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LINE OF SIGHT
A Message from the Editor

The Eagle Has Landed

--- - - -- ---.__.-... _- - -

Ilead off this issue's editorial by using the
statement that astronaut Neal Arm strong
made the moment that he and his fellow

astronaut, Buzz Aldrin, landed the lunar mod­
ule called Eag le in the Sea of Tranquility on
the Moon on July 20, 1969. I use this refer­
ence to space exploration that is so much a
part of our history as a literary device to write
about Project Eag le, AMSAT-NA's major
amat eur satellite, because in many ways
Project Eagle has landed in our midst as ama­
teur radio operators-particularly those of us
who specia lize in communica tion on the
VHF-plus ham bands.

With much fanfare and enthusiasm, Project
Eagle was rolled out for the public to see last
October at the AMSAT-NA Symposium in
San Francisco. At that symposium the presi­
dent of AMSAT stood side-by-s ide with the
project manager as each spoke with hope and
enthusiasm while describin g the importance
of the Project Eagle satellite to the future of
amateur satellite commun ications.

While it means a lot to the future of AMSAT
becau se it represents a way for AMS AT to
have a do-over after what happened to AO­
40 , it also represent s so much more to the
future ofamateur radio as a hobby. First, how­
eve r, let' s spend a moment on the do-over part.

It has been a long and diffi cult six-yearjour­
ney for officials at AMSAT following the
November 16, 2000 launch of AO-40 and its
subsequent failures. It has been a time of try­
ing to figure out what went wrong and what
can be done in the future to prevent another
failure. Perhap s the most diffi cult part of the
journey has been the need to assess the fail­
ures without pointin g the finger at who was at
fault for them . The leadership at AMSAT-NA
has carried out that responsibilit y with integri­
ty and class.

In an effort to publicl y discuss the failure,
AMSAT-NA posted an extensive post­
mortem assessment of AO-40 on its website.
It can be found at: <http ://www.amsat.org/
amsa t-n e wIsat ell ites/ satIn fo .php?sa tID=
15&retURL=satellit es/all_oscars.php>. As
one can read from that posting, part of the
assessment of what went wrong is specula­
tive, because barring recovery of the satellite
and a post-mortem examination of its com­
ponents, it will be impossible to completely
say what went wrong and caused the two fail­
ures. Even so, one can ask a couple of legiti­
mate questions regarding the plugged valve
vent on the 400 N motor: "Who forgot to pull
the plug?" and "Why was it possible for some­
one to forget to pull the plug?" From AMSAT
there will be no official answers to those ques­
tion s, and that is as it should be, becau se
assessing blame is never productive. In fact,L=HF.W;nw, 2007

it may even be counterproductive. What is
more import ant is what has been implement­
ed in the afterm ath of these failures-that
being a peer review process.

Beginnin g on page 14 of this issue, Project
Eag le Manager Jim Sanford, WB4GCS,
writes of the project in terms of ge tting it
right-both in avo iding repeating the past
failure of AO-40 and also in describing what
will be inside the Eagle satellite. In readin g
Jim ' s article, one can get a glimpse of what is
inside the heart of AMSAT-NA at this time.
There is deep introspec tive thinkin g taking
place at all levels. There is also visioning of
what the designers want to see inside the satel­
lite and visioning of what new technology has
to be developed for all of the components.

In order for the project to be success ful,
AMSAT-NA is drawing upon grea t talent
from within and outside the amateur radio
community. This latter outreach is particular­
ly important , because it gives those outside
our amateur radio community a whole new
insight into what we are all about.

One major outreach is in securing a new
facility for AMSA T-NA research and devel­
opment. Described both in Jim' s article and
in Keith Pugh, W5IU ' s "Satellites" column
(which begins on page 64) is the agreement
that AMSAT-NA has signed with the Uni­
vers ity of Maryland Eastern Shore (UMES)
and its affiliate, the Maryland Hawk Corpor­
ation, to co- locate its Satellit e Integrat ion Lab
with the Hawk Institute for Space Sciences.
This new laboratory space is in Pocomoke
City, Maryland , which is very near NASA ' s
facilities at Wallops Island , Virginia.

What is significa nt about the university
connection is contained in one of the memo­
randum of understandin gs signed between
AMSAT-NA and UMES . From the AMS AT­
NA press release (which is reprinted in full in
Pugh ' s column) is the followin g:

The agreement with UMES calls for AMSAT­
NA to work collaboratively with UMES to identi­
fy opportunities to work together on satellite and
related technology projects as well as to work with
their students and faculty to enhance hands-on stud­
ies and dissertation research. The possibility also
exists for AMSAT-NA scientists and engineers to
receive Adjunct status at the UMES .

The heart of the above quote brings me to
my second point in this editorial, that being
the importan ce that the Project Eagle satellite
means to the future of amateur satellite com­
muni cation s. The educa tion component
means a great deal to the future of amateur
radio . Granted , later this year at the Dayton
Ham vention® we all will bear witness to a
spike in intere st in amateur radio because of

the elimination of the Morse code requirement
for licensing. However, as with other incen­
tive licensing blips, it will be short- lived and
will have minimal residual effects to the ove r­
all future of our hobby.

What has to happen to refill our dwind ling
ranks with qua lity members is education.
Having the education connection to the new
lab is absolutely critica l for our future . Th is
education co mponent will provide for the
exposure of amate ur radio to students in the
University of Maryland. Hopefully, some of
these students will become inspired to become
a part of our hobby for the long term . Perhaps
something that one of these students deve lops
will be absolutely critical for a future sate llite
project. Perhaps something deve loped from
that lab will be used on a future NASA mis­
sion to Mars. Who knows? Only time and ded­
ication will tell.

Another point I want to make in this edito­
rial is about stewardship. Last December
Oprah Winfrey broke ground for her Leader­
ship Academy for Girls in South Africa. In her
press release concerning her vision for it and
the students who will attend it she was quot­
ed as saying, " I believe that one of the wor ld's
most impor tant resources is its young people,
and I believe education gives young peop le a
grea ter voice in their own lives, and help s
them to create a brighter future for themselves
and their comm unities ." I agree with her and
I am happy for the gir ls in South Africa who
will benefit from her endowment.

As she indica ted by way of her contribu­
tion to that gir ls academy, nothing co mes
without a price tag. In the case of AMSAT­
NA 's deve lopment of Project Eagle, several
million dollars will be needed to bring this
project to frui tion. It will take perso ns with
deep pockets, such as the type that Oprah has,
to bring about such major investme nt in the
future of the education aspect of our hobb y.
Therefore, I urge those who have the where­
withal to consider the underwriting of
AMSAT-NA and its efforts. As you can read
from the pages of this magazine, the leader­
ship is on track to do great things for the future
of the hobby.

I conclude this editorial with another liter­
ary device, that being the allegory of launch­
ing a vehicle in space. All that is neede d to get
Project Eagle off the ground is the necessary
thrust energy-and that energy comes from
those who have the wherewithal to make a
major investment in the project. I urge each
person who can do so to seriously consider
makin g such an investment.

Until the next issue . . .

73 de Joe, N6CL
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Hams Help with 2006
Wild Ride Bike Rally

The following article demonstrates seamless integration of a number of
wireless components, including ICOM D-STAR equipment, for the purpose
of providing digital communications for a community special event . The
article originally appeared in the August 2006 issue of "The Chawed Rag "
(Volume 36, issue 8), the monthly newsletter of the Richardson (Texas)
Wireless Klub. It appears here courtesy of the club and the author.

By Doug Kilgore,* KD50UG

The 2006 Wild Ride bike rally was
held on May 20,2006 to benefit the
Richardson (Texas) Regional Can­

cer Center. More than 1300 riders partic­
ipated in the rally, completing courses of
II, 16, 40 or 64 miles. Routes started at
Gallatyn Park in Richardson, and the
longest one passed through Plano,
Murphy , Wylie, Garland, Lavon, Neva-

*1317 Glen Cove, Richardson, TX 75080
e-mail: <kd50uv@arrl.net>

da, and Josephine, with five rest stops that
were manned by volunteers.

Ham radio operators provided com­
munications support for logistics and
operations during the rally . Thirty-eight
hams worked various positions during
the rally. In addition to the use of2-meter
and 440-MHz repeaters for voice com­
munications, the rally provided an
opportunity to tryout new digita l capa­
bilities to simulate EMC OMM condi­
tions . Four rest stops were connected to

the internet, allowing the transmission
of digital photos taken during the rally.
The photos may be viewed online at
<http://www.k5rwk. org/wr>.

Net control for the event was located
in an air-conditioned fifth-wheel trailer
owned by the communications coordina­
tor, Doug Kilgore, KD50UG. The trail­
er was situated in the Start/Finish area
with 120-VAC power provided by a 4­
KW generator furnished by Jay Pinker­
ton, KE5FMS . Net control operators

The Wild Ride ham command post with an HSMM internet bridge mounted on the back. From left to right: Stan Liljeckvist,
K5SRL, and Kevin Sims, Jr., KD5PQA. (Photo by KD50UG)
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Lead-acid batteries powering a WRT54G repeater. The po wer is transmitted to the
radio over the attached ethernet cable injector. (Photo by KD50UG)

Battery-powered WRT54 G repe ating
between an internet sou rce and the 2006
Wild Ride command post. (Pho to

byKD50UG)

connection, the card allowed Kevin Sims,
Jr., KD5PQA , to use this arrangement to
upload digital still pictures.

Rest stop number 2, at Lake Lavon,
was a challenge. Its location near the lake
level was not line-of-sight to the local
Wirele ss Independent Service Provider
(WISP) in Lavon. Last year an 802.11b
bridge installed on a 160-foot Corps of
Engineers tower located at the dam was
used to send the signal to the rest stop.
The tower is now leased by the City of
Wylie for their communications purpos ­
es and was unavailable.

The new ICOM D-ST AR radio was
used to overcome this challenge. John
Beadle s, N500M, used an ID-1 , provid­
ed by Jim McClellan N5MIJ, with a
homebrew 8-e lement Yagi for 1296
MHz. With this antenna John was able to
link to the internet-connected D-STAR
repeater located in downtown Dallas on
one of the tall buildin gs-a distance of
about 27 miles. The D-STAR's 128-kbps
Ethernet output was connected to the
input of a Linksys WRT54G access point
to prov ide a 802.11 signal to the rest-stop
digital operator, John Barrett, KE5CRP.
While the speed was very slow compared
to an 802.11b wireless signal, it got the

The 2.4-GHz signal only had to travel 1/2

mile, but the trailer location was not in
line-of-sight. There fore, a battery -oper­
ated 802.11b bridge provided by John
Beadle s, N500M, was placed on a tri­
pod out in a field in line-of-sight of
Eisemann Center to relay the digital sig­
nals to the trailer. The internet feed
allowed net control operators full high­
speed access to send and receive e-mails
and pictures from the rest stops.

Rest stop number 1 was located in a
cul-de -sac in a residential area in Wylie.
The connection to the internet was made
with the use of a Sprint PCS Broadband
card installed in a laptop computer. While
its speed was not as fast as an 802.11b

The net control station with internet provided over HSMM. From left to right :
Doug Kilgore. KD50UG; Stan Liljekvist, K5SRL; and John Gal vin. N5TIM.

(Photo by N5NOT)

were Stan Liljekvist, K5SRL, and John
Galvin, N5TIM.

The goalof the digital operations in this
eve nt was to exercise capabilities that
would be useful in an EMCOMM situa­
tion. Rest stops numbers I through 4 were
connected to the internet to allow send­
ing and receiving e-mail messages and
sending digital still pictures to a website
that could be viewed by net control and
anyone on the internet.

