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LINE OF SIGHT
A Message from the Editor

It Began with One Article

The Summer 20 I I issue of CQ VHF. magazine included a
special we b suppleme nt article, " Hope for F-Layer
Propagatio n on 6 meters in Cycle 24" by Ken Neub eck ,

WB 2AM U. Starting with this issue, the entire magazine will
also be online in a digital magazine format. If yo u are read ing
this editorial in the print version, I invite you to check out the
new dig ital vers ion.

The digital vers ion opens the readership to this magazine to
anyone who has access to a computer or a smartphone or tablet.
Versions are avai lable in multiple venues . For decades I have
see n articles published in magazin es and co nfe rence
Proceedings from around the world. However , until now , it has
been very hard to have a co mmon place where serious VH F
Plu s experimenters and operators can share their work.

Now , CQ VHF magazine ca n be that venue. As I did with
Roger Harri son , VK2ZRH , whose art icle on sporadic -E was
publi shed in the Summer 20 II issue , I invite other intern ation
al amate ur radio operators to have thei r articles featured in future
issues of CQ VHF. Real izing that I cannot be fully awa re of all
of the grea t wor k that is takin g place aro und the world, I hope
that as the word spreads, others who hear about this new venue
will co ntact us regarding publishin g their work in CQ VHF.
Hopefully, having the ability to more free ly exc hange ideas and
research will challenge all of us who are serious experimenters
and operators to further development with in our parti cul ar
specialty or niche.

In this Issue
Regarding our efforts to increase the technical level , we have

two excellent art icles on sporadic-E propagation. Jim Kenn edy ,
KH6/K6MIO ,cont ribut ed his article on ex treme-range 50-MH z
sporad ic-E propagation. Kenn edy' s articl e is the first of three
wri tten by him and scheduled to run in CQ VHF. Also , Ca rl
Luetzelschwab , K9L A , wro te the articl e on Polar Mesosphere
Sum mer Echoes .

Co mplementing these techni cal articl es is an end-o f-summer
report on 6- meter propagati on written by Features Editor Ken
Neubeck , WB 2AM U.

In keeping with the intern ational appeal , we asked Da vid
Schmocker, KJ91,for permi ssion to reprint his article on his attain
ing 2-meter DXCC from the September 20 II issue of CQ Egypt
magazine . Also published in that issue is an art icle by Lance
Collister, W7GJ , on worldw ide communications on VHF . His
article can be found at: <http: //erasd.net/Docum ent s/Th e%20
Woridwide%20Co mmunications%200n%20VHF.pdf>.

It see ms that the Middle Eas t spring has produced an enco ur
ag ing upti ck in amateur rad io acti vity in Egypt. Ev idence of thi s
increased activi ty can be found at the Egy ptian Radio Am ateur
Radio Society for Development (ERA SD) web site:
<htt p://www.erasd.n et>. We look forward to future coo pera
tive efforts with ERASD.

The world was fasc inated with the photo of the smoke trai l of
the last launch of the shuttle Discovery. That photo was taken by
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a balloon satellite named Robonaut-l which was launched in the
vicinity of Cape Canaveral a little more than an hour before the
Discovery launch. In the first of three articles on this and two
other balloon satellite launches , John Pugh , KJ4Y NE, tells the
story of how Quest for Stars was able to get this fasc inating photo .

Another ball oon sa te llite article co mes from Steph en
Hamilton , KJ5 HY , who, until rece ntly, was the facult y advisor
for the Cad et Amateur Radio Club at West Point. He describes
a successful balloon satellite laun ch that took place near West
Point thi s past spring .

Features edi to r Gord on West , WB 6NO A , takes a first look
at the ICOM IC-9100 .lt looks like he may have had too much
fun in doin g so ! Check out his co mments on the practic al ity of
this new radio for the VH F-Plu s enthusiast.

Add to this issue the regul ar co lumns and yo u have lots of
goo d reading from cove r to cov er.

Spectrum Threat
ARRL Mid west Division Vice Director Rod Blocksome ,

K0DAS , presented a report on the National Band Plan (NBP)
threat to amateur radio at this past Central States VHF Soc iety
conference. Blocksome is a member of the League ' s Board of
Directors ' ad hoc committee charged with evaluating and ana
lyzing the NBP threat and to recommend strateg ies to defend our
amateur radio alloca tions .

His report was so alarming and timely that I asked him to write
an Op Ed piece about the threat. I urge all of us readers to not
only read his piece , but also to act on it. He has several very infor
mative links in the articl e . He also recommend s that we contact
the ad hoc co mmittee's chair, Jay Bellows , K0QB , at <kOqb
@arrl.net> with our recomm end ations. He point s out that the
committee is now in its seco nd phase (reco mmending strategies).

Errata
In Roger Harri son , VK 2ZRW s article " On the MUF of

Sp oradic-E VHF Prop agati on ," which appea red in the Summer
20 11 issue of CQ VHF on page 72 , center co lumn, at the end!
of a sentence a time and date are given in brackets; they are
inco rrec t. Instead of"05 18 UT , 13 Jan 20 11," it should read :
015 8-095 8 UT , 2 1 Jan 20 I I . We regret any co nfusion.

And Finally . . .
I cannot over -emphasize the excitement I fee l co ncern ing the

digital issue of CQ VHF. Those who keep track ofdemographi c
tell us that members of the Generati on-X , or Gen -Xers, are the
readers of digital con tent. Hopefully , we will begin to reach
people in this age group with the goo d news about our experi
ment s and activities in our niche of the Amateur Radio Service .

As read ers of this magazine, yo u are already predi sposed to
be its evange lists . I invit e yo u to do so, because yo u will be the
lead force in its success .

Until next time . . . 73 de Joe, N6CL

Vis it Our Web Site





OP to
One Reader's Opinion

The National Broadband Plan Threat to Amateur Radio
By Rod Blocksome,* KfJDAS

Many newspapers around the U.S. print a page entitled "Op-Ed." This usually runs opposite the editorial page; hence its
11{1IIle. Someti mes the name takes on a double meaning, when the author has a viewpoint oppos ite to the editor's. Its purp ose is
to give a writer an opportunity to express a view or propose an idea fo r discussion in a longer format than what is normally
fo und in a letter to the editor. There are many views and ideas fl oating around in the world of VHF that are worth cons idering
and discussing. Please note that the views expressed herein are those of the author and do not reflec t the views of CQ VHF
or its editorial staff. -N6CL

There is an upheaval co ming in spectrum allocations that
poses a very real threat to our amat eur bands above 50
MH z. It is known as the National Broadband Plan ,or NBP

for short, and it lays out a far-reaching plan to provide high
speed, wire less, broadband service acro ss the United States. The
es tab lishment and implementation of the NBP is policy within
the Exec utive and Legislat ive Branches of gove rnment. The
plan seeks to alloca te 500 MH z of spec trum for mobil e broad
band service in the United States by 2020 with 300 MH z of it
alloca ted by 20 15. The amount of spectrum required (so me
industry advocates say that 800 MH z will be required) and the
plan ' s broad politica l support make this initiative particul arly
onero us for the Amateur Radio Service .

The FCC has co nducted a "s pec trum inventory" to identify
ca ndidate frequency spectrum for reallocation . The National
Telecommuni cations and Inform ation Age ncy (NTIA), which
regul ates the spec trum for Federa l Age ncies and US Milit ary ,
has identif ied certain spec trum band s for a "Fast Track
Eva luation." Thi s is another co ncern, since man y of our ama
teur bands above 50 MHz are shared with gove rnment and mil
itary users who historicall y have been our "protec tors" against
spec trum reallocations . Spec ifically, the FCC spec trum inven
tory includes a porti on of our 13-cm band and our entire 9-cm
band - 2305 to 23 10 MH z and 3300 to 3500 MH z.

Currently, the Amateur Radi o Service shares 2305-23 10
MH z with the Wireless Co mmunica tions Service on a sec 
ondary basis. The 3300-3500 MH z band is also shared with the
U.S. Government radiolocation service on a secondary basis .
Our other, much more popul ated , bands are not identifi ed in the
candidate list - at least for now. But , there may be secondary
threats if some other co mmercial or gove rnment service, which
becomes displaced from its current spectrum band by the NBP,
goes after replacement spectrum in a ham band .

What Can Amateurs Do?
I reco mmend seve ral things: First , become well inform ed on

the specific detai ls of the NBP and related proceedin gs. Good
places to start are the following docum ent s:

Connecting America: The National Broadband Plan , avail
able /www.broadband .gov>

"e-mail: <rkblockssieplutonium.nct»
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The Plan and Timetable to Make Available 500 Megahertz
of Spectru m for Wireless Broadband, October 20 I0, ava ilable
at: <http://www .ntia.d oc .gov/rep ort s/20 IOfTe nYearPlan_
11152010 .pdf>

Fast Track Evaluation of the 1675-1 710 MHz, 1755-1 780
MHz. 3500-3650 MHz. and 4200-4220 MHz and 4380-4400
MHz bands, NTI A Report October 20 10, ava ilable at
<http://www .ntia .doc.govlreportsI20 10/FastTrack EvaJuation_
11152010 .pdf>

NTIA Fact Sheet on Spectrum Plan and Timetable. Fast Track
Evaluat ion, NTIA. availabl e at: < http: //www.ntia.doc.gov/
report s/20 IO/Sp ectrumFactSheec I I 1520 IO.pdf>

First Interim Progress Report on the Ten- Year Plan and
Timetable, April 20 II , ava ilable at: <http://www.ntia.doc.gov/
reports/20 I I/FirsU nterim_Progress_Report_040 120 I I .pdf>

Second, we need to develop strateg ies for effective defense of
our amateur spec trum allocations . The co llec tive wisdom ,
knowledge, and resources of all amateurs, espec ially those oper
ating above 50 MHz, need to be applied to this effort. As com
munications technology expands with eve r-increas ing demands
for more spectral space, so too will amateur radio . Compare the
technology and occupancy of the 2-meter band in the 1950s and
then 30 years later. Today our 9-cm band is like the 2-meter ban
of the 1950s.

Third , we need to "pick up the p ace" in moving new modes
and techn olo gies into the higher frequ ency ham band s. The
" frontiers me n" (EMEers and the wea k-s ignal fo lks) have
explored the 33-cm, 23-cm, 13-cm, and 9-c m band s and have
shown us the way to LNAs, transverters , PAs, and antennas for
these band s. Now is the time for the "settlers" to move into these
band s with HSMM (High Speed Mult i-Medi a) , amateur digi
tal TV , ATV Repeaters , and High Speed Data networks fOT
EMCOMM and publi c service roles . In this rega rd, the current
ARRL board-approved band plan s for these bands are ove r 20
years old . What should updated band plans look like? Your
input s are requested .

Fourth , we need to support the ARRL Spec trum Defen se
Fund as much as our indi vidual economic circ umstance s
permit. Th e ARRL HQ staff is top notch, but it takes money
to fund an effec tive and prol onged defense of our amateur
spec trum.

The ARRL Board of Directors cre ated an ad hoc committee
charge d first with an evaluation and analys is of the NBP threat

Visit Our Web Site



to amate ur radio , and seco nd to recom 
mend stra teg ies to defend our amateur
allocations . I am a member of this co m
mittee and we are now working on this
seco nd phase .The committee, chaired by
Ja y Bell ow s, K0QB , solic its and wel
co mes your comments, ideas , and sug
ges tions as we move forw ard . He ca n be
reached at <kOqb@arrl.n et> .

Closing Thoughts
Success may be measured differently

than any previous alloca tion proceedings
against spec ific opponents in the past.
Th e NBP see ks to fulfill a need 5 to 10
years down the road . What will amat eur
radi o needs be in 5 to 10 yea rs from now?
Might not the same technology for high
speed wireless broadband be adapted and
in widespread use in amateur radio then
also as now?

Alth ough the NBP is focused on the
United Stat es, interna tional cons ide ra
tion s will ce rta inly co me into playas
other countries embrace similar broad
band plans. Free market forces will like
ly work for common standards and fre
quencies acro ss man y co untries. The ITU
certainly will be heavily involved in spec
trum alloca tions across the three regions.

How does one judge the value of the
amateur spec tru m usage co mpared to
co mmercial or gove rnment users? In the
three-dimension al realm of physical
locati on , time , and spec trum, the
Amateur Service might not fare well.
Pick a ham band and you find that some
of the ham s use some of the spec trum
some of the time . But is such a compari
son valid? Obviously not, but how do you
make the case for amateur radi o with
polit icians who can se ll commercial use
spec trum for billio ns?

The value of amateur radio to the pub
lic must be defined in other ways - but
how? As you ponde r these questions ,
thin k abo ut and co nsider the purpose of
the Amateur Rad io Serv ice as para
phrased from FCC rules part 97 .I :

I. Value to the publi c .. . : non- com 
mercial communications service, parti c
ularly with respect to providing emer
ge ncy co mmunications

2... .. Co ntributes to adva ncement of
the rad io art.

3..... Adva nce skills in both commu
nications and techni cal phases of the art.

4 . Pro vides a .. . . Reservoir of trained
operators , techni c ians , and elec tronic
experts .

5... .. Enha nce ment of international
goodwill.

www.cq-vhf.com

N6CL, CO VHF magazine Editor and
CO magazine's "VHF-Plus" column Editor

Receives Wilson Award

Kent Britain, WA5VJB, The Central States VHF Society 's A wards Mana ger and
Antennas Editorfor CQ, CQ VHF, and Popular Communications magazines, pre
sents Joe Lynch , N6CL, with the society's Wilsoll Award durin g the soc iety's

annual meeting in July.

CQ VHF magazine Editor and CQ magazine 's " VHF-Plus" column Editor Joe
Lynch , N6CL, receiv ed the Central States VHF Society' s Mel Wil son , W2BOC ,
Memorial Award at its annual banquet on July 30 ,201 I. In the photo, presenting
the award to Joe is Kent Britain , WA5VJB (left ) , the Soci ety' s Awards Manager
(and Antennas Editor for CQ, CQ VHF , and Popular Communications magazines).
The award is for continuous service and dedication toward promoting VHF and UHF
amateur radio activity . Lynch has served 81/2 years as the CQ VHF' s Editor and 20
yea rs as CQ magazine ' s "VHF-Plus" column Editor , alon g with editing the Soci ety' s
2003 and 2005 Proceedings . Lynch is also the author of The VHF "How To " Book
(published by CQ Communications and currently out of print ).

Two other major awards were also presented at the ceremony. The Chambers
award for technical contributions to amateur radio went to Joe Ta ylor. K IJT , devel
oper of the WSJT suite of weak -signal modes . Gene Zimmerman. W3ZZ , recently
retired QST VHF Editor and former CQ World-Wide VHF Contest Director, was
presented with the President ' s award for his lifetime contributions to the VHF and
UHF community .
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QUARTERL~ CALENDAR OF EVENTS
Current Contests

January: The ARRL VHF Sweepstakes is scheduled for the
weekend of Janu ary 2 1-23 . For ARRL co ntest rules , see the
issue of QST prior to the month of the co ntes t or its URL:
<http://www. arrl.org>.

Current Meteor Showers
November: The Leonids is predi cted to peak aro und 0340

UTC on November 18. As with last yea r's shower, thi s yea r's
peak may go largely unnoticed .

December: Two showers occ ur thi s month . Th e first, the
Geminids , is pred icte d to peak aro und 1330 UTC on 13
December. The actual peak ca n occ ur 2.5 hours before or after
the predicted peak. It has a broad peak and is a goo d north -south
shower, producing an average of 60 meteors per hour at its peak .

The second, the Ursids, is predi cted to peak around 0200 UTC
on 23 Decem ber. It is an east-west shower, produ c ing an ave r
age of no grea ter than 10 meteors per hour , with the very rare
possi bility of upward s of 90 meteors at its peak .

January: The Quadrantids, or Quads, is a brief, but very
active meteor shower. Th e ex pec ted peak is aro und 0720 UTC
on 4 Janu ary , with up to 40 meteors per hour at its peak . The
actual peak ca n occ ur three hours before or after the predi cted
peak. The best paths are north-south . Long-duration meteors ca n
be expected abo ut one hour after the pred icted peak .

For more inform ation on the above meteor shower predi c
tions see To mas Hood , NW7 US 's "VHF Propagation " column
elsew here in this issue. Also vis it the Intern ati on al Meteor
Organization's website: <http://www.imo.net> .

Nov . 2, 20 11
Nov . 8, 20 11
Nov. 10 , 2011
Nov. 17, 2011
Nov . 18, 2011
Nov . 23,20 11
Nov . 25, 20 11
Dec. 2, 20 11
Dec. 6 , 20 11
Dec. 10 , 2011
Dec. 13, 2011
Dec. 18, 2011
Dec. 22,20 11
Dec. 22,20 11
Dec. 24,20 11
Jan . 1, 2012
Jan . 2
Jan . 4, 20 12
Jan. 9, 2012
Jan. 16, 2012
Jan. I7, 20 I2
Jan. 23, 2012
Jan. 30, 2012
Jan. 3 1,20 12
Feb.7 ,20 12
Feb. II, 20 12
Feb. 14 , 2012
Feb.2 1,20 12
Feb. 27,20 12

Q uarterl y Calendar
First quarter Moon
Moon apogee
Full Moon
Leonids meteor shower
Last quarter Moon
Moon perigee.
New Moon: partia l eclipse of the Sun
First quarter Moon
Moon apogee
Full Moon; total eclipse of the Moon
Geminids meteor shower
Last quarter Moon
Moon perigee .
Ursids meteor shower
New Moon
First quarter Moon
Moon apogee
Quadrantids meteor shower
Full Moon
Last quar ter Moon
Moon perigee
New Moon
Moon apogee .
First quarter Moon
Full Moon
Moon perigee
Last quarter Moon
New Moo n
Moon apogee
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Liftoff of Robonaut -L , the first of three balloon satellites that tracked and photographed the launch of the last three NASA
shuttle launches.

Chasing Discovery - Part 1

The following is part 1 of a 3-part series capturing the final
flights of the U.S. Space Shuttle program from a 20-mile-high
vantage point.

By John Pugh, * KJ4YNE

On 24 Februa ry 20 10 at 4:5 3 PM
EST Space Shuttle Disco very
(STS- 133) lifted off for the final

time fro m Laun chp ad 39A at Cape
Ca naveral ca rry ing Robonaut2, a robot
ic repli ca of a hum an torso . Earlier on the
same day at 3:39 PM EST a 1200- g bal
loon with a 5.03 5-kg payload lifted off
from Chiefla nd, Florida to ca pture the
final liftoff of Space Shuttle Discovery .
Th is launch would be the first of three
ball oon laun ches to capture the final
flight s of the US Space Shuttle program .
Both the Space Shuttle and the ball oon
laun ches would also continue to further
challenge our nation ' s schoo l sys tems to
bu ild up Sc ience , Techn ology , Eng in-

*33 / 2 Cheviot Dr., Tampa, FL336 /8
e-mail: <jpughtiijpug h.org>
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ce ring , and Mathem atics (STEM) educa
tion al program s.

It all began on a cool night in December
20 I0 when I received a call fro m my for
mer colleague and great friend, Bobb y
Russell , KJ6NKA . Russell and I cau ght
up fro m yea rs of relationship neglect and
he mentioned his work with stude nts,
space .and promoting STEM learning . He
cas ually said he wanted to capture the
liftoff of the final flight of Space Shuttle
Discovery . I had no idea he was serious
until the next ca ll when he gave me a short
list of thin gs I could do to help. Th at ca ll
started a cascade of work strea ms for both
Russell and me to put Russell' s idea to
work. Unbeknownst to me , Russell had
been working with high schoo l students
in San Diego , Californ ia building, per
fec ting, and launchin g the same ca mera

payload s he was prop osin g usin g the
wealth of innovat ive ideas these young
unencumbered minds were crea ting.

Taking a ce ll phone or ca mera or rad io
off the surface of our Earth where we
have a prot ecti ve atmos phere is not any
ordinary feat. Th e temperatu re of the
atm osphere is redu ced by approx imate ly
1°C for every 1,000 fee t of altitude .
Atm ospheric pressure redu ces as altitude
increases and humi dity plays a big factor
in being able to take qu alit y pictures as
we would soo n find out.

Th e days prior to the launch were spent
testing and retesting , sett ing up and
breakin g down and setting up aga in, pro
gramming, upload ing, downloading ,
printing , form attin g , and organizing . We
we nt throu gh the checklist tim e and
again , ran the numbers aga inst severa l

Vis it Our Web Site



This photo ofshuttle Discovery 's smoke trail is one of the hundreds ofstill photos taken during the Robonaut-I mission. A video
show ing the entire f7ight is available at: <httpr/Zwww.youtube.com/watch?fe ature=playe r_embedded&v=hWXIIl5TwXgC4#!>.
This video also is posted on the Robonaut-I Mission page: <http://questforstars.colll/?page _id=364>. Smoke trail still photos

can be seen beginnin g 3:40 into the video.

diffe rent algor ithms ,and found our defin 
itive launch site.

The Launch and Recovery
On the da y of the launch , Ru ssell and

I packed up everything into the back of
the "chase vehicle" (my GMC Yukon
XL ) and casually dro ve the back roads
for the two-hour trip to Chiefland,
Florida. We arrived around lunchtime
and started to scour for an appropri ate
laun ch site . Due to liability conce rns,
the local schoo l sys tem did not approve
our request to launch on its property . We
found a site behind the school in a cul 
de-sac with a perfect open area for the
winds to ca rry the payload ab ove the
trees out of harm ' s way .

Once the laun ch site was determined,
we set off to speak with some educators
and promote what we were doin g .We had
alread y been in touch with the high school
administrators and decid ed to start with
a personal introduction. We then headed
over to the middl e school and elementary
schoo ls, introdu ced our selves , and next
proceeded to get set up for the launch .

It was a beaut iful winter day in central
Florid a. A front had ju st passed and we
were beh ind the front with clear skies, dry
air, and some relati vely gusty low- and
mid-l evel winds. The trajectory based on
the wea ther would take the balloon over
Chiefland to the east/so utheast acro ss the
state ove r Ocala and then descend on the

www.cq-vhf.com

other side of the Ocala National Forest
near Daytona Beach . Th e upp er-l ev el
wind s were definitely going to carry the
payload a good ways acro ss the state .

The payload consisted of sev era l
Motorola Droid cell phones grac iously
donated from Motorola whi ch were
placed into cutouts fashioned by the high
school stude nts who built the paylo ad
box . We also had several GoPro cameras
mounted insid e the box to capture both
video and still images . One additional
phone was used as a GPS backup using
AccuTracker , and we had a Byonics
transmitter transmitting telemetry dat a
via Automatic Packet Reporting System
(APRS®).

The pace of setup increa sed exponen
tially as we came closer to our launch win
dow . We had to launch 1.5 hour s earlier
than the Shuttl e , since our payload would
take that long to reach altitude (over
80 ,000 feet) to capture clear pictures ofthe
Space Shuttle launch . We needed to
launch by approximately 3:30 PM EST to
reach our target. While Russell worked on
getting the payload ready , I focused on the
balloon prep , helium setup, and takin g
some picture s . School was now out and
some middle school kids were walkin g
through and curious as to what we were
doing . One of them was very curious ,
engaged us in conversation , and then qui
etly slipped away only to return a short
while later with a small gathering of peo
ple to watch the launch .

We were now about 15 minutes away
from launch . The payload was ready and
we began to fill the balloon with hel ium .
The crowd was growing larger with a few
mom s, a few teachers , and the ass istant
princip al of the middl e schoo l watching
us prep are to make history chas ing
Discovery .

We got everything tied off, attached,
verified everything was working , and
launched . The culmination of a few days
of work combined with the fever pace of
the actual laun ch had now led to the calm
of watchin g a silent craft lift into the wind
and out of sight.

The calm didn 't last long. We now had
to pack everything back up and get ahead
of the balloon . We did so and were soon
off trackin g the balloon via APRS . It was
now at - 10 ,000 feet and climbing rapid
ly.1t was trackin g exactly as predicted and
starting to move rather quickly across the
state . As we hit 1-75, we noticed an anom
aly in the data. It appeared that the balloon
had stopped moving and was on the
ground. Russell thought we had a prema
ture balloon pop due to either an anomaly
in the balloon or possibly wind shear.

At this point we watched Spac e Shuttle
Discovery take off from a parkin g lot in
Ocal a and head back to where we thou ght
the balloon might have land ed . The 1
hour drive was filled with fee lings offail
ure. As we pulled ove r and walked into
the last known area (a sand pit in Arche r,
Florida) ,Russell looked at the track er and
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Courtesy Coog le Earth, this photo shows the fli ght path of the Robonaut -I
balloon satellite.

sa id, " Pierson, where in the heck is
Pierson ?" Pier son ju st happened to be
whe re the origina l prediction was for
land ing . The ba lloo n was co ming down
exactly where we ex pec ted it to co me
down . Oh joy! We're now 2 hours awa y
fro m it. We run back to the truck and head
across the state.

At this point our feelings of failure went
to fee lings of e lation. Eve n though we
were still 2 hours away and in the midst
of " rush hour" traffic , we knew we had
succee ded in at least the balloon launch .
APRS prove d to be the key piece of equip
ment that allowed us to track and see the
path of the payload . We could see in real
time what stations were picking up the sig
nal and the GPS coordinates placed the
payload 's path in a simply perfect view
using Google Maps and <http: //ap rs .fi> .

Once we made it to the west side of the
state, our helper , Chri s Mun z, was stand
ing wa tch at the entra nce to the field
where the last know n position of the pay
load was noted via GPS . By thi s time it
was dark , quit e dark . We were prepared ,
however, for the darkn ess and drove as
far as we co uld into the woods to find the
payload . We then set off on foot to the
area de picted by the last APRS readings .
We searched and sea rched. We heard the
APRS beacons , but co uld not find the
payload in the dark afte r sco uring the
land scape for what see med to be hours.

After regrouping ove rnig ht, Russell
and I set off early the next morning . It
turned out the payload had land ed in a
semi-cleared area behind a commerc ial
nur sery . We we nt to the nurser y and
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asked for permi ssion to sea rch behind its
active area. They agreed and within an
hour we had found the payload . It turn s
out that the payload was in some high
brush ju st inches from where all three of
us were searching . The lesson learned :
Need more con spicuous tape!

The Data Gained
We headed back to the stag ing site (my

hou se) and began porin g ove r the data .
We had over 3,000 pictures , e ight hours
of video , and a great plot of APRS dat a
via <http: //apr s Ji>. One immedi ate data
point became obv ious .We didn 't trust the
predi ction data when we should have . It
turned out the GPS data was pretty much
useless ove r 60,000 fee t and that is exact
ly where we lost and subsequently
regain ed telemetry data .

Another interesting data point is the
payload was travelling over 100 mph on
its descent fro m whe re the ball oon
popped at rou ghl y 110 ,000 feet. Once
the atmos phere became den se enough to
open the parachute more and more. the
payload slowed and soft ly landed at less
than 5 mph.

The last interest ing point is the winds
at 30,000 to 50 ,000 feet we re howling and
carried the payload for many miles in a
matt er of minutes . Once th rou gh that
layer the payload sw ift ly c limbed to
where it popped and began its swi ft
decent fro m the edge of space .

Th e paylo ad cameras managed to cap
ture a number of gre at pictures of the
ex ha ust trail of Space Shutt le Dis-

This is the mission patch for the first of
the three balloon satellite launches that
cove red the last three NASA shutt le

launches.

covery 's fina l flight. Th e pictu res of the
lingerin g trail s of stea m fro m the exhaust
of burni ng hydrogen and oxygen mixed
with the smoke of the so lid boosters were
stunning aga inst a bac kdro p of the black
of space and the blues of the refl ection of
the Earth and its vast amo unt of water.
We learned a lot about winds, hum idity ,
GP S , and more during thi s launch and
man aged to share so me awe- inspiring
pictu res with the as tro nauts aboa rd
Discovery , the Internation al Space
Station , and with the stude nts who helped
crea te history.

Conclusion
As Russell was packing up and leaving

to head back to Sa n Diego , he turned to
me and said , "29 Apri l is the next laun ch.
Ready?"

Russell took the payload and shredded
balloon to share the win with the students
and show them the difference they made
in captur ing the fina l laun ch of Space
Shuttle Discovery .The pictures speak for
themselves , and the info rmat ion gathered
fro m the instrumen ts on board made for
interesting classroom discu ssions fo r
wee ks to come.

For more info rmatio n about Quest for
Stars go to <http://questforstars.c om>.
To see the full videos and pictures go to
the we bsi te: <http: //ques tfo rstars.com/
?page _id=364> .
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PM5E and Propagation at 50 MHz

Are Polar Mesosphere Summer Echoes a factor in 6-meter propagation?
Their occurrence pattern seems to fit the occurrence pattern of
6-meter QSOs across the polar latitudes. In this article K9LA takes a
brief look into the physics of the atmosphere in relation to Polar
Mesosphere Summer Echoes.

By Carl Luetzelschwab, * K9LA

Figure 1. Temperatures ill the atmosphere.

PMSE Hypothesis
In his article in the Se ptember 2006 issue of the Japanese

magazine CQ Ham Radio (subsequently translated into English

the Northern Hemi sphere referenced to the summer solstice (usu
ally Jun e 20 or Jun e 2 1). PMSE are see n from about one month
before the summer solstice to about two month s after the sum
mer solstice.

Another study of PM SE (M. Sm irnova , E . Belova , and S.
Kirkwood , " Polar mesosph ere summer ec ho streng th in rela
tion to so lar varia bility and geomagne tic ac tivi ty duri ng
1997- 2009 ," Ann ates Geophysicae, 29, 563-572 , 20 11)
arrived at two co nclusions. First , there is no sta tis tica lly sig
nificant trend in PMS E yea rly stre ngths fro m 1997 throu gh
2009. Second , there is a co rre lation with the 3-ho ur K index 
but it may be due to the additiona l non -PMSE precipitat ing
electro ns that get down to mesopause (D reg ion ) altitudes when
the K index is eleva ted.

Troposphere I

. I Stratosphere

Sea Level 15 DC

*/ 227 Pion Road, Fort Wavne, /N 46845
e-mail : <k9Ia@arrl.net» ·

PMSE were first obse rved ex tens ively with VHF radar at
Poker Flat, A las ka in the late 1970s/early 1980s. 1 Th e ex
trem ely low mesopause temperatures allow ice particles to form
and grow at mesopause altitudes . Unde r favorable co nditions
the largest of these ice particles can be obse rve d visua lly in the
form of noctilucent clouds (NLCs) .

Th ese ice particles are imm er sed in the plasma of the D
region , and e lectro ns attac h to the ice surfaces such that the ice
part icles becom e cha rged . Tu rbul ence at mesopause altitudes
result s in sma ll-scale struc tures in the spatial distribution of the
ice particles, and hence in the elect ron den sity . Th ese sma ll
sca le struc tures, or irregul ariti es , in the electron density ca use
sca tteri ng and are obse rve d as PMS E by VHF radars .

Further research has also allowed statistica l patt ern s of PMSE
to emerge. Fig ure 2 summarizes the diurnal and seasonal pat
terns of PM SE in the north ern hem isphere.

The image on the left in figure 2 comes fro m the semina l
paper by W . L. Eck lund and B. B. Bal sley (" Long-Term Ob ser
vations of the Arc tic Mesosph ere With the MST Radar at Poker
Flat, Alaska," Journal of Geophysica l Research , Volume 86,
Number A9, pages 7775- 7780 ; Sept ember I , 198 1) . ln add i
tion to showi ng the height at which PMSE occ ur (the afo re
mentioned 80-90 km), th is image indi cates that PMS E occur
from roughly 2 AM to I PM local time and fro m 4 PM to 9 PM
local time at the Poker Flat location in Alaska, with an obv ious
drop-out at mos t altitudes from I PM to 4 PM .

The image on the right in figure 2 comes from data in a paper
by R. Latteck, W . Singer, R. J. Morri s, D. A . Holdsworth , and
D.J . Mu rphy ("Obse rvation of polar mesosphere summer echoes
with ca libra ted VHF radars at 69° in the Northern and Southern
Hemisph eres ," Geophysica l Research Letters , Volume 34,
L14805 , Ju ly 2007) . Thi s image shows occ urrences of PMSE in

PMSE Observations

P
olar Mesosph ere Summer Echoes (PMSE) are routinely
seen by VHF radars operat ing around 50 MH z as ve ry
stro ng ec hoes at high latitudes in the summe r months .

