go slowly with this step, as you don' t want
to remove too much material. You can' t add it back! Support the
gear with your fingers only and use light pressure on the file.
Hold the gear up to the co llar and make sure the edge of the teeth
are all equidistant from the collar so that the gear is centered on
the collar. Put the collar into one half of the rotator body and

Photo 12. A close-up showing how the gear is secured to the
collar and its location between the existing metal gear and the
"bump" on the collar. Note the 6-32 flathead screw securing
all to the collar. Your unit won't have the threaded hole in the
"bump. " 1 tried unsucessfully to mount the new gear using a

bracket there. The method shown works fi ne!
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7116" DIA. FOR 3/8" THREAD
ON POTENTIOMETER

~--.1 56" DIA. FOR
6-32 THREADS

MATERIAL: 1116" THICK ALUMINUM

Figure 7. EL rotator potentiometer bracket dimensions.

Photo 13. This picture shows the location ofthe potentiometer
bracket in the EL rotator. Note the distance between the
bracket and the hole in the bottom part of the rotator body.

Photo 14. The location ofthe two screws that secure the poten
tiometer bracket to the rotator body. The "1 " mark is lined up

with the top edge ofthe body.

rotate it and the gear to see if the gear is centered on the collar.
Keep filing until the gear is centered. The correct position on the
collar is next to the protrusion on the collar. The distance between
the existing and new gear facing surfaces is approximately 11/16"
to 3/4" . See photo 9 .

3. Next you will need to fabricate two tiny rightangle brack
ets to attach the gear to the collar. Modify two ground lugs to
accept a 6-32 thread through the star washer portion. A small
round file will work fine for this . Bend the two ground lugs as
indicated in figure 6. Hold the gear in place against the large
protrusion on the collar using a small clamp. Slide up the two
small brackets approximately 90 degrees apart and make a mark
on the plastic gear where the outermost solder hole is located.
Drill .077" (5/64") diameter holes at each location to accept a
2-56 screw. Attach the gear to the brackets using 1/4" x 2-56
screws, lock-washers, and nuts . Replace the gear and brackets
on the collar and reclamp it in place. Drill a hole for a 6-32
screw at each location in the collar where the star washer part
of the bracket meets the collar. Install flat head 6-32 screws
from inside the collar to secure the brackets in place. (You must
use a flat-head screw so it doesn 't prevent passing the cross

Photo 15. The tab that must be removed from the EL rotator
body so that it can be mounted on top the flange.
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Photo 16. These are the parts that must be removed f rom the EL rotator. They are:
the tabbed gear, two inserts (1 believe they 're shear pins), the tab removed fro m the

body, and the overtravel switch.

boom through the EL rotator). See pho
tos 10, II , and 12 . Rotate the co llar in
place to verify the new gear is centered
and doesn 't wobble as it is turn ed . Adju st
the 6-32 and 2-56 screws unt il it is per
fectly al igned .

4 . Fabri cate a bracket from 1/ 16" thick
aluminum as shown in figure 7.

5. Drill two 5/32" diameter holes 3/8 "

apart for mounting the pot entiometer
bracket to the bottom half of the rotator
bod y . See photos 13 and 14 for the exact
location .

6. Mount the potent iometer in the brack
et and then attach the I" gear on the shaft
of the potentiometer b~ drillin g and tap
ping two holes .107" ( /64") diam eter 90
degrees apart to acce pt 6-32 x 1/4"
setscrews. With the gea r ratio used
(2.25: I) , the potentiometer will rotate ap
proxim ately a half turn . Make sure the
potentiometer wiper is 25% up from
ground and the center of the 2 1/4" gear
teeth is touching the I" gear. Thi s is re
quired so you don 't run off the end of the
partial gear as the rotator reaches either the
oor 90 degree position . The I" gear, the
potentiometer mounting nut , set screws .
and two 6-32 screws will need to be adjust
ed so the two gea rs align properl y.

7. Th e support for eac h end of the co l
lar in the bod y has a thin metal "C
shaped" strap curve d to fit the body and
collar. These two strips wrap around the
collar and must be installed in the bod y
perfectly or the rotator will bind up and
not tum . The strap is properly installed
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when the top hal f of the rotator bod y sea ts
all the wa y down (no space between
halves of the body) when using a very
light forc e. Lubricate these points with
lithium grease .