An internet feed to the net control trail­
er was provided by the City of Richard­
son (COR). Kevin Sims, KD5YVL , who
is the COR network manager, activated
an 802.11b access point that was installed
by hams last year at the Eisemann Center.
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The Wild Ride command post. The radio is mounted in the
steel enclosure and powered over the ethernet cable. (Photo
~ byKD50UG)

A closer look at the battery-powered WRT54G. (Photo by
KD50UG)

Hams at rest stop I of the 2006 Wild Ride. Internet service was provided by com­
mercial EVDO service. From left to right: Kevin Sims, Jr., KD5PQA; Valli Hoske,

N8QVT; Harry Fasick, N3EYL; and Jon Bodie, KIHSL. (Photo by KD50UG)

job done . E-mail was sent and received
using Winlink2000.

Rest stop number 3 also used a D-STAR
ID-I, provided by Deb Varian, KA5HQY,
and Fred Varian, WD5ERD, for internet
connection. A ridge just 300 feet from the
rest stop has a view of downtown Dallas
about 30 miles away. A Diamond
NR2000NA tri-band mobile antenna was
mounted on a pole attached to a fence post.
The Ethernet output of the D-STAR again
was connected to an 802.11 access point
to send the signal 300 feet to the digital
operators, Amelia Shultz, KD5TXQ, and
Jim Shultz, W50MG.

Rest stop number 4 was located in
northeast Richardson in the parking lot of
Miller Elementary School. Internet con­
nection was made through a DSL con­
nection of a homeowner 200 feet across
the street and used by Robert Schafer,
W5IUA. The 802.11b access point was set
up two days before the rally. On Saturday
morning all the homeowner had to do was
connect the Ethernet cable to the DSL
modem and plug in the access-point power
transformer. The homeowner was a retired
engineer and was so interested in what we
were doing that he canceled his morning
plans and visited the rest stop.

One medical emergency was handled
quickly, with the bike of the hospitalized
rider taken back to the StartlFinish area
and locked up until rally officials could
take care of it. Emphasis was placed on
keeping track of the riders who were car­
ried by the SAG vehicles .

The following is a list of all the hams
who helped with the 2006 Wild Ride:
John Barrett, KE5CRP; Richard Bartlett,
KE6LOU; Ray Battalora , K5RFF; John
Beadles, N500M; Dave Best,
KD5RYM ; Todd Blackmon, KC5KYP;
John Bodie, KE5HSL; Don Bowen,
K5LHO; Tony Campbell, W5ADC; John
Car lson, K9SQ; Bruc e Dingman,
N5BYL; Andy Duckworth, K5BAD ; Bill
Dyer, KE5BTZ; Joshua Elson,
KD5ZBD; Harry Fasick , K3EYL; Dan
Ferree , N5NOT; Earl Foster, KE5HDN;
John Galvin, N5TIM; George Grant,

KA5QDI, Em. Mgr ; Valli Hoski ,
N8QVT; Vern Kilburn , KE5HXT; Doug
Kilgore, KD50UG; Stan Liljek vist,
K5SRL ; Joe Martin , KM5CW; Richard
Phillips, KB5YBQ; Jay Pinkerton,
KE5FMS; Larry Randall , WA5B EN;
Robert Schafer, W5IUA ; Cla renc e
Sebesta , K5YO; Amelia Shultz,
KD5TXQ; Jim Shult z, W50MG; Kevin
Sims, Jr. , KD5PQA; Kevin Sim s, Sr. ,
KD5VYL; Jesse Staab , N0ISX; Chad
Stelzl, KD5 UMO; Chri stina Stel zl,
KE5BYS ; David Sward, KD5VYH; and
Travis Willin gham, KD5ZKV. •
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Inferring 6-meter Propagation Modes
from Es and F2 Probabilities

Not infrequent ly, when a long-d istance QSO takes place the question is
asked, "Is the propagation multi-hop sporadic-E or is it F2?" Here K9LA
looks at the evidenc e for a series of QSOs between J68AS and Europe to
determine the answer to this question.

By Carl Luetzelschwab, * K9LA

1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300

time (UTe)

Figure 1. J68AS 6-meter EU QSOs versus time ofday.

tude, and at 4oW longitude. Next the local
times at these four enco unter points were
determined, and the left-most data of fig­
ure 2 for the 1400 to 2200 UTC period
was used foe probabiliti es. The results of
this exerc ise are in Table I.

Assuming that the probability of each
Es cloud at eac h encounter is independent
(in other words, a huge Es patch did not
occur along the entire path from J6 to
EU) , the four probabilities were multi­
plied together to give the overall proba­
bility of a four-hop Es path (the last col­
umn in Table I). Thi s probabi lity is
plotted in figure 3,2 which also includes
the actual QSO data from figure I.

It is quite obv ious that the four-hop Es
probability appears to be out of phase
with the actua l QSO data.I This sugges ts
that the J68AS 6-meter QSOs with
Europe may have involved more thanj ust
Es modes. The ob vious next step is to
look at F2 modes to see if there's a bet-

125

en 100
0ena 75-0...
Q) 50.c
E
=' 25c

0

6m asos -J68AS to EU
all days (June 23 • July 2)

EsAnalysis
For the ana lysis, we'll use a path

between J6 and HB (7283 krn). We'l l
assume this is a four-hop path (each hop
is 1820 km). This defi nes where the
apogees (and mid-point s) of the four hops
encountered Es clouds: at 55oW longi­
tude, at 4 1oW longitude, at 24°W longi-

The plot gives the probabi lity of 50­
MH z Es for all months versus local time
over a two-year per iod and is applicable
to mid latitu des (roughly 30 to 60 de­
grees). The con tour lines are percent­
ages . For example, using the left- mos t
data, the probabilit y of 50-M Hz Es at
the begin ning ofJu ne at I PM local time
is about 45 percent. The term local time
refers to the midpoint of the pat h. Thus,
we need to know the local time of the
mid- point of each hop along the J6-to­
EU pat h.e, Methodology

To determine the statistical pattern of
Es propagation between J6 and EU, we'll
use the plot of 50-M Hz Es probabiliti es
from the USAF Handbook of Geophys­
ics.' Figure 2 shows this plot.

*1227 Pion Rd., Fort Wayne, IN 46845
e-mail: <k9Ia@gte.net>

The most productive day was June 29
with almost 40% of the QSO s made on
that date. The second most productive
day was July I with almost 20% of the
QSOs made that day . July 2 took third
place with ju st over 10% of the QSOs
made on that day.

Figure I is a plot of the 6-meter EU
QSO s for all the days when J68AS was
active. In esse nce, figure I is a probabil­
ity distribution, with the highest proba­
bili ty of 6-meter J6-to-EU QSO s cen­
tered on 1900 UTC for the late Jun e
through early July 2005 time period. (The
individual days cited in the previous
paragraph follow the same genera l pat­
tern as figure I. ) The question we' ll try
to answer is "Does the statistica l pattern
of Es between J6 and EU match the sta­
tistical pattern of the actual QSO s?"

QSO Data

In the summer of 2005 , Scott , N9AG ,
operated as J68AS from St. Lucia.
From June 23 through July 2 he made

382 QSOs with Europe on 6 meters. He
said almost everyone believed this to be
propagation via three- or four -hop Es
(sporadic-E) . Let' s try to confirm this
with our knowledge of the statistical pat­
tern of Es' If we don' t succeed, we' ll look
at other possibilities.

10. CO VHF • Winter 2007 Visit Our Web Site



55°W 41°W 24°W 4°W overall prob
UTe local time prob local time prob local time prob local time prob (decimal)
1400Z lOAM 40% IIAM 42% Noon 42% 2PM 35% .0247
1500Z IIAM 42% Noon 42% I PM 42% 3 PM 27% .0200
1600Z Noon 42% I PM 42% 2PM 35% 4PM 21% .0130
1700Z 1PM 42% 2 PM 35% 3PM 27% 5PM 20% .0079
1800Z 2PM 35% 3 PM 27% 4PM 21% 6PM 31% .0062
1900Z 3PM 27% 4PM 21% 5PM 20% 7PM 42% .0048
2000Z 4PM 21% 5 PM 20% 6PM 31% 8PM 42% .0055
2100Z 5PM 20% 6 PM 31% 7PM 42% 9PM 42% .0109
2200Z 6PM 31% 7 PM 42% 8PM 42% 10 PM 40% .0219

Table J. Probabilities for four Es hops.

Figure 2. 50-MHz e, probabilities.

The third mechanism is over-the-MUF
propagation . Often signals are received
at freq uencies above the standard MUF
(eve n taking into accou nt the upper sta­
tistical bound of the median MUF). The
F2 region can be regarded as a numb er of
separa te patches of ionization with dif­
fer ing maximum electron densities, so
that eac h patch has its own MUF.6 An
over-the-MUF mode introduces more
loss, but 6 meters is more tolerant of loss
than the HF bands.

Applying estimates for these mecha­
nisms to the data in figure 4 for 1900 UTe
still results in a median MUF too low Gust
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ical frequencyfoF2)and the angle at which
the electromagnetic wave encounters the
F2 region (which in tum is dependent on
the height of the layer). Due to the spher­
ical Earth-ionosphere geometry, the low­
est angle at which a wave launched at a 0­
degree eleva tion angle can normally
enco unter the F2 region is around 20
degrees . This limits the MUF to approxi­
mately three times the foF2 value (from
one over the sine of the angle). To achieve
a higher MUF, more of a grazing angle on
the F2 region is needed , which may be pos­
sible with some refraction help from the
underlying E region .

ter fit between the distri bution of actual
QSOs and F2 probabilities.

A Look at F2
To see if we're on the right track with

an F2 mode, we'll look at the median
MUF (maximum usable frequency) for a
3000-km F2 hop out of J6 towards EU.
We'll do this using the worldwide MUF
maps that can be generated in Proplab Pro
(Solar Terrestrial Dispatch). Figure 4
shows the median MUF data at an effec­
tive smoothed sunspot number (SSNe) of
45 (from <www.nwra-az.com/spawx/
ssne .html» centered on June 29-the
midpoint of N9AG's DXpedition.

This data is very encouraging. It shows
that for a 3000-km path from J6 towards
EU the F2 region maximizes around the
time of the QSOs.4 However, it's obvi­
ous that we have a problem-and that is
the median MUF is not close enough to
50 MHz to predict any probability of
propagation on 6 meters. Does this mean
F2 wasn't possible? Not necessarily. We
need to consider three mechanisms that
can increase the MUF .

Increasing the F2 MUF
The first mechanism that may increase

the F2 region MUF is a hop longer than
3000 km. As the hop length increases the
MUF increases, because the wave needs to
encounter the electron density at more of
a grazing angle for a longer hop. A single
F2 region hop on 6 meters longer than 4000
km (the accepted limit for HF propagation)
may be possible. In fact, parabolic layer
theory predicts this .> The caveat is that
radiation at an extremely low launch angle
is needed, which shouldn't be a problem
on 6 meters due to typical antenna heights
in terms of an electrical wavelength .

The second mechanism involves help
from the underlying E region. The MUF
for the F2 region is a function of the elec­
tron density (measured in terms of the crit-
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Figure 4. Predicted 3000-km median MUF.

F2Analysis
Going through a similar analysis to

what was done for the 4-hop Es mode in
Ta ble I and using the estimates in the pre­
vious "Increasing the MUF" sec tion
gives the results in figure 6.

The shape of the FrEs-Es probabili­
ties agrees much more close ly with the
actual QSO data than the Es-Es-Es-Es
result s. To reiterate, the values of the
probabilities are my best-guess estimate.

A Skewed Path Hypothesis
The equatorial ionosphere is the most

robust portion of the iono sphere in the
world. Even at solar minimum, the MUFs
at the crests of the equatorial ionosphere
on either side of the geomagnetic equa­
tor can reach 30 MHz at certain times of
day during certain months . Fig ure 5
shows contours of median 3000-km
MUFs centered on June 29 (2005) at 1900
UTe at an SSNe of 45 .