Echoes are returned from mesopause altitudes (ge nera lly 80-90
km), where the lowest temperatures in the atmos phere occur.
The red line in figure I shows the atmos phere in term s of tem 
perature , w ith PM SE altitudes bracketed in whit e.
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Figure 2. Statistica l pa tterns of PMSE. (See text for cita tions .)

in the UKSMG's "S ix News" by Chris,
G3 WOS), Han , JE I8 MJ, first proposed
that PMSE may playa role in 50- MHz
propagation across the polar latitudes (for
example, from Japan to the upper
Midwest of the U.S .). His figure 3, repro
duced here in as fig ure 3, shows his
hypothesis .

JE I8MJ hypothesizes that an electro
magneti c wave out of Japan encounters
the ionosph ere at the Nea res t Co ntro l
Point A, and is refracted by this contro l
point such that it then goes into succes
sive chorda l hop s in the PM SE region
unt il it simi larly encounters the Nearest
Control Point E on the other end of the

path , where it comes back to Earth.
JE I8MJ bel ieves the E region is invo lved
in the Nearest Control Points (A and E)
based on eleva tion-a ng le observatio ns,
although he sugges ts that it could be the
F l region .?

The critical issue in this hypothes is is
that the wave must init ially enco unter the
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10,OOOkm

Air Force Geophys ics Labor atory , 1985)
indicates an ex treme ly low va lue of N due
primaril y to the ex tre me reducti on in
pressure at mesop au se alt itudes . Eve n if
there was a significa nt gradient in N- units
in the mesopau se (and there could be due
to gradients see n in figure 4 of the afo re
mention ed Rapp and Liibken paper ), I
se rious ly doubt th at it co uld ge nerate
enoug h ben din g to turn a gro und-reflec t
ed wave eno ug h.

A third mechani sm co uld be sca tte r.
Th e gro und-reflec ted wave co uld be for
ward scatte red whe n it e nco unte rs the
PMSE region , result ing in a scatte red por
tion of the wave enco untering the PMS E
region at low grazi ng ang les .

To assess thi s , we can reverse-engin eer
the 10,000 km path in figure 4 to estimate
how much loss fro m scatte r could be tol 
era ted . Assuming ante nna gains o f 14
dBi , ca lculating a free-space path loss of
147 dB , ass uming on ave rage 4 dB per
gro und refl ection (from personal reflec
tion coeff icient data versus frequency and
pol ari zati on ) , and ass uming I dB of
absorption per hop (fro m figures 7 .5 and
7 .6 in Ionospheric Radio Propagation ,K.
Davies , 1965 ) says 41 dB of sca tter could
be tolerated to put a 100 -watt tran smitted
signal right at the noise floor of a typi cal
ama teur radi o rece iver (around -1 30dBm
in a 500-H z band width ; thi s assumes
man-made noi se is not a limiting fac tor) .
This value of 4 1dB is probabl y a bit opti
mistic , as polari zati on mism atch loss and

c
2,OOo\<.m 2,OOOkm

index of refraction =
1+ [77 .6 x PIT + 373200 x e/T2 ] x 10.6

PMSE Region

Figure 3. The l EI8Ml hypothesis.

For typical va lues of P, T, and e at
ground level, the index of refraction is
around 1.000 315. Becau se thi s is such a
sma ll amo unt above I, the term in brack 
ets is defined as N and the index of refrac
tion of the atmosph ere is defined in terms
of N-units . In thi s ground-level example ,
N = 3 15. Furthermore , N decrea ses by
abo ut 0 .04 N-units per meter of altitude,
which is the standard lap se rate .

In a temperature inversion , the amount
of N-units is s lightly lower than 315
(mostly due to the high er altitude), but the
lapse rate can increa se to tenths o f N-units
per meter, whi ch ca uses more bending
and lon g distance QSOs on 2 meter s and
up .>

Pluggin g in values of P, T , and e from
the World Meteorological Or ganization
standa rd referen ce atmosphere (Adolph
S . Jursa , Sci entifi c Editor, Handbook of
Geophys ics and the Space Environment.

index of refrac tion can cha nge to bend a
wave , a second mechanism could be wh at
happ en s down lower in the troposphere 
so me thing akin to a temperature inver
sion. Th e factors affecting the inde x of
refrac tion in the troposphere are atmos
pheric pressure (P), ab sol ute temperature
(T), and water va por pre ssure (e) per the
equation:

PMSE reg ion (point B in figure 3) at a
very low grazi ng angle . Wh y is thi s? It ' s
du e to the ex tre me ly low elec tro n den si
ty at PM SE altitudes, and the frequ en cies
that th is elec tro n den sity co uld refract.

Th e most obv ious mech ani sm co uld be
a spo radic-E cloud. A sporadic-E cloud
can have elec tro n den siti es on the orde r
of (and even greater than ) 1,235,000 elec
tron s per cubic ce ntime te r (a pla sma fre
quency of 10 MH z). This is more than
eno ugh to ben d a ground-reflec ted up
co m ing wave eno ug h to enco unte r the
PM SE region at a very low grazing angle.

Sin ce elec tro n den sity (mo re appropri
ate ly, a grad ient in the elec tron den sity)
is not the only mechan ism by whi ch the

PMSE Electron Density
Fro m the ea rlier ex planatio n of wh y

VH F rada rs "see" these ec hoes , PMSE
are tied to the number of e lec trons in the
D reg ion of the ion osph ere. At a
mesop au se alti tude of 85 km (halfw ay
between 80 and 90 km ) at polar latitudes ,
the elec tro n den sity during the daytime
fro m our mod el of the ionosph ere is
aro und 2000 elec tro ns per cubic ce n
timeter .' This co mpa res favor abl y with
ac tua l PM SE mea surem ents of e lec tron
de ns ities in the pap er " Po lar mesosphere
summer ec hoes (PMSE): review of ob
servations and curre nt und erstanding" by
M . Rapp and F. J. Ltibk en (Atmospheric
Chemistry and Physics , 4 , 260 1-2633,
2004) . Th e rig ht panel of figure 4 shows
this measu red e lec tro n de ns ity data .

Let' s be optimis tic and assume from
figure 4 that there are 5000 ele ctron s per
cubic ce ntime te r. T ran slatin g thi s elec
tron den sity to a plasm a frequen cy gives
640 kH z. For thi s ex treme ly low plasm a
frequency to refract an e lec tromag netic
wave at 50 MH z requires an M-Factor of
78 (fro m 50 MH z divided by 640 kHz).
This then says an elec tro mag netic wave
mu st enco unter the PM SE elec tro n den 
s ity at an ang le no greater than about 0.7
degrees (a very low graz ing ang le indeed )
per the secant law."

Thus , fo r JEIBMJ' s hypothesi s to
wo rk , or for that matter any hypothesis
that includes PMSE , the wave arriving at
the PM SE region mu st be at an ex tre me
ly low grazing ang le to allow refracti on
of an elec tro mag netic wave at 50 MH z.
Wh at mechani sm s co uld allow th is co n
diti on to be me t?

Possible Mechanisms
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Figure 4. PMSE electron density measurements.

on the left , and dow nload the pdf tit led "The
M-Factor."

3. JE IBMJ' s statement that a high electro n
density is covering the JA- EU path on July
19 . 2006 based on the aurora l map in his fig
ure 4 is a lso in error. The map shown does not
directly show electron densi ty; all it shows is
statis tically where visib le aurora co uld occ ur
from the measured tl ux and energy of the pre
cipitating e lectrons for that specific sate llite
pass . From the data on the origi na l map
(ob tained from the Space Weather Prediction
Ce nter in Boulder. CO. the highest e lectron
de nsity for that pass translates to a plasma fre
quency of aro und 2.5 MH z and those elec trons
only preci pitated dow n to 125 km or so.
For more on these aurora l maps. vis it
<mysite .nc network.net/k9 Ia>. click on the
General link on the left , and dow nload the pdf
titled "A Look Inside the Auroral Zo ne."

4 . The ca ption for Figure 28 in the Rap p
and Liibken paper com men ts that there co uld
be 10 .000 ice part icles per cubic centimeter
of radi us 5 nanometer in the mesopause.I fi ce
part icles alone were somehow the refracting
mechanism, this would equate to an eq uiva
lent "p lasma" frequency of 900 kl-lz, which
sti ll requires an extremely low grazing ang le
(less than 1°) to refract waves at 50 MHz.

5. We have to watch it here . Down at tro
posphere altitudes the Eart h-troposphere sys
tem is essentia lly planar because we're on ly
talking a co uple krnof altitude . In other words.

. the curva ture of the Earth is not see n by the
wave as it trave ls up to the trop osph ere
becau se it has so little distance to travel. Th us.
a wave launched at I degree from the gro und
will encounter the troposphere at close to I
degree. which is a very low grazing angle to
start with and means a lot more refraction is
not needed - at least not like higher up in the
ionosphere .
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Footnotes
) . These VHF radars run extremely high

ERP (effective radiated power). Interest ingly .
these mesopause summer ec hoes can be so
strong (the left image of figure 2 shows sig
nal-to-noise ratios up to 60 dB) that ionoso n
des in a quiet RF location and in a qu iet noise
location can see them . For example, Hai-Long
Li. Jian Wu , Rui-Yuan liu. and Ji-Ying Huang
noted PMSE on an ionosonde in their paper
titled "S tudy on mesosphere summer echoes
observed by digital ionosonde at Zhongshan
Statio n. Antarctica" in Earth Planet Space.
59, 1135-1 139 . 2007 . Th ey distinguis hed
PMSE from normal E and sporadic-E echoes
throug h the virtual he ight data.

2. JE IBMJ' s ex planation of why the F I
reg ion cou ld be invo lved is in error as he
ass umed a planar Earth- ionosphere sys tem
to show that a high enough M-factor ( 11.5
to support 50 MH z with an F I region cr itical
freq uency of 4 to 5 MH z) could exist. In the
ac tua l sp her ica l Earth-ionos phere sys tem,
the M-Factor wo uld be limited to a value of
abo ut 4 at F I region altitudes . For more on
the M-Factor , visi t -cmysite.nc netwo rk.
net/k9Ia> , cl ick on the Basic Co nce pts link

PMS E could play a role in propagation at
50 MH z. But it wo uld have to be in co n
junction with a sporadic-E cloud to pro
vide the necessary very low graz ing angle
to support 50-MH z propagat ion through
a PMS E region due to the PMS E region ' s
ex treme ly low elec tro n den sity .

In my opinion, [ agree with K6MIO/
KH6 that a chorda l-hop mechani sm in
volving the E region , witho ut any PMS E
invol vement , co uld be the most likel y
mechani sm .

h. particles
80 ele trans

o 5 10 152025300 2000 4000 6000
SNR [dB] number densities [cm-3]

82

other small losses were not taken into
account.

From figure I of the Latteck, Singer ,
Morri s , Holdsworth , and Murphy paper ,
the radar volume reflectivity of PMSE is
at best IE- l I , which is a loss of I 10 dB
(now you know why those VHF radars
need to run such high ERP) . Thu s, this
back-of-the-napkin estimate sugges ts that
sca tter, at least in term s of amateur radio
power levels and antenna ga ins, is many
orders of magnitude away from support
ing any hypo thes is involving PMSE.

Conclusion
We ' ve looked at so me fund amental

atmospher ic physics to determin e that

Comments from K6MIOj
KH6, WB2AMU, and NBJK

I forwarded a draft of this art icle to l im ,
K6MIO/KH 6; Ken, WB 2AM U; and l on
N01K . I thank them for their co mme nts,
whic h help ed me in writing this article .
I'd also like to pass along thei r pertinent
comments.

l im states that , statistica lly spea king,
the path mid point of an all E-laye r mode
is not in a very goo d posit ion for propa
ga tion, unless e ither the MUF is simply
really high throughout or there is some
so rt ofchorda l process helping in the mid
dle. He opines that if chorda l hops are
invol ved , then E-laye r chorda l hop s are
significantly more likely than anything
invol ving the D layer and PMSE.

Ken comme nts that the polar region
gets almos t 20 hours of sunlight during
the summer months, and thi s is one of the
fac tors for increased sporadic-E in the
area . He also is curious why these path s
appea r to only show up on 6 meters , and
not on 10 meters . This may provide an
imp ortant clue as to what's go ing on.

l on point s out that my ea rlier analys is
(in the March /Ap ril 2007 issue of the
Nationa l Contest Journ al , NCJ) of prob 
ability vers us time for mult iple sporadic
E hops on long-dis tance QSOs tends to
line up with obse rvations. l on says th is
tell s him sporad ic-E is e ither the total
mechan ism , or at least a significant part
of the mechani sm. It very well could be
that we're deal ing with the "contro l
point" conce pt of HF propagat ion , which
says it has empirica lly been found that if
co ntro l point s on eac h end of a path (2000
krn fro m eac h end for the F2 region) could
support propagation , then the entire path
co uld be supported.
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Photo A. KJ9/ 2-meter moonbounce array (Oconomowoc, Wisconsin, EN53qc), eight cross-polarity Yagis on azimuth and
elevation rotor. (For size ref erence, note KJ9/ and K9VHF standing on tower.) (All photos courtesy of the author)

2-meter DXCC via EME - The Journey
Originally appearing in the September 2011 issue of CO Egypt, here KJ91 writes about
hisjourney to DXCC on 2 meters. CO Egypt is the official magazine of the Egypt Radio
Amateur Society (ERASD), Egypt's national amateur radio organization . For more
information on ERASD, see: <http://www.erasd.net>.

By David J. Schmocker,* KJ91

My 2-meter earth-moo n-earth (EME), or moon -bounce ,
jo urney began in 1999 at the encouragement of a close
friend and passionate VHF enthusiast, Ken Boston ,

W9GA. Ken advise d that based on my EME operating goa l, it
could be determ ined on which band to pursue EME. DXCC
was clearly my goa l and so 2-meters presented maximum OX
opportunity.

Let's Build an EME System (The Hardware)
EME req uires a custom (short, sto ut, se lf-s upporting)

towe r: I bought the start of my EME tower (old pieces from
a former Coast Guard tower ) which con sisted of rustin g legs

*N5654 County Road F, Sullivan, WI 53 178
e-mail: <kj 9i@centurytel.llet>

18. co VHF • Fall 2011

and some cross -braces restin g atop an old, disab led schoo l
bus in a j unk (treas ure) collec to r's yard. Dou g Johnson,
W9 IIX , was instrumental in helping build the missing tower
cross-braces, and he had all of the formerly ga lvanized but
now deteri oratin g components stripped and hot-dip ga lva
nized . Th e late Terry Ludwi g , N9J UU, fab ricated custom 1/ 2

inch thick sta inless -s tee l (rotor, intermedi ate thru st bearin g ,
and top ) plates for the tower.

Then Jerry Daniels, my father-in -law, helped me set the
tower , build wood form s aro und the tower base , and pour con
crete . It turned out beau tifully with I I yards of concrete com
prising the new EME foundation (a wet year kept cav ing in the
tower hole sides; by the time wea ther permitted dr iving a heavy
truck across the lawn to pour the concre te , the "e nlarged" tower
base hole required 11 yards !) . After the concrete had set, I rent-

Visit Our Web Site
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Photo B. HS2CRU and HS2JFW2-meter EME station OK03ljJuly 2003. Two 2M8WL
Yagis 0 11 eleva tion rotor.

Photo C. 3DA fJJR Swaziland (op: ZS5JR ) HF + 2-meter EME station, KG53m s,
July 2005. One Yagi on azimuth rotor.

www.cq-vhf.com

ed a SkyTrak lift to mount the 25G cross
boom atop the wai ting eleva tion rotor !
had co nfigured on the 3- inch 1/4-in ch
wall stee l mast. With the 25G cross-boo m
in place , I placed scaffolding from the
ground to reach the support struc ture for
antenna phasing lines , power divider , and
other component placement.

The new KJ9! 2-meter array was com
pleted just in time for the fa ll (October
2000 ) EME contest (at the same time, my
fiance was learning first-hand about my
ham dedication).As moonri se approac hed
durin g the contest weekend , ! retested the
whole array. The VSWR was perfect , but
with my eight long-bo om cross- polarity
Yagis,! could hear nothin g .

Con cern gre w as nearby W9GA rep ort 
ed cop yin g multiple stations with his
small single 2-meter Yagi aimed at the
rising moon . Wh at co uld be wrong with
my array? After quick sys tem analysis, I
determined that half of my commerc ial
phasing lines were manu factured 1/4

wave length (e lectrica lly) too short,
resulting in four of the Yagis precisely
cancelin g the other four!So! qu ickly fab
ricated four 1/4-wave sec tions to add in
series with the incorre ct phasing lines to
brin g them to proper ele ctri cal len gth
until! could get new one s made for per
manent use. With darkn ess upon us, my
bride-to-b e climbed my new EME tower
with me and held the flashlight as I qui ck
ly added the temporary sec tions to my
pha sing lines. Terrific! ! could hear now
... man y very loud signals.

My first EME QSO was with F3VS in
Oct ober 2000 . Back then , virtua lly all
EME stations used CW (except for an
occas ional SSB try by the big and the
bold) . I completed an SSB EME QSO
with ON4!Q during a time when condi
tion s were excellent.

Th e imm en se fun from EME comes
from various sources:

I . Building the custom hardware for a
sys tem requires a substantia l amount of
mechanical aptitude and skill eve n with
the use of commercial off- the-she lf
(COTS) components .

2. Building a good-perfo rming EME
system requires met iculous attention to
detail, the kind we detail-oriented types
love .

3. The thrill of hearing your ow n sig
nal come back to you 2.7 seco nds after
havin g been to the moon (l iterally) and
back is immense.

4. Learnin g the fascin ating physics of
EME-doppl er shift, libration fadi ng ,
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Photo D. 9J2JD. Hann es. Zambia 2-lIleter EME station. KH3 7.\j , July 2005.

Figure 1. WSJT JT65B screen shot durin g Illy QSO with 3DA fJJR.

The EME Journey Continues...
an Added Handicap

A rough career tran sition had me living
out of state for six month s in Indi anapoli s,
IN (6+ hour drive) during the weekdays
and again for a year in Cedar Rapid s. IA
(4 hour drive) awa y from my hom e
Wiscon sin EME QTH (EN53qc) . So now
my handicap increased as my operating
time was pared further, allowing just small
subsets of weekends when [ could borrow
precious time from being with my wife to
play radio despite not having see n her for
a week! She was truly patient and fully
supportive as [ aggre ssivel y cha sed my
EME DXCC goal. Now that my career
would have me moving permanentl y to
Iowa, could [ complete my DXCC before
the pending QTH move?

tom receiver kits ava ilable tailored for use
with LinRad such that one can integrate a
high-performance co mputer sound card ,
his spec ial 2-meter EME recei ver , and
LinRad to see a waterfall display of 90
kHz+ slice of the 2-meter band (very use
ful during EM E co ntests to see where the
activity is). In addit ion, because there is
polarit y rotation involved in EME, those
of us with dual -polarity Yagis (vertical
and horizontal e lement s) could now add
dual V and H feeds into LinR ad and the
LinRad application would automatically
calcu late and di splay the actu al signal
arri val angle in rea l time! (Have [ men
tioned yet that EME is fun ?)

Nearcompletion of my OXCC pursuit ,
Joe Taylor, K IJT. introduced an inno va
tive and clever new Wind ow s® applica
tion: Weak Signal by K IJT (WSJT) .
WSJT brought the ability to dig weaker
signals out of the noise using ad vanced
coding schemes and brin ging current tech 
nology to EME (and meteor scatter) plat
form s . WSJT brou ght the capability for
well- equipped sing le-Yagi stations to
tran sit the path from Earth to Moon and
back ! WSJT qui ckly bec ame very popu 
lar, brin ging a life infusion to the other
wise faltering EM E agin g demographic
population . Fir st came (EME modes)
JT44. JT65 . and then JT65B . As Joe con
tinu ed developmental efforts . the popu
larit y of WSJT brou ght much new activi
ty and excitement to the EME scene. As
one tunes the lower VH F bands today. rare
is the CW signa l on 2 meters EME vs.
man y WSJT signa ls (this from KJ9[, an
avid CW lover and fan) . Thank you. Joe ,
for your out standin g contribution to EME
and weak-s ignal VHF communications.
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tool/software applicat ion to my station .
Linux Radio (LinRad) by Leif Asbrink ,
SM5BSZ, is a Linux -ba sed digital signal
proce ssing (OSP) application free to the
amateur community for experimentation
purposes . [ fou nd LinR ad to be an incred
ibly fun addition to my new EME sys tem.
Leif (an av id 2-meter EMEr) also has cus-
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Shortl y into my DXCC journey, I added
the first significant developmental

etc ., as well as experimentin g with the
grea t software tool s available (Nova for
Window s® , MoonSked for Windows® ,
LinRad (for Linux), WSJT (for Win 
dow s®), to nam e ju st a few .
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During one EME contest weekend , there
was a special effort by HS2CR U and

and [ would indicate in my 2-meter EME
schedule requests . Success stories were
mixed with fai lures.

How Much Special Effort Does
It Take to Work a New One?
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Figure 2. WSJT JT65B screen shot during my QSO with 9J2JD.

Photo E. 7P81ZS5JR, Daniel, Lesotho, 2-/Ileter EME station, KG40fp, Septembe r 2005.

Througho ut the years of my DXCC
chase, [ continued a very aggressive
behind the sce nes "storm" of solicitory e
mai ls requesti ng stations who either used
to be 2 meters EME QR V and were now
dor mant, or possible new candidates to
become QR V in DXCC countries I need
ed to give 2 meters EME a try. It would
on ly require one Yagi on the other end,
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HS2JFW (Thailand) and the local HS
ham team to co nstruc t two 50-foot
boom phased 2- meter Yag is placed atop
12-foot scaffoldi ng in the mid dle of a
vacant road for a single wee kend EME
effort. During this EME co ntes t, I
stayed up almost all nigh t trying to work
people. Co nd itio ns degraded signifi
ca ntly over the evening to the po int
where I grew highl y d isco uraged , as I
co uld no longer hear my ow n ec hoe s
(w ith an 8- Vagi array, 1.5 kW , and less
than I dB of feedl ine loss !) . So as my
heavy head hit the operating table , I sur
rendered to poor current EME condi
tion s and we nt to bed . Th e next morn
ing , I learned that one hour afte r I went
to bed, severa l oth er stations work ed the
HS team on 2 meter s EME! We always
rem ember best the co ntac ts we narrow
ly missed . Lesson learned : EME con 
dition s can change very abruptly. Neve r
sto p tryin g .

After this most disheartenin g ex peri
ence, I encourage d the HS team to put
their station up for a second try so I could
have another chance to work them . They
were very exci ted about 2 meters EME
and agreed to try again duri ng another
future weekend! The amount of work

they went through to transport the large
Yagis and scaffolding , etc ., to a remote
site to operate was incredib le!

Using MoonSked for Windows® , I had
calculated the preci se time of their local
moonrise and had give n them a detai led
tab le showing the precise posi tion of the
moon for our sked. As we tried the ske ,
I suddenly saw the waterfall trace of a sig
nal (on LinRad DSP application) and I
soon cop ied HS2CR U calling me on 2
meters EME CW! He had a very good
signal! I rep lied to him . so nervous that l!
mistaken ly sent my ca llsign inco rrec tly
at the beginning of the report series (I cor
rected it at the ending ca ll set of that trans
mission).We completed the contact with
in a few minut es and this brought great
jo y to many in the HS team .We all were
exc ioted by thi s ex perience! (Have K
menti oned ye t that EME is incredibly
exc iting?!)

Th ere were ma ny hams who made
my 2-mete r DXCC possible: ZLI RS ,
VK7MO , ON4IQ, ON4QX , DL8YHR ,
IV3GTH , ZS6W B (and all of the Z
team !), and many others who made spe
cia l travel s possible ex pre ss ly to help
people like me work a 2-meter EME
new one.
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Photo F. 7P8IZS5JR, one Yagi with azimuth and elevation rotor.
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More successes appeared from my
solicitory e-mai l efforts and soon I had
worked 90 countries . Then 92,95, soon
98.... During a mem orable CW sked
with KH6RZ , my eleva tion rotor gea r
box failed (gears stripped!) , so with just
one more DXC C to go , my array was
QRT. Then I learned that part s to fix
this gearbox were no longer made/avail
able ! No one said EM E is easy . And one
needs to have an iron stomach to toler
ate the d isco uraging mom ent s alon g
with the great triumphant times.

With the resourcefulness of spec ial
friend KB8RQ , we found W5LBT and
some others who helped me locate two
used gearboxes on short notice to get the
parts I badly needed to complete DXCC
before my QTH move . I frantically
replaced the gea rbox atop my 2-meter
EME tower the next weekend and con
tinued my country hunt while a few sta
tions traveled on spec ial trip slDXpe
ditions to put new DXCCs on 2 meters!

ZS5JR took 2 meters with him to 7P8
and we had a sked the day after my ele
vation rotor was fixed! At midn ight
local we tried our first sked, and whil e
my elevation roto r now worked great , I

co pied nothing from Daniel during the
15-minut e sked . Having been sho rt on
tim e, I had not had the chance to
upgrade to the new WSJT v6 (I did not
want to experiment with new softwa re
while trying to work a new DXCC with
my operating time so ultr a limited), but
right after the fail ed first 7P 8 sked , I
took time to download and configure
the new WSJT6 . Meanwhile I kept my
array aimed at the Moon in preparation
for our next 7P8 sked at 06 :00 UTC
(I :00 AM local time).

At 05:45 UTC , I got WSJT configured
and put it into the monit or mod e and
immediately I saw 7P8/ZS5JR on the
screen calling me! Could it be real (or a
false decod e due to my having very
aggressive settings enabled on WSJT)?
Using WSJT operator savvy, I checked
the confidence level of WSJT and cap
tured the screen-shot image showing his
sync spike. It looked real, but how could
it be because I knew the time was too
early for our sked . I dec ided to call him
back to see if it was really Daniel. So in
response to the full call signs I received ,
I immediately sent 7P8/ZS5JR KJ91
000 to him ... and the next line I saw RO

come back in the form of a confirmed
positive solid decode!

Still not bel ieving it could be him , I sent
RRR to him and then I saw 73 come back
to me. I sent "73 TNX DXCC 100" to
him! Then the next mornin g I tried for
P17/ON4QX and was successful working
Herman ! Now I had to return from my
Wisconsin EME QTH to Iowa for work.
I drove the 4-hour trip back to the work
QTH not qu ite comfortable that 101
work ed would get me 100 confirmed
DXCCs. So keepin g an eye on the log
ger, I learned that FS/ON4QX would be
active Wednesday mornin g only. I drove
four hours home after work Tuesday
night to the Wisconsin QTH , stayed the
night , and awo ke early to luckil y log
FS/ON4QX 28 September 2005 before
his elevation rotor failed , rendering him
QRT . I then dro ve back to Iowa to work
the rest of the day, now with 102 DXC C
countries worked and enough to ensure
confirmation of 100 countries!

From start to finish, I completed my 2
meter DXCC in just under five years (a
record, I believe). It was a very exci ting
journey and one that I will always remem
ber fondly.
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The Party is Not Over Yet!
6 Meters Provides Surprises

after Summer 2011 Sporadic-E Season
The Magic Band continues to live up to its reputation of producing
unexpected propagation. In this article WB2AMU, perennia l 6-meter
reporter, summarizes his experiences with this year's end of the summer
sometimes unexpected activity.

By Ken Neubeck, * WB2AMU

so nably soo n after the storm ,as there was significa nt sk ip action
on 6 meter s during September.

Table I. Stations worked by WB2AMU all 6 meters via
sporadic-E Oil September 5,2011.

6-meter Observations in September
On Se ptember 5th , Lab or Day Monday, I wo rked three di f

ferent stations in Florida sho rtly after local noon as show n in
T able I . On e of the stations that an swered my CQ on CW was
lon g-time 6- me te r operator Dam on , KJ4 E, who had been
QRT from the band for 13 years after a sto rm dam aged his
tow er back in the late 1990 s . It wa s good to hear him back on
the band. On e of tip s that an ope ning was occurr ing was I
heard the W4CHA beacon in the CW band co mi ng in . Thi s
op ening fe ll in line with previou s Se ptembe r 6- me ter spo
radi c-E ope nings I have observe d - narrow coverage and
sho rt duration .

The Sept ember ARRL VH F co ntes t occ urred the next wee k
(September 10-1 2), and I did not observe any skywave activ
ity on 6 meters from my portabl e hilltop locat ion on Long
Island , NY , although there was the potenti al of aurora activity
because of rece nt sunspot and flare activity. It was two days
later when a major sporadic-E eve nt occ urred, the likes ofwhich
I had never obse rved during any previou s September in over
twent y yea rs of 6-meter opera ting .

As many 6- meter operators know, spor adic-E activity
becomes very sparse during the equinox month s of
Septembe r and March . In reviewing my notes for the past

20 yea rs, typically I have seen no spor ad ic-E acti vity in
Sep tember during many of the years , and on rare occasions.
maybe two openings durin g the month of Septemb er. In my 20
years of participating in the ARRL's September VHF contest, I
have seen sporadic-E activity occ ur twice , in 1993 and in 1994 ,
with a short-d uration opening of less than an hou r from the
Northeas t into Flor ida.

6-meter Observations
in Early August

Even as the summertime sporadic-E season for 6 meter s
wo und down in 20 I I . a number of thin gs occ urred on 6 meter s
that continue to show why it is frequ entl y refered to as the
"Mag ic Band ."

First, the re was trem endou s spo rad ic-E acti vit y during the
first wee k of Augus t, and I obse rve d a stro ng ope ning in to
the M idwest fro m the Northeast on the evening of Au gu st
3rd, during which I was able to work man y stations in Illinois
and Mich igan on CWo Thi s was a good opening that lasted
over two hours .

Th en two days later, the Kp index reached a value of 6 and
aurora openings occ urred along the east coast of the U.S. I was
able to work K3Z0 and K IDQV in Maryland , while hearing
(but not working) Nw 0 w in Missouri and VE3EN in Ontario,
Ca nada during the two-hour opening .

The aurora opening was sandwiched by another sporadic-E
opening to the Midwest on August 7th that started in the morn
ing and lasted about two hours. After that ope ning, the rest of
the month was quiet for me in the Northeast with regard to any
skywave activi ty on 6 meters.

The Northeas t was impacted by Tropical Storm Irene during
the latter part of August, and as a precauti on , I took down my
6- meter antenna setup for three days. The antenna had been up
for over three years , but after hearin g forecasts of 50-mph sus
ta ined winds , I thought that it was wise to drop it down . As it
turns out, it was a very fortunate thin g that I put it up again rea-

*CQ VHF Fea tures Editor, / Valley Road, Pat chogu e, NY // 772
e-mail: <\l'h2al11 u@cq-I'hfcol11>

Date
Sept 5

Sept 13

UTC Callsign Grid Mode
1738 KJ4E EL98 CW
1749 WP40 EL87 SSB
1752 K4K EW EM90 SSB

2 153 N3L L EL86 CW
2227 K4K EW EM90 SSB
2247 KK4AMC EM9 1 SSB
225 1 WB4VMH EM80 SSB
2258 W4GCB EM73 SSB
2301 KE4EE EM73 SSB
2304 KI4FCQ EM72 SSB
2307 W41MD EM84 SSB
23 13 KT4XP EM94 CW
2322 W7DO EM94 CW
2327 W4G F EM83 CW
2345 W4VZB EMS3 SSB
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high capacity FNB-85 battery. The radio is a
fully self-contained , battery-powered, low
power amateur MF/HFNHF/UHF trans 
ceiver. Great for portable QRP operation !

Sporadic-E
formation

hunting aro und (see figure I) . I worked
N3LL in so uthern Florida at 2 153 UTC,
but I still did not hear any sig nals from
Arge ntina or Ch ile , even though stations
near N3 LL 's location were worki ng into
that area. After N3 LL. I started working
stations in the north ern part of Florida as
listed in Table I and plotted in figure 2.

At abo ut 2300 UTC, the sporadic-E
forma tio n was changing noticeably , as I
was hearing only stations in Georgia,
So uth Carolina, and Nor th Carolina, but
not south of that. The stations that I con
tacted are listed in Table I and plo tted on
the map shown in figure 2 . It is clear that

Figure 1: First hour ofSeptember 13th 6- meter opening, 2153-2251 UTe.