8. Use a hacksaw to remove the large
tab (photo 15) where the support ma st
would normally bottom out. Thi s is
required so that the rotator body sits flat
on top of the pipe flan ge .

9 . Remove the overtravel swi tch, gear
with small tab , and small insert s . Also
remove the post that formerly held the
gea r with the small tab . See photo s 16,
17, and 18.

10. Connect three wires to the poten
tiometer terminals . Also connect the
three motor wires as follows: brown =
motor center tap , red = one end of motor
winding , yellow = other end of motor
winding . (Note that there are two ye llow
wire s conn ected to the motor. The co r
rect one to use can be verified by mea
suring the resistance betw een a ye llow
and the one black lead . The yellow wire
that mea sures zero ohms to the black is
not a motor lead. Th at yellow wire and
the black wire are connected to a thermal
cutout switch. I chose to cut off the wires
to the therm al cutout switch to get them
out of the way.)

Lubricate all moving parts with lithi
um grease and re-install in the proper
order. I found lithium grease maintains a
constant viscos ity at very low tempera
tures , since it turned the same spee d at 0
degrees F as it did at room temperature.

Photo 17. The stock worm gear before
the gear shaft has been removed.

Photo 18. The worm gear after removal
of the gear shaft.

I tested the grease by putting a complet
ed rotator in a freezer set to 0 degrees F.
I applied power and it turn ed eas ily.

III. Checkout and
Adjustment as a System

Th e first step of checkout is to learn
how to setup , use , and becom e tot all y
fam iliar wi th SATPC32 before test ing
the co ntroller. Spend time read ing over
all the help file sec tions . I use vers ion
12.4 of SatPC32 , Windows® XP , and a
450-MHz Dell desktop PC . Here is how
to set up the program for chec kout of the
contro ller and allow you to play with it
to learn its operation:

I . Left click "Setup," "Rotor Setup" 
Rotor Interface/Controller =" FODTrack"

2 . Port = " I"
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Photo 19. Here' s the controller f ront panel. Not a bad looking cabinet fo r $1.00.

Figure 8. The waveform ofthe write and D/A channel select pulses coming f rom the
printer port of the Pc.

move very quickly across the sky, so the
contro ller won' t change position very
ofte n. Dependin g on the local time and
the position of the satellites in your list ,
you may or may not have any visible to
you. Left click on "Tracking," " Pre
view ," "OK," and then use the left an
right pointers (upper right scree n) to
qu ickly adva nce to where the sate llite
will be at the time/date shown on the
screen (upper right screen). You want to
find a LEO that is high in the sky at some
time dur ing the pass and the starting time
of the "pass" for your QTH . Click
"Tracking," "Real Time," "OK" to return
to the current position . Then set the PC
clock/calendar to the starting time/date of
the upcoming "pass." (What you' re doing
is fooling the PC into thinking that it ' s
time for a "pass" and to point the antenna
at the satellite going by your QTH .) To
begin sending commands to the parallel
port and controller, left click the "R" (in
the upper left part of the screen); it shoul
change to "R+" to indicate activity.

At this point you should see voltages
at U6 pin 7 for AZ and U6 pin I for EL.
The readings should be as follows: 0 to 5
volts spread ove r 0 to 360 degrees AZ ;
to 2.5 volts spread ove r 0 to 90 degrees
EL. If they aren' t close , check the wiring
at U I and U6. The voltages shoul
chan ge as the screen shows the satellite
passing by. Check various passes, either
to the eas t or west of you to see the D/A
outputs change ove r the full range. If you
don 't see any chan ges, look at U I pins 18
and 20 with an oscilloscope . There
should be pulses at both pins. The pulses
are very, very short-approximately .1
milli second at OV, and then rest of the
time at 5V . To see the pulses, set up an
osc illoscope as follows: trigger level
approx imately 2 VDC, 2 volts/div, trig
gered mode, DC coupling, sweep time .2
milli second /div. The pul se at pin 18
selects which D/A (A or B) is loaded with
the 8 bits and the pulse at pin 20 loads (or
writes - "WR") the data into the select
ed D/A . If either is missing check for
wiring error s in this area. Figure 8 show s
the waveform. New pulses should appear
at both pins at I second intervals as set i
SatPC32 in the rotor setup menu .