The thick white line in figure 5 is the
true great-circle path from J6 to HB (this
is where the data in figure 4 come s from) .
Also shown is a skewed path from J6 to
the high MUFs of the northern extremity
of the northern crest of the equatorial
ionosphere and then into HB (the thick red
line, with the red dot representing the skew
point ). The azimuth difference between
the true great-circle path and the skewed
path on the J6 end of the path is 27 degrees,
and it is 14 degrees on the HB end. This
suggests that a skewed path could occur
without the necessity of moving antennas
on each end of the path off the true great­
circle path . In other words, N9AG and the
operators in Europe may not have known
a skewed path was occurring.

This skewed path is the hypothesis for
how these QSOs occ urred-a long F2
hop on the J6 end with refraction from the
high MUFs at the northern crest of the
equatorial ionosp here (the red dot), cou­
pled with two Es hops to get to HB. Note
that the ionization gradient of the north­
ern crest in the area is going the right way
for this skewed path to happen (an elec­
tromagnetic wave refracts away from a
higher electron density).

under 40 MHz) to predict any probabili­
ty of propagation on 6 meters. For the
detailed analysis of the three mechanisms
that can increase the MUF, visit <http://
mysite.verizon.net/k9Ia> and click on the
file "Increasing the F2 MUF." Are we
dead in the water? No, not yet. It looks as
if we ju st need some help from the eq ua­
torial iono sphere.

---------------
1400 1500 1600 1700 1800 1900 2000 2100 2200

time (UTe)

1_ QSOs --Es-Es-Es-Es I

Figure 5. Worldwide map of3000-km MUF.
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6m QSOs - J68AS to EU

Median MUF for 3000km Hop Out of J6
centered on June 29 (2005) for SSNe =45

Figure 3. Comparison of Es-Es-Es-Es probability with QSO data.
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(I will readi ly admit that the analysis is
crude , but it is the best I can do .) Al­
though the values are estimates, the
shape of the statistical pattern versu s
time should be accurate.

Summary
A comparison of estimated e, and F2

probabilities to actual QSO data suggests
that the F2 region had more to do with the
J6-to-EU QSOs experienced by Scott,
N9AG, in late June 2005 than originally
thought. I doubt if we ' ll ever know for
sure what really happened, but it is inter­
esting to estimate F2 and E, probabilities
and compare them to QSO data to try to
understand the propagation mode.

6m QSOs - J68AS to EU

1_ EU QSOs --F2-Es-Es I
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Figure 6. Comparison of FrEs-Es probability with QSO data.

Notes
I. Although the data is from 1957and 1958,

compares favorably with more recent data
such as that presented by Wu, et ai, in a paper
entitled "Sporadic E morphology from GPS­
CHAMP radio occultation" published in the
Journal of Geophysical Research, January
2005.

2. Since figure 2 is for latitudes between
roughly 30 and 60 degrees , the probabilities
on the J6 end of the path are a bit optimistic,
since the encounter with the E, patch on the

J6 end of the path is around 20 degrees.
Correcting the first-hop probability for this
issue still results in the E, probability being
out of phase with the QSO data.

3. The exercise in Table 1 was also done
fora three-hop Es mode, with the same results:
The three-hop E, probability appears to be out
of phase with the actua l QSO data .

4. The normal E region, being under direct
solar control, maximizes arou nd noon local
time. The F2 region , although relying on solar
illumination for. ionization, maximizes later
in the day due to the influence of additional

factors such as slower recombination at the
higher F2 region altitudes and diffusion of
plasma due to winds .

5. See figure 6.15 on page 175 in Iono­
spheric Radio (Davies, 1990). It shows one­
hop F2 region propagation out to 6000 km.

6. See section 6.5 starting on page 5 of
Propagation at Frequencies Above the Basic
MUF(Report ITU-R P. 2011-1, International
Telecommunications Union, 1997-1999). It
discusses over-the-MUF modes . VOACA P
uses an over-the-MUF algorithm in its assess­
ment of F2 region propagation. •
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Building the Eagle Sat ellit e

By James A. (Jim) Sanford, PE, * WB4GCS

WB4GCS, the Eagle project rnoncqer. describes
AMSAT's latest project its innovations, and the
efforts to "get it right ./1

Welcome to AMSAT Eagle , the
next major project of the Radio
Amateur Satellite Corporation.

Eagle is one component that will help ful­
fill the AMSAT strategic vision : "Our
Vision is to deploy high earth orbit satel­
lite systems that offer daily coverage by
2009 and continuous coverage by 2012..."
We hope that AMSAT-DL's P3E will be
the first, Eagle the second, and a descen­
dant of Eagle the third, ultimately leading
to 24/7 DX coverage by satellite.

This is not a technical article. Rather,
it is a project management article describ­
ing the things we are doing to actually
deliver this satellite . In this article, I will
describe Eagle, how we got where we are
today, and what we're doing to build it­
and to make sure it works . I appreciate
the enthusiasm of Joe Lynch, N6CL, for
what AMSAT is doing with Eagle and his
support of this article .

Some History
First, some history. At the 2000

AMSAT Symposi um in Portland, Maine,
Dick Jansson, WD4FAB, proposed a suc­
cessor to P3D/AO-40 in a paper entitled
"So, you want to build a satellite." The
features and principles in this paper guid­
ed AMSAT for several years. Coinci­
dentally, Matt Ettus, N2MJI, also pro­
posed a digital transponder for the
International Space Station (ISS), and
more on this later. Alas, not a lot of
progress was made for a while, despite a
very good design meeting in Denver,
Colorado. In July 2004, the AMSAT
leadership convened a meeting in

*10 Sugar Run Rd., Eighty Four. PA 15330
e-mail: <wb4gcs@amsat.org>
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Orlando, Florida. This is where Eag le
functiona lity was refined, and inciden­
tally, where I joined the Eagle team. An
AMSA T life member since 1995, I'd
been interested in contributing to
AMSAT, but it just was not practical. By
the 2004 meeting, I had some time and
was looking for a way to contribute.
When the meeting was over, I was the
Eagle Project Manager (gulp!). Working
closely with brilliant legends whom I
have admired for many years is an honor
and a privi lege.

The next year brought some progress
with Eagle , but we were still more of a
meandering mob than a productive team.
In the fall of2005, things started to come
together, and we planned an Eagle design
meeting in Lafayette, Louisiana, in con­
junction with the annual symposi um. We
all know about hurricane Katrina; a less
well-known consequence of the storm
was the decision by AMSAT leadership,
regretfully, to cancel the annual sympo­
sium. After a lot of scram bling, the
AMSAT Board of Directors meeting and
the Eagle design meeting were held in
Pittsburgh, Pennsylvania. At the Eagle
meeting, the team started to focus, con­
crete information exchange bega n, the
requirements defined in Orlando a year
prior were refined and task assignments
made, leading to some real progress . As
we embraced electronic connectivity, our
teamwork and productivity soared .

Over the years, Tom Clark, W31WI
(now K3IO), had proposed an in-band C­
band (5.8 GHz) analog transponder,
which then became a digital transponder.
This transponder proposal was known as
"CC-rider." The objectives of this pack­
age were to do something innovative with
digital communications and to put a stake
in the ground for one of our microwave

bands. Matt ' s digital transponder pro­
posal re-emerged and complemented
Tom 's ideas.

Over the next few months, operating
procedures were developed and open
source fundamentals articulated and
implemented. As Bdale Garbee, KBelG,
said at the Pittsburgh meeting, "Our lega­
cy may very well be our documentation."
The Eagle team began periodic electro n­
ic comm unications. The modern internet
has given us collaborative abilities
AMSAT had never used before. We
exchange information daily bye-mail,
we use the web to store and collaborate
on information, and we meet for month­
ly tele-conferences on TeamSpeak, an
internet conferencing client/server free­
ware product. These facilities have
allowed us to keep things moving in a
new, exciting way. We can even have
impromptu ad-hoc meetings, enhancing
our productivity in huge ways. I am ex­
tremely grateful to Eric Ellison, AA4SW,
for making the TeamSpeak server avail­
able to us. His recent award from
AMSA T only scratches the surface in
recognizing the significance of how he
has helped AMSAT and Eagle.

As time went on, it became clear that
we needed a focused meeting to refine the
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Ham radio satellite guru Tom Clark,
K3JO.

band (2.4 GHz) . An AO-13 or AO-40
capable ground station will be able to use
this payload.

• A low-rate text-message system, such
as SMS . It will operate on UN-bands and
be usable over 75% of the orbit by a sma ll
terminal on the ground.

• These transponders will be imple­
mented using Software Defined Trans­
ponders (SDX).

Eagle will also carry an advanced com­
munications payload (ACP). Using ad­
vanced signal processing and RF tech­
niques, the ACP will allow:

• Voice communications on S2-band
(3.4 GHz) uplink and C-band (5.8 GHz)
downlink using a single 60-cm dish . The
satellite antennas will be electrically
steered to reduce spin modulation and
allow use over 75% of the orbit.

• An additional fix-pointed uplink will
be available at L-band. This L-band up­
link will require a separate upli nk anten­
na at the ground station. The L-band
uplink is intended to allow users in
Region I, where 3.4 GHz is not current-

AMSAT-NA President Rick Hambly,
W2GPS . addresses the 2006 AMSAT

Symposium attendees.

AMSAT Proj ect Eagle Manager Jim
Sanford, WB4GCS. (Photos by Rick
Lindquist. NJRL, and courtesy of the

ARRL Letter)

This conclusion initiated a rethinking of
the spacecraft structure, which is ongoing.
We now have a prelimin ary redesign, but
more work is needed and is continuing.

In October 2006, AMSAT met in San
Francisco for the annual Board of Direc­
tors meeting, the AMSAT General Meet­
ing, and the Space Symposium. At this
meeting the AMSAT Board approved:

An SSB/CW (etc.) transponder with
uplin k on U-band and downl ink on V­
band. System design has a goa l that it be
usable over 75% of the orbi t by an AO­
13 or AO-40 capable ground station .

• An SSB/CW (etc.) transponder with
uplink on L-band and dow nlink on S 1-

The Work Continues

digital package. Th is meeting was held in
l une 2006 at Qualcomm headquarters in
San Diego, thank s to Frankl in Antonio,
N6NKF, and Phil Karn, KA9Q. We
refined our thinking in terms of services
to be provided our users, and we did some
hard link ana lyses. At the end of this
meeting, we had quant itative analysis
that told us the C-C package is just not
possible in a satellite that AMSAT can
afford to fly. Given that concl usion, we
used the link bud get calculations to deter­
mine the bands to be used for the various
services. We also calculated a prelimi­
nary power budget. Thi s helped us come
to grip s with the fact that the spacecraft
structure we'd been dealing with for over
a year didn 't allow enough area for ade­
quate power genera tion or ante nnas.
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Howard Long, G6LVB, demonstrates a prototype SDX.

Iy allocated to the Ama teur Satellite
Service, to use the ACP legally , by trans­
mitting on L-band.

• High-rate data communications, such
as streaming video, using a 2-meter dish
on S2/C bands .

• AMSAT will develop and make
available an affordable ground segment
for the ACP system.

Although to the user the traditional
transponders will look very much like
those in earlier sate llites, their imple­
mentation using Software Defined
Transponders will yield significantly
improved performance. An SDX was
demonstrated in 2006 at the Dayton
Hamvention®, and many users com­
mented on how "clean" it sounded com­
pared to previous transponders. SDX will
also allow much more efficient transmit­
ters than we've ever seen before, which
means a louder signal on the downlink for
the same battery and solar-array power.
Even better, SDX allows a very effective
"alligator killer." Nicknamed "Stella" in
one implementation, it is a per-signal
automatic gain control (AGe); no single
uplink signal can cap ture the satellite
AGC to the detriment of all other users.
This feature was also demonstrated at
Dayton and is documented on the
AMSAT website.