On September 13th, at abo ut 5:45 PM
local time , I was looking at the ON4K ST
Six Meter chat page when my fr iend
Richard ,CE6RC (mentioned in last quar
ter' s col um n), from Chile, worked Bob ,
K ISIX , in New Hampshi re on 50.1 10
MHz SSB . At that poin t (as discussed in
the previous co lumn ) , I knew that I was
dealing with the likeli hood of a combi
nation sporadic-E plu s TEP (transequa 
torial propagation) ope ning betwee n sta
tio ns in the so uthern part of Sou th
America into Northeast U.S .and Canada.

I called CQ on 50.1 10 MHz and other
freq uencies with no results, so I started

Or, email: fcc@CommandProductions.com

www.cq-vhf.com Fall2011 • CO VHF. 25

- - - _ .._ - _ .._-_._-_ ._----- - - ---- --- ----- .._~--~---~---~-



Figure 2. Second hour ofSeptember 13th 6-meter opening, 2258-2345 UTe.

the sporadic-E form ation that was plot
ted in figure I had now moved both north
and south as show n in figure 2. By the
time I was work ing the stations at 2200
UTC and afte r. the possibility of my
working into South America via a TEP
plus sporadic-E co mbination was nil.
Probably there was a small window of
opportunity for me whe n the opening
star ted and I worked N3L L at 2 153 UTC,
but I did not hear him after that. It appea rs
that the co mbination skip eve nt favored
other areas. not mine . and that the spo
rad ic-E open ing fell a little bit shor t for
me to reac h southern Florida and be able
to link up with the TEP into Chile and
Arge ntina where stations CE6 RC and
LW IEX were active .

Thi s parti cul ar ope ning pro vided a
good study of a somew hat rare sporadic
E eve nt in September. Of note is the fact
that the formation was fairly narrow and
it could be seen that there was movement
of the for mation over a short amo unt of
time . As I have stated many times in the
past. 6 meters provides an excellent can
vas for studyi ng prop agation because of
the sparse amo unt of propagation on the
band on a day-to-day bas is so that when
even ts actually occ ur, it becomes eas ier
to track and understand them .

The sporadic-E opening is typical of
past Sep tembe r openings in that it can be
charac terized as fairly narrow in cov er
age with rapid fading and rapid increase
in signal strength. What made this open
ing sig nificantly di fferent fro m previous
openings I have observed in Septemb er
is the ove ra ll dura tion of the opening.
lasting over two hours .

What can be concluded as to why 6
meter sporadic-E eve nts like th is occ ur
durin g Septem ber? There is one schoo l
of thought that wo uld consider an open
ing like this to be part of the sporadic-E
summer season, eve n though there were
several days between the major openings
in August and those on the 5th and the
13th of September. It is really difficult to
state why such ionization occ urs durin g
the quiet times of the yea r, and more
research with radio obse rvations needs to
be performed .

The summer sporadic-E season bene
fits from a numb er of factors , includ ing
the increased amount of so lar radi ation
dur ing that time of yea r which aids in the
product ion of metallic ions present in the
E region of the ionosph ere . Whil e the
so lar radia tio n is significantly less during
the month of September co mpared to
prior months in the year, there is still an

ambi ent amount present , alon g with the
fact that ions are still present and have the
capability to help aid in the occ as ional
sporadic-E opening during that month .

During the time that this articl e was
writt en, on Septemb er 24th a major CME
(coronal mass ejection) was emitted by
the sun fro m sunspot group 1302 that did
not hit the Earth directl y but rather gave
a glancing blow. Thi s nevertheless crea t
ed some blackout co nditions and appar
entl y F2 acti vity on 6 meters that occurred
later in the day on the 26th. The openings
took place between some part s of the U.S .
and the southern part of South Americ a.

I actually heard 9Y4VU in Trinidad on
50 .110 MH z aro und 2 130 but at low sig
nal stre ngth , while it was repo rted by
9Y4D that he wor ked 90 stations in the
U.S. during the opening . Later , at 2230 ,
I actu ally heard HC 1HC reaching about
569 signal strength on 50 .095. LU5FF
reported hear ing the VY0 beacon i
northern Canada at 559 strength.

It was interest ing to see that no mas
sive aurora openings occurre d at mid-lat
itude s , but the glanc ing blow app arentl y
created north-south paths that appea red
to be F2 in nature . Thi s was the first F2
re lated ope ning that I have ever heard

I WB2AMU I

Sporadic-E
formation
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Sierra Repeater Controller
High reliability, multi -port linking
repeater control systems
Profe ssionally assembled in the USA.

• Modular
· 1·8 ports
• Full 8x8 switch
• Rack mount
• Board stack
• PC configuration

IRLP/EchoLink compatible & HF remote base

That's it for this issue of CQ VHF, and
be sure to check out the 6 meters with all
of its nuances and excitement whenever
you can . It is truly the "Magic Band"!

written to be used in other places and not
properly referenced. In my 1995 book on
the A- I0 Warthog aircraft, there were a
number of unique calculations and other
information that was cited regarding the
aircraft's performance in Desert Storm .
Imagine my surprise to find that these
unique calculations were used in another
book on the aircraft written by someone
else and came out five years later!

I also want to point out that in general
the onus of verification and citing sources
of material used in articles falls on the
author. We, as writers , should be sure to
address those issues when submitting
material to any publication.

• Learn to design with and
program microcont rollers

• Add smarts to your proj ect
• PIC-based archite cture
• C, Basic, Assembly
• Getting started book
• Ham radio examples
• Many accessories

impact of pack rovers on scoring is sig
nificant, and stations benefiting from
working many pack rovers will dominate
in certain categories of the contests suc h
as Rover and Sing le Operator Portable.
Also, the main focus of the article was on
single operator stations , although it is
also recognized tha t multi-operator sta
tions may be impacted by the nuances of
the scoring as well.

3. Fina lly, I regret not citing the orig i
nal source for the modified grid maps that
I used for the contest artic le. The original
source was a grid square map put out by
ICOM America that I found at a number
of sites on the internet. I had modified the
original map extensively, but it would
have been proper for me to have cited
ICOM as the original source and I apo lo
gize for this oversight. I know firsthand
what it is like to have material that I have

during the month of Sep tember, and it
will be interesting to see what occurs dur
ing October as solar activi ty increases!

I would recommend that going forward
during the time period of September into
early November 201 1 when sporadic-E
activity is low but TEP is still present, it
wou ld be worthwhi le to send an occa
sional "CQ OX" on 50. 110 MHz to see
if a narrow opening is present from the
U.S. into South America. The cha t pages
and spotting pages are helpful, but ran
dom types of openings may be spotted by
just regular operating procedures .

A number of comments have been
made about some recent articles that I
wrote for CQ VHF, and I am compelled
to provide the followi ng clarifications
with regard to two of these articles:

I . Regarding the CQ VHF online arti
cle that appeared in the Summer 20 I I
issue, I want to emphasize the fact that
most TEP openings occur during the late
afternoon and early evenings, a fact that
was presented in the data for the article
but not emphasized enough . Those are
the optimal times for listening.

2. With regard to the VHF contest arti
cle that I wrote for the Spring 20 I I issue,
in response to some e-mails and the issues
raised in the Summer 20 II Editorial by
N6CL, I want to clarify some items. First,
the calculations that were performed in
the example with regard to the impact of
pack rovers to scores are complete ly valid
for the ARRL January VHF Sweep
stakes . However, I neg lected to mention
that the scoring is different for the fre
quencies above 432 MHz for the June and
September events, so the example would
be somewhat different in those cases.
Nevertheless, the main point is that the

Clarifications Regarding
Recent CQ VHF Articles

Photo A. The sun on September 27,201 1.
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West Point Balloon Satellite
Learning from success and problems of a previous balloonsat launch two
months earlier, a team of West Point cadets, two advisor-off icers, and the
Academy's public affairs officer launched a second balloonsat this past
May, Here former advisor KJ5HY tells their successful story.

By Stephen Hamilton,* KJ5HY

On May 13, 2011 , six US Military
Acade my cadets , two faculty
members, and one jo urna list set

out to take pictures and video of near
space . Thi s was the third iterati on of an
ongo ing balloon satellite experiment to

"e-muil: <s tephen halll i l toll @/ls.arlll)'.lIIil>

learn how to build a satellite payload and
collect data from height s exceeding
80 ,000 feet. The first phase was a teth
ered balloon that conta ined the Cadet
Amateur Radio Club ' s first live feed via
Amateur Television . Usin g the Video
lyn x tran smitter , live video from ove r
head was displ ayed at Projects Day in
20 I0 next to various e lectrical engineer-

ing and computer sc ience senior desig
projects . Thi s event caught a lot of atten
tion , and led to the first balloon sat flight
the following year in March.

The first balloon laun ch had man y suc
cesses and failures . O verall it was a suc
cess because the balloon was launche
and recovered . However , man y of the
data co llection parts in the payload ha

Sam ' .I' Point Preserve. New York. which overlooks the Minnewaska State Park. served as the excellent launch site location. This
location was predetermined by a mathematical model of current wind patt erns to estimate a landing in the vicinity of West Point

and away fro m water or mountain ous terrain . (Photos courtesy of KJ5HY)
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This photo is an aerial shot from the GoPro on board camera taken during the balloon 's ascent. For more information on the
GoPro cameras, see: <httpr/rwww.gopro.com>.

various malfunctions, and the payload ' s
design was too complex. Therefore , the
cadets were determi ned to find time to do
one more launch before the end of the
academic year with the primary goa l of
taking pictures and video of space. This
date turned out to be the small break after

fina l exams and befo re graduation week,
Friday the 13th of May, 20 II . Even with
goo d plann ing , a balloon satellite launch
is subjec t to misfortune , but supers tition
did not stop the cadets.

In planning a launch , there are numer
ous considera tions, but more spec ifical-

ly at West Point, NY, the path of the bal
loon is critical. If the balloon flies too far
eas t or south, it will be destined for either
the Atlantic Ocean or New York City .
Either of these cou ld resu lt in complete
mission failure . However, there are web
sites for predicting balloon trajector ies

This high-altitude photo of the edge of the Earth was also shot by the GoPro onboard camera .

www.cq-vhf.com
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lust bef ore landing. concerns were raised about the payload landing on a nearby runway.

The CoPro camera takes one more shot of the launch crew.

based on wea ther and wind pattern s that
ca n assist in makin g sure this does not
happen . Using these predi ctions , the first
laun ch was in Binghamt on , NY , and the
ball oon land ed in Pawling , NY , near the
Co nnec ticut bord er. Th e predi cted path
and the actual path were clo ser than antic-

ipated , giving the team more confide nce
in the path predictions .

The Landing Site
The ideal site for the second laun ch

would be at West Point so that many co uld

watch it , However on the 13th , the team
decided to not risk a New York City land
ing , resulting in picking a laun ch site far
ther north at Minnew aska State Park. The
new payload in th is balloon was very dif
ferent from the origi nal teth ered balloon ,
and contained two Go Pro cameras (one
for still pictu res and one for video), a tem
perature reco rder, and a Byoni cs GPS and
MicroTrak 300 to provide location
updates into the APRS network. The oper
atin g ssm of the APRS was W2KGY.

Th e launch wa s slightly dela yed due to
a pow er problem to the APRS , and it was
quick ly determined that if the APRS
tran smitter failed the mission would fail ,
so it had to be working correc tly before
the laun ch . On ce the power iss ue was
reso lved , the APRS began to functio n
we ll, and the team was read y for lifto ff.
A last-minute verification was performed
to ensure that the cameras were turn ed on
and recording, and then lifto ff !

The Fun of a Launch
Th e fun reall y begin s once the balloon

is launched . The crew was split into two
team s: one advance team armed with a
Kenwood 0710 and smartphones, and
the other left behind to gathe r up the heli
um tank , tarp s, and other miscellaneou s
supplies required for the laun ch. Ap-
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This photo was taken upon recover of the payload. From left to right. mixed fro nt
and back: Maj. Diana Loucks. KDfJAYR. (P&NE). Cadets: Brett Darden. Robert
Glove r. Phillip Weigand. Justin Yonsik. Michael Gotschall, Anthony Gonzalez, and
MAJ Stephen Hamilton. KJ5HY. (EECS) . Not pictured is the West Point public affairs

office r. Mike Strasser, who took this photo.

proximately one hour into the ni ght, the
APRS reported 78 ,858 feet altitude, and
immedi ately after reported 11 2 feet. The
subsequent transmissions reported 0 feet
and no coo rd inates. Thi s seemed familiar,
since the first launch had a similar prob-

www.cq-vhf.com

lem where transmi ssions were not made
above 80 ,000 feet. The difference was that
in the first launch smartphones were used
for tracking, and there was no ham radio
backup. There was suspicion that the bat
tery froze at the high alt itude the first time.

However , this launch disproved it, as the
Kenwood co ntinued to receiv e APRS
tran smi ssion s , but the coordinates were
not valid . Further research co ncluded that
the GPS on board did not support high alti
tudes and therefore failed at high altitudes,
so it is unkn own how high the balloon
actua lly went before the burst and fall back
to Earth .

Onc e the balloon began its descent 
approx imately seven minutes after the last
"good" altitude reading- it reported in at
59,6 75 feet. It also had not traveled as far
south as predicted, resulting in the lead
crew ground vehicle turning around and
heading toward the city of Newburgh .
Excitement and tension grew as the bal
loon appeared to be heading toward
Stewart Intern ational Ai rport in New 
burgh , NY. Many discussions began on
how hard it would be to recover the pay
load if it landed on the run way of an air
port . "Excuse me, TS A official, can you
let me out on the run way to pick up a black
duct-t aped box and parachute co ntaining
video equipment?" That probabl y would
not go over so well, let alon e the possibil 
ity of any airplane interference . Fortu 
nately , the balloon skirted aro und the
airport, and landed in a parkin g lot.
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Thanks to a ju nction in Coog le Earth, this photo shows the approximate path ,
including altitude that the balloonsat took during the time it was airborne.

The team arrived at the payload seven
minutes after it landed , as determined by
the video recording. It landed in a near
empty parking lot on an empty parking

space, and next to a very busy road . Luck
was clearly on the team's side this time ,
even though it was Friday the 13th!

A short clip of the launch , the balloon

burst, and the landing can be found 0111

YouTube at <http://www.youtube.com/
watch?v= DPVFXwafskM>. The Face
book page documenting the progress can
be found here: <http://www.facebook .
co m/pages/Wes t-Poi nt-Ball oon -S at/
2048030662 14455>.

Some Lessons Learned
o Initially, the camera had a lot of con

densation on the weather-proofing enclo
sure. Adding a desiccant packet woul
likely resolve this issue.

o The GPS should be rated for the alt i
tude of the predicted path . Byonics now
sells a GPS specifically designed to work
in high altitudes .

o Test the payload at least a day before
by running it and for at least the durat ion
of the flight , and put it in the freezer to
mimic the high altitude.

o The tarp was essential in keeping the
balloon under control during inflation.

o Run a path prediction a few hours past
the anticipated launch time in case of a late
start. A change of an hour may signifi
cantly impact the potential landing site.

o Simple is better for the payload.
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First Look:

The ICOM IC-9100 Transceiver
on VHF and UHF

Features editor WB6NOA had the opportunity to use ICOM I S new IC-9100
ell-in-one HF to UHF radio. Here he explains how it well performed for him
as he listened to the Hawaii beacons on 2 meters and 70 em. He also
describes some of the other attributes applicable to the VHF-Plus
enthusiast .

By Gordon West,* WB6NOA

The /COM /C-9/00 is easy to move around with its handle and rubberfeet .
(Photos by the author)

The 2500-mile path to the Hawaii
beacon on 144 MHz.432 MHz,and
1296 MHz alway s is a cha llenge for

hearing signals, as the tropospheric duct
begins to form . On 144 MHz, the 2500
mile distant beacon down on 144 .170
MH z can sometimes be missed when
local FMers are just up the band runn ing
amp lifiers . Desensitizat ion from FM sig
nals higher on the band is alway s prob
lematic for a weak-signal radio .

On 432 MHz. the cha llenge of hearing
the distant beaco n is punctuated by 200
rns data bursts coming from my surround
ing neighbors' wireless weather stations.
On 1296 MHz. the sweepi ng radar signals
will cause most rece ivers to stumble until
the AGC action settles dow n.

I was fortunate to bring the ICOM IC
9 100 to my QT H in Ca lifornia and get a
first glimpse of its weak -sig nal capabili
ties at the end of this past summer's tropo
openings to Hawaii. We had a lingering
high-pressure sys tem over the Paci fic ,
and the beacons co nveniently were just
barely in for some initia l comments on
this new transceiver.

The ICOM IC-9100 is a $3600
HFN HF/UHF rad io, with her itage in the
specia lized VHF/U HF IC-910 , a long
wit h high- frequency heritage in the IC
756 PROm, with many similarities go ing
all the way back to the IC-746 PRO .

With the summer tropo season fading
fast, my first look would be operation on

*CQ VHF Featu res Editor
24 14 College Drive. Costa Mesa . CA 92626
e-mail: <lI'b6I1oa @cq-vh!colll>

www.cq-vnt.com

the 6-meter spec tacular triple-hop open
ings, as we ll as the three beacons out in
the Pacific . The power out on 50 MHz
was over 100 watts.on 144 MH z was right
at 100 watts , and on 432 MH z was 76
watts .

I dropped in the optional UX 9 100 I .2
GHz band unit ,an additionalcircuit board
($649), and achieved an easy 25 watts out
on 1296 .1 MHz.

When the 6-meter band blew open at

the end of Sep tember. 50-MHz signals
were wall-to-wall from the bottom of the
band through 50 .2 MH z. The se lectivity
was excellent. Furthermore, my Magic
Band buddy down the street caused no
desensit ization whe n he was working
high-power CW at the bottom of the band ,
while I was worki ng So uth Amer ica n
side band signals just above 50 .130 MH z.
With this rig , I co uldn' t eve n te ll he was
on the air.
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The rear of the IC-9100 is organized simply. Plus , the antenna ports are separated
for easy coax connections. The silver cover in the lower right is where the optional

23-cl/l antenna is located.

Th e IC-9100 uses dual -con version
superhet receive with the image-rejection
mixer , along with a second image rejec
tion mixer for each band . I didn 't pur
chase the optional filters , but the 15-kHz
first IF filter was sharp enough to miti 
gate someo ne down the band from
swa mping the AGe.

With the two antenna connectors for
high frequency throu gh 6 meters ,one ran
the 4-element beam so I could watch 28
MH z beacons , with the oth er antenna
co nnec tion go ing to the 50-MHz side of
the transceiver. The VHF and UHF band s
eac h have their own antenna connectors ,
with 70 and 23 ern using the N-type con
nector for each band .

On 6 meters, the adjustable DSP made
for simple correction for power-line noise
coming off salt-air-encrusted insulator s
waiting for a much needed winter-rain
cleaning . Additionally , for the lady across
the stree t with the living room dimmer
light , the noise blanker allowed me to dia l
in just the right amount of blanking with
out causing strong signals on 6 meters to
become harsh or distorted .

After the 6-meter band closed down, I
still kept one side of the receiver on 28
MH z beacons still coming in whi le going
up to 2 meters USB to listen around for
beacons in the sub-band .

A very sad note , VHF/UHF legend
Wayne Overbeck , N6NB , lost his entire
wea k-s ignal operating cabin and muse
um to a recent wildfire in southern
Cali forni a. All of his certificates were
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lost. Additionally, all of his gea r went off
the air- inc luding his sig nature 144
MHz beac on, whi ch we in so uthern
Ca lifornia relied on for calibration, beam
headin g checks , and ducting analysis.

Therefore , without those local beacon s
to reply on I turned the stacked pair of
long boomers out to Hawaii , made sure
squelch was absolut ely off, and cranked
in digit al signal processing to hush the
whit e-noise hiss. Th en I put the oth er
rece iver on 70 cm and did the same
things. I noticed that the fast-actin g noise
blanker did a great job of miti gating the

data bursts on nearby wireless weather
station transmitt ers in the 70-cm band .

A co uple hours later , my wife Sue,
N6GLF,said she was hearin g the 2-meter
beacon from Hawaii. Th at beacon has a
slight warble at the end of the sequence .
Sure enough, this new tran sceiver was
hearin g a 75-watt signa l on 144.170
MH z, 2500 miles away .

The 432 .075 -MHz beacon came up
next in the other receiver. I was capti vat
ed to watch both signal strengths peak and
ebb in uni son . In all, my tropo sph eri c
ductin g monitoring , usuall y with three
different transceivers with totall y non
identical receiver schemes , was verified
by this new receiver , all in one rig .

I have never see n the 432-MH z beacon
dramaticall y peak whil e the 144-MH z
beacon takes a nose dive. I have been told
that if you are in ju st the right opening of
the duct , a very narrow duct will greatly
improve 432 MH z, with 144 MH z drop 
ping out. Before this test with the IC
9 100, I had never been able to witness
this phenom enon .

Unfortunately, the signals on the 2500
mile path were not strong enough on 144
MH z or 432 MH z to get me much exc it
ed about a 1.2-GH z opening to Hawa ii.
Nonetheless , I listened and then played
around with the IC-9100 ' s various DSP
based filters . I found a co mbination that
nearly eliminated ship and shore rotating
antenna radar strikes .

Yes , I could tell I was getting swept by
a ship's IO-GHz signal at sea . However,
the interference was much less than I had
been using to rece ive 1.2 GH z before via

Plugging in the
user-installed
23-cm optional box
takes ju st a minute.
However, it is
impo rtant to
carefully work in
the ribbon cable
connection. It is
stiff on purpose!
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Don Hill, KE6BXT, tunes in the Hawaii beacons at the Orange County (California)
Fair ham radio booth.

a transverter. [ ca n' t wait for next year's
tropo season to begin , usuall y on Ju ly I,
to try out 1.2 MH z SSB .

On all three VHF and UHF band s there
was plent y of sensitivity to give me a rest-

ing background noise of about S-2 . While
ICOM Am erica offers $ 190 each mast
mount preamps, the trop o signa ls are gen
erally strong enough that the ex tra gain
and low noise floor wouldn 't help much.

However , if you are into moon boun ce or
have an ex treme ly long hardline run to
your VHF/UHF antenna array , these rel
atively inexpensi ve preamps might be in
your future .

Although Paul Lieb, KH6HM E, didn 't
judge the opening in Sept ember as strong
enough to go " up the hill" for a QSO with
me , I did make plent y of VHF and UHF
tropo contacts to the Bay area , about 300
miles up the coast. Us ing both the stock
microphone with the [C-9100 , as well as
Heil head set s, transmit audio rep ort s
were exce llent. Also, there is an audio
equalizer function , but I didn 't need to
change a thin g.

Note: When using a Heil headset with
this new IC-9100 , there is no spea ker
audio output on one of the ce nter pins of
the octal mic jack. One reason is to acco m
modate the ability of separating bands by
right and left channels .Therefore , Heil has
an [C-9l 00 patch ca ble kit that allows for
audio out the back of the transceiver to
feed his custom headsets.

For co nve ntio nal FM work on the 2
meter and 70-cm band s , the [COM [C
9 100 run s cool for ex te nded tran sm it
intervals. CTCSS is bu ilt in , along with
DTCS ton e , both enco de and decod e.

"'TM)"Y •
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The new ICOM IC-9100 takes a place ofpromin ence at the WB6NOA amateur radio station.

There are all sorts of scanning modes for
the FM operator.

The IC-9100 also takes the plug-in $200
UT-121digital board for D-STAR . Be sure
to get the software, becau se the populari
ty of D-STAR is co ntinuing to grow, with
new sys tems coming on the air weekly.

Th e 200- page, we ll- illustrated instruc
tion manual has three full chapters on dig
ita l vo ice mod e pro gramming, digital
vo ice mode operation, and a full chapter
on GP S using the NM EA dat a format.

The IC-9100 also is satellite- ready,
where you might select the satellite down 
link frequency on the main band and
uplink frequency in the sub-band. Hold
down the satellite button for one second .
For the weak-s ignal satellites you may
select normal or reverse tracking where
both YFO s will keep track of each other.
You will always stay on frequ ency du ring
the satellite pass as you adjust the main
tun ing knob. For the FM satellites , if you
may wa nt to leave the 144-MH z receive
band stable, but adju st the 440 -MH z band
for Doppl er shift; that capability also is a
slam-dunk!They give you an entire chap
ter on satellite operation, but get together
with your local AM SAT member. Better
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yet , join AM SAT, support it, whi le also
having the ride of your life on the next
satellite pass (see the "Satellites" column
by W5lU elsewhere in this issue fo r more
on the satellites plus AMSAT and how to
jo in-ed.).

The Intern ational Space Station also is
a slam-dunk with the two independent
YFOs, or put them into a memory chan
ne l with the oddball split.

Yes , an e lectronic keyer is built in , o f
course . And yes , during HF RTTY con
tests the built-in RTTY FSK decoder is
fun to watch as the messages pass by!

Aircr aft recei ve? Sorry , no . General
coverage on HF goes from a low of 30
kHz up to 60 MH z , giving you the capa
bilit y to hear the 30- to 49-MHz public
safety/forest fire frequenc ies .

On the 70-cm band , the low is420 MH z
and the high is 480 MH z , g iving you
rece ive capability of analo g public safe
ty frequ encies up at 460 MH z.

Yes, the HF through 6-me ter antenna
tun er is built in. Yes , packet AFSK oper
ation com es with it too , but I have not yet
tried it out.

The front-panel display is a razor- sharp
gray back ground with thick , da rk black

numbers and lett er s. No optiona l co lor
displ ay is ava ilable ,but if yo u plan to take
this rig out for Field Day or for classroom
demonstration s, as I do , the high-contrast
display is fabulous to see in direct sun
light. Also , thi s HF to UHF rig is all in
one co mpac t unit , we ighing only 23 Ibs.
Truly, thi s is a rig that will be fun to run
for your next Field Day or outs ide dem o.

In future ed itions of the CQ Co m
munication s family of magazines , both in
print and online, I'll cover the fabul ous
HF side of the IC-9100 . How ever , for
now, end of summer , the tropo signa ls are
still pou ring into the IC-9100 from up and
down the Paci fic coast. Furthermore, s ig
nal s that were in the noi se with so me of
my other rigs are now much eas ier to copy
with the IC-9100 . Add itiona lly , recov
ered audio see ms to have a "s parkle" that
I' ve not ex perienced with other rigs .

Most of my other rigs are almost 20
yea rs old. Th erefore , it is grea t to ge t back
to weak- signal work with a new real pow
erhouse radi o. For more information on
the ICOM IC-9100 , see the manufactur
er's specs at: <http://www.icomamerica.
co m /e n/ p ro d uc ts /a ma te ur/ hf/9 100/
default.aspx>.
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Extreme-Range 50-MHz Ee:
nEe or Chordal?

KH6/K6MIO discusses extreme-range sporadic-E. Originally appearing in the 2010
Proceedings of the Central States VHF Society's 44th conference, this article is the first of
three on sporadic-E propagation by the author that are scheduled to appear in CQ
VHF magazine.

By Jim Kennedy, * KH6jK6MIO

Even in the absence of high solar activity, 6 meters still
seems to provide plenty of exc itement, and also exce l
lent opportunities for study ing ionospheric propagation .

The band is on the border between HF and VHF , and thu s 6
me ters sits at the edge of what's possible for ionospheric prop
aga tion. Unlike HF, when 6-meter prop agation does occ ur , it
often shows only one or two modes at a time , mak ing it eas ier
to sort out what's goi ng on.

In the midst of a large number of ex pec ted, "o rdi nary" eve nts,
it is not uncommon for it to take some time to recognize that

*P.O. Box 1939. Hilo. HI 9672 1
e-mail: <jimkennedytie hawa ii.rr.com>

what at first may appea r as a small number of unu sual eve nts
(what statisticians call "o utliers") may form a dist inct , co nsis
tent pattern of their ow n and be a unique new class of events .
Th e vario us ex treme-range propa gation processes di scussed
here see m to fall into this ca tego ry.

Thi s is the first of a ser ies of articles that di scusses a variety
of very long-range propagation mechani sms that have bee n
see n on 50 MH z, es pec ially in the recent per iods of low so lar
activity . For reaso ns to be discusse d here , they appea r to be
either form s of sporadic-E prop agation (E s) or to intima tely
depend on Es' perh aps in conjunction with other fo rms of prop
aga tion. Two spec ific pattern s have repeat ed ly dem on strated
propagation distances (ranges) beyond 9,000 km , and in some
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Figure I. These examples ofactual paths were observed betll'een2006 and early 20 11. The east-west paths in each hemisphere
occur during the local summer E.,. season. The north -south path between southern Oceania and Nort h America occurs

during the southern summer E\. season.
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cases, beyond 15,000 km , as show n in
figure I . These are: Relative Probability for Mid-Latitude Es

60 ,-----------------------------,

• East-West paths whose endpoints are
confined entirely to either the North ern
or Southern Hemi sphere, and

• Nort h-So uth path s that cross the
equator with an endpoint in each of the
Northern and Southern Hemi spheres .

The East-West Paths
Though quit e long in absolute term s,

techn icall y , the link s in question are
"s hort-path" eve nts. T hat is to say , they
do not go more than half way around the
world . The know n paths in this catego ry
currently inc lude multiple openings
between :

70

i:5 60 1-- - - --- - - 1-- - - '\ - - - - - - - - - - - - - - - ]
~
:!=50
ofs
~ 40

:a..
"8 30
et
~
';l 20
'ii
ll:

10 +-------- - ------------------j

o l--- - - _ - ......... ...J

0000 0200 0400 0600 0600 1000 1200 1400 1600 1600 2000 2200 0000

Local Solar Time (LST)

Figure 2. This stylized view ofthe typical diurnal behavior ofmid-latitude Es shows
that the propagation probability often peaks during two time periods, a morning

period and a double late afternoon and evening period.

Table I. Groundfootprintsfor successive
nEs hops.

Times of Year 
The Es Seasons

Mid-l atitude Es has a pronounced sea
sonality, with a major peak in the local
summer and a minor peak in local win
ter. Thi s is thought to be the result of the
enhancement of the number density (Ne )
of long-l ived metal ions caused by the

Max (km)
2,200
4,400
6,600
8,800

11,000
13,200

Min (km)
1,700
3,400
5, 100
6,800
8,500

10 ,200

Hop
I
2
3
4
5
6

The basic geomagnetic zones are the:
Equatori al Zo ne, Mid -latitude Zone,
Auroral Zone, and the Polar Zone . The
two most important ones for the eas t-wes t
propa gation are the mid-latitude and
auroral zones .

Mid-latitude Es:The mid-latitude zone
will be the primary subject of these dis
cussions . Wh ile much that can be sa id
about this regime , there are a few things
that are espec ially important for this dis
cuss ion .

E, cloud s are very thin vertically : tens
of meters to a few kilometers .

They are also smaller than F2 hori zon
tally: averaging aro und 100 km .

Large areas of ionization are actually
swarms of smaller individual cloud s.

E, clo uds are in motion hori zont ally
and vertically (usually descend ing).

Vertical stacks of two, three , or eve n
more layers are fairly common.

Tilt ed layers are commo n, at times by
15 degrees or more with respect to the
hori zont al .

The underside of an individual cloud
can be curved or rippled, rather than flat.

100 km, while F2 occurs at abo ut 275 km
and above . The E, ioni zation process is
rather different and more co mplex than
F2. Finally , the morphology of E, clouds
is also quit e different from F2 .
Co llective ly , these lead to a variety of
uniqu e conditions:

Different Es Latitude Zones
Sporadic-E beh aves differently de

pending on the latitude zo ne through
which the path passes . The characteris
tics of these various zones can be marked
ly different than that of the adjacent
zones, so it is important to know which
zo ne (or zo nes) the path traverses
between the two endpoints.

The rather shorter path between Japan
and the Pacific coast of North America
has been observed man y times since at
least June 1977. More rece ntly, the path
between Japan and the central and east
ern regions of the U.S . and Can ada, and
the Caribbean has been noti ced and
attrac ted a lot of attention. Similarly, the
path between wes tern and central North
America and Euro pe has been acti ve , as
has the path betwee n Japan across As ia
to Europe and the Mediterranean. ln the
last two years, the South ern Hem isphere
path between the wes t coast of South
America, and New Zea land and Australia
has emerged.

For the last several yea rs there has been
some co ntroversy ove r what causes this
propagation and eve n where in the ionos
phere it occ urs . The primary focus of this
first article is to explore possible answers
to these underlying questions , as they
relate to what appears to be the "easier"
case of the eas t-wes t paths . Later articles
in this series will broad en the discussion.