Next is the adjustment of the poten
tiometers (R38, 46, 47 for AZ and R49,
57 ,5 9 for EL) to bring the feedback volt
ages into the same range as the request
voltages and make the digit al panel
meters display actual position.

Connect the rotator motor and poten
tiometers to the circuit board .

18. Latitud e ="4 1" (for my QTH)
19. UTC offset = "- 5" for EST in win

ter , -4 for EDT
20 . Source file ="*.*"
2 1. Set the PC clock and calendar for

your QTH
22. Close and re-open SatPC32 to have

these changes take effec t

That ' s all that is requ ired in the pro
gram setup for checkout of the controller!
Next is operation of the program.

Left click the letters A-L at the lower
right to see what satellites are preloaded
into SATPC32. Select one that is a LEO
(Low Earth Orbit) so it will move across
the screen at a fairly rapid rate and fre
quently change the values loaded into the
D/A. The one remaining HEO (High
Earth Orbit) satellite (AO- IO) doe sn 't

--------------------ov

----1 r- .1 msec.

3. Delay ="30"
4. Turning point of azim rotor ="N"
5. Min elevation = "0"
6. Horizontal antenna correc tion = "0"
7. Vertical antenna correc tion ="0"
8. Port address = "$03 78" (LPT I on my

PC)
9. Optional settings/Update antenna

positions = " in time interva ls"
10. Max elevation ="90"
II . Update antenna position in time

intervals
12. Time Interval =" I"
13. Left click "Store"
14 . Left cl ick "Setup," "Observer"
15.Station altitude = " 150" meters (for

my QTH)
16. Grid locator = your grid locator

(mine is EN6 1VR for northern Indiana)
17. Longitude ="-86" (for my QTH )
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For the AZ Rotator
1. Use switch S I to set 5V on the rota

tor potentiometer wiper.
2. Use switch S1 to move the AZ rota

tor 180 degrees CCW when looking down
on the rotator (do not use the meter dis
play for this step). The voltage should
decrease; if not , reverse the potent iome
ter outer leads and go back to step I .

3 . Adjust the AZ zero potent iometer,
R38, for 0 volts at U4 pin 14 .

4. Use S I to move the AZ rotator to
point South (180 degrees AZ) .

5. Adjust the AZ fib pot , R47 , for 2.5
V at its wiper.

6. Adj ust the AZ DPM gai n poten
tiometer,R46,for .180 Von the DPM "+"
input.

For the EL Rotator
1. Use S2 to set 1.25V (this is 45

degrees EL) on the rotator potentiometer
wiper.

2. Use the manual switch S2 to move
the EL rota tor to point at the horizon (zero
degrees EL; do not use the meter display
for this step). The vol tage should de
crease . If not , reve rse the potent iometer
outer leads and go back to step 1.

3. Adjust the EL zero potentiometer,
R50 , for 0 volts at U5 pin 14.

4. Use S2 to move the EL rotator to a
straight-up position (90 degrees EL).

5 . Adjust the EL fi b pot , R57 , for 2.5V
at its wiper.

6. Adjust the EL DPM gain poten
tiometer, R59, for .9 volts on the DPM
"+" input.

Manually run the rotators through their
ranges to see that the DPMs display 0- 360
and 0- 90 degrees over the full ranges. As
luck would have it, both of my poten
tiometers were wired the wrong direction ,
causing the rotators to tum one way and
the potentiometers to indicate they were
turning the other way! Consider yourself
lucky if even just one is wired backwards
and very lucky if both are wired correctly.

Connect two 10-turn potentiometers
( IK to 5K ohm) mounted on a board to
simulate feedback signals from the AZ
and EL rotators .Set S3 to PC Enable. This
will allow you to see if the LEDs switch
CCW/CW and UP/DOW N when you go
throu gh the requested position , where
Vreq=Vfb (request = feedback). To check
either AZ or EL, put a DMM on the feed
back and a second meter on the request.
( 1 used a DMM and an analog meter, as
that' s ali I have and it was good enough
for this part of the checkout). As you
adjust the feedback potentiometers
throu gh the point where Vreq=V fb the

LEDs should go out until you move the
potentiometer aga in. If they don 't , check
the wiring in the respective areas .