The symposium had several Eagle-

related presentations. The Proceedings
are well worth purchasing and reading.

At the AMSA T General Meeting, the
question was asked, "It' s nice that you
guys are designing this satellite with all
these neat, new features , but what are you
doing to make sure the thingjust works?"

This question goes to the heart of how
we're managing this project. First, let me
point out that project managers talk about
the "triple constraint"-cost, schedule,
quality . Usually you can pick any two, un­
less you have infinite resources. For now,
the Eagle project is focusing on quality
and cost, in that order. By all accounts that
I've heard, AMSAT historically has done
whatever it takes to meet a launch date.
Eagle is different , as we don't yet have a
launch date. Therefore , we are working on
getting it right and keeping it affordable.
When we have a launch, we'll adjust, but
quality will remain a priority.

Getting It Right
What are we doing to "get it right"?

Many things , and these are worth sharing
here. First, we're recruiting new mem­
bers. The Eagle team has many AMSA T
stalwarts, but we have actively recruited
new members with significant micro­
wave RF or space experience in industry,
some embedded system designers, and
most important, some young people . We

have developed some formal processes
and exploited easy communications. We
make the design open, and use a wiki to
share information and allow comment.
(Go to the AMSA T website and the Eagle
pages to get connected to Eagl ePedia,
which is our public wiki .)

Just adding duplication and redundan­
cy is not a solution, as this actually intro­
duces additional complexity and its own
set of vulnerabilities. See Tom Clark's
paper on complexity versus numbers at
<http ://mysite.verizon .net/w3i wit
curmudgeon.ppt>.

We review and incorporate lessons
learned from earlier AMSAT projects
and other aerospace-related events. (For
example, I have studied both the Chal­
lenger and Columbia reports in detail,
and we have reports of other amateur
satellite or NASA failures and problems
on the website as well.)

We have introduced a formal peer
review process. We are making refine­
ments to our processes as we go along,
which will only improve them and, ulti­
mately, the eventual product.

We commit to full testing and charac­
terization of all components. We commit
to test possible, but unintended, opera­
tional modes-no surprises on-orbit.

Where possible, we will design out any
single-point failures. Sometimes this is
not possible (such as explosion or splash
of the launch vehicle); we will know what
those situations are, what the risks are,
and how we can mitigate or at least deal
with them. To that end , we will test every­
thing , and publi sh the results. You will
be able to ask, "What is the noise figure
of the whatever-band receiver; how much
uplink ERP do I need ?" and get an
answer. We will fully, and publicly, char­
acterize Eagle.

The object of all this up-front effort is
that, as much as humanly possible, there
will be no single failures that compromise
the entire mission. We will understand,
either through analysis or testing, the
consequences of any single failure that
we can anticipate. Where possible, we
will apply mitigations to minimize the
consequences of any single failure.

Where Eagle Stands Now
Where does Eagle stand now? We

have scrapped a structure that we worked
with for several years in favor of a larg­
er, more capable one . This decision was
made based on hard analysis: links,
power budgets, and a realistic estimate
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About Jim, WN4GCS
Jim was first licensed as WN4GCS in

1967. Even before becoming a ham, he was
fascinated with VHF and microwave s, large­
ly from reading about the first 1296 EME
QSOs in old QSTs that someone gave him.
Jim grew up in Florida with Mercury.
Gemini . and Apollo and has been a member
of AMSAT since the early 1990s. A 1976
Electri cal Engineering graduate of the
United State s Naval Academy , Jim 's pro­
fessional career was with the U. S. Navy until
2003. He now works in industry . He is a
Professional Engineer and Senior Mem ber
of the IEEE, and can be reached at: <wb4gcs
@amsat.org>.

lects I have ever encountered in my life .
Thanks also to Joe Lynch for his support
of AMS AT and for allowing me to
expound in these pages. •

sales@elecraft.com
Phone: (83 1) 662-8345
P.O. Box 69, Aptos, CA 9500 1-0069

"The COAXMAN"
Amateur Radio Coax & Wire
Wireman Coax, Accessories
www.coaxman.com
wire@coaxman.com

TM 405-745-WIRE (9473)
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www.elecraft.com
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ing this newcomer. They truly are the
most brilliant, dedicated group of intel-

Join AMSAT and receive the week ly
news bu lletins and the bi-mo nthly
AMSAT Journal. where I update Eagle
status . You'll find that many members of
the Eagle team publish details of their
work in the Journal.

The 2007 AMSAT Symposium will be
in Pittsburgh. The Eagle team will have
much to say and demonstrate. Co me to
Pittsburgh and see what we're up to.
Observe our hardware demonstrations.
Ask us questions-difficult questions.

The Eagle team is working hard to
deliver a capable, reliab le sate llite, and
we 're eager to tell you about it.

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

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

• Single -port and dual-port • Stackable , low-profile cabinet
IF connections (1 .3"H x 7.8"W x 8.3"0)

XV50, XV144, XV222, and XV432 kits
Optional crystal oven, XVOVN

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

NEW! High Performance Transverters

More About Eagle
To learn more about Eagle, check out

the AMSAT website and EaglePedia.

of antenna space needed. We have made
final decisions, ratified by AMSAT lead­
ership , on transponder payloads, includ­
ing opera ting modes and uplin k/down­
link frequencies.

We have a prototype Internal House­
keepin g Unit (lHU, the "bra in" of the
satellite) design. The IHU has been test­
ed and it works. We will initiate a peer
review on the hardware and softwa re in
the next few month s. We have refined the
spacecraft CAN bus, which will com mu­
nicate between the IHU and payload
modul es. We are evaluating a fault-resis­
tant implementation of the CAN bus.

We have a near-final, peer-reviewed
design for the U-band rece iver and expect
to be testing a prototype soon. The for­
mal acce ptance test plan will be peer
reviewed and publ ished, as will the test
results. Th is receiver will be more robust
than any we have ever flown. In particu­
lar, it is designed to perform under pre­
dictable conditio ns of very strong in­
band interference. We have a similar
L-band receiver design in progress. We
have been given access to a state-of- the­
art antenna test faci lity for our microwave
phased-array antennas .These results will
also be publi shed.

We are explori ng an energy storage
topology which will break the historical
paradi gm of a single failed cell in the bat­
tery com pro mising the entire ba ttery.
Look for more information on this as
design and prototype testing progress.

Some very exc iting news about the
Eagle project recently was reported in the
AMSATJournal. AMSAT has entered into
agreements with the University of Mary­
land Eastern Shore and the Hawk Institute
for Space Sciences, which bodes well for
Eagle. These agree ments provide us with
a first-class laboratory and integration
fac ility, access to modern communica­
tions faci lities, and access to motivated
and techn ically qualified volunteers . We
have an excellent place to build Eagle. a
great team to desig n it, and the potential
to assemb le an excellent team to build and
test it. In additio n, we have a relationship
with the Embry- Riddle Aero nautic
University in Daytona Beach, Florida.
They recent ly fabricated for eva luation
some heatsinks in an aluminum alloy that
has a high thermal conductivity-and is
very difficult to work with.
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CQ VHF Visits:

West Mountain Radio
The second in a series of factory tours, this time WB6NOA takes us to
West Mountain Radio , which offers weak-signal operators accessories
for VHF and UHF.

By Gordon West,· WB6NOA

The West Mountain Radio staff(left to right): David, KB 1LTW; Elena; John, N l Ol.O;
Kathy; Dan, N1ZZ; Ned , KA1CVV; Del, K1UHF; and Ed, K3E1N.

West Mountain Radio, in Norwa lk,
Connecticut, offers weak-sig~al

operators compact accessones
for VHF and UHF operating stations.
Field Day is just a few months away, so
it's time to be thinking about Anderson
PowerPole connections, where everyone
is assured of the same type and polarity,
DC power input, and output plug.

Dan Gravereaux, N IZZ, and Del
Schier, K IUHF, joined forces to form
West Mountain Radio, combining their
own engineering companies. Dan was an
engineering director of CBS Laboratories
and then struck out on his own, making
audio amplifiers for the New York Transit
Authority subway cars.Del owned and ran
an exclusive, high-end home-entertain­
ment specialty store in Greenwich, Con­
necticut. The combination of Dan' s and
Del's experience gave them plenty of
engineering background to make West
Mountain Radio an instant success.

On our factory tour, we saw the first
product that emerged from their techn i­
cal backgrounds-RIGblaster. Del, an
accomplished VHFIUHF wea k-sig nal
operator and conte ster, now had an inter­
face to use contestin g software with a
voice keyer function , idea l for EME
(Earth-Moon-Earth ) and meteor-scatter
operating.

"Our design goa ls for the RIGblaster
were to make it universally compatible
with most weak-signal radios, including
high-frequency radios, and compatible
with all ham software and almos t any
computer," commented Dan, N IZZ.

"We called our first RIGbl aster the MS,
for the S-pin round mic connector," said

· CQ VHF Features Editor, 24/4 College Dr.,
Costa Mesa, CA 92626
e-mail: <wb6noa@cq-vhf com>
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Del, K IUHF. "Now we have four differ­
ent model s of RIGblaster, from the most
basic "nomic" model (no microphone) to
the RIGblaster PRO, which will do any­
thing you can do with a computer and a
radio," added Del.

The Rigblaster "nomic" and the PRO
are microphone-jack interfaces, which
make them universally compatible with
any VHF/UHF radio and all HF radios .
Interfacing the audio and PIT (push to
talk) always work s correctly with any
radio, provided the mic connector is
either RJ 45 or S-pin round.

For4-pin round-connector radios, such
as the old Kenwood rigs, and 6-wi re RJ
22, we also offer adap ter kits "covering
over 2000 different radios as supplied,"
said Del, smiling. Dan and Del were
quick to realize that hams like getting
everything in the box, making it simple
to get on the air. They say that all
RIGblasters now come with everything
included in the box to get on the air with
sound-card software.

They recent ly introd uced the RIG­
blaster data-jack plug-a nd-play model
with a built-in USB interface. Unlike the

Visit Our Web Site



Ed, K3EIN, technical support, at the service desk.

John, N IOLD, hamfe st and publi c-relations director for West Mountain Radio.

mode s. CW can also be received and
transmitted with a computer connected to
a radio with a RIGblaster. I also discov­
ered that West Mountain Radio offers
CAT and CI-V rig controls, plus RIGtalk,
with a stand -alone USB version, for the
ICOM CT-17 or Yaesu FIF-232C. This
is a tiny USB dongle device that allows
logging software to exchange frequency
and band information with a radio, with
many control options.

Many hams know about the popular
West Mountain Radio 80-amp (40 each
side) distribution strip, with 12 outputs,
each one individually fused. Unlike other
"look alike" Anderson Powerpole distri­
bution strips, the RIGrunner 8012 also
includes a blown-fuse indicator plus
audible and visual alarms for over- and
under-voltage conditions. I suggested to
Dan and Del to lowerthe pitch ofthe audi­
ble alarm for us older hams, and I very
much like what MFJ has included with
its look-alike panel , and that is a simple
needle expanded volt meter--expanded
meaning 9 volts to 15 volts DC.

There are five different models of the
popular RIGrunner, plus two PWR gate
back power systems designed specifical­
ly to allow a ham station to operate on
batteries, such as during an emergency.
This would be ideal for mountaintop
repeater applications as well.

By the way , how is your repeater
mountaintop battery doing? West Moun­
tain offers a computerized battery ana­
lyzer, the CBA, which does a constant

most sophisticated programs available
for ham radio communications.