Some Relevant
Es Characteristics

Sporadic-E has a numb er of character
istics that make it rather different from
the F2 layer. E, occurs at a height of about

• Europe (EU) and Japan (JA) and
other points in eas tern Asia,

• Japan and environs, and North
Amer ica (NA),

• North America and Euro pe, and
finally

• New Zea land/Australia and their
environs, and wes tern South America
(SA)
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120 ,....----------------------------,
Ex ample MUF for id·Latitude Es

14.078

• Excessive signal losses due to mult i
ple D-Iayer transits ,

• Excessive signa l losses from sca tter
ing at the intermediate ski p gro und
point s , and

• Loss of the dayt ime path due to block
age at the auroral Es bou ndary (at 600N).

He fe lt that these acc umula ted path
losses would leave too little sig nal after
five or more nE s hops. He proposed that
something else was happen ing in the mid
dle of the path to keep the sig nal level up.
Higasa , and subseq uent ly Kusano and
Obara (2007), suggested that in between
the first and last skip points in the ionos
phere the signal was not coming back to
the gro und on the intermediate hops.

The not ion was that at the path ' s first
and last ionospheri c skip point s there was
a co ndition that de flec ted the signal path
more or less parallel to the Earth's sur
face, instead of back dow n to the gro und.
Thu s, as it went down strea m, it would
hit the ionosphere agai n, not the gro und .
The signal would repeat this hori zontal

enon, referring to it as "S hort-path
Summer So lstice Propagation ," or SSS P.
He also raised the poss ibility that it migh t
involve something distinctly different
fro m nEs' His co nce rns were poss ible:

&.-_-> East

2.684 5.7 13 8.40 7 10.818 12.840 13.358

R n9 (km) from W at·End S tlon at 0700 LST

Ne Valley (at Death
o '-~-~-~--~...;

o
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Figure 3. Figure 2 scaled to show the possible MUF eastward from the west-end sta
tion (at 30° latitude) at 0700 Local Solar Time. The green line shows 50 MHz. Skip
out to about 8,500 km (4Es) is between stations within the same Es window-early
to early. Late to late is also possible. Skip much beyond 8,500 km must somehow

bridge the "Valley of Death " MUF gap.
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East-West Extreme
s, Propagation (EWEE)

As noted , during the summer Es sea
son there are many we ll-doc ume nted
episodes in whic h short-path 50- MHz
propagati on has occ urred over distances
from 8,800 km to more than 13 ,000 km.
If these are viewed as cases of "ordinary"
multi -hop nEs' then they represent at least
four to six hops (4E s to 6E s)' Ta ble I
shows the approx imate near and far edges
of the ground footprints for successive E,
hops (Kraft and Zimmerma n, 2009).
Es pecially for the dis tances exceeding
three hops , there has been considerable
speculation about whether these longer
paths are the result of ordinary nEs skip
or some other mechan ism(s).

The SSSP Hypothesis
Higasa (2006 and 2008) called spec ial

attention to this extreme-range phenom -

equatorward. During periods of low mag
netic activity (common in recent yea rs) the
dayside aurora l E, boundary can be
pushed as far poleward as 75° and more
(Hunsucker and Hargreaves , 2003).
Under these daytime conditions, the mid
latitude zone extends much farther north
than the "typical" 60 0 N.

Auroral Es
It has bee n proposed that auro ral E,

would play a negative role in ex treme Es
prop agation . Auro ral E, is prim ar ily a
nighttime event , linked to the auroral
electroje t and the auroral ova l. If the path
traveled from the mid -latitudes into the
auroral zone, then the path should fail,
since the eas t-wes t propagation is basi
ca lly a daytime eve nt, with mid-latitude
E, diurnal patterns .

The bound ary between the mid-latitude
and the auroral E, zones is quite abrupt.
Whil e the bound ary is often stated as about
60° north (or south) magnetic latitude , the
actual value is very dependent on the time
of day . The daytime side of the ova l is
pushed noticeably poleward , while the
nightti me side is pushed correspo ndingly

Times of Day
There are systematic diurn al variations

favori ng roughly 0630 to 1230 Local
So lar T ime (LST) and a smaller peak
aro und 1530 to 2200 LST (e .g.,
Whitehead 1989 and Jackson 20 10).Thi s
diurnal dependence is linked to tides in
the Earth's atmos phere, primarily caused
by the Sun heat ing the daytime-side of
the atmos phere. Th is causes it to expand
upward . The n, after sundown, it coo ls
and contracts aga in . Thi s ge nerates at
least three harmon ic frequencies in the
tides , corresponding to once a day , twice
a day , and three times a day (Haldo upis
et al. 2004). This produces a variation in
the local probability of E, propagation ,
such as described in Figure 2 (based on
work by E. K. Smith, in Davies , 1990).

Typical Path Ranges
Sing le-hop s, paths ( IEs) out to 2,200

km and do uble-hop (2E s) out to 4,400 km
are fairly co mmon, espec ially durin g the
local summer: mainl y May , Jun e , and
Jul y in the Northern Hemi sph ere , and
Decem ber, January , and Febru ary in the
Southern Hem isphere . Three-hop path s
(3E s) out to about 6,600 km certainly do
happen , but are less frequent.

vaporization of sporadic meteors in the E
layer. In the daytime, the tilt of the north 
ern and southern hemi spheres faces them
forward in the direction of the Earth's
orbital motion around the Sun. The angle
of this tilt is optimal during the local sum
mer for its hemi sphere to encounter the
maximum amount of meteoric material at
highest relative veloci ty (Haldo upis, et
al. 2007).
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skipping until the last skip point in the
path. Here , another co ndition, like the
first skip point , would finall y deflect the
signa l path back down to the ground.
These sugges tions will be discussed in
deta il shortly .

Higasa furt her suggested that the
processes might eve n include some form
of the Polar Mesospheric Summer Echo
(PMSE) process, which is basically a D
layer effec t.

An Additional
Mid-Path MUF Issue

There is another challen ge for very
long east-west E, paths that was not con
sidered in these ea rlier studies . Th ese
lon g path s necessar ily invol ve large
change s in longitude between the two end
point s. Thu s , the Local Solar Tim e at the
eas t-end station is many hours later than
that at the wes t-end station.

In th is regard , the infor mation in fig
ure 2 can be viewe d in another way, in
which time is fixed (as in a snapshot) at
the location of the west-end station. If this
is done , then its horizontal time axis can
translated into a distance eas twa rd from
the wes t-end station. Let us further sup
pose that the figure 2 MUF probability
can be sca led as a reasonabl e proxy for
the actual valu e of the MUF itself over
the path in question . Thi s result s in fig
ure 3, show ing the MUF fro m the west
end station looking tow ard the eas t.

Note that the MUF minimum between
the early window and the late wind ow can
dip below 50 MH z. Often this see ms to
be the case, but not always . When it does
dip be low 50 MHz, then the only east
ward stat ions accessible to the wes t-end
station are those that are still in the same
early window as the wes t-end station.

Much farther out , the stations within
their late window can communicate with
eac h other. But the Ne electron-de nsity
gap in the middl e (the Ne " Valley of
Death ") wo uld stop ord inary multihop
nEs skip from go ing between the early
and the late windo ws .

As a result , in addition to Higasa ' s spe
cific co nce rns , there is yet another reason
to exp lore mechan isms that might some
how provide alternative mean s, such as
chorda l and ductin g , to co nnec t the end
point stations in the oppos ite (ea rly and
late) windows.

Possible Mechanisms
Whatever the nature of the propa ga

tion , be it nEs' chorda l, SSSP , or some-
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thing else, it will co nsis t of some co mbi
nation of effec ts that are allowed by
Nature ' s rules of the ga me . The starting
point is how the ionosphe ric free-electron
density and the angle betw een layer and
the upcoming signal ray path are relat ed
to the maximum usabl e frequ ency
(MU F) .

The M Factor
If a wave is laun ched vertically stra ight

up -at a 90° ang le to the ionospheri c
layer above- the layer will reflec t the
signal straight back down if the signal fre
quency is at, or below, the so-ca lled crit
ical frequency.fs. Put another way,fo is
the MUF in MH z for a sig na l go ing
straight up and skipping straight down
again . Th e cr itica l frequency only
dep end s on the variable Ne- the free 
electron number den sity .

1~ -
fo= V~ = VNe x (9 x 10-6)

In this case , Ne is the numb er of elec
trons per cubic meter , while the constants
are the charge of the electron (e), the per
mitti vity of free space (?O), and the mass
of the electron (m) .

The value offo can be determined fair
ly eas ily with a vertical-inc idence
ionosond e. However , one need s to be
able to relate fa to the MUF at more use
ful angles, such as those actua lly used for
co mmunications . Fortunately , there is a
simple relationship between fa and the
ang le bet ween the signal path and the
layer, and the MUF ({max) '

fmax =cosec (a) fa =Mfa

M (a multiplier called the M Factor) is
cosec (a), where a is the ang le between
the signal path and the plane of the bot
tom of the E-Iayer c loud (the ang le of
attac k) . The lower the transmitted angle
of radiation , the smaller the value of a ,
the bigger the value of M , and the higher
the MUF - all without changing the free
e lectron density ! Moreover , the fo llow
ing sections will show that there are other
spec ial circumstances that can change the
ray path afte r the signal has left the anten
na and that can result in very shallow
angles of attack and very high , but local 
ized , MUFs.

SSSP Hypothesis Scenarios
All the SSSP sce narios rely on some

way to propagate signals for long dis-

tances without significant ground inter
actions. In general, th is wo uld be a three
step process , eac h of which requires cer
tain ionospheric conditions at every skip
poin t.

In sertion (First skip point) - T hefirst
skip point must redirect the steep-angle
of the upcoming signal ray path so that it
is inserted into the begi nning of the series
of shallow-angle intermediate hops.

Long Haul (In term edia te skip po ints)
- The intermed iate skip poi nts must sup
port shallow-angle forward propagation
without coming to Eart h.

Recovery (Last skip pointy -:The last
skip point must redirect the interm edi ate
hop shallow-ang le signal into a ste ep 
ang le ray path , to po int the signa l back
down to Eart h.

Figure 4 shows examples of some of
the poss ibilities. As one might expec t, the
Insertion and Recovery steps are rea lly
the same kinds of processes, with the sig
nals go ing in oppos ite directions. Hence ,
it is useful to break the com municat ions
path into ca tegories: the require d end
point conditions and the requi red inter
med iate-hop co ndi tio ns. The long-haul
intermediate hops are discussed first.

Intermediate Hops
The Long Haul

There are at least three plausibl e mec h
anisms for paths with no , or very weak,
interm ediate hops: chordal hops, E-layer
ductin g , and progressive refractio n.
These are all phenomena that have been
observed in other co ntexts (Dav ies , 1990;
Kenn edy , 2000 and 2003 ) . It is signifi
cant that cho rda l hops and ionosp her ic
ducting bot h depend on the higher value
of MUF due to the shallower the angle
between a signal path and the ionospher
ic layer.

Chordal Hops
If the upcoming ray path from the

gro und-based antenna was somehow
bent away fro m its origi nal path , so that
it hit a sporadic E clo ud at a much shal
lower ang le (ca lled "graz ing incidence" ),
then the sig nal cou ld skip off the cloud,
also at a shallow ang le, with a much lower
free-e lectron den sity than normal.

The skip ang le wo uld not be enough to
return the ray path to the gro und , but it
co uld send the path forward nearly par
alle l to the Earth's surface . The path
woul d eve ntua lly run into the E-Iayer
aga in farther downstream , without eve r
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Figure 4. Combining several possibilities on one graphic: Point A shows a curved/tilt
ed Es producing a shallow-angle ray path ; B shows the resulting chordal hops; C
depicts between-layer ducting; and D shows stratified refra ction redirectin g the ray

path to the ground.

hitting the gro und (figure 4 , left ) , as a
chordal hop . Th e seco nd en counter with
the E layer wo uld still be at a very shal
lo w ang le, and thi s could produce ye t
another chorda l hop , and so on. If suit
ab le clouds were ava ilable farthe r down
stream, thi s co uld go on until some thing
e lse bent the path sharply enoug h to brin g
it bac k down to Ea rth .

E-Iayer Ducting
Th e E, rev iew by Whiteh ead ( 1989)

point s out that it is not uncommon for mid 
lat itude EsEs to be vertically stra tified into
a series of thin , stac ked layer s , usuall y
spaced abo ut 6 to 10 km apart. If. the ray
path were nearl y hori zontal in the E

region , it could get ca ught skipping in a
duct between two or more stratified Es lay
ers-one abo ve the other (figure 4 , right).

Lik e chorda l hop s , a ll the sk ips
between the layer s wo uld be at graz ing
incidence , so the MUF wo uld be much
higher than it wo uld be if the ray we re
arriv ing at usual ang les. Th e du ct wo uld
not have to be continuo us ,e ither. It wo uld
only requ ire that at severa l stra tegic
points along the way there we re appro
pri ate layer s to capture the signa l and
bend it on around the path .

Progressive Refraction
Th e signa l cou ld be refra cted by a co n

tinuous weakly-ionized E- Iaye r (o r even

the F-Iayer ), such that the ray path was
gradua lly bent aro und, ro ughly fo llo wing
the curva ture o f the Earth. This differs
from du cting in that there is no real spec 
ular "s kipping." Th e ion osph ere wo uld
beh ave like a len s . While technically pos
sible , thi s process is very unlikely here . It
usually requi res a vertica lly thi ck ion ized
reg ion , which is q ui te the opposite of
what is see n in sporad ic-E.

Earth-to-Sky and
Sky-to-Earth

The question then becom es, how did the
upcoming wave ge t bent aro und at the
beginning and point ed into the chordal hop
or duct (or progressive refraction) in the
first pla ce , and how do es it get turned
around again at the end and come down?
Here again, there are multiple possibilities .

T ilted a nd C urved Layers: While the
ion osph ere is often thought of as having
sing le layers that are smooth and pa rallel
to the Earth ' s surface, Whitehead ( 1989)
also points out that it is co mmo n for Es
clouds to be vertica lly tilted up to 15° or
more. At tim es, their lower faces for m
sma ll-scale curve d surfaces.

On e way that the upcoming wave co uld
be bent aro und to a grazi ng- inc ide nce
ang le fo r chorda l hop s or E-Iayer du cting
wo uld be if the upcoming signa l ray
enco untered a adequately ion ized tilt ed or
curve d layer . Sin ce the layer tilt or curve d
surface wo uld make the ang le of attac k
lower , the M UF would be high er th an
normal ' and it co uld bend the ray path
around and point it into a cho rda l hop, a
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Figure 5. 2 July 2000. this shows the grid-square distribution work ed f rom Hawaii. The regional population densities and skip
gaps are refl ected in the distribution of the squares work ed. (Map credit Coogle Map s)
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Figure 6. The number ofstations worked is reflected in the distances, regional pop
ulation densities, and the approx imate radial locations ofthe various skip foo tprints.

Hawa l'l to North America
2 July 2000
ICIMIO/lCH6

Th ere were always so me sig na ls in the
ga ps between foo tpr ints . No doubt thi s
res ults fro m the foo tprint-size ca lculation
assuming that the ion osph ere is both
smooth and perf ectly spherical . Th e
appearance of signals in the ga ps is ev i
dence that thi s is not reall y the case , as
smooth and spherica l are ove r simplifie d
ass umptions. Sporad ic-E layers ge nera l
ly are not smooth and not flat. Th is lead s
to sca tte ring by irregul ariti es in the
layer(s) . (There will be more d iscu ssion
of this point later.)

On e ca n then co nclude that the 2 Jul y
2000 opening looks like what one wo uld
ex pec t for nEs-man y stro ng signa ls
close , fewer and wea ker sig nals at each
hop farther away .

• 2-3Es lon g ga p out to 5,7 50 km
prob ably refl ect s the low population den 
sity at that range ,

• 3E s picks up toward the eas t end, prob
ably due to larger popul ation density ,

• 4Es produced a number of co ntac ts,
also probably influ enced by popul ation
density.

Hawaii - 6 J uly 2009
Th e 2009 openi ng was ano ther out

standing opening from Hawaii; 183 sta
tions were wo rked and 167 had ident ifi
able grid squares. However , the plot s
reveal that it was a quite di fferent open-
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• IE, was in the ocean, so there is no
informa tion abo ut whe the r it ca me to
ea rth on not ,

• 2E s dominates , as one might expect;
it was the closest and the signa ls were the
stronges t,
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H awaii - 2 J uly 2000
In the case of 2 Jul y 2000,206 QSOs

we re logged with sta tions in North
Am erica . It was po ssibl e to identify cred
ible grid squares for 193 of these stations .
Th e latitude and longitude of the grid
squa re ce nters for each of the 193 stations
we re determined and the Great Circle di s
tanc e calculated between Hilo and eac h
station's grid square ce nter point.
Figures 5 and 6 , respecti vely , show the
geographical location of each grid
work ed (ofte n many stations in a grid),
and a histogram of all the stations
worked, as a function of path length .

Both figures show that the Hawai i sig
nals did indeed come to Earth at hop s two,
three , and four. Figure 6 also shows evi
dence of the ga ps sho wn in Table I
between footprints , which get smaller as
the hop co unt goes up . From hop s fou r
and beyond , the adjacent foo tprints over
lap eac h othe r.

One should note that:

denc e whe the r or not those last three hop s
came to earth in the normal way .

• Path line itsel f (usually a Great Circle ,
but not always),

• Geographical location of the gro und
foo tprints (water, smooth or rough ter
rain , etc .),

• Popul ation den sity within those foo t
prints (is anybody there to listen or be
heard ?) , and

• Distance , in terms of longitude (w hat
time is it at eac h skip point?).

duct , or whatever. At the far end of the
path , the same process in reverse co uld
brin g the wave back down to Earth.

Stratified Refraction : Th ere is anoth
er less probable inse rtio n/recovery pos
sibility requiri ng at least two stratified Es
layers , wit h the lower of the two layer s
being less ionize d than the upper layer.
Th e upcoming signa l might pass through
the lower layer , but be refrac ted j ust
enough so the ray path was bent over and
hit the upper, more ioni zed , layer , which
then ski pped the sig nal for ward nearl y
hori zontall y . Like Progressive Re
frac tion, it is not very likel y at 50 MH z
in the E layer.

Th ere is an axio m that says ,"When you
ge t done with all the theory , then you have
to go ou t and measure so me thing."
O the rwise, the theor y is without any
pract ical basis .

A study was done to look at thi s by
examining two different, we ll-docu
ment ed , cases of openings at four-hop
(4E s) equivalent distances between Hil o
Hawaii and the North Am eri can
Mainl and . Th is path is particularl y use
ful because , although the first eas twa rd
hop land s in the Pacific , the subsequent
hops two , three , and four all land in pop
ulated areas of North America , mak ing it
possible to determine with so me co nfi-

Chordal and Ducting - Did It Reach
the Ground?

A key quest ion is whether the inter
mediate hop s ca me do wn to ea rth
between the endpo ints . Thi s wo uld be
easy to tell for a double-hop path over
we ll-populated land. One would simply
look for sig na ls prop agatin g to or from
the inter medi ate ground point. However ,
thi s is not always easy , or eve n practical ,
on very long path s due to the geog raphy.

Th ere are four fac tors that determine
whet her an inter vening hop ca me to
Eart h:

Some Initial Observations
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Figure 7. The 6 July 2009 grid-square distribution worked fro m Hawaii. Only a handful ofstations and grids were worked for
hops two and three. (Map credit Coog le Maps)

ing fro m the one in 2000. In some impor
tant respects , figures 7 and 8 paint essen
tially the opposi te picture fro m figures 5
and 6, espec ially at hops two and four:

• IE, still has no popul ation , so it isn 't
clear what happ ened there ,

• 2E s has a huge population , but only a
few (weak) stations co mpared to later
hops,

• 2-3Es still have a population-den sity
gap that goes well into hop three ,

• 3E s is about the same as the 2000
eve nt,

• 4E s dominates the whole sce ne , and
the signal levels were fairly good.

E-layer scatte ring still prob abl y
accounts for the signals in the gaps and
those seen at the seco nd hop . There is no
5E s information; from Hawaii both 5E s
and 6E s land in the Atlantic Ocean .

Unlike the 2000 opening, the inverted
2009 skip-ra nge distribution shows that
little of the signal came to Earth at hop
two , and that hop three was better.
However, hop fou r was strong and in
good shape .Th is supports the notion that ,
in the case of this opening:

• Most sig nals propagated ove r the top
of the hop two landing footprint.

www.cq-vhf.com

• Quite usable signa l strengths were
delivered to the hop-four footprint.

• Hops three and four are, at least , con
sistent with the Higasa , and Kusano and
Obara view that the ir SSSP may be due
to the intermedi ate-hop ray path s not
reaching the ground. It suggests that
chorda l-like hops do occ ur at times .

Japan - 3-4 June 2006
Lookin g at the JA-NA path itse lf,

Kusano and Obara showe d 2006 data from
Yoshi Miyam oto , JMlDTF. Two con
tiguous days of those North American
openings were processed the same way as
the Hawai i data. In addition to the fact that
these two co ntiguous openings demon
strated at least a five-hop range , the key
things to note in figures 9 and 10 are:

• IEs and 2Es fro m JA have no popu 
lations at all (ove r water),

• 3 and 4Es has almost no popul at ion
(ve ry rural areas),

• 5Es dominates- quite large popul a
tion , but with weak signals (mos t were on
CW),

• 6E s is out of land , except for some of
the Caribbea n islands .

It should also be noted that durin g these
two days it is not known if the ray path

came to Earth at hops one, two, or four.
Whil e there is no ava ilable informati on
about signa ls at these speci fic points ,
J imm y Treyb ig , W6J KV was operating
in Alaska during a di fferent , but similar,
ope ning . He rep or ted hearin g only the
Japanese-end stations and that they were
"a t ES P levels for hou rs ," whic h is con
sistent with weak E-Iayer sca ttering out
of a main ove rhead path.

Ce rta inly these find ings are consistent
with some of the not ions of Higasa, and
Kusano and Obara . However, they are
also not co nclusive. T here is too littl e
information to tell whether some or all of
the intermediate hops really returned to
earth or not.

Local Solar Times-Path Wide
Since the diurn al E, MUF peaks in the

mornin g and late afternoon/evening,
another question is whether lon g east
wes t paths, with their two end skip points
so wide ly separated in both space and
time (around nin e to ten hours LST ),
ex hibit any LST preferences for the path
as a whole.

Figure I I shows sca tte r plots of eac h
co ntac t greater than 8,500 km aga inst the
wes t-end LST on the vertical ax is and the
east-end LST on the horizontal axis. The
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Figure 8. The distribution of stations is inverted f rom what one would expect. The
furth er alvay the stations were, the more of them were worked.

Hawarl to North America
6 July 2009
It6MIO/KH6

Is It nEs or Chordal/Ducting ?
Fro m a strictly observationa l perspec

tive , it is very hard to distin gui sh chorda l
hops from skip-d ucting hops , without
some additional data , such as same- time
ionogram s at the ex pec ted skip points . So
for now , one must be satisfied to treat
them as the same class of eve nt.

Th e 4E s-dis tance path s in the 2000

noon-evening window , and the who le
path between them is in day time (day time
E, is much more likely than late at night ).
Thi s leads to the conclusion: The entire
end-to-end path very likely is the result
ofsporadic-E processes.
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lon gitude di fference between the two
stations sets the LST tim e difference
(about 9.5 hours, give or tak e) , the key
issue is the specific time of da y that the
difference chooses to app ear (wes t-e nd
0630--1230 LST; eas t-e nd 1530-2000
LST). Adding to the discussion is the
fact that Figure 2 also shows that the
probability ofE, propagation is very low
in the later nighttime hours.

These observed patterns strongly sug
gest that the prop agation occurs at time s
when the first and last hops are in their
respecti ve optimum time wind ow s for E,
to occu r. The west end is in the morning
E, window, and the east end is in the after-

Discussion and Conclusions
Whil e there are no complete answers

in every case , there are some comments
and some preliminary conc lusions that
can be made .

Is It Some Form of Es ?
Th e Early -o n-Late Window effect

see ms to be per vasive for the extreme
paths studied here , that is path s clearl y
excee di ng normal 4Es distance s (8 ,800
km and beyond). While the east-west

Early Window on Late Window
Figu re II strongly sugges ts that the

LST near the path endpoints may be much
more important than the midpoints .These
paths seem to work best when the west
end stations are enjoyi ng their (figure 2)
mornin g Es window, while the east-end
stations are enjoying their afternoo n
eve ning E, window. It certainly appears
that the first and last skip point s need to
be in the most favorable position s possi
ble in order to make most of these links
actually work.

top plot shows the northern summer 2006
JM IDTF openings . Th e bottom plot
shows the known Southern Hemi sphere
summer 2009- 10 events, which occurred
between Boli via and Chil e , and New
Zea land and Austra lia. The longest range
for these contac ts was between OA4TT
and YK4CZ, at ju st ove r 13 ,000 krn,
which is the equivalent of six full hop s.

These 5Es and 6E s equivalent-distance
contacts occurred between about0730 and
1200 LST for the west-end stations and
betwee n about 1530 and 2000 LST for the
eas t-end stations.
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Figure 9. The Crea t Circle path fro m Japan goes northeast over water, turns southeast over Alaska, and east of Vancouver to
the eastern U.S. It requires fi ve hops; the firs t two would land in the ocean (also see fig ure 7). ((Map credit Coogle Maps)
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tacts were made at fi ve-hop distances. demonstratin g a typical case ofwhat has been

labeled SSSP.

KH6-NA opening provided fairly strong
ev ide nce that 4Es most likely occurred.
and it occ urred with workable signal lev
e ls. Altho ugh hop one land ed in the
oce an. clearl y hop s two . three , and four
all were there.

With the very same path s and distances.
the 2009 KH6-NA opening provided fair
ly strong evidence that at least some of the
hops were chorda l/ducting in nature . In
this case . E, conditions in western NA
were also known to be very poor that day.
Aga in. hop one was in the Pacific , but the
scarcity of contacts and the weak signals
at hop two rea lly behav ed like scattering
from the ove rhead path . sugges ting that
hops three and four were fed by a chorda l
or ducting process.

Takin g the signal levels at face value .
it appea rs that both the 2000 and 200 9
openings were more or less equally capa
ble of go ing the equivalent 4Es distance.

Bridging the Valley of
Death

In lookin g at nEs vers us chorda l and
ductin g mechanisms , it must taken into
acco unt that there are at least two ob vi
ous situations that allow the Early and
Late W indow stations to co mmunicate
with eac h other:

I . E-laye r chorda l or ducting propaga
tion across the Ne gap, which can succeed
with a much lower electron den sity . or

2 . Sufficien t overall ionization so that
the dip between the Early and Late win
dows nev er gets below 50 M Hz (ve ry
long nE s) '

The evidence so far is consistent with
both of the se mechanism s wo rking at
times for path s greater than about 8 ,800
km. How ever , it is not co nclus ively in
favor of ei ther one (Kennedy , 20 I0) . It is
also fair to argue that 4E s distance is not
5E s distance, and that these shorter paths
may not predi ct what happen s at the
equivalent 5Es and 6E s ranges.

Neither nE, nor chordal/ducting, can
be eliminated as the possible mechanisms
for either the end-point or mid-path hops
on the extreme east-west paths.

Relationship to the Full
SSSP Hypothesis

It is clear that some aspects of the SSSP
hypoth esis may well be correct. Whil e nEs
has not been excluded as a player , neit her
has chordal/ducting. In fact. posi tive evi
dence has been presented for chordal/
ducting occurring in some cases with spo
radic-E. Howe ver , time and more study
seems to have eliminated the more exotic
suggested SSSP mechanisms.

Absorption and
Scattering Losses

Calculations show that D-layer absorp-
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JM1DTF4-6 Jun 2006

tion losses are really quite sma ll at 50
MH z, and are not likely to be an impor
tant fac tor. Th ough likely higher , nEs
ground scattering losses probably aren' t
as high as feared . If nEs hops are hap
penin g , the longest-range con venti onal
skip hops occ ur when the signal ray path
onl y grazes the Earth's surface, rather
than fully co lliding with it. In these max
imum -hop-length cases, the ground scat-

terin g losses would likely be much lower
than for shorter individual hop s.

It is also clear that on the JA-NA path ,
at least two of the hop s would have
brushed past the ocean . The scattering
losses here would have been particularl y
low , since seawater is an excellent con
ductor and the signal is approaching a
grazing incidence , and most of the time
the ocean's surface is rather smooth, com-

pared to mount ains, fores ts , and big cities .
Finally ,whil e it is true that chordal-like

hops in the F2 layer may have relati vely
low scatter ing in the ionosph ere (if away
from the geo mag netic equator), the
dynamic and fragm ent ed struc ture of
swarms of E, cloud s (that would ca use
the chordal-like hops) would them selves
be a source of scatteri ng losses .The KH 6
NA nEs and chorda l openings sho wed
that the signal strengths from the far end
of the path were more or less co mparable
in both cases .

Figure I I . (A) The 1M I DTF 2006 summer openings are tightly grouped in a time
"box" of west 0730-1200 by east 1530- 2000. (B) With one exception. the 2009- 10

southern summer openings fi t quite well into the same box.
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Polar Mesospheric
Summer Echoes

It has been suggested that the Polar
Mesospher ic Summer Echo (PMSE) phe
nomenon might play an important role in
the SSSP hypothesis. Whil e an interest
ing and worth while sugges tion, on closer
inspection it seems highl y unlik ely. As
Luetzelschwab (2009; 20 1I - see "PMSE
and Propagation at 50 MHz. " by K9LA.
elsewhere in this issue.- ed.) has pointed
out, PMS E is a very weak effect that
requires significant power and very large
antennas to demonstrate . He also showed
that the Ne in the PMSE zone (esse ntially
the upper 0 layer) is many orders of mag
nitude too low to skip signals at any rea
sonable, eve n graz ing-incide nce, angle .
Th is is especia lly true because since the
background E layer is only 15 or 20 km
higher , with significantly higher levels of
Ne, it would be much more likely to sup
port chordal effects at much largerangles
of attack.

Finally and importantl y , PMS E works
at 50 MH z only. because the vertica l
stratifica tion of the background electrons
ju st below the E layer has a sca le size of
about 3 m , Thi s forms a tuned three
dimensional scattering struc ture. As the
upcoming (vertica lly- incide nt) signal is
sca tte red stra ight back down , the sca t
tered signals from eac h progressive level
end up in phase with eac h oth er due to the
fortuitous half-wave spacing of the sca t
ter ing centers . Since the 3-m stratifica
tion is in the vertical plane , it would not
be useful for the largely hor izontally
prop agating waves of a skip signal.

Impact of the
Auroral Es Zone

Higasa was also co ncerned that the sig
nal path wo uld pass into the auroral zone
and fail at the path 's north ernmost extent
(about 600 N). However , 600 N is usually
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who have shared their experiences and
the ir logs.

Note
I . For example, the likel y expla nation of 2

meter Es is chordal skipping di rectly betwe enn
two tilted or curved layers, producing very high
grazi ng-inncidence MUFs (Harri son , 20 I I) .
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vice, critica l observations, and very help
ful co mments on the manuscr ipt by Gene
Zimmer man, W3ZZ , who was a major
force in encouragi ng this effo rt forward .
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and co mments fro m Bob Cooper ,
ZL4AAA, as well as my co llabora tors on
earlier works, and the man y other people

we ll south of the daytime edge of the
auroral ova l, and this would not normal
ly be a prob lem .
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A concern that has been expres sed by
various peop le abo ut ca lling the observed
phenomenon "Shor t-path Summer So l
stice Propagat ion ," because the phrase
itself equally describes ordi nary, major
season, and summer sporadic-E, espe
cia lly since it now appears that the prop
aga tion in questio n is a variant of Es'

To be fair, when the term SSS P was
co ined there was a legitim ate question as
to whet her it was any form of sporadic
E at all . However, with what see ms to be
the case now , it may be more descr ipti ve
to refer to the phenomenon as East -Wes t
Extreme Es' or EWEE , as th is curre nt
paper has been do ing .

A Rose by Any
Other Name

There is a lot more to learn about this
subject. The work presented here was
done on the bas is of the obse rvations
cited . It is inevi table that there are many
other observations that were not ava ilable
for this ana lysis and, which if exa mined,
might lead to different concl usions.