Mount the rotators together with a short
piece of pipe threaded on one end to fit a
flange . The flange will need four holes
drilled to match up with the four bolts on
the EL rotator. Attach all the wiring to the
rotator terminals.

Set up SatPC32 to track a real satellite
pass with lots of movement of both rota
tors. A near-overhead pass is ideal. When
it gets well above the horizon for your
QTH (approximately 30 degrees EL), use
the manual switches S1 and S2 to posi
tion both rotators to the positions dis
played and then flip S3 to "PC Enable ."
If all goes well, it will track the satellite
across the sky! If it takes off in the wrong
direction - moves away from the satellite
- either the motor or potent iometer leads
are wired backwards.

Mount the antennas on the cross boom
and slightly tighten everything. You may
need to decrease the I-megohm resistor
values at R19and R23 significantly so the
rotators don 't cycle off and on too often.
The final values will vary depend ing
upon rotator gear "slop" and the size of
your antennas (system dynamics). Note
that I arrived at 330K and 470K ohm s
very different from the I-mego hm values
specified in the original circuit. A bigger
deadband was needed in mine. The large
moment arm caused the rotator to keep
moving after power was removed , and by
then the position was outside the dead
band , causing it to hunt/ swing back and
forth in an oscillation around the request
ed position.

Once eve rything is working properly,
drill a 1/8" diameter hole through each end
of the collar of the EL rotator and throu gh
the crossboom.Pass a 6-32 screw throu gh
everything to eliminate any slippage (see
photo 1). Tighten the U-bolt s a bit more ,
but not so tight that you crack the PVC
tubing.

Tran smit at both 144 and 436 MHz to
see if RF is getting into the circuitry . It
will show up as a change on either DPM
readin g. With shielded cable , LC filters ,
and the 47K resistors at the rotator poten 
tiometer wipers I see only I-degree
change in the AZ display.

Conclusion:
So How Does It Work?

It work s great! Now I can concentrate
on communicating with other stations
while my computer and SatPC 32 soft
ware are directing my antenn as to follow

the satellite across the sky . Previously, I
moved the antennas manually while the
satellite moved by . I was only using
SatPC32 to for Doppler-shift correction
(using the RS-232 port). When working
SSB through a LEO (Low Earth Orbit)
satellite, you can get very busy correc t
ing for Doppler shift and manually point 
ing the antennas!

As you can see , the controller has a high
"nea t facto r," since the disp lays show
where the antennas are positio ned and the
LEDs indica te when the motors are run
ning and what direction they're moving
-and it' s all being done automatically.
If you can set your radios' transmit and
rece ive frequencies via a PC, you will
also get to see the frequency changes sent
out by SatPC32!

After the system is working correctly ,
update the Keplerian data in SatPC32
from <www .amsat.org/amsat/ftp/kepsl
current/nasa .all>, set the PC clock (use
WW V), wait for a real satellite pass, and
then ju st sit back and enjoy a relaxing
contact!

"Specialist in RF Connectors and Coax"
Part No. Descript ion Price
83· 1SP· l0S0 UHF Male , Ampheno l $2.50 ea .

(10 or more) $2.40 ea.
PL-259/AGT UHF Male Silver Teflon, Gold Pin $1.50
RFC17-03T PL-259 Crimp/Solder

all RG-8 size cables $1.50
RFCUG-118519913 N Male Clamp9913, 9913F, LMR-400 $4.00
RFCUG-26018X BNC Male Clamp RG·9X, LMR-240 $2.00
SMAMlBNCF Handheld Adapter $3.00
UG·146AIU N Male to 50-239, Teflon USA $10.00
UG·83BIU N Female to PL·259, Teflon USA sa.so
Now Available: X-treme Tapee Sell-Iuslng SlIIconeTape.