Another use of the RIGbla ster is for
Echolink. Del calls Echolink "a very long
mic cord" connected to the radio by pass­
ing audio back and forth over the inter­
net with VoIP (Voice over Internet
Protocol). Rigblasters are great for PSK­
31, slow-scan television , RTTY , and
many other keyboard-to-keyboard chat

other RIGblasters, a data-jac k interface is
not universally compatible and cannot
provide automatic switching between a
microphone and a computer. This new
USB model is easy to set up, provided the
radio has a properly designed data or aux­
iliary jack , and the radio operator doesn't
mind manually switching between his mic
and the computer. Even though each and
everyone of the over 100sound programs
require a serial port for PIT, FSK, or CW,
many new computers do not have an RS­
232 serial port. Today, all RIGbla sters
come with a USB interface cable that
properly converts this USB connector to
function as a virtual serial port.

There are over 100 ham radio sound­
card programs that support operating on
over2 5 distincti vely different modes, and
switching between these modes is as sim­
ple as clicking your mouse and setting
your radio to an appropriate frequency,"
commented West Mountain Radio. Del,
K IUHF, has a favo rite use for his
RIGbl aster-to operate with Kl J'I' ' s
WSJT weak-signal program. WSJT is a
free program, written by Joe Taylor ,
K IJT , holder of a Nobel Prize for his
work in radio astronom y.

WSJT allows two hams with only a sin­
gle long Yagi and 100 watts on 2 meters
to work the ultimate DX- "over 500,000
miles to the moon and back!" said Del.
WSJT also supports nearly 24 17 meteor
scatter, and it is far and away one of the
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current discharge and then measures and
graphically chart s the voltage, to be saved
at the end of a capacity test. This testing
provides accurat e and easily interpreted
data , showing the "character" of the bat­
tery. "Any ham who provide s emergency
comm unications with a battery needs this
product," commented Dan.

"The CBA was designed primarily for
the RC [radio control] model market, as
modern RC model s are critically pow­
ered with a specific battery voltage ," said
Del, indicating the thousands of hours of
laboratory analy sis of hardware, firm­
ware , and software that went into this
product.

Finally , PWRbrite is a white LED tube
light , ideal for Field Day, drawing mini­
mal current for exceptional brightness
from 11volts to 24 volts. I used PWRbrite
on my recent trip to Chri stmas Island,
where there were several medical clinic s
that had no lights at all. The PWRbrite
light was put to good use several times
during critical medical situations. One
Christmas Island doctor claimed the light
was just like sunlight in intensity, and I
left the lights behind when I left the island
becau se they couldn 't go back to regular
flashlight power after using these!

West Mountain Radio gets its name
from Del' s superb VHF QTH on the top
of-you guessed it-West Mountain ,
1000 feet above sea level, 100 miles in.
from the shore of the Atlantic Ocean,
with VHFIUHF OX directions fro m
Florida to Maine!

Everything is put together at the
Norwalk, Connecticut facility. The hams
I met who work at West Mountain Radio
are Ed, K3EIN , Technical Support; Ned,
KAICVV, Production Manager; John,
NIOLO, Hamfe st and PR Director; and
David , KVITW, Circuit Board Assem­
bly. There are other non-ham employees,
and most of them plan to get a ham license
very soon.

West Mountain Radio has a contest
club , callsign K IWMR, and it was a
sponsor of the ARRL RTTY Roundup
this year and will be next year. Every­
thing Dan and Del do within the compa­
ny is inspired by their regular on-the-air
operating. It was a pleasure to be with this
group and catch the enthusiasm for West
Mountain Radio products.

West Mountain Radio is located at 12
Sheehan Ave., Norwalk, CT 06854; web :
<http://www.westmountainradio.com>;
phone (888) 937-8686 . •

Better than ever! Still1S months of value - January 2007 through March 2008
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The 2007/2008 CO Classic Radio Calendar features fifteen
magnificent full-color vintage radio images including Comcraft,
Collins, GROSS, Heathkit, Hammarlund, Millen, National,
Hallicrafters, E. F. Johnson, Allied Radio and more.

The 2007/2008 CO Amateur Radio Operators Calendar
bringsyou fifteen spectacular full-color images of some of the
biggest,most photogenic Amateur Radio shacks, antennas,
personalities and scenics in the country.
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These great calendars are better than ever! All
calendars include dates of important Ham Radio
events such as major contests and other operating
events, meteor showers, phases of the moon, and
other astronomical information, plus important and
popular holidays. The CO calendars are not only
great to look at, but they're truly useful, too!
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QUARTERL~ CALENDAR OF EVENTS

Calls for Papers
Calls for papers are issued in advance of

forthcoming conferences either for presenters
to be speakers, or for papers to be published
in the conferences' Proceedings. or both. For
more information, questions about format,
media, hardcopy, e-mail, etc., please contact
the person listed with the announcement. The
following orga nization or conference orga­
nizer has announced a call for papers for its
forthcoming conference:

Current Contests
European Worldwide EME Contes t

2007: Sponsored by DUBUS and REF. The
EU WW EME contest is intended to encour­
age worldwide activity on moonbounce.
Multipliers are DXCC countries plus all
WIYKJVEstates. The contest dates and bands
are as follows: First weekend: 50, 144, 432,
and 1296 MHz, 24-25 February, 0000 to 2400
UTC, digital only.Second weekend: 432 MHz
and 5.7 GHz and up, CW/SSB, 24-25 March,
0000 to 2400 UTe. Third weekend: 144 MHz
and 2.3 and 3.4 GHz, CW/SSB, 2 1-22 April,
0000 to 2400 UTC. Fourth weekend: 1296
MHz CW/S SB, 19- 20 May, 0000 to 2400
UTe. Sect ions and Awards include the fol­
lowing: QRP 144 MHz < 100 KW EIRP, 432
MHz <400 KW EIRP, 1296 MHz <600 KW
ElRP, but no separate QRP/QRO categories.

Complete rules can be found at: <http://
www. marsport.demon.co.uklEMEco nt2007 .
pdf.> Questions: <info@dubus.de>.

Spring Sprints: These short-duration (usu­
ally four hours) VHF+ contests are held on
various dates (for each band) during the
months of April and May. This year's dates
and times were not available at press time. It
is assumed based on last year's dates that they
will be as follows: 144 MHz, April 2, 7-11
PM local time; 222 MHz, April 1O, 7-IIPM
local time; 432 MHz, April 18,7-11 PM local
time; Microwave, May 5, 6 AM to I PM local
time; and 50 MHz, May 12-1 3, 2300 UTC
Saturd ay until 0300 UTC Sunday . Contact
information: Jeff Baker, WU40 , 20 12 Hinds
Creek Road, Heiskell , Tennessee 37754; e­
mail: <springsprints@etdxa.org>. Sponsored
by the East Tennessee Valley DX Association.
The up-to-date information on these contests
can be found at <http://www .etdxa.org>.At
this URL, click on the VHF/UHF link to get
to the contest information.

2 GHz and Up World Wide Club Con­
test: The followi ng is unofficial and is devel­
oped from assumptions based on last year's
contest. Sponsored by the San Bern ard ino
Microwave Society, this contest should run
from 6AM on May 5 to II midnight on May
6 (36 hours). The objec t is for worldwide club
groups of amateurs work as many amateur
stations in as many different locations as pos­
sible in the world on band s from 2 GHz
through Light. Rules are available at the fol­
low ing URL: <http://www.ham-radio.com/
sbms>.

Conference and Convention
Southeast VHF Society: The II th annual

conference will be hosted in Atlanta, Georg ia,
April 27 and 28, 2007 . Hotel registration infor­
mation was not available at press time. Please
check the website <http ://www.svhfs.org/>
for the registration forms.

Dayton Hamvention®: The Dayton
Hamvention® will be held as usual at the Hara
Arena in Dayton, Ohio, May 18- 20. For more
info, go to: <http://www.hamvention.org>.
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Feb. 2
Feb. 4
Feb. 7
Feb. 10
Feb. I I
Feb. 17
Feb. 18
Feb. 19
Feb. 24
Feb. 25
Mar. 3

Mar. 4
Mar. 7
Mar. I I
Mar. 12
Mar. 18
Mar. 19

Mar. 2 1
Mar. 25

Apr. I
Apr. 2
Apr. 3
Apr. 8
Apr. 10
Apr. 15
Apr. 17
Apr. 22

Apr. 24
Apr. 29
Apr. 30
May 2
May 5
May 6
May 10
May 13
May 15
May 16
May 20
May 23
May 27
June I
June 3
June 8
June 10
June 12
June 15
June 17
June 2 1
June 22
June 24
June 30

Quarterly Calendar

Full Moon
Moderate EME conditions
Moon Apogee
Last Quarter Moon
Very poor EME conditions
New Moon
Good EME conditions
Moon Perigee
First Quarter Moon
Poor EME conditions
Full Moon & Total Lunar Eclipse,

America s. Europe, Africa, and Asia
Moderate EME conditions
Moon Apogee
Very poor EME conditions
Last Quarter Moon
Good EME condi tions
New Moon & Moon Perigee & Partial
Solar Eclipse, most of Asia and Alaska
Vernal Equinox
First Quarter Moon. Poor EME
conditions
Moderate EME conditions
Full Moon
Moo n Apogee
Very poor EME conditions
Last Quarter Moon
Very good EME conditions
New Moon and Moon Perigee
Lyrids Meteor Shower Peak ; poor

EME conditions
First Quarter Moon
Moderate EME conditions
Moo n Apogee
Full Moo n
Eta Aquarids Meteor Showe r Peak
Very poor EME conditions
Last Quarter Moon
Good EME conditions
Moon Perigee
New Moon
Moderate EME conditions
First Quarter Moon
Moon Apogee; poor EME conditions
Full Moon
Very poor EME conditions
Last Quarter Moon
Good EME conditions
Moon Perigee
New Moon
Moderate EME conditions
Summ er Solstice
First Quarter Moon
Moon Apogee: poor EME conditions
Full Moon
- EME conditions courtesy W5LUU.

Southeast VHF Society (see conference
dates announcement above): The deadline for
the submission of papers and presentations is
March 2, 2007. All submissions should be in
Microsoft Word (.doc) or alternatively Adobe
Acrobat (.pdf) files. Pages are 8 and 1/2 by II
inches with a I inch margin on the bottom and
3/4 inch margin on the other three sides . All
text, drawings, photos, etc,. must be black and
white only. Please indicate when you submit
your paper or presentation if you plan to attend
the conference and present there or if you are
submitting j ust for publication. Papers and
presentations will be published in bound pro­
ceedings by the ARRL. Send all questions,
comments, and submissions to the technical
program chair, Jim Worsham, W4KXY at
<w4kxy@bellsouth.net>. For further confer­
ence information: <http:// www.svhfs.org>.

Central States VHF Society Conference:
The Central States VHF Society is soliciting
papers, presentations, and poster/table-top
displays for the 40th Annual CSVHFS Con­
ference to be held in San Antonio, Texas on
July 26-28. Papers, presentations, and posters
on all aspects of weak-signal VHF and above
amateur radio are requested. Deadline for sub­
missions: For the Proceedings, May 7, 2007;
for presentations at the conference and for
notifying the group you will have a poster to
be displayed at the conference, July 2. Further
information is available at the CSVH FS web­
site: <http://www.csvhfs .org/co nference/
callforpapers.html>. Contacts: Lloyd Craw­
ford, N5GDB, e-mail: <N5GDB @austin.rr.
net>. Alternate: Thomas Visel, NX IN, e-mail:
<Thomas@neuric.com>. Snail mail: RMG,
P.O. Box 9 1058, Austin, TX 78709- 1058.