At this writing , the overall statist ics are
weak. Wit h only one minor exception ,
this study has only co nsidere d EWEE on
the l A-NA path , and indeed for only two
such openings. It will be important to fur
ther exp lore the Early-on-Late Window
effect for more openings and on different
paths, such as the NA-EU path .

It will also be important to look at path s
like EU -lA . Unlike the other three
known pat hs , it is almos t entirely over
land. While much of that interve ning
land has relative ly low ama teur radio
populations , it st ill might offe r some bet
ter answers regardi ng the nEs versus
chordal/duct ing issue.

Future artic les in this series wi ll
address additional EWEE data and addi
tional paths , including NA-EU and EU
l A , the north-south propagat ion across
the equator betwee n ZLIVK and NA , and
go on to explore poss ible real-time ionos
pheric condi tions that may play impor
tant roles .

Open Questions
More to Come
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By Joe Moell,* K0QV

HOMING IN
Radio Direction Finding for Fun and Public Service

USA ARDF Championships 2011:
Medals and Fun in the "Land of Enchantment"

J ust ove r eleven years ago , my "Homing In" column
announced the search for a local radio club to host the
first-ever national on- foot radio directi on finding (RDF)

championships in the USA. Ink on the last copy of the press
run was barely dry when the Albuquerque Amateur Radio Club
(AA RC) answe red the call. Its memb ers were eager to put on
this historic eve nt.

Perhaps AARC's leaders didn 't fully understand what they
were signing up for at the time , but they were definitely up to
the task. They arranged for housing, local transport ation , hunt
venues , maps, medals, and the endless other details of a well
run radiosporting eve nt. With no ex perience to guide them ,
AA RC memb ers did a grea t job that year. The y did it so well
that they were asked to do it again in 2005 . Since then , many
have asked when the championships would return to Duke City,
and 20 I I was the year.

License plates in New Mexico proudl y proclaim that it' s the
"Land of Enchantment." From September 14 through 18, it was
the land of international-rules competitive RDF ,also called fox
hunt ing , foxtailing, radio-or ienteering , and ARDF . Thi s year's
annual USA ARDF Championships were combined with the
bienni al ARDF championships ofI nternational Amateur Radio
Union (lA RU) Region 2, which enco mpasses North and South
America . Anyone from any state or country , with or without a
ham license , was welcome to enter the championships by pay
ing the regis tration fee and traveling to Albuquerque.

The champio nships rece ived good publ icity via ham radio
magazines , newsletters , e-ma il, and the Web. We sought
entrants from every part of the world and with every ARDF
skill level , from beginner to expert. In the end, ten states from
coas t to coast were represented along with Canada, China,
Germany, and Ukraine . Although there was no for mal teaming
amo ng the states ide hunters, some of them had trained togeth
er and put on local practice sess ions for each other.

Prepare for a Monsoon
Late summer is "monsoon seaso n" in New Mexico . Warm

moist air masses come in from the south, are uplifted in the
mountains, and create thund erstorm s almost eve ry afternoo n.
Rains are occasionally heavy but are usually brief. The mon
soons were welcomed this yea r becau se the rains ended the
threat of fores t fires that had persisted through the spring and
early summer.

It has become a tradit ion for USA's championships to includ e
an optional and informal "training camp" in the days just before
the formal eve nts get under way .Th is year's trainin g was orga-

*P.O. Box 2508. Fullerton. CA 9283 7
e-mail: <kOol.@homingin.com>
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Stephanie "Stevie " Van Skiver, VE7SMX, fro m New
Westminster. British Columbia tests her equipment on Friday.
In her left hand is her 80-mete r RDF set and in her right is her
2-meter equipment. She won silver medals on each band in the

W21 category. (All pho tos b/ Joe Moell, «eov,

nized by Marvin John ston , KE6HTS , of Santa Barb ara,
Ca lifornia and Jerry Boyd , W B8WF K, of Albuquerque . On
Wednesday and Thu rsday, September 14-15 , trainees made
their way to Oak Flat Picn ic Area, 17 miles southeas t of the
city . Thi s had been the site of the 2-me ter championship com
petition in 2005 . The goa l was to get a full-sca le five-t rans
mitter practice hunt completed each day before any rain set in.

Eleven persons took to the woods in the training days. Keith
Witney, VE7MID , came from Burn aby, BC Ca nada and the
rest were hams from six states. Marvin , who operated the elec
tron ic scoring system for the training , also cooked an after-hunt
feast of Santa Barb ara style tri-tip beef barbecue and all the fix
ings.

On Friday, about twent y additiona l fox tailers arrived for the
formal competitions to follow on the weekend . Afte r they reg
istered at the eve nt hotel and received their T-shi rts , Jerry Boyd
gave a PowerPoint presentation that thoroughly cove red the

Visit Our Web Site



Ruth Bromer, WB4QZG, ofCary. North Carolina was the only
competitor who had the 2-meter RDF Yagi mounted on a mast.

She was a double gold medal winner in the W60 category.

rul es ;' logist ics , and dangers . In accorda nce with standa rd
IAR U procedures, there wo uld be five transmitters eac h day .
Th e firs t sends MO E in Morse , the second sends Ma l, the thi rd
Ma S, and so forth . Th ere ' s no need to know CW,just cou nt
the dits to find out which fox is on the air. MOE is on for 60
seconds, the n it goes off and Mal goes on for a minute, and so
forth unt il Ma S goes off and MOE comes back on agai n, and
then the cycle repeats .

Com petitors were divided into nine age ca tegories . five for
males and four for females. They would be started in gro ups
every five minutes, co incident with the start of tran smission
fro m MOE. As many as four starters would be in a gro up, but
there wo uld be no more than one person in a given ca tegory in
eac h gro up.

Males fro m age 20 through age 39 were req uired to see k out
all five transmitter s . Persons in other categories were told the
numbers of the four, three ,or two that they had to look for. Each
hunt er must perform on his or her ow n; there is no collabora
tion or cooperation allo wed on the course. Hunters may not
co mmunicate with each other by any means in the woo ds except
in an emergency.

Rules rega rding GPS and other navigation aids were fully clar
ified . Competitors are expected to use only their maps, com 
passes , and RDF gear for navigation .I Although they may take
ce ll phones along for emergency communica tion, they may not
use any GPS features of the phone. All other GPS devices that
have mapping screens are prohibited.

For competitive wilderness orienteeri ng, an ordi nary USGS
topographica l map isn' t good enough . Orienteeri ng maps mus t
show the vege tation th ickness and runability of the en tire area,

At the 2-meterfinish line, voluntee rs wrote dow n times as a back up to the elec tronic scoring system. Another volunteer had water
and Gatorade ready fo r the fi nishers.

www.cq-vhf.com
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First-time competitor Thomas Krahn. KT5TK. of Houston.
Texas punches in at the fini sh line after his 2-meter run.

as well as details such as trails, fences, and rootstock . A stan
dard format has been published by United States Orie nteeri ng
Federation. Once it's all on paper, the ent ire area must be thor
oughly field-checked against the map for accuracy . Jerry Boyd
had spent many hours compiling maps and field-checking maps
for this eve nt, with help from memb ers of AA RC and New
Mexico Orienteering .

Bears. cougars.and poisonous snakes had been reported with
in the competition sites, so everyone was told how to handle an
encounter with any of them . A potentially great er danger was
a shooting range within the 2-meter competition area . Besides
bein g marked as off-limits on the map , it was well fenced and
signed.

The intense New Mexico sun at high altitude can cause severe
sunburn and dehydration, so competitors were warned to use
sunscreen and to carry water. They were also told what to do
in case they got hurt or lost-to summon help from the New
Mexico Search and Rescue Team .

Th e last ord er of business was the drawing of competitor
" bib" number s to de termine who would be in each starting
group on Saturday . On Sunday, the starting group order
would be reversed . After that , all were invited to go outsi de

54. CQ VHF . Fall 2011

-----_._ - - - - - ----- - -

Afterfinishing, competitors downloaded their electronic scor
ing sticks. Their results were immediately available to every
one. thanks to the nell' Fj wW software and a Wi-Fi broadcast.
Co-chair of the organizers Jerry Boyd. WB8WFK (closes t to
camera) operates the Fj wW computer. Next to him is Marvin
Johnston. KE6HTS, operating a backup scoring system with
Sport/dent sof tware. Observing is Matthia s Kuehlewein,
DL3SDO . of Tuebingen, Germany. who won gold in M40

category of the Visitor division that day.

and check the ir gear by find ing test tran smitters on 2 meters
and 80 meters .

Where Are We Going?
For fairness , ARDF event organizers are encouraged to

choose competition sites that have not been recently used for
regular orienteering or radio -orienteering meet s. Thi s prevent s
anyone from having an advantage of familiarity with the venue
and its terrain . It' s best when the sites are kept sec ret so that
advance reconnaissanc e cann ot be done with ex isting orien
teering maps, Google Earth , and so forth.

AARC did a good job of keepin g the sites a secret. They
announced earl y on that large portions of the mountains sur
rounding Albuquerque were "e mbargoed ." That meant that
they were off-limits to anyone planning to parti cipate in these
championship s. Anyone found to have visited these area s after
the announcement would not be allowed to compete .

Besides site secrecy, there are three other reason s why ARDF
championship s in Alb uquerqu e have always had bus trans
porta tion to the venues. It ' s important for everyone to arrive
and depart at the same time , parking at the sites is quite limit-
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Medals and a Second Try
After the bus ride back to Albuquerque

and a shower, eve ryone was ready for the
awards banquet on Saturday eve ning at
the hotel. Follow ing the Mexican food
buffet, medals were given to the top three
2-meter places in eac h age/ge nder cate
gory. There were two sets of medals , one
for competitors in IARU Region 2 (U.S .
and Canada only in atte ndance) and
another set for visi ting compet itors from
outside Region 2.

The fastest person to find all five 2
meter transmitters on the course was
Volodymyr Gniedov of Ukra ine, who did
it in I hour, 12 minut es , and 28 seco nds .
USA's best includ ed Vadi m Afonkin ,
KBIRLI , of Boston , finding four re
qui red foxes in I:24:52 in M40 and Jay
Henn igan , WB6RD V, of Sa nta Barbara ,
who got his required three transmitters in
I:24:38 . There were good results among
states ide women, inc lud ing Ruth
Bromer, WB4Q ZG , of Cary, No rth

stayed out in the woods more than five
minutes beyond the three-hour time limit
for the hunt on that day.

$21.95 + $7.00 s/h

CQ Communications, Inc.
25 Newbridge Rd, Hicksville, NY 11 801
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was a boulder-filled canyon. There was
no need to mark it with tape as is usual
ly done , becau se all knew that they would
have to go to the end of this canyon and
get away from its walls before they could
get reliable RDF bear ings.

The entire mapped area enco mpassed
about 2650 acres of fores t , with pon
derosa pine , pinon , and all igator jun iper.
At 7200 feet, the altitude posed a formi
dab le running cha llenge for many
hunters . The mosquit oes weren 't out in
force, but the forest floor had boulders in
many places, makin g it important for
them to mind their footing. The optimum
straight-line cour se length , from start to
all five foxes and then to the finish, was
just over seve n kilometers .

Course-setter Jerry Boyd , WB 8WFK ,
and the LAAR C volunteer crew awaited
the hunters as they ran throu gh the end
ing corridor to the finish line .Cold drink s
and box lunches were waiting for them .
Standing by to treat any injur ies or ill
nesses were April Moell , WA60PS , and
Joan Rogers , KC5BPI. Also standing by
at their homes for possible callout were
members of New Mexico Search and
Rescue. Fortunately, nobody got lost or

Many fin e books will tell you how to
become a Radio Amateur. but preciou s few
will te ll yo u why. The Opus ojA mateur
Radio K nowledge and Lore is a tribute to
the passi on a nd poetry of Amateur Radio.
Opus will inform the newcomer a nd a lso
remind the old timer why we became
h ams .

We love the sme ll of ozone, so lde ring flux.
an d overheating transformer varnish. We
love the s igh t of a glowing vacu u m tube an d
th e vision of a cubica l qu ad antenna twirling
in the h eavens. We love the s till small so u nd
of a barely perceptible Morse Cod e s ignal
buried in a cho rus of s tatic crashes. In other
words . we a re lovers of radio . After reading The
Opus oj Amateur Radio Knowledge and Lore. you
will be, too.

ed, and buses would provide rapid evac 
uati on of the area in case of a fire .
Furthermore , the buses make transporta
tion much eas ier for the forei gn visitors.
The modest increase in registrati on fees
was offse t in most cases by eliminating
the need for out-of-area competitors to
rent their own vehicles .

Buses boarded promptly after break
fast on Saturday to go to the 2-meter hunt
site . Com petitors had spec ulated that it
would be in the Sandia, San Pedro , or
Sangre de Cristo Mountains, but instead
the bus went north for about an hour to
the outsk irts of Santa Fe. Then it went
north and wes t for another hour and
entered the town of Los Alamos .

The mesas of Los Alamos were little
know n befo re 1942, when the U.S . gov
ernment took ove r the area as the secret
site of the Manh attan Project. Th e
National Laboratory is still the main
employer in this close-knit community
that has 12 ,000 souls and an above -ave r
age number of hams . Th e 48 ,000-acre
Cerro Gra nde wildfire in 2000 destroyed
400 homes on the mesas and there was
great concern that the Las Conchas fire
this summer would do the same . For
tunately , the mon soons ended this fire
after it burned only a small part of the area
that had been mapp ed for this hunt.

The bus went throu gh downtown to the
north ernmost part of Los Alamos and
onto Range Road , just past Guaje Pine
Cemetery. There it stopped , next to a
porta-potty that had been rented by the
orga nizers for the occasion. Scott
Steve nson, KC5VVB, and a crew of vol
unteers from the Los Alamos Amateur
Radio Club were waiting.

Competitors received their II x 17-inch
full-color maps ten minutes before start
time. Most mounted the map on cardboard
or foam board and cove red it with clear
plastic so they could mark bearings on it.
The German competitors preferred cork
boards with pushpin s. Hunters discovered
that the start and finish were only 260
meters apart in the southwest corner of the
map. Would the fox transmitters be to the
north in Canyon West , to the eas t in
Canyon East, or in both?

After the starti ng tones, IAR U Rules
prohib it competitors from stopping to do
RDF unt il they are at the end of the start
corridor, out of sight of the hunters still
waiting to start. Five minutes before start
time , members of each group lined up at
the starting line and gazed out into a cor
ridor like none they had ever seen. Instead
of the usual dirt path into the woods, it
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Notes
I . hltp://www.homingin.com/intlfox.html#rules
2. There is a continuous transmitter on a separate frequency at the head of the finish cor

ridor as an RDF aid to hunters who become lost.
3. hltp://www.homingin.com/epunch.html
4. hltp://www.ardf-fjww.com/index_eng.htm.

Co-chairofthe organizers Mike Pendley,
K5ATM, was the primary contact fo r
lodging and transportation. He also
presided at the banqu et and awards

ceremony on Satu rday evening.

Carolina, who got her two required trans
mitters in 1:39: 16.

Harl ey Leach , KI7XF, of Bozem an ,
Mont ana was the oldes t co mpetitor and
was in a category by him self. Even
though he was actually 69 at the time ,
Harl ey was in the new M70 ca tego ry
because "d ivis ion age " is the age on
December 3 1 of the co mpetition year.
Harley found his required two foxes and
cru ised to the finish and a gold medal in
just an hour and two minut es .

Th e bus tr ip on Sunday fo r the 80
meter hunt was much shorter, ending in
a park ing lot in Cieneg a Canyon, about
15 as -the-crow-flies miles northeast of
the hotel on the road to the Sandia Peak
sk i area . Then the bus stopped and the
starti ng seq uence began anew . But before
that , there was a brief bus stop at the bar
ricaded entrance to Sulphur Ca nyo n,
about 350 meters from the finish area.

Ju st days before , Sulphur Ca nyo n had
been closed due to multiple bea r sight
ings . Rangers had noticed that a certai n
berry, found in abundance in that ca nyo n,
was attracting them in unu suall y large
numbers . Knowin g th is , the organizers
gave participants a spec ial map page
show ing the clos ure area and the detour
that they wo uld have to take to get to the
finish line. Not only were they in danger
if they we nt into Sulphur Canyon , but
they risked a $ 10,000 fine if see n by a
Fores t Serv ice offic ial there .

As they picked up their 80-me ter maps ,
all of the hunt ers were planning how to
do better than the day before . Thi s time
the start and fini sh were about a kilome
ter apart in the north-cent ral porti on of
the map . Th ey co uld tell that the trans
mitt er s wo uld have to be in the so uth and
east areas of the 1400 -acre venue to meet
the excl us ion zo ne requ irem ents of
IAR U rules .

The signal reflections that can plague
transmitter hunters on 2 meters in hilly and
mount ainous areas are non-existent with
80-meter gro undwave propagation , so it is
normal for competitor's times to be short
er on this band . The altitude was slightly
higher , but the course was about 17 per
cent shorter. Everything went smoothly for
both the organize rs and the hunt ers .
Almost every perform ance was better.

As the co mpetitors fini shed and down
loaded the ir "e-sticks,'? the new FjwW
sco ring software" kept eve ryo ne appr ised
of the competit or standings . Result s were
co ntinuously broadcast via Wi- Fi at the
finish area , availabl e to anyo ne with a
suitable device to view them .

Can This Be Topped?
A hearty "We ll done!" and thank-you

to AARC and its eve nt leaders , as nam ed
above . Special kud os to Mike Pendl ey ,
K5ATM , who was the prim ary co ntac t
for the hotel and for the buses . Th ank s to
the members of the radio clubs of
Albuquerque and Los Alamos for their
help . And thanks to everyone who atte nd
ed for the interest , enthusiasm, and posi
tive attitude that prevailed.

For the exact tim es and standings of
every competito r, plu s more photos ,
warm up your web browser. Start with the
" Homing In" site for a summary and lots
of images . Almos t eve ryo ne who atte nd
ed is pictured at least once . Th ere is also
a link to AA RC's 20 11 ARDF Cham
pion sh ips we bsite, which has the official
results that include co mpetitors ' indi vid
ual routes and times at eve ry fox trans
mitt er that he or she found .

If yo u missed all the fun in
Albuquerque, yo u will have another op
portunity to co mpete aga inst USA 's best
injust a few months . Plans are now under

n

way for the 2012 USA Championships ,
which are expec ted to take place in sou th
ern Ca liforn ia.

Na tiona l ARDF cha mp ionships
aro und the world usually take place in late
sum mer or early fall. However, the 20 12
ARDF Wo rld Championships will take
place in ea rly Se ptember at a sk i resort in
Serbia . To provide plenty of time for
se lection of Team USA and for ove rseas
travel plan ning, the 20 12 USA Cha m
pio nships must take place in May or Jun e.
More inform ation will be in upcoming
" Ho ming In" co lumns and the webs ite .

Now is the time to star t preparing yo ur
equipme nt and yo urself for the next
championships . It ' s also a good time to
help others in your local cl ub to do the
sa me . Regular informa l practice sessions
in local parks , with or withou t ma ps, wi ll
go a long way toward developing good
radio-orienteeri ng techniqu es . Part ic i
patin g in the events of yo ur local orien
teerin g club will improve yo ur ab ility to
do map- and- compass navigating in the
woo ds . I hope to see you at next year's
nat ional championships!

73, Joe , K00 V

Grant Van Skiver, VE7GVS, was one of
four competitors representing Canada.
He captured gold medals on each band

in the M2 / category.
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By Kent Britain,* WA5VJB

ANTtNNAS
Connecting the Radio to the Sky

50-MHz Beams

Last time we went over a construction project for a reall y
big 432-MH z Yagi (photo A). At the Central States VHF
Soc iety Co nfe rence I had it on the antenna range . Offi cial

ga in was 14.5 dBd or 16.7 dBi. Darn close to the theori cal 17
dBi gai n the co mputer predi cted .

Yeah, I knoll', blind luck! Th e plan was to build a seco nd long
Yagi and show yo u how to stack a pa ir in different conf igura
tions . Well , it didn 't quit e work out that way, but I do promi se
the second Yag i, phasin g harn ess dim en sion s , and stacking
information before they fire up the Arecibo dish on EME aga in.

Th is time we are going to rev isit an old project , a 50-MHz
beam. My problem is that I have not been able to come up with
a good mechani cal design. Here is your chance to come up with
some thing better.

The idea is to co me up with materials that are easy to ge t. We
are talking abo ut stuff you ca n get at one of the big building
material stores such as Home Depot , or hard ware stores such
as Ace. Th at neat bracket yo u found in your junk box doesn't
co unt, unless you have a co uple of hundred spares for yo ur
friends . Hi, Hi .

I have looked at copper water pipe , agood co nductor, but
heavy and may not support itse lf well when yo u hav e a 12-foot
length of it in the air. Electrical conduit perhaps? Years ago a
friend did build a 6-meter beam for 50 .4 MH z AM - yes , that
long ago. But it' s not easy stuff to work with and his quickly
rusted . PVC pipe with some wire run down the middle of it?
Quest ions aga in about just how stro ng a 12-foot piece of PVC
pipe is when on a tower in a storm . Also , the element length s
will change slightly due to the e lements being inside plastic .

Warning: A bit of ph ysics he re . Light travel s slower
whe n passin g thou gh a med ium suc h as air, water, o r g lass.
Rad io waves travel more slow ly when passin g though a medi
um suc h as plas tic .

You can see this with an HF antenna. If you make two 40
meter d ipoles out of wire-one using bare wire, one using insu
lated wire-the insulated wire will need to be about a foot to a
foot-and- a-h alf shorter to resonate on the same frequ ency.

So, so me thing invol vin g cur ta in rods and bailing wire
perhap s?

Now for a bit of antenna theory . A dip ole antenna in free space
has about a 72-ohm impedance - there is some slight variation
in impedance depending on the diameter of the dipole -but 72
ohms is pretty close . When yo u brin g other objects nea r that
di pole, the impedance changes a bit. With careful positioning
of another 6-meter element, we can use the loadin g effec ts of
that element to bring the impeda nce from 72 down to 50 ohms.
Th ere is a compromise here finding the co mbination of element
length , element spaci ng, and dri ven-element imped ance that
gives good performance and a very simple antenna .

*1626 Vineyard . Grand Prairie. TX 75052
e-mail: <\l'a51')h@cq-l'lifcom>

www.cq-vhf.com

Figure I shows three versions of th is simple 6-me ter Yagi .
Fir st on the left side is a co nve ntio nal two-element 50-MHz
beam . Next in the middl e is another 2-e lement beam that goes
aga inst co nventional wisdo m, at least in the U.S. A two-ele
ment beam con sistin g of a driven e lement and a director has
more ga in and a better fro nt-to- bac k ratio in a sma ller pack age
than a two-element beam with a driven element and a reflector.
These are very popu lar in the UK where real es tate is at a pre
mium and the lads have studied their antenn a textb ook s . Now
the reflector/dri ven-element co mbination does have a bit more
band width , but on 6 meters we all gro up toge ther in about 100
kHz, so band width is not an issue on the 6- meter band. On the

Photo A. 432-MHz beam .
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Figure 1. Three 50-M Hz beams with simple dipole driven elements.

Driven Element

right is a three-element Yagi ; the extra element doesn 't help
gain all that much, but it really improves the front-to-back pat
tern .

The fina l length of the driven eleme nts will be affec ted by
element diameter, mou nting configura tion, and eve n the length
of the pigtails on the end of the coax. Therefore, the length s in
figure I for the driven elements are a star ting point. Feel free
to adjust their lengths as nece ssary for a good SWR.

Figure 2 shows the main prob lem with a simple dipo le feed .
We like to think that all the RF curre nt goes into the dipole ,
but a lot of that RF curre nt runs aro und the end of the coax and
back down the outside of the coax. Ever have a statio n where

RF Current

c
Q)......
::lo

LL.
a:

Figure 2. Drawing coax RF on coax.

-RF Current

the D- 104 mic , or any other metal microphone , burned your
lips whe n you got too close? That 's from the RF run ning back
dow n the outside of coax. There are several problem s with RF
on the outside of the coax : Firs t wou ld be your burne d lips , but
that RF on the coax is not goi ng where yo u want it to go . That
RF current on the outside of the coax is almost all power you
are losing . A balun at the feed of these beams wi ll so lve those
issues , but hey , we' re ham s, so how abo ut a cheaper solu tio n!

Wh at we need is an RF choke that blocks the RF fro m the
coax . Here we present two simple RF choke designs. In Photo
B is a couple of turn s in the coax near the drive n element. This
is know n as a noise balun . It also keeps RF noise on the out
side of the coax from getting into the 6-meter rig . Yo u want to
use a sma ll-diameter coax such RG-58 with a solid-core die lec
tric. I' ve had trouble with the foam- type coax whe n wound in
a tight coi l like this . The cen ter conductor tends to move in hot
weather with the center and shield shorti ng out. Two turns is
not really enough, six or seven turns is probably too much, so
three to five turns is plenty . A couple of cab le ties , electrical
tape , duct tape , or balin g wire can hook the loops in place .

The next type of RF choke is the ferrite choke (photo C) . The
ferr ite grea tly increases the inductance of a stra ight wire unt il
that stra ight wire looks like a coil. Agai n, two ferr ite beads is
marginal , and many more is a was te of ferrite. I onc e saw an
EMI antenna with ove r 50 ferrite beads on its feed line , but I
think someo ne was just having fun. Ferrite beads that fit snug
ly ove r RG-8 are hard to come by, but they work . Several years
ago I used the cla mp-on style ferr ite beads and they worked for
a while, but then sunlight destroyed the plastic and they fell off.
So if you use the clamp -on style ferrite beads , put something
ove r them such as tape , heat-shr ink tubing , cab le ties, etc., to
hold them together. If you only have some larger beads , you
can loop the coax back through the beads a co uple of times.

How do you know if you have enough choke on the feedline?
One way is to watch the SWR while you slide your hand up
and down the coax . The amount of wiggle in the SWR reading
gives you a good idea of how much RF is on the outs ide of the
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1601 Donalor Drive. Escondido. CA 92027
(760) 781·5522 • www.nlftyaccessorles.com
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Laminated for Durability

The fast and easy way
to program and operate

modern radios .

Nifty E-Z Guide to
OoSTAR Operation

Radio Setup Guides
Simple Step-by-step Instructions for:
Elecraft, leom, Kenwood, Ten-Tee,
Yaesu Radios and other Amateur Gear

Photo C. Ferrite baluns.
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~~REcnVE SYSTEMS
177 Dixon Road

Lebanon. ME 04027
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www .directivesystems.com

Voice & CW Keyers ,
VHF Beacon IDer,
PC Interface kit for

digital modes & more.

www.unifiedmicro.com

UM

73 , Kent , WA5VJB

it list, along with how to stack the two for
ver tica l, horizontal , left-hand , or right
hand circ ular po lariza tion.

As alway s , I welcome antenna ques
tions and column suggestions from read
ers. Many a col umn topic has bee n
suggested by you. E-ma il to <wa5vjb
@cq-vhf .com> or <wa5vjb@amsat.org> .
Also, for several dozen other anten na
projects yo u are welcome to visit
<www .wa5vjb .com> and look in the
Reference section.

Photo B. Noise balun.

,

Future Projects
That second 20-element 432-MHz

Cheap Vagi is still on my get-around-to-

coax . A little wiggle is OK; a lot of wig
gle , more than a few tenth s, shows you
have a problem. A few more turns on that
noise balun , or some more ferrite beads ,
are in order.

Even if you can 't help your neighbor ,
with a good junk box these are easy anten
nas to build and will get you on "The Fun
Band ."

www.cq-vhf.com Fall 2011 • co VHF. 59



Unlike many technical
publications, Lew presents
his invaluable antenna info in
a casual , non-intimidating
way for anyone!

Lew McCoy onAntennas
by Lew McCoy, W11CP

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

The Quad Antenna
by Bob Haviland, W4MB

Comprehensive guide to the
construction , design and per
formance of Quad Antennas .
General Concepts , Circular
Loop &Arrays , Rectangular &
Square Loops, Multi-Element
Quads and more!

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

Reflections 1/1
by Walt Maxwell, W2DU

All the info in Reflections I
and II and more ! This
completely revised and
updated, 424-page 3rd
edition is a must-have!

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

Sloper Antennas
By Juergen A. Weigl , OE5CWL

Single- and Multi-Element Directive
Antennas
for the Low Bands

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 designs
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

With calcula tions and practical
experience, this book shows
which basic concepts have to
be considered for sloper anten
nas for the low bands .

6 X 9 Paperback $24.95
New! CD Version $18.95
Buy both for only $36.95

2012/13 calendar from CQ •
15-Month Calendar . •. ,.

January 2012 throughMarch 2013
CO Amateur Radio Operators Calendar -
brings you 15 spectacular images of some of the biggest, most
photogenic shacks , antennas , scenics and personalities. These
are the people you work, shacks you admire, and the antenna
systems you dream about! $10 95Order No. HRCAL •

W6SAI HF Antenna Handbook
by Bill Orr , W6SAI

W6SAI was known for his
easy-to-understand writing
style. In keeping with this
tradition, this book is a
thoroughly readable text for
any antenna enthusiast ,
jam-packed with dozens of
inexpensive , practical antenna
projects that work!

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

The NEW Shortwave
Propagation Handbook
by W3ASK , N4XX & K6GKU

This authoritative book on
shortwave propagation is your
source for easy-to-understand
information on sunspot activity,
propagation predictions , unusu
al propagation effects and do-it
yourself forecast ing tips.

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

Shipping & Handling: U.S - .add $7for the first item,$3.50 for thesecond and $2for each additional. FREE shipping onorders over $100 to one U.S. address.
CN/MX - $15for 1st item, $7for 2nd and $3for each add'l. All Other Countries-$25 for 1st item,$10 for 2nd and $5for each add'l.

Single Calendar: USA $2, CN/MX $4, All othercountries $9
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Morse Code for Radio Amateurs

by Roger Cooke, G3LDI

Fully revised and updated tenth edi
shows how to learn Morse code an,
get the maximum enjoyment from u
it. Includes a dual purpose CD
(computer/audio) with nearly an hOI
audio recordings of Morse code at !
10, 15, 20 and 25 words per minute

Order: RSMCRA $16.01

HF Antenna Collection
252 pages .

A collection of outstanding articles
and short pieces which were
published in Radio Communication
magazine. Includes single- and
multi-e lement, horizontal and

vertical antennas , extremely small transceiving
and receiving antennas , feeders , tuners and more!

Order: RSHFAC $33.00

Guide to VHF/UHF
Amateur Radio
By Ian Poole , G3YWX

112 pgs.

Everything you will need to help
you enjoy VHF/UHF to the fullest.
Choosing the right transmitter ,

receiver, antenna, utilizing the correct part if each
band and more!

Order No. RSGVUAR $16.00

$23.00

I

J

$33.00

Order: RSHFAE $27.9,

Ord er: RSDMFAC $28.50

Orde r: RSVRE $16.95

Order: RSBYA

HF Amateur Radio
Second Ed.

This full revised and expanded
second edition guides you through
setting up an efficient amateur radio
station, equipment to choose ,
installation , the best antenna for your
location and MUCH more.

Digital Modes for All Occasions
By Mur ray Greenman, ZL1PBP lIJ
208 pages

Simply the most "complete " book
on digital modes available . Over
100 illustrations!

HF Antennas for Everyone
Edited by Giles Rad, Gl MFG

No matter the size of your availab le
space - you'll find antenna design s t
will help you get your signals in and

Virtual Radar Explained
By Mick Richards, G4WNC

The reception and plotting of ADS-B
transmissions for aircraft. Great for
aviation enthusiasts.

Order : RSHFAR

Backyard Antennas
208 pages

Antenna guru Peter Dodd explains
how using a variety of simple
techniques make it possible to
achieve very high pertormance
from a compact antenna .

$25.00
Orde r: RSKH

Power Supply
Handbook
By John Fielding, ZS5JF
288 pages

How power supplies work,
selecting components. building
and modifying supplies ,

measuring the finished supply, batteries , chargers ,
test equipment - it's all right here!

Order: RSPSH $28.50

Orde r: RSnC99 $27.50

Orde r : RSWATF $16.00

World at Their Fingertips
By John Clarricoats, G6CL

The story of amateur radio in
the U.K. and a history of the
Radio Society of Great Britain. Its
pages and illustrations give an
account of the development of a
hobby that has provided technical
knowledge and service to the
community .