Great for Waterproof Connections, 54.00/10 feet!
Your Phlllystran Dealer
The R.F. Connection

213 North Frede rick Ave ., #11 CO
, althersburg, MD 20sn · (301) 84G-54n

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

Comple te Selection Of MIL-SPEC Coax, RF Connectors And Relays

UM Unified
Microsystems

Voice & CW Keyers,
VHF Beacon IDer,
PC Interface kit for

digital modes & more.

www.unifiedmicro.com
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By Dr. H. Paul Shuch," N6TX

DR. SETI'S STARSHIP
Searching For The Ultimate DX

Allen Telescope Disarray

The Allen Telescope Array was to
have been the world's greatest radio
telescope, a field of 6-meter para

bolic dishes stretching across the
California countryside, eventually grow
ing to 350 in number, tasked with full
time SETlobservations.Thus, the dismay
of the scientific community was palpable,
when it was announced in April of 2011
that the whole facility was being tem
porarily put into cold storage.

Not that I was particularly surprised at
this turn of events. The ATA was a joint
initiative of two fine organizations. One
player is the nonprofit SETI Institute (a
California alliance of professional
astronomers, engineers, physicists, and
astrobiologists, not to be confused with

*Executive Director Emeritus, The SETl
League, Inc., «www.setileague.org>
e-mail: <n6tx@setileague.org>

The SETI League, our own global
alliance of radio amateurs and experi
menters). They partnered with the Radio
Astronomy Laboratory at the University
of California, Berkeley (my own alma
mater, and arguabl y the world's premiere
institution of higher learning).

The project had received significant
and generous funding from industry icons
such as Paul Allen, co-founder of
Microsoft, and Nathan Myhrvold, the
Princeton astrophysicist turned intellec
tual-property entrepreneur. It had re
ceived somewhat more modest funding
from a host of enthusiastic donors, includ
ing The SETl League's own president,
Richard Factor, WA2IKL. With 42 anten
nas up and running, the facility was
already doing credible science . .. when
the money ran out.

The array had set back its donors on the
order of $50 million, which works out to

in excess of a megabuck per antenna (just
a bit pricey for an oversized satellite dish ).
Still, one must consider that most of that
sum was spent not on concrete and steel,
but ratheron research and development
plus, the not inconsiderable cost of oper
ations. Also , eventual expansion of the
array to its planned 350 elements notwith
standing, it was those operating costs (or
rather, the lack thereof) that ultimately
pushed the project into its present hiatus.

The SETI League can sympathize. A
decade ago, we launched our own very
modest effort at combining satellite dish
es into a research-grade telescope. The
Very Small Array (VSA) was never com
pleted , although we did get eight sma ll!
dishes up and running, and proof-of-con
cept hardware and software tested, before
we, too, ran out of money. Our budget was
less than stellar; the project consumed
about 10 thousand of your generously

The Allen Telescope Array in Hat Creek, California sits idle, while the SET/Institute and University ofCalifornia seek financia l
support to resume its scientific mission. (SET/Institute photo)
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The SET! League's VSA (Very Small Array) sits behind the author 's home in rural
central Pennsylvania, awaiting the funds to complete it. (N6TX photo)

donated dollars. It wasn't nearly enough.
Thus, we also had to put our array on hia
tus, but not before I managed to score a
patent on the underlying technology. I
assigned that patent to The SETI League ,
in hopes that commercializing it might
generate revenues sufficient to support
our humble scientific efforts . Un
fortunately, the "dot-com" bubble burst
before anyone beat a path to our door.

To turn their own array back on, our
California colleagues need to raise some
5-million dollars. I just checked my wal
let , and I don't have quite that much cash
to spare. As for the VSA, the SETI
League would need another $20k to fin
ish the project. That sum , too, exceeds
the contents of my wallet-by several
orders of magnitude.

Thus , I, the author of this column, am
asking you to check your own wallet.
Have you an extra 5 megabucks to fund

a coup le of years of ATA operation? If
so, I encourage you to step forward and
help restart SETI's finest observational
instrument. Or do you maybe have a cou
ple of kilobucks to throw into the Very
Small Array? If so, please send it along
to The SETI League, and I'll be happy to
resume work on that suspended project.