Meteor Showers
The a-Centaurids meteor shower is expect­

ed to peak on February 8 at 1100 UTe. The y­
Normids shower is expected to peak on March
14 and again on March 17. Other February and
March minor showe rs include the following
and their possible radio peaks: Capricornids/
Sagi ttarids. February I at 2000 UTC; andthe
x- Capricornids. February 13 at 2200 UTC.

The Lyrids meteor shower will be active
during April 16- 25. It is predicted to peak
around 2230 UTC on April 22. This is a north­
south shower, producing at its peak around
10-1 5 meteors per hour , with the possibility
of upwards of 90 per hour.

A minor shower and its predicted peak is
pi-Puppids (peak on April 23). Other April
and May minor showers include the follow­
ing and their possible radio peaks: April
Piscids, April 20, at 2100 UTC; 8-Pisc ids ,
April 24 at 2100 UTC; n-Aquarids , May 9 at
2000 UTC; e-Arietids. May 9 at 2000 UTC;
May Arietids, May 16 at 2 100 UTC ; and
o-Cetids, May 20 at 2000 UTe. June Arietids,
June 7 at 2300 UTC; zeta-Perseids, June 9 at
2200 UTC; and f3-Taurids, June 28 at 2 100
UTe. For more information, see NW7US 's
Propagation column on page 77. Also visit the
IMO's website: <http://www.im o.net>.
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Microwave ATV - A New Approach!
This article was originally presented as a paper at the 2006 Microwave
Update in Dayton, Ohio and published in the Proceedings. In it W3HMS
challenges the reader to consider other frequencies, such as 3480 MHz
and 10 GHz, as possible alternatives for ATV use.

By John Jaminet, * W3HMS

Amateur Television (ATV) has, since its inception in the
1950s, used the 420-450 MHz band for both simplex
and in- band AM repeaters. This was necessary in the

early days as little equipment operated well above 2 meters and
reception was often accomplished using converted UHF TV
tuners with poor sensitivity. The pictures were often marginal ,
with rolling, without color, and without sub-carrier sound.
Those close to repeaters will argue differently, but in the fringe
area where I found myself, the best pictures were rather pathet­
ic by the commercial color and sound standards of the day.
Sound was often transmitted on 2 meters, which did offer two­
way discussion of the picture on the screen. Sub-carrier sound
as the broadcasters did it was the exception rather than the rule,
and sound-on-carrier required an additional receiver.The trans­
mitters classically used crystal signals doubled and tripled to
the output frequency, often 439.25 MHz, using cathode AM
modulat ion.

A Visit to Switzerland
In the fall of 1997 I found myself at the QTH of Michel,

HB9AFO , near Lausanne. During one evening in his shack I
had the pleasure of seeing a rock-solid 1255-MHz FM ATV
picture at 18 miles between Switzerland and France. It was

*912 Robert St., Mechanicsburg, PA 17055
e-mail: <W3HMS@aol.com>

The author in front ofhis ATV ham station.
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ATV picture at the author 's QTH.

great-like a painting on the wall---except for the plume of
smoke from his pipe coming across Lake Geneva in France!
This was the day that I knew there must be a better way ... and
there is! It is FM and the microwave bands.

Another reason why I visited HB9AFO was to see his world­
class IO-GHz ATV equipment. He and his partner then held the

The KU-band LNB (low noise block) for 10 GHz ready to
be resealed.

Visit Our Web Site



A 3.4-GHz offset dish f eed.

world OX record at about 410 miles. I was impre ssed by the
use he and colleagues made of Ku-band satellite components
such as LNB s and antennas. Indeed , F61WF had developed a
modification for a popu lar LNB that brought all the power of
engineering and production for a mass-produced item and gave
hams a super-performing LNB for relatively low cost. The same
was true for 60 em and larger offset dishes. .

My 1O-GHz Work
I had always wanted to work 10 GHz with a Gunnpl exor in

sound and in video. Therefore, I obtained an LNA from F6IW F
and two LNA s with 9­
GHz oscillators from the
U.K . These were put
into service with ham­
fest-grad e U.S. -style
satellite receiv ers which
tune 950-1450 MHz and
18-inch offset dishes
using feeds designed
from the WIGHZ
HOL.ant PC program.
For video transmitted on
10,300 MHz , the IF is
1300 MHz. I ran period­
ic tests with Joe ,
WA3PTV, and we grad ­
ually extended our per­
sonal OX records in
ATV to 51.6 miles using
only 10 milliwatts on
one leg of the QSO . The
other leg used ju st 250
mw and a 24-inch dish.
In both cases we had

A 24-inch offse t dish.
----..

www.cq-vhf.com

The White Rock ATV repeater as ofJanuary 31, 2006.

P5- that is, broadcast-level pictures-in full color . Our 10­
GHz effo rts then turned to CW/SSB and contesti ng.

FM vs. AM Video Modulation
With respect to modulation, FM offers considerable advan­

tages over AM with respect to picture quality, just as it does for
audio quality when compared to AM, particularly in a fine
music environment. To me this is clearly evident in the snow­
free pictures received with a signal leve l of AM P3, which
appears as P5+ in FM.

Microwave ATV
For an ATV repeater, the 9-cm band at 3300-3500 MHz

offers the possibility of using modern , high-quality components
designed for the mass market without modification for trans­
mitting commercia l-grade pictures in FM. Additionally, to the
best of our knowledge this band has no competition from data
communication or other unlicensed devices. With an input on
another band, the user can see his own pictures at the same qual­
ity level as other viewers see it. In addi tion, the use of 2200­
MHz separation permits the LNB and the transmitting antenna
to be close on the same station tower without QRM , and it elim­
inates filters at the repeater and at QT H statio ns. Hams have
found that filters are always costly, bulky, and difficult to tune
and, it seems, become untuned from time to time. Thus the
absence of filters is a real plus.

SMRA Microwave ATV Repeater
In the Carlis le/Harrisburg, Pennsylvania area the South

Mountain Repeater Association is now operating a dual-band
repeater using 1280-MHz FM input and 3480-MHz FM out-
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The World1s most
authoritative monthly
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Shortwave listening

and Scanner Monitoring.
Read by more active
listeners world-wide.

You'll find features on scanner
monitoring of police, fire, utility,
and aircraft communications;
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Gary Blacksmith, WA3CPO, holding the
23-cm omni antenna. It is designed to be

well protected from intruding insects.

put. We are currently repeating NASA
shuttle audio and video when no signals
are in the 1280-MHz receiver. Local
reception provides an outstanding, full­
color, snow -free picture. In fact, our DX
record is 63 miles with this kind of pic­
ture. It is perfectly legal to rebroadcast
NASA video, which most viewers
receive with a 24-inch dish , Dishnet type
LNB, and a Free to Air MPEG-2 Traxis
DBS-2800 receiver purchased on the

internet. The beacon/repeater is on full
time-that is, 24 hours per day 7 days per
week--":for months at a time between
shutdowns!

The project leader for this most ambi­
tious project is Gary Blacksmith, MD,
WA3CPO, who has obtained an excellent
site with a 100-foot tower and 7/s-inch
hardline cable from the transmitter to the
antenna. Our transmitting antenna is a
vertically polarized omni on 3480 MHz
with a gain of II dBd made by Stella­
Dorus in Ireland.

We are using a commercial-grade
exciter with I milliwatt output to the
Toshiba 40-watt amplifier. This exciter is
very small, about the size of a commem­
orative postage stamp, but its perfor­
mance characteristics are superb. The
amplifiers, which need only I mw of
drive, are often used by 9-cm weak-sig­
nal operators, of which I am one. The
transmission antenna is either a panel
antenna with about I35-degree coverage
or a commercially made omni with II
dBd gain. We use vertical polarization on
both reception and transmission, as omni­
directional antennas for this polarization
are more readily available than horizon­
tal antennas. To improve the picture qual­
ity of all input signals, we use a Time Base
Corrector, a model ATV -87 10. The
video/audio controller is the model
ATVC-4 Plus by Intuitive Circuits.

Sound
The sound subcarrier input to the

repeater on 1280 MHz is 5.5 MHz . The
sound subcarrier output on 3480 MHz is
6.8 MHz. Both frequencies are quite
common in the world of satellite TV .

Toshiba 40-watt Amplifiers
We have found that the Toshiba 40­

watt amplifiers get very hot in the sum­
mer months with 24/7 use , and they
require a large heat sink with the fins
pointing up. By large , we mean about 2.5
times the surface area of the amp. This
large heat sink is cooled by two 5 inches
across blowers in parallel, so if one fails
the other will continue. In addition, we
have installed thermometers designed for
indoor and outdoor use on the amps with
the outside probe mounted on the hottest
part of the heat sink. The summer tem­
perature difference between chassis and
the hottest part of the heat sink is often
20-30° F. Since this rework , we have had
excellent service for the primary White
Rock repeater and the new 3420-MHz

Visit Our Web Site
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beacon mounted at the WITF-TV Ch-33 site north of
Harrisburg, both of which transmit NASA 2417. A detailed
check list for putting this Toshiba amp on the air in AT V, CW,
and SSB service was deve loped by me, dated January 6, 2006.
It will be sent to anyone who sends an e-mai l aski ng for it to
me at <W3HMS @aol.com>.

Reception of the Input Signal
on 1280 MHz

The receiving antenna is a Comet Model GP -21 of 14.9 dB i
ga in at 100 feet feeding a filter that heavily atten uates be low
1240 MHz for elimination of cell-phone and pag ing QRM. It
was designed, built, and donated to us by Founder/ Ow ner Jerry
Buckwalter of Alpha Com ponents of Mec hanicsburg, PA.

The preamp is a Kuhne Elec tronics (OB6NT) LNA Model
MKU 132A feeding a Holland model HR 120 sate llite receiv­
er with audio and video outputs to the controller.

Reception on 3480 MHz
LNBs for reception on 3420 or 3480 MHz are standard, out­

of-the-box, C-band satellite types that cover 3700~200MHz
but will also work just fine on 3480 MHz whe n followed by a
satellite receiver tuned as an IF to 1670 MHz. For 3420 MHz,
it is a 1730-MHz IF. American-style satell ite rece ivers do not
cover 1670 MHz, but European receivers do cover to at least
1750 MHz and most to 2150 MHz. The latest C-band LNB we
have found is actually an LNBF (LNB with feed) made by OMS
International and it covers 3400~200M Hz. It has an incredi-

www.cq-vhf.com

The DMS International C-Band LNBF (low-noise block
with feed).

ble 13° Kelvin noise factor, and it co mes co mplete with a scalar
ring feed and two LNAs, one for vertica l po lariza tion and the
other for horizon tal polarization. In co mmercial service, the
satellite receiver selects between these amplifiers by use of +18
VOC or +13 VOc. In amateur service, we ju st mount them for
vertical polarization with +18 VOC on the line and orient for
best picture. We buy these LNBFs in the below $30 range on
the Internet (Google OMS Intern ational).

For 3480-MHz recep tion we have found that the best recep­
tion is obtai ned with a C-band LNBF on a 24-inch offset dish
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The Blonder Tongue satellite receiver and the Traxis digital satellite receiver.

The Blonder Tongue satellite receiver model BT 66 mounted below the monitor.

lO-GHz Repeater Linking
The use of 10 GH z for AT V is by no

means dead . Indeed , we have purchased
the excellent I-watt ORO ATV transmit­
ter made by Kuhne Electronics (OB6NT)
in Germany. The tran smitter is sold with
the understanding that a base-band unit
is required for opera tion with prop er
video, sound, and color. We have been
attempting to obtain an RSE BBA unit

The Internet to
the Buying Rescue

Judi cious use of the intern et in the
search for equipment has unearthed some
incredible equipment buy s: low -noise
LNB s; dual -polarization 13° Kelvin
LNBFs in the $20 range; 24- inch stee l
offset satellite dishes in the $30 range;
and ex-cable-T V co mmerc ial-g rade
satellite receivers for under $ 100, and on
one occas ion zero dollars, as we saved the
se ller the labor of getting the receivers to
the "c rushers" !

very low price or give it to ATVers, as
their other option is to pay the "c rus hers"
to haul them awa y.