Technical Topics
Scrapbook 1995-1999
By Pat Hawker, G3VA
314 pages

This third compilation of 'Tech
Topic' articles is a fascinating
collection of circuit ideas, antenna

lore, component news and scientific discussion ,
all at the most practical level

Microwave Know How
for the Radio Amateur
Edited by Andy Barter, G8ATD

This 192-page compilation of articles
aimed at those interested in building
equipment for the microwave bands

J1II Jl

$29.50
Order: RXVUH

Order: RSMP2 $28.50

Microwave Projects 2
By Andy Barter, GRATD

If you're interested in building
equipment for the amateur radio
microwave bands, the designs in
this book are sure to please!

CRP Basics
By Rev. George Dobbs, G3RJV
208 pages

VHF/UHF Handbook
Edited by Andy Barter, GRATD
320 pages.

Guides you through the theory
and practice of VHF/UHF
operating and transmission lines.
Includes information on getting
started, antennas , constructing
your own equipment, satellite ops,
local nets and specialized modes.

Practical Wire
Antennas 2
By Ian Poole, G3YWX
176 pages

Significantly expanded and fully
revised. Includes designs for a
wide range of practical wire

antennas. Just about every type of wire antenna
you could imagine with complete designs .

Order: RSPWA2 $23.50

How to get the best results from a
QRP station whether from home or
outdoors. How to construct your
own station, complete transmitters ,
receivers and some accessories. Includes
toroidal coils, constuction techniques and
equipping a work station.

Orde r: RSQRPB $28.50

Shipping & Handling: U.S - .add $7for the first item, $3.50for the second and $2for each additional. FREE shipping onorders over $100 to one U.S. address.
CN/MX - $15 for 1st item, $7for 2nd and $3for each add'i. All Other Countries-$25 for 1st item, $10for 2nd and $5for each add'i.

Single Calendar: USA $2, CN/MX $4, All othercountries $9



Collins KWM-2
2 disc set, 236 minutes

OrderNo. C-KWM
$89.95

Collins 75S-3/32S-3
2disc set, 226 minutes

OrderNo. C-75S
$89.95

Collins 30L-1
Single Disc, 61 minutes

OrderNo. C-30L
$39.95

HR Anthologies

~
Sale$16 ea.

Buy all 4 for only $60

Buy any combination of DVDs
and SAVE!

1 Pak for~. - $16.00
2 Paks for $ 95 - $30.00
3 Paks for 65. - $42.00

From Hi-Res Communications, Inc.,
these well-produced, authoritative
DVDs cover all the most common
repair and tune-up subjects on these
classic radios. It's like having an
experienced professional right next
to you!

Collins Radio Repair &
Tune-Up DVD Guides

, r".~ ~ :~) A

, - i "'\--

-

Enjoy collections of the best material published in
Ham Radio magazine, conveniently arranged by
subject and original publication date. Choose your
interest, your time period and choose your anthology!

Homebre wing Tech niques Order # AHOME

Test Eqpt & Repair Techniques Ord er # ATEST

Antennas - 1968 -1 972 0rder # ANTS 1

Antennas - 1973 -1 975 0rder # ANTS 2

All 4 for $60 , Order # ASET

CO VHF Specialty Pak
1 DVD contains 3 prog rams:
Getting Started in Satellites
Gelling Started in VHF
Getting Started in Packet
Order # VHFDVD~ $16 .00

CO Ham Radio
Welcome Pak
1 DVD contains 3 programs:
Ham Radio Horizons
Getting Started in Ham Radio
Getting Started in VHF

Order # HAMDVD~$1 6.00

CO HF Specialty Pak
1 DVD contains 2 programs:
Getting Started in DXing
Getting Started in Contesting

Order # HFDVD~ $16 .00

Order No. SVERT $10.00

The Short Vertical Antenna
andGround Radial
by Sevick, W2FMI

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

Ham Radio
Magazine on CD
Enjoy quick and easy access
to every issue of this popular
magazine, broke n down by
years!

1968-1976

Order No. HRCD 1~4r~""'~L
1977-1983

Order No. HRCD2~

1984-1990~

Order No. HRCD3~

ON SALE - only $54.95 ea.

Buy All 3 Sets and Save $49.90!

Order No. HRCD Set

$129.95 (Reg. $149.95)

"Getting Started" DVD Paks
Our renowned "Gett ing Started" videos grouped together on DVDs!

cds

...more great gifts! -....4'-"..-4

VHF Propagation
Practical Guide for Radio Amateurs

Niftys-z Guide to
D-STAR Operation
2nd Edition

Order No. VHFProp $15.95

A comprehe nsive guide to 0 
STAR operating! Ideal for those
getting into D-STARWritten for both the
beginning and experienced D-STAR users.
Straight forward and simple explanations.

Order No. NIFDS $13.95

Tropo Ducting, Sporadic-E,
Auror , Meteor Scatter, F2
Propaga tion , TEP, Combo
Modes - it's all right here!

by WB2AMU& WB6NOA

Niftyf-Z Guide to
PSK31Operation
A Complete PSK31
Operating Guide!

Using DigiPan software as a
basis, a detai led step-by-step approach is
used for configuring your interface hardware ,
software and computer system for PSK31
operation. Detailed instructions and
computer screen shots are provided for
several Windows operat ing systems.

Order No. NIFEZ $12.95

The Complete DXer
Third Edition

The joy of the chase, the
agony of defeat, the thrill of
victory are the stuff of The
Complete DXer, a book that
is almost as seductive as the
OX chase it describes. It excites, it enter-

tains, it teaches! $19 95
Orde r No. COMPDXer •

The most up-to-date info on
mediumwave, shortwave, FM
broadcasts and broadcasters.
Articles, reviews of the latest
equipment, maps, and more.
Due in mid-Dec. You will not be
charged until it ships!

Order No. WRTH $35.00

2012 World Radio TV Handbook

Call 1-800-853-9797 or FAX your order to 516-681-2926
You can also order on our web site: www.cq-vhf.com

--~--_.~~~~-~~~~~-



Valves Revisited
A Guide to Thermionics

By Bengt Grahn , SM0YZI

272 pages

Provides the basics of how
valves work to how to build your

own. Details their use in amplifiers, receivers ,
power supplies signal generator and much more!

Order No. RSVR $32.50

Elimination of
Electrical Noise
From 30kHz to 30MHz
By Don Pinnock, G3HVA
64 pages

If you suffer from electrical noise
problem Don's experiences and advice may
provide solutions . Details various types of noise ,
how it's generated and how best to deal with it.

Order: RSEEN $16.50

22 Radio & Receiver
Projects for the Evil
Genius
by Tom Petruzzellis
304 pages

Instructions and plans for 22 projects
covering a wide range of frequencies. From the simp le
crystal set to the most complex project -something for
everyone interested in constructing radio receivers.

Ord er : RSRRP $28.50

~~_~ Amateur Radio Essential!
Edited by George Brown , M5ACN
288 pages

Everything from Rho to Radiation
Resistance , Filtering to Fracta l Aeria ls,
Solar Indices to Spurious Signals .
Divided into six broad sections cover irn

a huge range of material. Beginners will find basic info
about most of the things that matter and old hands will
find data that other textbooks often do not include .

Orde r: RSARE $30.50

Weekend Projects for
the Radio Amateur
By George Brown , MW5ACN
224 pages

Packed with over sixty articles
covering a wide variety of
projects .Two main parts - Build II
Yourself (aerials , general and
station accessories) and Reference
(packed with articles to maximize the hobby) .

Radio Today-Ultimate
Scanning Guide
By Richard Allport
464 pages

New 3rd Edition
Provides a comprehensive listing
of who is broadas ting on a given
frequency . Includes Scanning-a
Guide by Chris Lorek, G4HCL.

Technical Topics
Scrapbook- All 50 yrs
By Pat Hawker, G3VA
176 pages plus CD

, All the words , pictures and line
drawi ngs from columns as they
appea red. CD contains PDFs of

pages arranged in annual collections from 1958 to
2008. Book reproduces pages from 2005 - 2008.

Order: RSTISO $29.50

Orde r: RSRTUSG $38.50

$24.50Orde r: RSIOTA

Order: RSCAR $32.50

computers in
Amateur Radio
By Steve White, G3ZVW
208 pages

A practical guide to a wide
range of amateur radio topics .
Software definded radio

(SDR) , Datamodes , modelling for antennas ,
propagation and even terrrain for HF, D-Star and
APRS. CD packed with logging , contests ,
mapping , morse code training , APRS , RTIY,
SSTV and more.

IOTA Directory
Edited By G3KMA & 9M6DXX

128 pages

Esssential guide to participating
in the Islands on the Air (IOTA)
award program.

Amateur Radio Astronomy
Second Edit io n
By John Fielding , ZSSJF
384 pages

Covers in depth the subject of
receiving radio signals from outer
space. A practical reference for
the application of radio technology
in this fascinating topic.

Orde r: RSARA $32.50

ABC Military Aircraft
Markings 2011
By Howard J. Curtis
224 pages

Essential reading for followers of
military aviation development and an
ideal pocket guide for spotte rs and
air band enthusiasts. A comprehensive guide to
military aircraft seen in Britain's skies.

Order: RSABC $24.50

Ord er: RSWP $27.50

RF Design Basics
By John Fielding, ZSSJF
192 pages

Aimed at those who wish to design and
build their own RF equipment. Written
for the average radio amateur, an
accessible and useful reference work

for everyone interested in RF design .

$32.50
Order: RSRN

Radio Nature
By Rena to Romeno, IK1 QFK
256 pages

Nature has spoken through radio sig
nals since the origins of the Universe .
A fascinating look at these signals, a
guide to receiving and analyzing them.

Order: RSDB $33.50
Circuit Overload
By John Fielding, ZSSJF
208 pages

Order: RSCO $28.50

Circuits are presented in an easy
to understand manner and many
can be inter-connected to create a
more comp lex item if desired.
Simple circui ts and advice for

beginners with more complex circuits for the more
experienced.

$63.00
Orde r: RSLBD

ON4UN's Low Band DXing
By John Devoldere , ON4UN
672 pages

A must-read for every serious
antenna builder! Wide range of
topics including propagation ,
DXing on the low bands,
receiving /transmiting equipment ,
antenna design software , phased
arrays and much more.

Shipping & Handling: U.S - .add $7 for thefirst item, $3.50forthesecond and $2 for each additional.
FREE shipping on orders over $100 to one U.S. address. CN/MX· $15for 1st item, $7 for 2nd and $3 for each add'i. All Other

Countries-$25 for tst item, $10for 2nd and $5 for each additional.
I
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"'''9 More great CQ books! ...,,9

Order: OPUS $21.95

The Opus of Amateur Radio
Knowledge & Lore
by Eric Nichols , KL7AJ

Opus informs the
newcomer and also
reminds the old timer
why we became hams.

MIL SI'I~t~

ItAlUO GF..Ul

Order: MILSPEC

Detailed write-ups for many
sets: PRC-25/-77, RT-68,
PRC-1099, GRC-106,
GRR-5, R-392 and more.
Over 230 pages of ops,
mods, and 200+ illustrations.

MIL SPEC Radio Gear
Korean to Present Day

TM .~~~~!:.~by Mark Francis, KI0PF f- -=::== =--- \

New! Digital Edition are now available for all magazines!
Combo a print and digital subscription and SA VEl

~$15

magazines at holiday sale prices!
Order: HEATH

HEATHKIT
A Guide to the Amateur
Radio Products
by Penson, WA7ZZE

Back by popular demand!

This 328-page Second Edition is a
must-have for collectors and Ham
history buffs alike.

CQ Amateur Radio co's editorial content is aimed squarely at the active ham. Within each issue, CO's features and columns
cover the broad and varied landscape of the amateur radio hobby from contesting and DXing to satellites and the latest digital modes.
CO includes equipment reviews, projects, articles on the science as well as the art of radio commun ication and more.

Holiday

Sale Ends

12/31/11

Holiday Special! Domestic Rates: 1 yea~5 $34.95 - 2 yr~95 $62.95 - 3 yrs~5 $90.95

Canada/Mexico: 1 year~ $47.95 - 2 yrs~ $88.95 - 3 yrs~ $129.95
Foreign: 1 year~ $59.95 - 2 yrs~ $112.95 - 3 yrs~ $165.95

NEW! CQ DIGITAL Edition Charter Subscription Special: 1 year~ only $27.00

Special Charter Combo Rate - Add a 1-year DIGITAL Sub to any current or new COPRINT Sub fo r only $17

Popular Communications The world's most authoritative monthly magazine for shortwave listening and scanner monitoring
of police; fire, utility and aircraft communications; international shortwave listening; CB radio; amateur radio; FRS and more.

Holiday Special! Domestic Rates : 1 yea~ $30.95 - 2 year~ $54.95 - 3 Year~.5 $79.95
Canada/Mexico: 1 year~ $40.95 - 2 years~$74.95 - 3 years 5 $109.95

Fore ign : 1 year~$50.95 - 2 years $~$94.95 - 3 years 5 $13:.95

NEW! Pop 'Comm DIGITAL Edition Charter Subscription Special : 1 year~ only $24.00

Special Charter Combo Rate - Add a 1-year DIGITAL Sub to any current or new Pop 'Comm PRINT Sub for on ly $15

CQ VHF The all-time favorite magazine for the VHF/UHF enthusiast is better than ever. This quarterly magazine
focuses on Ham radio above 50 MHz. Regular columns include: Antennas , OpEd, Satellites , VHF Propagation, & FM.

Holiday Special! Domestic Rates : 1 ye~ $24.00 - 2 year~o $48.00 - 3 year~o $72.00

Canada/Mexico: 1 year~ $34.00 - 2 years~ $68.00 - 3 years~ $102.00

Foreign: 1 year~ $37.00 - 2 years~ $74.00 - 3 years-~ $111.00

NEW! CQ VHF DIGITAL Edition Charter Subscription Special : 1 year~ only $18
Special Charter Combo Rate - Add a 1-year DIGITAL Sub to any current or new CO VHF PRINT Sub for on ly $11

WorldRadio Online A general interest online only ham magazine with a special focus on the human side of amateur radio and on
projects and activit ies accessible to the average ham. Regular topics include DXing, emergency communica tions, and "trail-friendly radio."

Holiday Special! 1 yea~ $18.00 - 2 year~ $28.00 - 3 year~5 $37.00

CaI/1-800-853-9797 or FAX your order to 516-681-2926 .
You can also order on our web site: www.cq-vhf.com



By Bill Brown,* WB8ELK

UP IN THi:: AIR
New Heights for' Amateur' Radio

Liberty Middle School Balloon

On April 13,2011 members of the UAH Space Hardw are
Club launched a balloon carrying eighth -grade student
experiments from Libert y Middle School in Madison,

Alabama to the edge of space .
The Space Hardware Club (space hardware .uah.ed u) is

fund ed mostly by Alabam a Space Grant and is comprised of
vo lunteer University of Alabama (UAH) in Huntsvill e stu
dent s who do a variety of BalloonS at and sate llite design pro
jects . They often do outreach pro grams with local schoo ls ,
which is a great way to inspire students to pur sue careers in
space, scie nce ,and techn ology. Thi s is a low-cost way to allow
students to send their ex periments into a space-like env iron
ment and allows them to run their very ow n space pro gram
right from thei r schoo l.

*/ 2536 T 77, Findlay, OH 45840
e-mail: <lI.b8elk@{/ol.com>

Thi s flight flew four student ex periments from Ms Lyons'
eighth-grade science class. The y flew a variety of things to see
what happened to them durin g their journ ey into the sub-zero
temp eratures and near -vacuum of the stratosphere. One ex per
iment consisted of mark ers , pens, and eve n lightbulbs to see if
they still work ed after the flight.

One payload was cove red with solar ce lls and their perfor
mance was measured with an internal Arduino board that stored
the solar ce ll data onto an SD memory card. After flying ove r
85,000 feet , parachuting back to Earth 60 miles downrange and
banging around in my trun k for two days, it was still operating
after 54 hours!

The othe r payload s contained things such as bread , banana,
and apple slices , a calculator , a ca n of soda, and a bag of pop
corn. One of the payloads had party balloons filled with a vari
ety of gases to see which ones would pop dur ing the flight.

Th e flight carried two APRS tran smitters as we ll as two high 
definition ca mco rders. A So ny Handi carn was in the last pay-

Photo I. Liberty Middle School eighth-grade science class students with their high-altitude balloon.

www.cq-vhf.com
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Photo 2. Liberty Middle School students prepare f or liftoff of their science
expe riments.

load poin ted straight up at the ba lloo n
and ca ught one of the party balloons pop
ping near the top of the flight. It also
recorded amazi ng video of the main
wea ther balloo n bur stin g at 85,782 feet.

Picture Perfect Flight
It was a perfect morning with clea r

skies and dead-calm co nd itions . A
large crowd of stude nts came out to the
ball fie ld to wa tch the picture-perfect
liftoff.

The balloon flew across the ci ty of
Huntsville w ith my camera payload tak
ing beautiful snapshots of the city and
nearby Lake Guntersvi lle . Afte r reac h
ing pea k altitude , the balloon popped
and everything parachuted down to land

66. co VHF . Fall2011

in a pa sture ju st eac h of Geraldine ,
Alabama .

Jason Winningham , KG4WSV , and a
group from the Space Hardware Club
tracked the balloon via APRS and mad e
the relati vel y easy recover y fro m the
pasture. Tru st me , it ' s usually not this
easy. We ofte n have to climb tall trees
and hike through the wilderness. But
every once in aw hile Mother Nature lets
us off easy .

The GoPro Hero HD
Camcorder

I have flown quite a variety of small
ca mcorder unit s on balloon s. The unit s I
have had the most success with in the past
are the Flip Ultra pocket camcorder units .

Photo 3. Student experiments just prior
to liftoff.
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Photo 4. Liftoff.

Photo 5. The view fro m 85,000 f eet.

www.cq-vhf.com

I have filmed some spec tacular foo tage
with the Flip, but they have a few draw
backs . Most notably the memory is built
into the unit and there is no way to ex tend
it with an ex terna l mem ory ca rd . The
limit for most Fl ip unit s is two hours
record time and that usually mean s that I
miss the last few minut es of a typ ical bal
loon mission and the landing can be the
most exci ting part. Also, the Flip Ultra
HD version doe s nop Hi-Definition but
won' t do 1080p .

After doin g some shopping for a re
placem ent camera I finally settled on the
GoPro Hero HD ca mera (www.gopro.
co m) . Fortunately , I had received my new
camcorder unit ju st prior to this flight and
managed to hitch a ride with the Liberty
Middl e Schoo l flight at the last minute . I
quickl y cobbled together a payload and
hook ed it near the parachute pointing out
at the hor izon . The neat thin g about the
Hero HD camera is that with its intend
ed audience of extreme sports enthusi
asts , it also is perfectly designed for high
altitude balloon ing , rad io-cont roll ed
airplanes, ATV Hatcams, and wo uld
work well in a tiny ATV portable sys tem,
as well.
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Please note: These new Digital Editions will supplement, not rep lace the
Print Editions enjoyed by many of our readers!

Digital Edition Only - 1-year CQ Charter Sub $27.00
You'll save $9,95 off the regular rate!

73 , Bill, WBSELK

It weighs in at a mere 3.5 ounces (5.0
ounces with the optional backpack bat
tery). The Hero comes in a nice rectangu
lar package which make s mounting it into
a styrofoam box quite easy . Although the
Hero comes with a plastic housing to pro
tect it from the elements, I opted to fly it
with its lens expo sed to eliminate foggin g
issues due to the temperature extremes it
would encounter during the flight.

It can do video recording in a wide range
of resolution s all the wa y up to 10SOp
mode. If you want to just take still frame s
with it, you can set it up to take 5-megapix
el sequential stills from between l-second
to l-rninute intervals for as long as the bat
tery lasts or until the camera memory card
fills up . With the capability of using a 32
gigabyte SDHC card along with the back
pack battery (which doubles the battery
life) , I was able to take thousands of pho
tos at 10-second interval s for upwards of
five hours during this flight.

Running the Hero at 10SOp mode hi
def video with that same size memory
card will provide you with at least 3 hours
record time, which is more than enough
to capture a full balloon mission fro m
takeoff to landing .

I like the fact that there is no LCD
screen built into the camera (an optional
screen snaps on for viewing) . Thi s elim
inate s weight and dramatically reduces
current drain to allow longer record
times. A simple LCD text screen on the
front is easy to use to set up the camera
and even allows you to invert the image
if you want to mount the camera upside
down . Another great feature is the "one
button record" option . I can start it up in
a preselected mode from the outside of
my payload just by pushing on the front 
mounted power on button .

One more. nice feature that is perfect
for ATV use is its capability to run a cable
from the camera to output live video to a
video transmitter at the same time that it
is recording to the SDHC card .

Keep in mind that the lens is fixed and
depending on the mode will be very wide
angle . As a result , you'll have to make
sure the camera lens extends beyond the
edge of your container (which explains
what Gary Dion , N4TXI , called the
"looking out the door of a styrofoam
igloo" look of the photos .

The camera was exposed to tempera
tures of -40° C and below and managed
not only to survive but was still running
when it was recovered from the pasture.

A magazine devoted entirely to the VHFand UHF cover
age you need and want - published as a quarterly,

Add a Digital Subscription to your current
CQ VHFPrint Subscription $11.00
You'll save $ 75,00 off the regular rate!

Digital Edition Only - 1-year CQ VHF Charter Sub $18.00
You'll save $8,00 off the regular rate!

All digital editions will be hosted by Zlnlo. one of the top names in the e-magazine
hosting business, As a digital subscriber , as soon as an issuegoes "live" you will
receive emaii notification that a copy has been placed in your Zinio online library 
ready to view, print and/or download, Your issues will remain in your Zinio online
library indefinitely!

CQ Communications Inc.
25 Newbridge Rd., Hicksville, NY 11801

516-681-2922 Fax 516-681-2926 www.cqcomm.com

While both the print and digital editions will be identical in content,
the digital editions will provide readers instant access to the
numerous video and audio links noted in feature stories, columns and
product reviews and advertiser's websites with a click of the mouse!
Order today!

CQ Amateur Radio
Fun to read , interesting from cover to cover, written so you
can understand it, That's CQ, Read and enjoyed by
thousands of people each month in 116countries around
the world,

Add a Digital Subscription to your current
CQ Print Subscription $17.00
You 'll save $19,95 off the regular rate!