You say neither project is within your
financial reach? I understand complete
ly , as I am in the same situation. If pos
sible, I am asking you to dig not quite so
deeply. A $50 membership in The SETI
League (and an equivalent contribution
to the SETI Institute ' s Team SETI) will
be a worthy show of support . Besides, if
a few thousand others wi ll follow your
lead , bot h organizations (and their
respective technology projects) will find
themselves back on the road toward
SETI success.

73, Paul, N6TX

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

radio and Satellite projects.
Transverters & Down Converters,

Linear power amplifiers, Low Noise
preamps, coaxia l components,

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

m ixers, ch ip components,
and other hard to find item s.

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

descriptionsand interfacing details.

Down East Microwave, Inc.
19519 78th Ter.

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

info@downeastmicrowave.com

GET ALIFE.
GET ACAREER.
Turn your interest inelectronics into a
highpaying careerinCommunications.
Radio, Television, Avionics, Maritime,
Radar, and more! Earn your

FCC COMMERCIAL LICENSE
Our proven home study course has
been used by a wide range of clients
from the Navy, to industry, schools and
to individuals just like you. Itworked for
them, it willwork for you!

Call nowfor FREE info:

800-877-8433
Or, onlineat:

www.LicenseTraining.com

cOmmdnD&
PRODUCTions,
P.D.Box3000 • Sausalito, CA94966-3000
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ANTI~UE RADIO CW~IFIED
Antique Radio 's Largest Monthly
Magazine - 4,000 Subscribers!

Classifieds - Ads for Parts & Services
Articles - Auction Prices
Meet & Flea Market Info.

Radios, Ham Equip, Telegraph, Hi-Fi
TV, Books, Art Deco, 40s&50sRadios

U.S. Rates: 1 year
$36($48 by 1st Class)

A.R.C., POBox 1558
Port Washington, NY 11050
Web: www.antiqueradio.com
Email: arc@antiqueradio.com

Toll Free: (866) 371 -0512 Fax: (516) 883-1077

PayPaf "'SA

Kanga US
NEW for 6 and 2 meters

Converter and CW TX Kits
Ideal for Mountain toppings

or getting started on the
VHF bands

Directive Systems. the leader In, desgn.
construction. sales. and worl9wide

distribution of loop yogi ante nos isnow
producing the incomparable KI FO yogi
with models for 144,222,.432 MHz& AN

Let us olre ct your signals
orward wit h tot a l

performanc e .

X
Write or call for a brochure

WE DIRECT RF

~cnVE SYSTEMS
177 Dixon Rood

Lebanon. ME 04027
Tel: (207) 658-7758 Fax: (207) 658-4337

www.directivesystems.com

VAGI SPOKEN HERE

more info at
www.kangaus.com

Type 2-MQ
Portaquad Antenna
A high-galn , full size 2·meter
quad antenna des igned for
portable operations.
Visit our Web Site for more
information.
www.nationalrf.co m
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220 MHz 1 W (USA version only)

New Features of The FTM-350AR
1.New Vacuum Cup-Mounting Bracket with

Angle Adjustment
The new MMB-98 Mounting bracket allows easy installation of the radio
control display to your Dashboard by placing the vacuum mount in the
desired location and pressing a lever. You may then adjust the display to
the optimum viewing angle.

2.Expanded APRSfJ functions
• Uses the worldwide-accepted GPS NMEA data format

• Navigation to another APRS· BEACON station is po e
sible, even if the beacon station is moving.

Waypoint data (Data in/out) is available from the ACt;
connector on the rear of the main unit.

Sub-Band APRS· operation may be active in the back
ground, even when operating in Mono-Band Displaw
mode.

• Newly added Voice Alert functi on

• Re-allocated often used keys to more convenient pos'lo
tions for easier operation

• Programmable keys on the DTMF Microphone provlds
direct access to APRS· functions

For the latest Yaesu news, visit us on the Intern et:
htt p://www.vertexstandard.com

·APRS· is a registered trademark of Bob Bruninga WB4APR
"Smartfseaconinq " from HamHUD Nichetron ix

Specifications subject to change without notice. Some accessories and/or
options may be standard in certain areas. Frequency coverage may differ in
some countries . Check with your local Yaesu Dealer for specific details .

~X~~ ..~,!
Vertex Standard
US Headquarters
10900 Walker Street
Cypress, CA 90630 (714)827-76
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