Satellite Receivers
We have found that several Blond er­

Tongue, PICa, and Holland satellite re­
ceivers offer excellent pictures, and they
cover at least 950-1750 MH z. Th e
Scientifi c Atlanta model 9660 is an excel­
lent performer , but the video must be
inverted. We have perfect ed a low-co st,
easy to scratch-build circuit. The models
that we did find to work well are as fol­
lows, although we did not test all satellite
receivers: Blonder-Tongue Model BT­
6166 and Model61 85A (not 6185 !), PIca
Model PR-4200, Holland Model HR-120,
and Scienti fic Atlanta Model 9660 .

WA3CPO has found so urces of ex ­
co mmercial sate llite-system anal og
receivers, and he has obtained a limit ed
supply to se ll to members of the SMRA,
our supporting club. These receivers are
excellent in all aspects and they require
no con version . Som e operators (me, for
instance) like to add an AC power switch,
LED , and front-panel audio and video
RCA jacks.

If you can find one , a European anal og
Pansat (Microtek) receiver at about $ 130,
which work s on I 17 VAC, is an exce l­
lent perform er. The se and oth er models
can ofte n be found on eBay in the under
$50 range.

two probes and the two LNA s. Thu s, at
about $ 10 per LNA , ex perimentation
should not "break your bank "-hi !

The cable-TV operators around the
U.S . are replacing ana log sa tellite re­
ceivers with digital receivers. As these
analog receivers do not contain any cir­
cuitry for frequency or orientation mem­
or izat ion, there is no market for them
except for ATVers. Therefore, the com­
panies that buy all the equipme nt at a
satellite site are quite happy to se ll it at a

now available for about $30. For regu lar
LNBs, a feed horn, designed by Paul
Wade' s program HOL2000, also on a 24­
inch offset dish, works quite well. We use
vertical polarization on both reception and
transmission, as omni-directional anten ­
nas for this polarization are more readily
available than horizon tal antennas.

Now a weak-signal opera tor well could
ask if these LNA s could be co nverted for
3456-MHz use. We haven't tried it, but I
have opened up an LNB and observed the

--- - - -,---,-._------
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The DB6NT JO-GHz video transmitter.

23-cm ATV transmitters.
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tance of abou t 60 miles with broadcast­
level-quali ty video, sound, and color.

1280-MHz FMTransmission
Into the Repeater

For l280-MH z transmission our tests
have confirmed that the Videolynx Z23 B
with 2 watts output produces broadcast­
qua lity video, as may other units in the
marketplace-if you can find them! The
sound deviation from this transmitter is
much less than the 200 kHz needed for a
sate llite TV receiver, but the des igner/

from Belgium with no luck , despite a
three-month effort! We envision mount­
ing the power supply and BBA unit in a
rack in the repeater building. We plan to
run two RG-6 cables to the IO-GHz trans­
mitter mounted on the arm of a 24-inch
offset dish . The feed was converted from
an inexpensive ($20 class) Ku-band
LNB. It will operate on 10.4 GHz . The
receiving capability will also use a 24­
inch offset with a "Bob Platts" 9-GHz LO
LNB from the U.K. feeding a U.S. sate l­
lite receiver at 1400 MHz. We will use
this to link two repea ter sites over a dis-
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A 23-cm can antenna.

A 1280-MHzfilter and preamp.builder has developed a so lution. This
transmitter needs line-level audio input,
not microphone level, and I-volt p-p
video input. A common camcorder is use­
ful with a modified Z23B transmitter.

We envision that stations close to the
repeater can use a neat little # I0 food-can
antenna with probe on 1280 MHz, as
employed by F4DA Y at his QTH and by
others in the U.S. I am using this antenna
at my QTH with 30 watts in the station and
low-loss LMR coax to the can antenna.
Other stations can use higher gain anten­
nas based on signal needs/distance. For
additional power, several of us use the 30­
watt DEMI linear amp lifier, which is
equipped with a large heat sink. It is ideal
for long transmissions, and I find that I
have often transmitted for 30 to 40 min­
utes without generating excess heat. It
needs only about 20 milliwatts of drive.

We recently tested the WIMO (Ger­
many) 23-cm, ATV-Sender, 50-mw
output, FM ATV transmitter, and the
TVHAM.com 23-cm transmitter with
50 mw output. It is sold in the U.K. and
available on that website. It seems to
have the same appearance and specs,
save for the frequency range, the set­
tings, and the key IC. Both units offer
much promise and are low cost, at
$70-102. Both units wi ll accept cam­
corder video and aud io output and fully
modulate the carrier as viewed on a TV
set and a waveform moni tor.

The Videolynx Z23B with 2 watts out­
put does offer slightly better video. The
sound sub-carrier is not fully modu lated
for proper recovery of the sound in a
satellite receiver of the types cited above
without a conversion developed by the
designer/bui lder. Regrettably, over many
months it has been extremely difficult to

obtain replies to communications about
conversions from the designer/builder.
Thus, we have chosen to search for other
transmitters, particularly when the cost
can be reduced, as is the case with the
WIMO and TVHAM models. We have
not yet finished our testing of these two
rigs in terms of the sound conversion to
5.5 MHz and their ability to acces s the
repeater with an amplifier of at least 2
watts in the circuit.

Repeater Inputs
We have expanded reception to include

linking of two other local repeaters into
our controller. Our inputs in priority
sequence are :

I . l280-MHz FM repeater input
2. York439.25-MHzAM repeater input
3. York 23-cm FM video input or Balti­

more 23-cm/9-cm input.
4 . NASA video input
5. A local tone -select camera

This linking has permitted the accom­
plishment ofa long-standing local goal ­
that of actual ATV linking among the
users of two repeaters to exchange very
high-quality P5 color pictures. We know
that, far above normal ham use, this ATV
capability could well serve local emer­
gency organizations.

Lightning Protection
One cou ld ask the question: Does a

100-foot tower on the top of a tall hill
attract lightning? At least twice we have
suffered damage this way. As such, we

have installed Polyphaser units at each
end of the transmit and receive cables.
Several receiving stations have installed
the JVF Surchargers for use on RG-6
cables between the LNB and the satel­
lite receiver.

Accomplishing a Long­
Term, Complex Project

We have found that you need the fol­
lowing to accomplish a long-term, com ­
plex project:

I. Motivation
2. Money
3. Repeater site
4. Technical skills
5. Time

Of all of these , motivation seems to be
the most critical factor. With it, it seems
the others can be found. Without it, the
others are never within reach; on ly ex­
cuses are found!

Future Projects
We see these projects for the future:

I. The development of a video-invert­
er PCB and kit to make available to about
45 buyers of the Scientific Atlanta Model
9660 satellite receiver.

2. The ability to receive and retrans­
mit the 3480-MHz signal while sim ul­
taneously transmitting the picture on
3420 MHz.

3. The installation of the IO-GHz link,
and the conversion ofour3420-M Hz bea­
con to a fully functioning repeater. •

Visit Our Web Site



Tradeoffs in Designing
Digital Communication Systems

By John B. 5tephensen, * KD60ZH

There are a number of tradeoffs to be made in the design of wireless
digital communication systems. Th is document provides a short overview
of the problems and some solutions.
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symbol (the signal constellation size)
rather than the number of bits transm it­
ted. Increasing the number of states in a
phase-shift-keyed (PSK) or amplitude­
shift-keyed (ASK) signal uses only one
dimension and ultimately requires almost
four times more power for each doubling.
If both phase and ampli tude information
can be utilized, as in quadrature ampli­
tude modu lation (QAM), the power in­
crease can be limited to a factor of 2, as
two dime nsions are uti lized as show n in
figure I.

Figure 1. Signal constellations.

~

4- AM

~
16- AM

over a wide frequency range. Thus, when
it is viewed at optical frequencies, it
appears white.

As the data rate (in bits/Hz) increases,
the amount of power required increases
dramatically. Doubling the data rate from
I to 2 bits per Hertz requires doubling the
transmitter power. However, doubling
the data rate gets progressively harder;
going from 4 to 8 bits per Hertz requires
increasing transmitter power by a factor
of 16. This is beca use the power required
increases with the number of states of the

Claude Shannon enumerated the
power versus bandwidth tradeoff in
1948. For a give n bandwidth, using more
power can increase the rate of informa­
tion transmission. Co nversely, for a
given information rate, using a wider
bandwidth can decrease the amount of
power required. Tab le I shows the theo­
retical signal-to-noise ratio (SNR)
required with a perfect demodulator for
various forms of modulation for a 10-5

symbol error rate in an additive white
Gaussian noise (AWGN) channel. This
is a channel where the only source of
interference is the thermal noise generat­
ed by the random motions ofcharged par­
ticles in atoms and molecules when they
are at a temperature above OaK. The
amount of electromagnetic energy radi­
ated is proportional to the temperature
and has constant power spectral density

*3064 E. Brown Ave .. Fresno. CA 93703
e-mail: <kd6oz!z@amsat.org>

I. Power versus Bandwidth
2. Transmission Channel Limitations
3. Frequency Selection
4. Limited Spectrum Availability

With analog voice communica­
tion, we can use the speech
recognition capabilities of our

brains to compensate for signal degrada­
tion in the transmission channel. For dig­
ital communication, the processing
power of a computer must be used. This
requires making tradeoffs to minimize
both the amount of energy that must be
radiated by the transmitter and the com­
plexity of the signal processing required
at the receiver. These tradeoffs tend to
fall into four categories:
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Figure 2. Signal propagation with obstacles.

Table 1. Required SNRfor data rates greater than the signaling rate.

Symbol States 2 4 8 16 32 64 256
Bits per Hertz I 2 3 4 5 6 8

ASK 10 17 24 30 36 - -
SNR PSK 10 13 18 24 30 36 47
(dB) DPSK II 15 21 27 33 39 51

QAM - 13 - 20 - 26 32
DQAM - 15 - 23 - 29 35

Receiver
o Position I
• Position 2

)( Transmitter

P - Direct Path
D - Diffraction
R - Reflect ion

the thermal noise level, so transm itter
power must be increased to compe nsate.
Below 3 MHz, the propert ies of the ionos­
phere are fairly stable, except for a diur­
nal variation that causes instabi lity at sun­
rise and sunset. However, between 3 and
30 MHz, its characteristics are extre mely
variable. The Dopplers hift varies between
0. 1 and I Hz, and the multi-path spread
varies between I and 10 ms. Propagation
via auroral paths is even worse .

Between 30 MHz and 300 GHz, prop­
aga tion conditions are more stab le.
Figure 3 shows the multi-path spread for
a 2.3-km long path in an urban area at 910
MHz. The multi-path delay spread in­
creases over longer paths.

The Dopp ler shift is generally less than
10 Hz up to 30 GHz, and the mult i-path
spread is usually between 0.4 and 20 us.
Rural areas have less multi-path propa­
gation and urban areas have more multi­
path propagation. Shorter paths have
shorter spreads and longer paths have
longer spreads. When information is
transmitted seria lly, the effect is to smear
one transmitted symbol into the next
transmitt ed symbol , causing inter-sym­
bol interfere nce (lS I) and a much higher
error rate. There are two approac hes to
allev iate this problem and the effective­
ness depends on the enviro nment.