Popular Communications
The World's most authoritative monthly magazine for

-..... -... Shortwave Listening and Scanner Monitoring, Read by
~~~TI2N...!

active listeners world-wide!

Add a Digital Subscription to your current
Pop 'Comm Print Subscription $15.00
You'll save $ 77,95 off the regular rate!

Digital Edition Only - 1-year Pop'Comm Charter Sub $24.00
You'll save $8,95 off the regular rate!

NEWI Digital Editions
now available for CQ Amateur Radio,
CQ VHF &Pop'Comm
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By Mitch Gill, NA7US

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

Are We Doing All That We Can?

Montpelier, Vennont, September 1, 2011 : Federal Emergency Management Ag ency
(FEMA) Commu nity Relat ions Specialists Toby Rice (left) and Hank Allen (rig ht) dis 
cuss outreach strategy . They are deployed in suppo rt ofrecovery effo rt s fo llow ing the
hea vy rains and flooding tha t accompanied Tropi cal Storm Irene, which struck the
sta te on August 28, causing extensive damage. Rice and Allen are tasked with pro
viding information to the public and gathe ring information from the field as part of

FEMA's respo nse . (Photograph by Savannah Brehmer)

" It is good to live and learn ."
- Miguel de Cervantes

Icame across the last quarterl y issue
from <www.emco mm.org> that made
me begin to think abo ut whether, as

licensed am ateu r radio operators, we
co uld reall y properl y assist during an
emergency . The articl e below I gained
permi ssion to rep roduce and it is right to
the point of the problem that I see out
there . Do not take offense ove r what this
person has wr itten, as it does not apply to
eve ryone . It is pointed at the cas ual read
er who is interes ted in Emergency Com 
muni cations but has spent very little time
learning what to do in an eme rge ncy .
Read it and give me your thought s .

(Note that the fo llowing does not
reflect on nor state the opinions of CQ
VHF nor CQ Connnunications-s-ed.)

Fading Out
(or Telling It Like It Is)

We have no statistics to support our
asse rtion that with few exce ptions , most
active ama teurs today are mere "hobby
hams." This is because when asked , most
hams will reply that they are willing to
help in an emerge ncy . But they have no
ongoing involvement in EmComm prepa
ration or train ing and wouldn' t be able to
format or properly relay a RADIOGRAM
if their life depended on it.

Although the word hobby does not
appear in FCC Part 97, amateur radio has
long been promoted as a "fun hobb y" by
the Nationa l Association for Ama teur
Radi o , the Ame rican Radi o Relay
League . It is not unusual for a hobb y ham
to spend tens of thousand s of doll ars on
a super station that will allow him or her
to add a few more "countries" to his or
her DXCC list or win a contest to obta in
a highly sought after certifica te or plaque.

Further, hund reds of thousand s of dol-

*29838 S£ zssa. Pla ce. Ra vensdale, WA
9805 1
e-mail: <l1a711s@ arrl.l1et>

www.cq-vhf.com

lars are spent eve ry yea r on DXpediti ons
to allow ham s to log a new "country" (if
they can break through a pile-up of rude
and inconsiderate operators) . The argu
ment for all th is is often: "This prep ares
ham s to operate in emergencies." I enjoy
chas ing DX and love adve nture travel as
much as anyone, whether it' s in person
or via shortwave radio from my armchair,
and I have no quarrel with others who do
so as a hobb y activity . But never forget
... those activities, as enjoy able as they
may be , have little to do with why we still
have our amateur rad io privileges .

Therefore , it is profit able for ama
teur radio assoc iations, manu facturers of
ham gear, and others to promote amateur
radio as a "hobby." It is not profitable to
prom ote EmCo mm or other form s of
amateur radio publi c service , exce pt for
its " public relations value" and therefore
its prom otion the business of ham radio .

The sad truth is that the one or two per
cent of licensed ama teurs who cla im to
be serious about "EmCo mm" will sign up
for almost anything, as long as it' s free
and doesn 't require any effo rt, trai ning,
sk ill, or co mmitment. But few are will
ing to donate any mea ningful time or sac
rifice any $$$.

" RADIO " and espec ially message han
dlin g by properly trained , ski lled, and
ded icated radio opera tors is rapidl y fad
ing out. The day of the grizz led publ ic
service opera tor in a dimly lit shack hand
ing message traffic late into the night is
nearly relega ted to the territory of nos
talgia buffs and cartoonists .

Satellites, computers, the intern et , and
e-mail have nearly seduced the majority
of modern "radio men ." Sadly, when all
these co ntrap tions break down during
some ca lamity , there will be little or no
means of communications . All the
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Just remember that all volunteers are valuable and can do something to help during
an emergency, but being better trained increases your value. I salute you all.

Listening is onlyhalf the fun...

POPULAR
COMMUNICATIONS
is the other half!

pOptJLAI! cAEcoiiMUNl s
~0I'~.sc:~ •

The World's most
authoritative monthly

magazine for
Shortwave Listening

and Scanner Monitoring.

You'll find features on scanner
monitoring of pol ice, fire, utility ,
and aircraft communications;
international shortwave listening;
CB radio; amateur radio; FRS;
GMRS; monitoring radio digital
communications; AM/FM
commercial broadcasting;
weather and communications
satellites; telephone equipment
radio nostalgia; clandestine and
military radio.

Choose the
PRINT Edition or

New DIGITAL Edition!

Buy both at a SPECIAL price!

Holiday Sale!
1 year Print Digital Bot h!

U5A $30.95 $24.00 $45.95

CN/MX $40.95 $24.00 $55.95

Foreign $50.95 $24.00 $65.95
Sale ends 12/31/11

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

Visit our web site:
www.popular-communications.com
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emcomm eggs will have been put in a bas
ket that has cra shed and all the kings
horses and all the king's men will not be
able to put Humpty Dumpty back togeth
er again.

I understand that there are many of you
who are dedicated to EmComm and train
and learn and serve during emergencies.
I have heard you during the hurricanes. I
have worked with you during earth
quakes and flood s. You are ready and pre
pared and your service is a blessing to
many people , but there are those who
truly desire to serve during an emergency
but have not taken the time to learn ,
through formal or informal training , what
is needed to properly assist during an
emergency . They show up on the air and
are upset if they are asked whether they
have taken the ARRL courses and/or
FEMA courses in order to understand the
Incident Command System (ICS ) or the
National Incident Managem ent System.
Or , as stated above, have never sent a
RADIOGRAM or they have never
worked in MARS . Many who check into
local and state emergency nets are dedi
cated but have never work ed an actual
emergency and probably are not sure
what to do . It is unfortunate , as their heart
is in the right place and they can assist in
an emergency, but they must learn to take
a back seat to those who are better trained .

After the eve nt they need to take all the
tra ining that they can to ensure that they
ca n do eve rything they ca n during an
emerge ncy . Tim es have changed and in
today 's world we really need to be trained
to handl e an emergency. I am not yet fully
train ed . Yes , I have had ex perience in the
past in the milit ary working as net con
trol and I have taken many FEMA cours
es and was involved in MARS , but I need
to take the ARRL courses as well.

Below is the basic course from the
ARRL. I highly recommend it. You can
find it at <http://www.arrl.org/online
course-cat alog> .

Int r od uction to
Emergency Communication

Course #: EC-OOI
This is a revision of our fo rmer

Emergency Communications Basic!
Level I course.

Cost: Members $50 Non-Members/
Guests: $85

Description: Thi s co urse is designed
to provide basic knowledge and tools for
any emerge ncy co mmunications volun
teer. The co urse has 6 sec tions with 29
lesson topics . It includes required stude nt
acti vities , a 35-question final assessment
and is expec ted to take approximate ly 45
hours to co mplete over a 9-week period.
You will have access to the course plat -
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form at any time of day du ring th is 9-week period so yo u may
work according to your ow n schedule. Yo u mu st pace your
se lf to be sure yo u co mplete all the required materi al in the
allo tted time .

Computer Requirements: Th is is an online course hosted
on the Mood ie online learnin g platform . This online learnin g
platform is best accessed using the Internet Explorer or Firefox
browsers.

Prerequisites: Before you begi n the course you should have
completed the follow ing prerequi sites . These courses provide
a founda tion for the content of this course. These are free min i
courses you can take on line at <http:// training. fema.gov/
IS/NIMS.asp> .

• ICS-IOO(IS-IOO.b) (Introd uctio n to the Incident Command
System)

• IS-700 (National Incident Management System)
Please note: When you enroll for this course you will be

asked to prov ide your date of completion of these courses .
Also recomme nded, but not required, are:
• IS-250 , Emergency Support Function 15 (ES F 15), Externa l

Affairs
• IS-288 , The Role of Voluntary Agencies in Emergency

Management
Course Requirements: Th is is a mentored course. You will

be assigned to correspond with an experienced radio amateur
who will be your resource for any questions you have about the
co urse co nten t. Please rev iew the Student and Mentor
Expectations included in our Policies for Online Courses.

I . Complete the course prerequi sites noted above .
2. Read eac h learning unit of this course, and test yourse lf

with the questions at the end of each unit.
3. Contact your mentor as you beg in the course and share the

work you have done for the designated course activities as you
proceed through the co urse. Fee l free to ask quest ions and
engage in dia log with your mentor using the Moodie online
learning platform communica tion and discussion tools .

4. When you are ready, take the final exa m at the end of this
course. A passing score is 80% or better. Your mentor will
decide if you have met the requirements to successfully com
plete this course. This will depend on your completion of the
course pre-requisites, assessment of your work on course activ
ities , and successful completion of the fina l exa m.

Course Sylla bus
Section I: The Framework: How You Fit In

I . Introduction to Emergency Co mmunica tions
2. Amateurs as Professionals
3. Network Theory and Design
4 . Emergency Co mmunications Organizations and Systems
5. Served Age ncy Co mmunications Sys tems
A. Served Agency Co mmunications Systems
B. Working Direct ly with the Publ ic

Section 2: The Networ ks for Me ssages
6 . Basic Co mmunications Skills
7. Net Operations:
A. Basic Net Opera tions
B. Introduction to Emergency Nets
C. Net Operating Guide lines
D. The FCC Ruling on Drills and Employees

8. The Net Contro l Statio n
9. Net Control Station Operator Practices
10. The Net Manager

www.cq-vhf.com

II. Introdu ct ion to the National Traffic Sys tem
12. Specialized Net Opera tions
13. Severe Wea ther Nets

Section 3: Me ssage Handling
14 . Basic Message Hand ling - Part I
15 . More Basic Message Handling - Part 2

Section 4: What Happens When Called
16 . The Incident Command Sys tem
17. Preparing for Deployment
18. Equipment Cho ices
19 . Emergency Activa tion
20. Setting Up, Init ial Operations and Shutdown

Section 5: Considerations
2 1. Ope rations & Logistics
22 . Safety & Survival
23. ARES PIO: The Right Stuff
24. Alternative Co mmunica tion Methods
25. What to Expec t in Large Disasters
26. Hazardous Mate rials Awa reness
27. Marine Co mmunications

Section 6: Alternatives and Opportunities
28 . Modes, Methods and App lications
29 . Other Learnin g Opport unities

Final Assessment
(end of reprinted material)

Th at ' s it for this month , and hopefully the co lumn will give
you some food for thought regard ing your emergency commu
nications preparedness.

73, Mitch, NA7US
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By Bob Witte,* K0NR

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

Ten Things You Should Know
About FM and Repeaters

Photo I. This is an example ofa dualband FM transceiver that has two independent
receivers, allowing you to monitor two bands at once. (Photo cour tesy ofrigpix.com ]

After they ge t their Technician
licen ses, many radio amateurs
first get on the air using FM VHF.

Som ewhere along the way , they start to
learn a few thin gs about FM that may not
be that obv ious . To help this along, I' ve
listed some thin gs that you should know
about FM opera ting . Maybe you alread y
know these , but they might be goo d to
review , as we ll.

1. Not All Dual band Radios are the
Same

Dualband FM transcei vers are a com
mon rad io choice, usuall y covering the
two most popular FM band s- 2 meters
and 70 ern . Whether you are looking for
a mobil e or handh eld radio , look closely
at the radio fea tures. One distingui shin g
fea ture ofdualband radios is whether they
have two trul y- independ ent receivers . To
keep the cos t low , many radios can only
receive " one fre quency at a time."
There ' s noth ing wro ng with th is type of
radio, as they are genera lly simpler, eas
ier to use , and lower in cos t. The more
full-featured dualband radi os have two
inde pendent rece ivers , allowin g yo u to
listen to both bands at once (photo I). Thi s
is almost like having two radios in one,
since yo u can moni tor both band s simul
taneou sly . Most of these rigs also allow
you to listen to two frequencies on the
sa me band, which can be hand y for mon
itor ing 146 .52 MH z and your favo rite 2
meter repea ter at the same time .

2. A Rubber Duck is a Very
Convenient Inefficient Antenna

Almos t all handheld radios co me fro m
the factory with a shor t helical antenna
commonly know n as a rubber duck. Thi s
antenna is basically a shortened 1/4-wave
antenna co nstruc ted as a co iled radiating
eleme nt inside a protective rubberi zed
coating . This antenna is very conve nient
but the shor tene d for mat res ults in rather
poor performance . One of the most use-

*21060 Capella Drive, Monument, CO 80 132
e-mail: <bob@kOllr.com>
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ful accessories for yo ur handheld trans
ce iver is a better antenna - e ither a longer
port abl e antenna (prefera bly a l/z-wave
length ) to attach to the radio or a mag
net ic-mount mobil e antenna for use on a
vehicle . Photo 2 shows so me optio na l
antennas that can be used wi th a hand 
held radio . You 'll end up using the rub
ber duck a lot , since it is so conve nient,
but you' ll also benefit from a more effi 
cient antenna.

3. Repeater Offsets are Standard
Except When They're Not

When using a repea ter, you need to have
your radio programmed with the proper
offse t between receive and transmit fre
quency. In modern radios, you dial in the
desired receive frequ ency on your rig
(which is the repea ter transmit frequency)
and select the transmit offset. Some rigs
will eve n select the transmit offset auto
matically. When you press the Push-To
Talk button, the transceiver selects the
right transmit frequency so that you are
transmitting on the repea ter's input.

On the 2-me ter band , many areas use
the conve ntion that +600 kHz offset is

used for any repeater freq uen cy above
147 MH z and -600 kHz for everything
else, but this is not followed everywhere .
For example, Ca lifo rn ia mixes +600 kl-lz
repea ter s in wit h - 600 kHz repeaters
across the 2-meter band . In addition, yOI1l
wi ll find that offsets other than 600 kl-lz
are used in some locations, as they
attempt to cram more repeater pairs into
the avai lab le spectrum. For examp le , in
Penn sylvania some repe aters make use of
a + I MHz offset (example: repeater ou t
put of 146 .475 MHz and an input of
147 .475 MHz).

On the 70-cm band the standard offset
is plus or minus 5 MHz. Some regions use
a high repeater transmit freq uency , in the
range of 446 to 450 MHz, and a transmit
offset of - 5 MHz . Other regions do just
the opp osite : The repea ter tra nsmi t fre
quency is low (say 440 to 444 MHz) and
the transmit offset is +5 MH z. To make
th ings even more interesti ng , some states
have "high in" and " high out " repeaters
interspersed .

If th is sounds a bit like a confused mess ,
yo u have that correct. This is why you
rea lly should have a repe ater directory

Visit Our Web Site



Photo 3. Most modern FM transceivers allow the CTCSS tone
to be set by the front-pa nel contro ls and stored in memo ry.

All of the repeater settings ca n be store d in memory so that
yo ur transceiver remembers it all for yo u (photo 3) . This means
that the co mplex ity of repea ter frequency, offset, and ton e is a
one- time programmin g challenge . Yo u won' t have to dea l wi th
it on a dail y basis . However, as soo n as yo u ge t on the road to
another area of the co untry, yo u' ll have to dia l in the right infor
mation for those repea ters.

Standard Transmit Offset
Varies
±600 kHz
- 1.6 MHz
±5 MHz
- 12 MHz or - 25 MHz
-1 2 MHz

50 MHz
146 MHz
222 MHz
440 MHz
902 MHz
1.2 GHz

5. The Repeater Is Doing Most of the Work
Wh en operating through a repea ter , kee p in mind the ro le that

the repeater is playing . It is usually sitt ing on a high spot with a
really good receiver and a strong transmitter. A co mmon new
bie mistake is to give someone an excellent signal report through
a repea ter. "Your radio is doing a grea t job and your sig nal is full
sca le here at my location !" Of course, it 's really the repeater that
is puttin g out that full-sca le signal. A half-watt handh eld radio
may sound great through the repeater , but that signal on the other
end is from the repeater transmitt er, not the HT .

6. RST Signal Reports are Rarely Used for FM
Mo st new ham s learn abo ut the RST reporting sys tem

(Readability, Signal Stre ngth, Tone). A perfect sig nal in RST
format is 599 for a CW signal, or ju st 59 for phone (dro ppi ng
the Tone indicator) . However , RST reporting is not that com
mon for FM opera ting. You might hear someone say "your sig
nal is Five Nine" if it is loud and clear. More likely , yo ur sig
nal report will be give n in term s of FM quie ting . A stro ng FM
sig nal has no noise assoc iated with it; we say that the sig nal is
f ull quieting , becau se the signal has full y quieted the rece iver.
If the signa l has noise on it , then we might say it is a little noisy
or we might put a number on it such as 50 % quieting. Again,
think about the role the repeater is playing . Th e signal might be
wea k into the repea ter, introdu c ing noise on that co nnec tio n. Or
the repeater ' s signal may be recei ved poorl y , ca using some

Photo 2. A handh eld radio is shown here with a standard rub
ber-duck antenna. To the right is a extended- length portable
antenna and to the lef t is a compact magnetic-mount mobile

an tenna.

ava ilab le to give you the right inform ation on repea ter frequency
and offset. Th e ARRL Repeater Directory is the most auth ori 
tat ive source of repea te r information , but there are online
repeater databases springing up on the interne t.

4, Access Tones Are Rarely Standard
It used to be that most FM repea ters were carrier access, which

means that the user just had to have the right frequency and
transmit offset to use the machine. These days , tone access for
repea ters is beco ming much more co mmon. Fortunately , all
modern FM ham transce ivers include CTCSS and DCS capa
bility, so your radio is prob ably equipped to handl e tone access
repeaters. Unfortunately, yo u do have to program in the prop
er tone , otherwise the repea ter won' t respond . .. another rea
son to have an up-to-date repeater directory . I am not sure how
repea ter ow ners choose which tone to use , but it see ms to be a
personal and somewhat rando m cho ice. A parti cul ar radio club
is likely to use the same tone on all of its repeaters , but the next
clu b over the horizon will likely make a different choice .
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Update on "FM VHF Distance from Pikes Peak, Colorado"
In my previo us FM/Repeater column, I discussed the topic of FM VHF propagation from

Pikes Peak. I receive d the e-mai l reprinted below from Lauren Libby , W0LD , who did some
operating from Pikes Peak some years ago. The art icle he refers to is "New Land Record on
3.4 GHz," QST, May 1990 by Lauren Libby, Kx00 , avai lable here (for ARRL members):
<http://p lk .arrl.org/pubs_a rchive/8580 I>.

Lauren reports that he routinely worked 400 miles on 2 meters FM, com pared to the
Colorado 14er Event record (N0 KE) of 375 miles, so very similar results . - Bob, K0 NR

In the late 80s and 90s W$$MXY and I conducted tests from the top of Pikes Peak. Some
distances worked were :

Kx00 (now W0LD) to WB0DRL (now N00Y) on 2 meters- I .2 GHz. Pikes Peak- Salina .
Kansas. We worked any time , day or night, on those bands (4 10 miles).

On 3.4 GHz we worked W5UGO in Sand Springs, Oklahoma (565 miles).
We worked WB5 AFY in Vernon , Texas on 2 meters CW and 2.4 and 3 .6 GHz CW

(500 miles) .
Using weak-s ignal techn iques and good antennas, 500 miles is very workable any time,

day or night.
By the way , we could work Salina, Kansas anytime , day or night, on FM with 160 watts

and a 13-element Yagi. - 73, Lauren , W0 LD

noise on the listener ' s receiver. A good
way to describe how well the whole sys
tem is working is how much noise has
been introdu ced along the way.

7. FM Exhibits the Threshold Effect
FM signals sound great as long as the

signal level is strong. As the signal level
at the receiver decreases, it hit s a point
where a small change in signal level caus
es the signal to rapidl y disappear into the
noise. Thi s is the threshold effect , mean
ing that as a signal fades it hit s a thresh
old where it disapp ear s quite quickl y .
Other modulation types , such as SSB ,
degrade more gradually and perform bet
ter with weak signa ls. You 'll notice the
threshold effec t when dr ivin g out of
range while mobil e . You can be cruising
along enjoying a crys tal-clear conversa
tion unt il you hit the point where signals
start to fade. Sudde nly , the other guy
starts to get a bit noisy and shortly there
after he is complete ly unreadable .

8. FM Exhibits the Capture Effect
When two FM signals are present on

the same frequency at the same time , one
of them usuall y wins out compl etely and
the other one is not heard . Thi s is called
the capture effect, since the stronge r sig
nal is sa id to capture the recei ver.
Co mpare thi s to sing le-s ide band or
amplitude modul ated signals, where the
two signals tend to mix and both can be
heard to some extent. Now if two FM sig
nals are very close in amplitude , neith er
one will capture the receiver and you' ll
hear a very distorted signal, sometimes
with a bit of a squea l to it. But give one
signal a little more power and it will wipe
out the wea ker one and you' ll only hear
the stro nger of the two signals. You 'll
hear this from time to time when differ
ent stations tran smit at the same time by
mistake ; one may pop through very clear
while the other one disappears .

9. FM Power Output is Constant
Frequency modulation works by tak

ing a radio frequency carrier and modu
lating it back and forth in frequency, as
dri ven by the microphone audi o . When
an FM tran smitting is keyed , it produ ces
a ca rrier with co nstant output power.
With no modul ation present (that is, you
are not speaking into the microphone), a
constant ca rrier is transmitted . As the
radi o operator spea ks into the micro
phone , the frequency of the carr ier is
modul ated or changed according to the
microphone audio but the output power

remains the same . Th e amount of fre
quency change due to modulation is call
ing the f requency deviation . Speaking
louder or softer into the microphone nor
mall y changes the frequency de viation
(up to a point at wh ich it limits) , but the
output power is unchanged . Talking
loud er into an FM tran scei ver has no
effec t on the output power. We always
want to have enough audio to prop erly
modul ate the carrier but anything beyond
that is ju st was ted.

10. An FM Signal May Be Wider
Than You Think

The standard frequency deviation for
amateur radio FM is ±5 kHz deviation .
That is , on the posit ive peak s of our voice
modulation , the transmitter frequ enc y
instantan eou sly shifts upward s by 5 kHz.
On the negati ve peaks , the frequency
shifts down to 5 kHz below the carrier
frequency . It would seem to make sense
then that the total width of the signal is
10 kHz , but that is incorre ct ! The math
ematical anal ysis invol ved with frequ en
cy modulation is very complex, uses
Bessel Functions , and genera lly tend s to
make my head hurt . However , we can use
Carson 's Rule, to estimate the bandwidth
of most FM signals:

where M is the peak frequency devi ation
and fm is the highe st modulatin g fre
quency.

For typical amateur FM, M is 5 kHz
and the highest modul atin g frequency is
3 kHz. Carson ' s Rule estimates the band-

width at 2 (5 + 3) = 16 kH z. Basically ,
what ' s happen ing with the signal is that
as it wiggles back and forth by plus and
minu s 5 kHz, the modulating frequenc ies
spill ove r to crea te a wider signal.

Some areas of the co untry have chose n
a 15 kHz channel spacing on 2 meters ,
but this is actually a bit tight given that
signal is 16 kH z wide . Th e standa rd band
plan might have simplex frequencies at
146.520 MH z and 146.535 MH z, but if
two stations close together try to operate
on those frequencies simultaneo usly they
will hear some interfe rence spilling over
from the other frequency. Oth er part s of
the co untry have moved to a 20-kHz
channel spaci ng, resulting in fewer cha n
nels , but eliminating this adjacent cha n
nel interference probl em. Always follow
your local VHF band plan but understand
that there are times when adjacent chan
nels might be a little too tight.

Tnx and 73
This has been a light touch on some fun

dam ent al co ncepts conce rning FM and
repeater operation. Some past co lumns
delved deeper into a few of these topics.
If you want to learn more about FM in gen
era l, see the Winter 2007 issue of CQ
VHF. For a more in depth into tone access ,
take a look at the Winter 20 II co lumn.

Th ank s for tak ing the time to rea d
another one of my co lumns on the Utility
Mode. I always enjoy hearing fro m read
ers, so stop by my blog at <http://
www. kOnr .com/blog> or drop me an e
mail at the address on the first p[age of
this column.

73, Bob , K0NR
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CQ's 6 Meter and Satellite WAZ Awards
(As of October 1, 2011)

By Floyd Gerald,* NSFG, CQ WAZ Award Manager

6 Meter Worked All Zones
~o. Callshm
I N4CH
2 N4MM
3 JIl CQA
4 K5UR
5 EH7KW
6 K6EID
7 K0 FF
8 JF IIRW
9 K2ZD
10 W4VHF
I I G0L CS
12 JR2AUE
13 K2MUB
14 AE4RO
15 DL3DXX
16 W50 Z1
17 WA6PEV
18 9A8A
19 9A3JI
20 SP5EWY
21 W8PAT
22 K4CKS
2.1 HB9RUZ
24 JA31W
25 IK IGPG
26 W IAIM
27 Kill'S
28 W3NZL
29 KIAE
30 IW9CER
3 1 IT91PQ
32 G4BW P
33 LZ2CC
34 K6MI0 /KH6
35 K3KYR
36 YVID IG
37 K0A Z
38 WB8XX
39 KIMS
40 ES2RJ
4 1 NW5E
42 ON4AO I
43 N3DB
44 K4Z00
45 mVOF
46 ES2WX
47 IW2CAM
48 OE4WHG
49 TI5KD
50 W9RPM
51 N8KOL
52 K2YOF
53 WAIE CF

Zones need ed to han all -lOcunflrmed
16 ,17 ,18,19.20 .21,22,23.24 ,25,26 .28,2934 ,39
17,18,19 .21,22.23,24 ,26 .28.293 4
2,1834,40
2, 16, 17.18.19.2 1,22,23.24.26,27.28.2934,39
1.2,6,18,19.23
17,18,19 ,21,22,23 .24.26 ,28,293 43 9
16 ,17,18,19,20 ,21,22.23,24,26,27.28,2934
2,40
2,16,17,18,19 .21.22.23.24.26,28,29.34
16,17,18,19 ,2 1,22.23.24.25,26.28 .29.3439
1,6,7.12 ,18.19 .22,23.28.31
2, 1834,41l
16,17,18,19,21,22 ,23,24 ,26,28,29 .34
16,17,18,19.21.22.23.24.26.28.29.34.37
18.19.23.31.32
2, 16,17,18,19.21l,21.22.23,24,26,28.34.39 ,40
3,4,16, 17,18,19 .20 .21.22.23.24.26 .29.34.39
1.2.3,6,7,11l ,12,18,19,233 1
1,2.3,4,6.7,11l,12,18.19,23,26,29,3 1.32
1.2.3,4 ,6 ,9 ,10,12,18,19 .23.2631 3 2
16,17,18,19.20.21.22.23.24 ,26.28.29 .31l34 .39
16.17.18,19,2 1,22.23.24,26.28.29 .34.36.39
1,2.3,6,7,9 ,10,18,19,23.31.32
2.' ,1834,40
1,2.3,6,10,12,18,19,23.32
16,17.t8.19.202 1122324 .26.281930 3 4
16,17,18,19 .21.22.23.24.26.27 .28.29.30.34.37
17 ,18,19 .21,22,23 .24 ,26,27,28.29 .34
2, 16, 17, 18,19,21,22,23.24,25,26,28,29.31l,3436
1,2,6,18,19 ,23.26,29 .32
1,2.3,6,18 ,19 .23,26.293 2
1.2.1,6,12,18,19.22,23,24.30.31.32
I
16,17,18,19 ,23.26 .34.35.37,40
17,18,19,21,22,23,24.25 ,26,28 ,29,30.34
1,2,17,18,19,21.23.24 ,26,27 .29.34,40
16,17.18,19 .21.22.23.24 ,26.28,29.34.39
17,18,19.21.22,23.24.26 .28,29.34.37.39
2,17,18,19 .21,22.23,24 .25.26,28,29.30.34
1,2.3,10,12,13,19 ,23.32.39
17 ,18,19,21,22,23.24 ,26,27,28,29 ,3034,37,39
1,18,19.23.32
17,18,19 .21.22.23 .24.25,26.27 .28,29 .30 .34.36
2, 16, 17.18,19,21,22,23.24.25,26,27.28.29.34
13 ,12,18,19 ,23.28,2931 3 2
1,23 ,IIl ,12,13,1931 .323 9
1.23 ,6,9 ,10,12,18,19 .22,23.27.28,29.32
1,2-1,6,7,10.12,13,18,19.23.2832.40
2, 17,18,19 .21,22,23,26.27.3435.37.38.19
2, 17,18.19 .21,22,23.24.26,29 .34 3 7
17,18,19.21,22,23.24,26,28.2931l,343 539
17 ,18,19 ,21,22,23.24.25,26.28.29303 2,34
17,18,19.21.23.24.25.26 .27,28.29 .30.34.36

54 W4TJ
55 JMI SZY
56 SM6FHZ
57 N6KK
58 NII7 RO
59 OK IMP
6IJ W9JUV
6 1 K9AB
62 W2MPK
63 K3XA
64 KB4CRT
65 J117IFR
66 KOSQ
67 W3TC
68 IK0 PEA
69 W4UD II
70 VR2XMT
7 1 EH91B
72 K4MQG
73 JF6EZY
74 VE IYX
75 OKIV IIN
76 Un QF
77 K5NA
78 14EAT
79 W3BTX
80 JHIHHC
8 1 PY2RO
82 W4UM
83 15KG
84 DF3CB
85 K4PI
86 WBHTGY
87 MU0 FAL
88 PY2BW
89 K40M
90 JH01lll E
91 K6QXY
92 JA81SU
93 Y09HP
94 SV8CS
95 SM3NRY
96 VK30T
97 UYIHY
98 JA7QVI
99 KIHTV
100 OK IRD
101 S5 1DI
102 S59Z
1Il3 UY5ZZ
104 UXOFF
105 EI3IO
106 JJ21lLV

17,18,19.21,22,23.24 ,25.26.27.28.29.3439
2,1834,40
1.2.3,6 ,12,18,19 .23.31,32
15,16,17 ,18,19.20.2 1.22,23.24.34.35 .3738,41l
1.2,17,18,19.21.22.23.28.34.35.37.38.39,40
1.2.3,10,13, 18,19.23,28 .32
2,17,18,19,21.22,23,24,26.28,2931l.34
2, 16,17,18, 19.2 1.22.23,24,26 ,28.29 .31l34
2, 12,17,18,19,21.22.23.24.26.28,29.30,34.16
17,18.19.21.22.23.24 ,25.26.27,28.29.10.34.36
2,17,18, 19.21.22.23.24.26.28.29.34.36.37.39
2.',9,10, 18.23.34.36,38,40
16,17,18,19 ,20 ,21.22,23,24 ,26,28.293 4
17,18,19.21,22,23.24.26 ,28,29,30 .34
1.2.3,6 ,7,10,18,19.22.23.26.28.293 1.32
16,17,18,19.2 1.22.23.24.26.27 .28.2930.14.39
25 ,6,9.18.23 ,40
1.23 ,6 ,10 ,17,18,19 ,23,27 ,28
17,18,19 ,21,22,23.24 ,25,26,28.293 03 43 9
2,4.' ,6,9,193435.36,40
17.18,19.23.24.26.2 8,29.3034
1.23 ,6,7 ,10,12,18,19.22.23.243 234
1.23 ,6,1Il,12,13,19.24.26.30,3 1
16,17 ,18,19,21,22 ,23,24.26 .28,293 33 73 9
1.2,6,10,18,19 .23,32
17.18,19.22,23,26.34.37.38
25 .7,9, 183 4 3 53 7,40,
1.2,17,1840M ,19.21.22.23,26 .28,29.303 8,39 ,40
18,19,21,22,23,24.26,27,28.29.343 739
1.2.3,6,10 ,18,19 ,23,27,293 2.
1.2,12,18,19.32
17,18,19,21,22.23.24.26.28.29 .30.34.373 8.39,
16.17,18,19.21.22,23.24.26.28.2930.3436.39
1.2,12,18,19,22.23,24,26.27,28,29.303 132
1.2,17,18,19.22.23,26,28,2930.38.39,41l,
17,18,19 ,21,22,23.24 ,26 ,28.29 .32.343 6.383 9.
2.3334,40
17.18,19.21.22,23.34.37,39
2,7,8,9,19.33 .343637.3839,40
1.2.6,7,11,12,13,18,19 ,23,28,29 .30 .31,41l
1,2,6,7,18,19 .23.26,28 .29
1,6,IO,12,13,19 .23,25,26 .29 .311.31.32,39
2, 10,11,12,16.34.35.37.39,40
1.2.3,6,7,9,12,18,19.23.26.28 3 1.32.36
2,40
17.18,19 .21,22,23,24 ,26,28,293 4
2,6.7 ,8,9 ,11,12, 13,18,19 ,2 1,22,283 9.40
1.2,6,18,19
1.2,6,7,IIl .l 2,17,18,19.22,23,24.26.31.32
1.2.3,6,7,10,1 1,12.13,18 ,19,29.31.32-19
l.2h .7 ,1~ 12 , 13,1 8 ,19 .22.28.29 .31 .32

13 ,12,18,19.23,29 .303 1,32
2,45 ,7,8,9,16,18,19,34 .35363 738,41l

Satellite Worked All Zones
No, Ca llsign Issue dat e Zones Nee ded 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 21 July 93 None
6 K7HDK 9 SepL 93 None
7 WI NU 13 OcL 93 None
8 DC8TS 29 OcL 93 None
9 DG2SBW 12Jan. 94 None
10 N4SU 20 Jan , 94 None
I I PA0AND 17 Feb, 94 None
12 VE3NPC 16 Mar. 94 None
13 WB4MLE 31 Mar. 94 None
14 OE3JIS 28 Feb. 95 None
15 JAII3LC 10 Apr , 97 None
16 F5ETM 30 OcL 97 None
17 KE4SCY 15 Apr.O I 10, 18,19.22,23.

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

18 N6KK 15 Dec. 02 None
19 DL2AYK 7 May 03 2, 10. 19,29,34
20 NIHOQ 31 Jan,04 10 ,13,18,19.23.

24 ,26.27,28,29,
33,34 ,36,37,39

No. Cullslpn Issue dal e Zones Needed to haw
all 40 confir med

21 AA6NP 12 Feb. 04 No ne
22 9VIXE 14 Aug, 04 2.5.7.8,9, 10,12,13,

23,34,35,36,37,4 0
23 VR2XMT 01 May 06 2.5,8,9,10,11.12,13,23,34 ,40
24 XEIMEX !9 Mar. 09 2,17 ,18,2 1.22.23,26,34,37,40
25 KC0TO 17 Mar. II No ne

CQ offers the Satellit e Work All Zones awa rd for stations who co nfirm a mini 
mum of 25 zones wor ked via amateur rad io sate llite . In 200 I we " lowe red the bar"
from the original 40 zone requi rem ent to enco urage parti c ipat ion in this very diffi
cu lt award, A Satellite WAZ certifi cate will indicate the number of zones that are
confirmed when the applica nt first applies for the awa rd ,

Endorsement stickers are not offered forthis award , However , an e mbosse d, go ld
sea l will be issued to you when you finall y confirm that last zone,

Ru les 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 Award
Manager : Floyd Gerald . N5FG . P.O . Box 449 , Wiggins. MS 39577 -0449 , Th e pro
cessing fee for all CQ awards is $6,00 for subsc ribers (please incl ude your most
recent CQ or CQ VHFmai ling label or a copy ) and $ 12.00 for non subs cribers . Plea se
mak e all checks payab le to Floyd Gerald , Applicants se nd ing QSL ca rds to a CQ
Che ckp oint or the Award Manager must includ e return postage , N5 FG may also be
reacb ed via e-ma il: <n5fg@cq-amate ur- rad io. co m>.

*P,O, Box 449, Wiggins, MS 39577-0449; e-mail: <n5jg @cq·alllatellr·radio.colII>
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By Keith Pugh," W51U

SATtLLITtS
Artificially Propagating Signals Through Space

ARiSSat-1 "On Orbit," Project Fox - AMSAT's
First CubeSat, and AMSAT Space Symposium

ARISSat- 1 is now "on orbit" and
avai lab le for use. Nex t let' s review
what' s goi ng on in the world of

Project Fox, our next satellite. Fina lly,
let' s prev iew the AMSAT Space
Symposi um 20 II.

ARISSat- 1 On Orbit
ARISSat- 1 was deployed fro m the ISS

during a Russian Space Walk on 3 August
20 I I. According to the pre-laun ch pre
dictions: Once launched. due to a very
low altitude orbit and battery uncertain
ties. it will only be usabl efo r two or three
months . According ly , its life is nearly
over. Optimistically , it might last as long
as six to nine months. Now that it has been
on orbit for two months and continues to
" fl y like a butt erfl y ," I'm go ing to make

*3525 Willifred Drive, Fort Worth, TX 76133
e-mail: <w5ill@swbell.llet>

a "WA G" that we will still have it with
us for Christmas 20 II and possibly on
into early 20 12. Th is is not an officia l
entry into the "Chicke n Little Co ntest"
that is go ing on as we speak. We need to
use ARISSat- 1 to the greates t ex tent pos
sible while it is with us. If you haven 't
already don e so, get it into the schoo ls
immediately .

In the beginning , life for ARISSat- 1
was rough . It was banged aro und some
ge tting out of the ISS and into positi on
for laun ch. During that tim e , it was
not iced that the 70-cm antenna was bro
ken/m issing and that dela yed deployment
for several hours. Finally , a decision was
made to go ahead and launch it with a bro
ken 70-cm antenn a. Th at turned out to be
a goo d decision (really the only logical
deci sion possibl e) and the sa te llite
work ed well after the initial wa it for the
timers ex pired . It doesn 't hear as we ll as

it should on 70 em with a short ( 1.5-inch
instead of 9-i nch) antenna , but it does
work and a num ber of co ntac ts have been
made thro ugh the Linear So ftware
Defined Transponder (SOX) . Telem etry
worked well and we we re "off and run
ning" with the new " Bird ."

Afte r abo ut a week into its life , it
became apparent that the batt ery was
already ex perie nc ing diff iculty. Tele
metry showed a steady decrease of ter
minal voltage and ind icatio ns were that
one or more ce lls we re having di fficult y .
Afte r a num ber of anxious mom ent s , the
batt ery failed , but fortunate ly , it fa iled in
the "o pen" state instead of a "s hor ted"
state . Thi s allowed the Max Power Point
Tr ackers and thei r softwa re to take total
co ntro l of the situation. Th e sate llite now
operates whenever it is in sunlight and
shuts down when in ecl ipse . One com
plicating factor is the start-up tim er. Th e

"Satellites" column editor Keith Pugh. W51U. giving instructions to the hams gathered to hearAR1SSat-1at the Austin Summerfest
this year. (Photo courtesy ofN6CL)
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We're Going Back To Space!

I will give a full report in my next co lumn. If yo u have missed
it this yea r, plan to attend next yea r. It ' s always a good way to
spend part of your vac ation and learn about our fascin ating
hobby .

®

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

• Attitude Adjustme nt
• Banquet with Featured Spea ker and Prizes
• Are a Coordinator's Break fast
• Tour of Local Are a of Interest
• Sa tellite Beginner s Programs
• Rag Chews and Discussions

www.amsat.org
or call

(888) FB AMSAT • (301) 589-6062

Summary
Let ' s we lco me ARISSat- 1to the classroom and the ham shac k

now that it ' s on orbit. It represent s agolde n opportunity to show
case amateur radi o and amateur rad io sa tellites to kids in the
cla ssroom and promote STEM whil e havin g "hands on" and
"hea ds on" fun . Use it while it' s here . Remember the limited
time available fo r its lise!

Co ntinue the Ama teur Radi o Satellites in Educa tion them e
with Project Fox . It is a natu ral ca rryon to ARISSat- 1 and wi ll
be AMS AT-NA's next satellite . Support FU NC ube, a similar
AMSAT-U K satellite that may laun ch before Proj ect Fox .

Please co ntinue to support AMSA T' s plans for the future of
amateur radio satellites . AMSAT is now updatin g its web page
at <http://www .amsa t.o rg> on a much more reg ular bas is .
Sa tellite details are upd ated regularly at <http://www .amsa t.o rg/
am sat -new/satellites/statu s.php>. Fo llow the proj ects and
progress of AM SAT-UK at <http://www .uk.am sat.org/>.

'T il next time . . . 73 , Keith , W51U

AMSAT Space Symposium and
General Meeting

By the time you read this, it probably is already too late to plan
to attend the AMSAT Space Symposium and General Meetin g in
San Jose , CA , on 4-6 Nove mber 20 11. The BOD meetin g was
3-4 November, giv ing additional insight into how AMSAT oper
ates . The format was the same as eve r , featuring the following:

• AMSAT Board of Directors Meeting
• Technical and Operationa l Present ations

sateIIite has to go throu gh th is 15-m inute timer whenever it
co mes bac k into sunlight. Barring further battery changes, we
should be "good to go" forthe rest of ARISSat- I 's time in space .

The telemetry sys tem work s ve ry well. Thanks to the many
telem et ry co ntributors wo rldwide , and Douglas Quagliana ' s
(KA2U PW/5) so ftwa re and servers, it is possibl e to eas ily look
at near rea l-time telem et ry on yo ur iPhone , notebook , or hom e
co mputer at any time . I find mysel f looking at ARI SSat-l sev
era l times a day, whereve r I am , via a tracking program and the
telem et ry on my iPhone . Use your imagination and discover
what you ca n do with this telem etry . It is an exce llent topi c or
tool for a schoo l sc ience or math class .

If you like Slow Sca n Television (SSTV) then ARlSSa t- 1 is
j ust for you. Many SSTV frames have been co ntributed to the
SSTV Library for you to bro wse or add to . Some of these are
canned frames from the satellite , while many more are real shots
of the Earth, sky, oceans, etc., from the on-boa rd cameras.

Earlier I mentioned the "Chicke n Little Co ntest." Thi s is an
opportunity to predict the dem ise of ARISSa t- 1 and see who gets
it right. There are other co ntests and awards as well . Many happy
hams and stude nts have already rece ived certificates for just hear 
ing the " Bird ," co ntributing telemetry, etc . People are accumu
lating the "secret words" from the voice messages for entry into
the "Secret Word Co ntest." The CW Contest is ju st starting as
hams and students deciph er the ca llsig ns of the many ham s who
co ntr ibuted to the Amateur Satell ite Program ove r the years .
Whoever cop ies the most calls igns correctly will be recogni zed .

All of th is can be accomplished with ju st a radi o, a simple
antenna, and a co mputer. Get in on the action now! Hopefu lly ,
ARISSat-1 wi ll still be on the air when you read this . If not ,
there are three more "waiting in the wings" for future laun ch
opportunities.

What better way to introduce sc ience, Ttechn ology , engi
neerin g , and mathem atics (STEM) into the cla ssroom. Visit
<http://www.ari ssat I.org< and <http://www .amsat.o rg> regu
larl y. Stay tun ed for additiona l updates!

Project Fox AMSAT's First CubeSat
Now that ARISSat- 1 is "o n its way," AMSAT has returned to

work on Project Fox . Thi s effort was approved by the AMS AT' s
BOD a co uple of years ago but had been overtaken by the
ARISSa t- 1effort . With the rece nt fa ilure of batte ries on AO-5 1,
this project takes on more urgency . It has now been split into a
two- phase program , FOX- I and FOX -2. FOX- I will be a repl ace
ment for the FM transpond er on AO-5 1 done quickl y due to the
current urgency. FOX -2 will includ e a software- de fined linear
transpond er and other features. Developm ent of FOX- 2 will lag
FOX - I due to limited asse ts . Further details are ava ilable at:
<http://www .amsa t.org/amsa t-new/fox/>. Project FOX will be a
major fea ture of the 20 I I AM SAT Sy mpos ium and General
Mee ting this year.
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By Tomas Hood,* NW7U S

VHF PROPAGATION
The Science of Predicting VHF-and-Above Radio Cond itions

We're Moving Up in Cycle 24!

ISES Solar Cycle F10.7cm Radio Flux Pro gression
Observed dote through Sep 20 1 1

ISES Solar Cycle Sunspot Numb er Progre ssion
Observed dete th rough Sep 20 11

Figure 1. Sunspot Cycle 24 progression charts showin g the huge, sharp rise in
September 20 I 1. There was a lot of discussion about the variable nature of the Sun,
and the disma l conditionsfrom May through August, but this sort of variability is quite
normal during any sunspo t cycle. It is clear that this sunspot cycle is on its rise. This
results in a hint of VHF propagation via the F2-region over some regions, and more
so as we see the steady rise in the 10.7-Cln radioflux. (Source: Space Weather Prediction

Center [SWPC l/The National Oceanic and Atmospheric Administration [NOAA])
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*PO Box 1980, Hamilton, Montana 59840
e-mail: <mv711s@ arrl.net>

5 0lar Cycle 24 is mov ing steadi ly
toward its maximum act ivity peri
od, a peak that is sti ll several years

away (at least; solar scientists predict
2013, but this col umnist thinks it may be
later) . The recent mo nths have proved to
be exciting , as the sunspot co unts are up,
and the overall energy as measured by
both the 10.7-cm radio flux as we ll as the
hard x-ray background radiatio n level s
(between the 1- to 8-A ngstrom wave
lengths) is averaging higher.

As this edition of this co lumn goes to
press, the Sun remains highly active, hav
ing just broken some sunspot Cycle 24
records so far. An active sunspot region,
NOAA Active Region 11302 (for short,
1302) , rotated into view on September22,
20 II , offering plenty of activity rig ht
from the start. At 1029 UTC, a long-dura
tion magnitude X 1.4 x-ray flare erupt
ed from thi s region , located right on the
Sun ' s northeastern limb. The magnetic
structures seen at many wavelengths were
stunningly beautiful. The flare itse lf last
ed over four hours , starting with the ini
tial X lA-level explos ion, but co ntinued
to expe l amazing amounts of energy dur
ing the long four-hour decl ine (see the
movie I created showing this event in var
iou s wavelengths, at <h ttp://nw7us .us/
x 14s22_1 .html». This sunspot region
now had everyone's attention!

As Active Region 1302 rotated away
from the eastern limb , it increased in size
and was followed by other sunspots. By
September 24 , this one sunspot became
the largest sunspot yet (at press time) in
Cycle 24 , mea suring an incredibly huge
1300 millionths of the so lar hemisphere.
Sunspot ob servers report the day 's
Ssunspot area as the sum of the correct
ed area of all observed sunspots in units
of millionths of the solar hemisphere .The
combined total of all sunspots for the 24t h
was a huge 1930 units . That 's the largest
area yet recorded during this cycle .
September 24 also became the day with
the highest 1O.7-cm radio flux reading so
far in this sunspot cycle - 190! We have
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Figure 2. The Solar Dynamics Observatory (S DO) Atmospheric Imaging Assembly
(AlA) cap tured an X-class x- ray flare on September 22, 2011. The magnetic st ruc
ture was comp lex andpowerful forces kept the eruption activeforoverfour hou rs. This
resulted in an extended radio blackout on the shortwave frequencies up into the low
VHF range, as well as sweeping noise on the VHF bands. Later in the week, as the
sunspot, NOAA Active Region 1302, rotate d toward the center ofthe so lar disc, addi
tionaI so lar x- ray j7ares unleashed coronal mass ejections (CMEs) toward the Earth,
resulting in geomagne tic storms and related au rora. This p rovided oppo rtunity for
auroral-E propagation for VHF enthusias ts. (Cre di t: Solar Dynamics Observatory

(SDO}/Atmosph eric Imagin g Assemb ly (AlA })

not see n a flux readin g this high since
November 2, 2003, when it was also 190.
That' s a long eight yea rs ago . Ad
diti onall y , the background x-ray flux
( 1-8 Angstroms) reached the highest yet,
at C2.7, in Cycle 24 on Septemb er 25, .

Co mpared with last year's so lar acti v
ity , th is season is hot ! Under such activ
ity levels , VHF propagation this season
via the F2 -reg ion of the ionosph ere is
becomin g a reality . Certa inly, 10 mete rs
has been a player since Septemb er.

One interesting developm ent under the
rece nt increase in so lar acti vity is the
transequ atorial propagation (TE P) sea
sonal openings that last until November.
TEP , which tend s to occ ur most often dur
ing spring and fa ll , requires high solar
activity, as it takes a strong ly-energized
F- reg ion over the equatoria l region to
suppor t VHF propagation . The norm al
TE P signal path is between locations on
eac h side of the equator. With the level of
solar activity finally increasing , this year
these TE P paths came alive and should
continue to play until taperin g out by mid
November.

A seco ndary seasonal peak in sporadic
E ioni zation at the end of December
shou ld also res ult in so me short-skip
openings on low VHF between distances
of abo ut 800 and 1300 miles at the end of
Decem ber and early in January . Reports
eve n after the end of the 20 I I summer Es
season indicate surprise openings when
no one expec ted them , so be vigilant and
watc h for 6-meter openings throughout
Nove mber, December, and January.

With the TE P season and the seasonal
summer sporadic-E (Es) season beh ind
us, what hope do we have during this fall
season for long-distance VHF co mmuni
ca tions? Of course, we can try working
an amateur radio satellite. Expect some
periods of aurora due to strong geomag
net ic storms, since the increase in solar
act ivity includes coro nal mass ejections
(CMEs) . These CME eve nts can trigger
geo magnetic sto rms with sufficient ener
gy to ioni ze the E-region ove r not only
polar reg ions, but over high- to mid-lati 
tude regions.

Wh en the Interplanetary Magneti c
Field (lM F) lines that ex tend out from the
Sun are oriented oppos ite to the Earth's
magnetosphere ' s orientatio n, the two
fie lds co nnect and allow solar-w ind par
ticles to co llide with oxygen and nitro
gen molecules in the upper atmos phere
of the polar reg ions. Th is ca uses light
photons to be emitted. When the mole
cules and atoms are struc k by these solar-

www.cq-vhf.com

wind particl es , the stripping of one or
more of their electrons ioni zes them to
such an ex tent that the ioni zed area is
capable of reflecting radio signa ls at very
high frequencies. Thi s ionization occ urs
at an altitude of about 70 miles, very near
the E-region of the ionosph ere . The level
of ioni zat ion depend s on the energy and
amo unt of so lar-wi nd part icles able to
enter the atmos phere.

Whil e correlations ex ist between visi
ble and radio aurora , radi o auro ra could
ex ist without visual aurora. Stati stically ,
a diurnal variation of the frequ ency of
radi o aurora QSOs has been ide ntified
and suggests two strong peaks , one near
6 PM and the second around midni ght ,
local time.

VHF auro ral echoes, or reflections, are
most effective when the angle of inci
dence of the signal from the transmitter ,
with the geo magnetic field line , equals

the ang le of reflec tion from the field line
to the receiver. Radio aurora is obse rved
almost exclusive ly in a sec tor centered on
magnet ic north. The strength of signals
reflected from the aurora is dependent on
the wave length when equivalent power
levels are employe d . Six-meter refl ec
tions can be ex pected to be much stronger
than 2-me ter reflect ions fo r the sa me
transmitter output power. The polariza
tion of the reflec ted signals is nearl y the
same as that of the transmitt ed signal.

The K-index is a good indicator of the
expansion of the auroral ova l and the pos
sible intensity of the aurora . When the K
index is higher than 5, most amateurs in
the northern states and in Canada ca n
expect favorab le aurora condit ions. If the
K-index reaches 8 or 9, it is highly possi
ble for radio aurora to be worke d by sta
tions as far south as California and Florida .

For the da ily geo mag netic co nditions,
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Figure 3. The left -most sunspot in NOAA Active Sunspot Region 1302 became the
largest single sunspot so far in sunspot Cycle 24, measuring an incredible 1300 mil
lionths of a solar hemisphere! This sunspot group unleashed a number of Xvclass
flares, as well as a multitude of C- and M-class fla res during its march across the
solar disc during September 20 1I. It was so active that it made international news,
triggered aurora events, and helped push the 10.7-cmflux to a record high of 190 on
September 24th. This activity turned on the highest shortwave freq uenc ies; the 10
meter amateur radio band became a worldwide DX band day after day. VHF came
alive with TEP and F2-region propagation, as well. Septembe r clea rly was the most
active sunspot month yet in Cycle 24 (as ofpress-time}. (Credit: SDO/Heliose islllic

and Magnetic Imager (HMl])

vember 30. The peaks are ex pec ted on
Novemb er 18 at 0340 UTe, and possibly
on Nove mber 16 at 2236 UTe.

Thi s year mig ht produce enha nced
rates, but only from the perspecti ve of
radio systems; the size of the co met dust
is on the order of 10 to 100 microns and
thus might not prod uce many visual mete
or trails. However, remem ber that with a
high hourly rate , eve n tiny patches of ion
ized E-reg ion meteor trail in sufficient
quantity could support VHF propagation .

Since the source of the Leonids. the
Temp el-Tuttle co met, passed closes t to
the Sun in February 1998 , the yea rs fol
lowin g were expected to produ ce very
strong displ ays . T he greates t d ispl ay
since 1998 was the peak of 3 ,700 per hour
in 1999 . Every year since has been sig-

There are a number of opportunities
durin g this period to try your skill and
employ your equipment in meteor-scat
ter prop agation . One of the largest year
ly meteor showers occ urs du rin g
November.

Fo r the 20 I I Leonids shower, two
peaks are pred icted . Appearing to radia te
out of the co nste llatio n of Leo from
November 15 through 20 , the showe r is
act ive from November 6 throu gh No-

you are welcome to check my propaga
tion resource at <http://sun spotwatch .
com>, where I have the current planetary
K-index (Kp) link s to various aurora
resourc es , and more .

Meteors

The all-tim e favorite
magazine for the
VHF/UHFenthusiast.
CQ VHF isbetter
than ever and here
to seNe you!

Choose the PRINT Edition
or New DIGITAL Edition!

Buy both at a SPECIAL price!

Holiday Sale!
1 year Print Digital Bot h!
USA $24.00 $18.00 $35.00

CN/MX $34.00 $18.00 $45 .00

Foreign $37.00 $18.00 $48.00
Sa le end5 12/31/11

Order yours today! $35.00

2012 World Radio
TV Handbook

Both Print and
Digital Editions
Now Available!

This comple tely
revised and updated,
sixty-sixth edition is
touted to be the most accurate guide
to national and international
shortwave, medium-wave and FM
broadcasting available!

Shipping & Handling: USA-add $7.

Canada/Mexico $15, All other countries $25.

Includes a reference section con
taining listings of internationa l and
domestic transmitter sites, standard
time and frequency transmissions
and DX Clubs along with print and
on-line resource information .

CQVHF
25 Newbridge Rd • Hicksville, NY 11801
Subscribe on line at www.cq- vhf.com
FAX your order to usat 516 681-2926

Call Toll -Free 800-853-9797

Good News for the
VHF/UHF Enthusiast
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Feedback, Comments,
Observations Solicited!

The single most comprehensive
source of information on HF
propagation isonce again
available from CQ!

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

Order Today!!!!
ca Communications, Inc.
25 Newbridge Road , Hicksville, NY 11801
Phone 516-681-2922· FAX 516-681-2926

•I

Shipping & Handling: US: $7 for first item, $3.50 for 2nd and $2 for each additional.
CN/MX $15 for first item, $7 for 2nd, $3.50 for each add'l. All Othe r Coun tries: $25 for
first item, $10 for 2nd . $5 for each add'l.
CD Only: USA $5 for one $3 each add'l: CN/MX $10 for one $7 each add'l; All Other
Countries: $15 for one $10 each add'!.

Book & CD to a single address = ONE item !

• Principles of ionospheric propagation

• Solar cycle predictions

• Ionospheric forecasting
• Unusual HF and VHF ionospheric

propagation

• How to access NOAA 's geophysical databases
• "Do-it-yourself" propagation predictions/charts

• Scores of charts , tables, and summary information

I am looking forward to hearing from you about your obse r
vations of VHF and UHF propagation. Please send your report s
to me via e-mai l, or drop me a letter about your VHF/U HF ex pe
riences . [ '11 crea te summaries and share them with the reader 
ship . I look forward to hearing from you.

Up-to-date propagati on information is found at my propaga
tion ce nter: <http://sun spotwatch. com /> . If yo u are using
Twitter , follow @hfradiospacewx for space wea ther and prop
aga tion alerts, and foll ow @NW7US to hear from me about var
ious space wea ther and amateur radio news. Face boo k mem 
bers should chec k out the CQ VHF Magazin e Fan Page at
<http: //w ww J acebook .com/CQVHF> . and the Space Weath er
and Radio Prop agati on Group at <http://www J acebook.
com/space wx .hfradio> .

Until the next issue , happ y wea k-s igna l DXing.
73 de Tom as, NW7US

Thi s in turn pro vided a lot of auroral-E propagation eve nts .Thi s
level of acti vity will co ntinue to increase in 20 12 as we move
eve r closer to solar cycle maximum .

The monthl y sunspot numbers forecast for November 20 I I
through January 20 12 are 67, 70 , and 74, while the monthly
1O.7-cm flux forecas t is 120 , 123, and 127 forthe same per iod .
Give or take about eight points for all predictions.

(No te: These are preliminary fi gures. So lar scientists make
mil/or adjustments after publishing, by careful review.)

The Solar Cycle Pulse
Th e (pre liminary) observe d sunspo t number s from Jul y

throu gh September 20 11 are 43 .9 , 50.6 , and 78 .0. Th e
obse rved sunspo t number of 78 for Sept ember is the highest
yet fo r sunspot Cy cle 24, as of press tim e . Th e smoothed
sunspot co unts for Janu ary throu gh March 20 II are 3 1.0,33.4 ,
and 36 .9. T his upward trend clearl y ind icates that sunspo t
Cycle 24 is now fully "awake" and mo ving tow ard a distant
sunspo t cycle maximum .

Th e monthly 1O .7-c m (pre lim inary) numbers fro m Jul y
through September 20 11 are 94 .2, 101.7 , and 134.5 . Th ese
numbers are much higher than one year ago, with Sept ember
taking the record for the highest ye t in sunspo t Cycl e 24. Th e
smoothed 10. 7-cm rad io flux numbers for January through
March 20 II are 9 1.2, 92. 7, and 95 .8. Th e ac tiv ity level is now
high eno ugh to support IO-me ter prop agation over man y paths
via the F2 reg ion, with rep ort s of so me 6-meter propagation
as we ll.

The smoothed planetary A-index (Ap) numb ers from January
through Marc h 20 II are 6.7 ,6 .8, and 7 .2. The monthl y read
ings from Jul y through September 20 11 are 9, 8 , and 13.
September beca me a highly active month, with many days of
geo mag netic storm-leve l activity due to coro nal mass ejections .

nificantly less active . However, this year forecasters say that
we may see an hourl y rate of 30 to SO. The best window to start
trying meteor-seatter-mode propa gation is ju st past midn ight ,
peakin g after 2 PM local time and co ntinuing until morning twi
light. Any morning between the 16th and the 20th might be
good, based on last yea r's result s .

Watch for the Ursids from Decemb er 17 throu gh 26 with a
maximum on December 23 between 0200 and 0400 UTe. Man y
people miss this , but it co uld have an hourl y rate as high as SO.
In 2008, it reportedly had two peaks with an hourl y rate of 30
to 35 . There might be a another peak on December 22 at about
2 100 UTe. The Ursid radi ant is c ircumpo lar fro m most
north ern locations , and culminates after daybreak , while it is
highest in the sky later in the night. Thi s one could be a good
VHF player.

The Geminids are possibl y the most reliable of the annual
showers . Whil e the durati on of this meteor shower is shorter
than that of others , there ' s a definite plateau of maximum activ
ity. The Geminids beg in to peak dur ing predawn on December
14 , with a quick climb to its maximum rate of around 140 per
hour. Its window is from December 5 through 20 . In North
America and Ca nada, VHF enthusiasts will have the best oppor
tunit y to work meteor-scatter propagation from December 13
through the wee hours on the 14th , but as Geminids are a " long
tail" eve nt, expect continual opportunity , though less ofte n, sev
era l day s or night s after the peak .

Finally, check out the Quadrantids from Decemb er 28, 20 II
to January 12, 201 2.Th is meteor showe r may peak with around
60 meteors per hour, to up to 200 . Again, the best time is to start
just before midnight and work through predawn .

Check out <http: //www.im o.net/calend ar/> for a co mplete
calendar of meteor showe rs . A grea t introduction by Shelby
Ennis, W8WN, on working high-Sspeed meteor sca tter mode
is found at <http: //www.amt.org/M eteor_Scatter/shelbys_
welcome.htm> . W4 VHF has also crea ted a good starting guide
at <http://www.amt .org/Meteor_Scatter/iet stalk- w4 vhf.htm> .
Links to various gro ups, resources , and software are found at
<http://www.amt .org/MeteocScatter/default .htm> .
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By Dr. H. Paul Shu ch," N6TX

DR. SETI'S STARSHIP
Searching FOr The Ultimate DX

The Strange Case of the Oscillating Amplifier

Ihad an interesting technical query rece ntly from James
Brown , W6KYP , an amateur radio astro no mer and active
SETI League member. Jim has been engaged in the micro

wave search for possibl e ex tra terres trial sig nals since 1977 , an
ongo ing effort which ga rnered him the Giordano Brun o
Mem orial Award, the SET I League ' s highest technical honor ,
back in 2005. He was having problem s with his low-noi se pre
ampl ifier , as he exp lained in an e- mail:

. My system has been acti ng stra nge ly for a while, so I took the Head
End electronics dow n, pulled out the LNA (Rad io Astronom y Supplies,
28 dB gain), and set it up on my bench . When I have the LNA input
terminated in a good 50 oh m terminator. I ge t - 36 dBm out of the LNA
as measured on my HP Power Meter and 8484 sensor. I don 't see any
thing on my spec trum analyzer, but it only goes to 1.5 GH z so it may
be osci llat ing at a higher frequency. The power suppl y is so lid and qui et.
Question: What should I see on a terminate d LNA that is work ing right?

The problem of osci llating amplifie rs (ca ll them osc ifiers, if
you wish) has been with us since first hams discovered the con
cept of rege nera tio n, so it' s not surprisi ng that Jim suspec ted
amplifier instab ility for causing his problem s. An osc illator is,
afte r all, j ust an amplifier with infinite gai n. Let me explain:

We define gain as the ratio between output-s ignal and input
signal levels. Now wheneve r there is an output signal, we should
be able to reduce the input signal level and watch that output
decrease accord ingly. Thi s response would indica te a stable, lin
ear amplifier. Sometimes that doesn 't happen ; we reduce the
input and the output signal doesn 't go down . Such a response
would represent an instable (or extremely nonlinear) amplifier.
As the input signal approaches zero, for a constant output, we can
say that the gain of the amplifier is approac hing infinit y.

Of co urse, di vidin g by zero is mathem aticall y prohibited .
Therefore , we can never reall y achieve infinite ga in, but we can
get the same effect by feeding some of the output signal back
into the input c ircuit, in the proper phase relationship . Thi s is
how we build osc illators- make an am plifier and introduce
rege nera tive (in-phase) feedbac k.

Often, feedb ack occ urs when we don 't want it to . It' s easy
to see why . In a simple vacuum-tube triode amplifier , for exa m
ple, the grid may be the input and the plate ci rcuit the output.
Both grid and plate are pieces of metal separated by an insula
tor (vac uum), so a ca pac itor ex ists between output and input,
which can faci litate feedbac k. For this reason , we often have to
neut ral ize triode amplifiers (modify the feedback path so as to
prevent osc illation). A similar situa tion ex ists in solid-s tate
amplifiers, of co urse, because a reve rse-biased semico nductor
junc tion is also a ca pacitor.

Early in my engineering ca reer, I worked for an aerospace
company design ing microwa ve amplifie rs . M ine go t a reputa-

"Executive Director Emeri tus, The SET! League, IIlC.,
<www.setileague.org»
e-mail: <1l6tx@setileague.org>

Jim Brown, W6KYP, with his radio telescope and Brun o A ward
plaque. (W6 KYP photo)

tion for bein g oscillation-prone (O K, so we re everybody e lse' s;
the state of the art was not very mature back then ) . Wh en one
of my co lleag ues needed an osci llator for a parti cul ar applica
tion , a coworker once told him , "Just ask Paul to design yo u an
amplifie r."

When you terminate the input port of an amplifier in its char
acteristic impedan ce (say, with a properly matched dummy load),
you would think that there could be no input signal. Thu s , any
signal present at the output would be caused by feedback , and an
indication of osc illation. Jim Brown was thin king along these
lines when he ran the power-meter test described in his e-mai l.
But in fact, there is always an input signal generated within the
dummy load , unless it is chilled to abso lute zero . Thi s signal is
therm al noise , which varies with temperature . If present , it will
be ampli fied by the gain circuit and result in a possibly measur
able output signal. Jim ' s question , in effec t, was: " How much
therm al power should I see at the output of my amplifier?"

As a firs t orde r approxi matio n, let ' s co nside r the amplifier ' s
noise figure to be near zero. Th at is , its internally ge nera ted noise
is negligibl e - it is a low noise amp lifier, afte r all. Thus, all we
have to do now is calculate the therm al noise ge nerated by the
dummy-load resistor.

____________________________________________::1
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Astrophysicist Malcolm I. Raff, WA2UNP (SK), assembling and testing a low-noise
preamplifier at The SEn League 's 2003 technica l symposi um. Mal 's amplifie r did

not oscillate! (N6TX photo)

Let' s co nsider that load resistor to be a
perfec t ther mal black bod y. Boltzmann' s
Law says its noise powe r (in watts) equals
kTB . In this equation, k is Boltzmann 's
Co nstant ( 1.38 x 10-23 Jou les/Kel vin) .
T is the physical temperature of the black
body, in Kelvins (for lab temperat ure,
you can ass ume 300 K). And B is the
bandwidth in which the noise power is
being measured , in Hz (that is, cycles per
seco nd).

Invoking unit analysis, we can prove
that the Bolt zman n eq uat ion is dimen 
sio nally consistent:

kTB = (Joules/Kelvin) x (Kelvins)
x (Cycles/Sec)

= (Jou les/Sec) = Watts

Now since Jim was measuring noise
with an HP 8484 power sensor, whose
passband is 10 MHz to 18 GH z ,one might
assume the bandwidth B to use in this ca l
cu lation to be abo ut 18 GH z. However,
remember that the power sensor is go ing
to be placed at the output of an amplifier
with a much more modest bandw idth .
Thus , the only part of the load resistor ' s
noise power that counts is that part with
in the LNA's passband . Let ' s say the
SETI LNA passes frequencies from 1.3
to 1.7 GHz . That's a 400-MHz band
width, which is wha t we' ll use for B in
Boltzmann's Equatio n.

OK, let ' s calculate . Noise power Pn
(coming out of the load res istor , in the
amplifier's passband ) is kTB:

Pn = kTB
Pn = ( 1.38 x 10-23 J/K) x (300 K) x

(400 X 106 Hz) Pn
= (1 .66 x 10- 12) watts
= I .66 x 10-9 mW

Co nverting to logarithmic measure ,
that ' s a power level of - 88 dBm .

Thi s is the noise power that ge ts ampli
fied by the LNA. Jim' s LNA has 28 dB
of ga in, so the - 88 dBm of noise , after
be ing amplified, co mes out of the ampli
fier at a level of -60 dBm .

OK , now the noise Jim was see ing on
the power meter is -36 dBm , which is a
whopping 24 dB stronge r than the noise
he sho uld be seei ng .Th at ' s a power level
about 250 times higher than it sho uld be .
From this I co nclude that yes, W6KYP' s
amplifier is probably osc illating .

How' s that for a long answe r to a sim
ple question ? My main point is, the noise
power co ming out of a properly operating
amplifier is entirely ca lculable (and now
you know how to calculate it) .

73, Paul , N6TX

Author's Note:
Dr. SET! thank s Kevin Murphy, ZLI UJO,

for poin ting out a glar ing mat hematica l erro r
in an early draft of this co lumn.
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MagaZine. Please give us 6-8 weeks notice
if you are planning on changing your
address . Just write your new cddress and
mail it with your supscription label to :
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Hicksville, NY 11801

Kanga US
NEW for 6 and 2 meters

Converter and CW TX Kits
Ideal for Mountain toppings

or getting started on the
VHF bands

more info at
www.kangaus.com

www.cq-vhf.com Fall201 1 • co VHF. 83

-------~-.----~._-- ._ - - ._-~--- .._-- --- .._-~ ---_ .._ - ---- --_ .._-~.



NATIONAL RF, INC.

Advertisers' Index

It 's easy to advertise in CQ VHF.
Let me know what I can do to help.

Chip Margelli at
405-ADS-CQCQ (405-237-2727), FAX 714-895-3714

e-mail:ads@cq-amateur-radio.com

Advertiser Page Websi te Address

ASA, Inc 84 www.WaterProofLogBooks.com

Alinco 15 www.alinco .com

AMSAT 77 www.amsat.org

Antique Radio Classified 84 www.antiqueradio.com

Array Solutions 1 www.arraysolutions.com

C.A.T.S 83 www.rotor-parts.com

CO Holiday Gift Ideas 60-64 www.cq-amateur-radio.com

CheapHam.com .49 www.CheapHam.com

Comet/NCG 23 www.natcommgroup.com

Command Productions 25,47 www.LicenseTraining.com

Computer Automation Tech.lnc.37 www.catauto.com I

Cutting Edge Enterprises 22 www.powerportstore.com

Directive Systems 59 www.di rectivesystems.com

Down East Microwave Inc .47..www.downeastmicrowave.com

Elecraft 31 www.elecraft.com

FlexRadio Systems 9 www.flex -radio .com

Force 12, Inc 27 www.force12inc.com

HamTestOnline 83 www.hamtestonline.com

ICOM America , Inc Cov. 11 www.icomamerica.com

Kanga US 83 www.kangaus.com

Kenwood U.S.A. Corporation 5 www.kenwoodusa.com

M2 Antenna Systems , Inc Cov III www.m2inc .com I

National RF, Inc 84 www.NationaIRF.com

Nifty! Ham Accessories 59 www.niftyaccessories.com

PowerPort 22 www.powerportstore.com

R.F. Connection 22 www.therfc.com

RF Parts Company 21 www.rfparts.com

Sierra Radio 27 www.sierraradio.net

Unified Microsystems 59 www.qth.com/w9xt

Universal Radio, Inc 25 www.universal-radio.com

W5YI Group 13 www.w5yi.org

Yaesu Cov. IV www.vxstdusa.com

TM ~~E.O~~!:.r.m You'll find detailed write-ups
IlfIL s .. ,," for many familiar sets:

IUIJIO Il IL\lI PRC-25/-77, RT-68,
PRC-1099, GRC-106 ,
GRR-5, R-392 and more.

t-~==:::-- J Includes over 230 pages of
'---- --' operating , modification and
maintenance tips and information . Also
includes over 200 illustrations !

~ Originally selling for~

~Order today for only $15
Shipping& Handling: U.S.& Possessions· addS710r lirst item, $3.50
for second and $2 loreach additional.CN/MX· $15lor t st item,$7 for
2ndand$3loreachadd'!.All Other Countries· $25lor t st,$10lor 2nd
and $5lor each ado't,

~TI~UE RADIO CU~~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 & 50s Radios

U.S. Rates: 1year
$36 ($48 by 1st Class)

A.R.C., PO Box 1558
Port Washington, NY 11050
Web: www.antiqueradio.com
Email: arc@antiqueradio.com

Toll Free: (866) 371-051 2 Fax: (516) 883-1077

PayPaf WSA

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.com

Mil Spec Radio Gear
Korean to Present Day

by Mar k Fran c is; K lOPF

CO Communications, Inc.
25 Newbridge Rd., Hicksville, NY 11801

1-800-853-9797
www.cq-amateur-rad io.com

84. co VHF. Fall2011 Visit Our Web Site



-_ ._ - _ ._ --- - _.._-_.• _.. -- - - - _.._--_... _ -_.- ... .. .._-_ .- '---'-~- '-"--"-- '- -'---- -'-'------'----' -' ... ._-- _._-- .._- -- - -



,

FT-817ND
The Ultimate Backpack, Multi-Mode Portable Transceie
• Self-Contained
• Battery-Powered
• Covenng the HF, VHF, and UHF. Bands .
• Provides up to Five Watts of Power Output
• SSB, CW, AM, FM, Packet, or

SSB-based Digital Modes like PSK31

\

Field ,Gear That
---es The istance£

YAESU
Choice of tire World 's top DX'ers ' ·\f.

,.

FT-857D
The World's Smallest HF.IVHF./UI;tF
Mobile Transceiver
• Ultra-Compact Package
• Ideal for Mobile or External Battery Portable Wo
• Wide Frequency Coverage
• Optional Remote-Head
• High-Performance Mobile Operation

FT-450D
HF/50 MHz 100 W Easy to Operate All Mode Transceiver
• Illuminated Key Buttons
• 300Hz 1500Hz I 2.4 kHz CW IF Filter
• Foot Stand ,
• Classically Designed Main Dial and Knobs
• Dynamic Microphone MH-31 A8J Included

Vertex Standard US Headquarters htt ·11 t t d d
10900 Walker Street, Cypress , CA 90630 (714) 827-7600 p. www.verexsanar.com

ff I


	00001
	00002
	00003
	00004
	00005
	00006
	00007
	00008
	00009
	00010
	00011
	00012
	00013
	00014
	00015
	00016
	00017
	00018
	00019
	00020
	00021
	00022
	00023
	00024
	00025
	00026
	00027
	00028
	00029
	00030
	00031
	00032
	00033
	00034
	00035
	00036
	00037
	00038
	00039
	00040
	00041
	00042
	00043
	00044
	00045
	00046
	00047
	00048
	00049
	00050
	00051
	00052
	00053
	00054
	00055
	00056
	00057
	00058
	00059
	00060
	00061
	00062
	00063
	00064
	00065
	00066
	00067
	00068
	00069
	00070
	00071
	00072
	00073
	00074
	00075
	00076
	00077
	00078
	00079
	00080
	00081
	00082
	00083
	00084