If the spread is a small frac tion of the
symbol period, the receiver can perform
equalization. An algori thm that deter­
mines the delays of the two or three high­
est amplitude rays and inserts a compen­
sating delay at the receiver acco mplishes

On Earth, the situation is more com­
plex. Firs t, the average temperature is
290 oK, so the thermal noise level is about
100 times higher and transm itter power
must be 100 times higher for the same
path loss. Seco nd, there are lots of objects
that absor b, diffract, and reflect electro­
magnetic radiation, as shown in figure 2.
Thi s includ es solid objec ts, such as
mountains and build ings, and gasses,
such as the atmosphere and the ionos­
phere. These do two things to the signal.
They cause the rece ived signal to arrive
via multiple paths, spreading the energy
out over time. In addition, these objec ts
move, causing Doppl er shift that spreads
the energy over a band of frequencies.
There are two genera l cases.

Between 3 kHz and 30 MHz, the elec­
tric charge density of the ionosphere is
high enough to reflect signals back to
Earth by continuous refraction. Not only
are desired signa ls reflected, but so is the
energy from all of the thunderstorms
throughout the world. Th is raises the
ambient noise level by 20 to 40 dB over

Note that the QAM signal can be
arranged in different ways with each
point in the constellation representing
one possible value of the symbol being
transmitt ed. AMPM (combined ampli­
tude modul ation and phase modu lation)
and QASK (quadrat ure amplitude shift
keying) are two possibili ties. The value
being transmitted can also be represent­
ed as the difference between adjacent
symbols as in differential phase shift key­
ing (DPSK) or differenti al quadrature
ampl itude modul ation (DQAM). Differ­
ential signaling requi res more power but
is more immun e to variations in signal
propagation, such as fading.

Add ing redundancy to the transmitted
signal can decrease the amount of power
required at the transmitter. The informa­
tion-bearing signal is spread out over
time. Multipl e copies of the signal will
correlate but the noise will not correlate,
so the signal-to-noise ratio is increased.
Thi s is perform ed most efficie ntly by
using an error-correcting code. A rate 1/2

code doubles the bandwidth occupied by
the transmitted signal but decreases the
power required by a factor of 2 to 4 at a
10- 5 symbol error rate. The amount of
reduction depends on the complexity of
the decoder. A bandwidth expansion of
16 can reduce the power level by a fac­
tor of 25. The effect is similar to analog
frequency modulation (FM): Increasing
signal redund ancy increases the error rate
at low SNRs and decreases it at high
SNRs. Large signal constellations and
codin g can be combined to produce high
data rates at reaso nable power levels.

In outer space, this is all that we need
to contend with. The thermal noise level
is 2.7 Kelvin (K) between 2 GHz and 50
GHz and signals need to be a certain level
above that noise. Below 2 GHz the noise
level increases at 6 dB per octave due to
the black hole at the center of our galaxy.
Above 50 GHz the noise level increases
at 6 dB per octave due to quantiti zation
noise because the energy requi red per
photon increases with frequency.
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this. The energy from all rays is then com­
bined to increase the SNR. This can work
well until the spread becomes larger than
1/2 of the symbol period. Thus, the sym­
bol rates accommodated could extend to
between 25 and 1,250 kBaud, depending
on the local environment. The D-STAR
system uses this approach with GMSK
modulation at 128 kBaud for a through­
put of 128 KBPS. The advantage is that
the RF amplifier can be non-linear so that
a PA module made for an ana log FM
transceiver can be re-used.

An approach that works at higher data
rates is orthogonal frequency divisio n
multiplexing, or OFDM. This method
divides the communications channel into
smaller and smaller frequency bands
until the multi-path spread is a fraction of
the symbol rate. Multiple carriers are then
transmitted with many bits in parallel. If
the carrier spacing is the inverse of the
symbol period, the sidebands ofeach car­
rier do not interfere with each other and
orthogonality is maintained.

A gap between received symbols is
inserted that is longer than the expected
multi-path spread (figure 4) . At the trans ­
mitter, this is filled with a copy of the end
of the next transmitted symbol. The re­
ceiver never sees the multi-path interfer­
ence . The cost of this is the extra energy
transmitted to fill the gap. If the gap is less
than 25% of the symbol rate, the loss is
less than I dB. In the UHF- and VHF­
range path length is limited and the delay
spread rarely exceeds 90 us. A symbol rate
of 4800 baud allows a gap of 41 .7 us,
which removes most lSI in the 30-MHz to
30-GHz range. For 3-30 MHz the opti­
mum symbol rate is 25-50 baud, as large
de lay spreads are caused by multiple
reflection from the ionosphere. OFDM
required linear power amplifiers, so they
are somewhat less efficient. However, the
overall power efficiency is improved.

In either case, there is a limit on the
length of the received symbol if two ­
dimensional modulation is to be used.
The Doppler spread rotates the received
signal constellation at a rate of 360 0 per
second per Hz, ca using errors. The
amount of rotation in one symbol period
shou ld be less than '/4 of the dis tance
between symbol states. Thus, for a 10-Hz
Doppler spread, recei ved symbols should
be less than 12.5 ms in width for BPSK
and less than 1.56 ms in width for 256
QAM . This puts a lower limit on the sym­
bol rate ofabout 500 baud for the 30-MHz
to 30-GHz range. For HF, the I-Hz
Dopp ler spread and 12-baud symbol rate
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Figure 5. Amp litude offading signa l over time.
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The final consideration is spec trum
availability. Above 902 MHz there are no
FCC limits on data rate. With 384 data
carriers at 6-kHz spac ing, D8PSK mod­
ulation with rate 2/ 3 coding and a guard
interva l of 1/4 and 768 bits per symbol, a
data rate of 3.68 64 MBPS can be
achieved for land-mobile and maritime­
mobil e opera tion.

In the 2 19-220 and 420-450 MH z
bands, the FCC limits data communica­
tion to a 100 kHz occupied bandwidth.
With 96 data carriers spaced at 750 Hz,
D8PSK modul ation with rate 2/ 3 coding
and a guard interval of 1/8, a data rate of
128 KBPS is possible.

Th e 50-54, 144-148, and 222-225
MH z bands have a 20-kHz maximum
occ upied bandwidth limit for data trans­
mission. This limits the data rate to about
30 KBPS with a reaso nable SNR. With a
rules change, 256 KBPS would be prac­
tical in a 200-kHz wide channel with a
SNR of 15 dB or less. Th is would allow
medium-resoluti on co mpress ed video
transmissions in band s where propaga­
tion is better than the UHF bands.

Current reg ulatio ns limit dat a tran s­
mission to a 100-kHz bandwidth in the
420-450 MH z band , but multi-megabit
data rates are allowed if the content is dig­
itized video. A rules change would make
this possible for all modes. •
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Time (sec)

0.040.02
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o

Therefore, the frequency allocations
for the Amateur Radio Serv ice that are
below 1.3 GH z are prefer red , as they
require four times less power for a given
data rate.

o

+34 Increase in path loss from 50 MHz
to 2.4 GHz

- 14 Additional antenna gai n at 2.4 GHz
vs. 50 MHz

- 12 Reduct ion in noise level from 50
MHz to 2.4 GHz, equals:

8 dB increase in power required at 2.4
GHz vs. 50 MHz

-14

2

high data rates, we need to opera te above
30 MHz and avo id ionospheric propaga­
tio n. The mini mum antenna length for
effic ient genera tion of electro mag netic
waves is ' /4 wave length. At 50 MHz, a
'/4-wavelength antenna is 5 feet long, has
a gai n of 2 dBi , and fits on any vehicle.

If we are willing to forgo communica­
tion with aircra ft, the antenna pattern can
be compressed in eleva tion and remain
omnidirectio nal in azi muth . However,
the pattern cannot be compressed to less
than 6°, as this would compro mise com­
munication betwee n stations at different
altitudes. This antenna has a gai n of 16
dBi and would be approx imately 5 feet
long at 2.4 GHz. The difference in total
path loss is:
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limit the complexity of the signal con­
stellation to DQPSK.

The path loss varies as the incoming
rays enforce each other or cancel. For
fixed stations, this is a slow varia tion, but
for mobile stations the rate increases with
velocity. Signal redundancy over time is
used to combat fading. Codes that com­
bat thermal noise are not the best for fad­
ing. Generally, an addi tional error-cor­
recting code that is optimized for
correcting bursts of errors, such as a
Reed-Solomon code, is used to combat
fading. These codes genera lly have a rate
of 80-95% and can decrease the required
power level by a factor of 10 by allowing
the bits received during a null to be lost.
Two rays will generally cancel com­
pletely for only a short period of time, as
shown in figure 5.

OFDM increases the effectiveness of
error correction during fading, as the fad­
ing channel has a narrow bandwidth. This
ensures that the fade is tlat and not fre­
quency selective. When a signal occupies
a wide bandwidth, the fading can gener­
ate a notch in the frequency spectrum that
sweeps across the signal. This resu lts in
extreme levels of distortion and high error
rates that persist over an extended period
of time.

For moving vehicles, the maximum
frequency that can be used with phase
modulation is determined by the Dopp ler
shift. For example, the UHF OFDM
modem standard created by the ARRL
HSMM (High-Speed Multi-Media)
worki ng group uses a carrier spacing of
1.5 kHz up to 450 MHz and 6 kHz up to
2.4 GHz. The reason is as follows: For
automobiles operating at 75 MPH, the
Doppler shift is 0.112 PPM or 270 Hz at
2.4 GHz and 51 Hz at 450 MHz. This
causes the signal constellation to rotate
by 16° per symbol period at 2.4 GHz and
12° per symbol period at 450 MHz. Since
the minimum difference between sym­
bols is 45° for D8PSK modulation, these
are near the maximum freq uencies that
should be utilized with the specified car­
rier spacing. Fixed stations cou ld use
more complex signal constellations.

When Doppler shift can not be avoid­
ed and cannot be compensated for,
amp litude shift keying mus t be used and
the amount of power required increases
dramatically.

Path loss, for antennas of a given gain,
varies with the square of the frequency.
When omnidirectional coverage is de­
sired, there are limits on the range of fre­
quencies that can be used. To achieve
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where from a dozen to 50 check-ins. Whil e look ing at the
WA7BNM website for upcoming contests, I read that a VH F
contest was immin ent , and , never having been in one, I thought
it would give the rig, the op, and the antenn as a good workout.
I figured that given the numb er of net check-ins, there would
be lots of activity in the contest.

Well , there was . .. and there wasn 't. What I discovered was
a huge pile-up on 144.200 , the calling frequency. The rest of 2
meters had a few-a couple reall y- stations ca lling CQ , but
easily three quarters of the cont esters were parked on the call­
ing frequency, now and then to be driven off that prim e spot by
a KW calling "CQ North " or otherwise lockin g up the fre­
quency. Then, and only then , did some campers move off the
calling frequency for the empty quiet of virtually anywhere else
on the band .

I quickl y discovered the wisdom of asking your contact if
he/she has "other band s" and poppin g up to 220, 440 , or 1296
MHz. Some West Coasters have 900 as well , and a few ven­
ture regularly above 1296 , but not me (yet), and not many. What
frequ ency is usually sugges ted for the move elsewhere? Why,
that band ' s calling frequ ency, of course. There are exce ptions
to that rule, but a casual observer could be forgiven for coming
to the conclusion that a lot of VHF rigs in southern Californi a
are crystal controlled. Many VHFers in California complain
about the calling frequ ency pile-ups, but for whatever reason,
the pile-ups linger like halito sis after a night on the town .

What happens when a southern
California ham operates in a VHF
contest from the Midwest?
W6AQ describes his experience.

V DA iVHF Contest ing
tro~ the Heartland ..

It ISure Ain't Like L.A.!

By Dave Bell,* W6AQ

F
or an ARRL September VHF QSO Party severa l years ago,
I found myself back at W8JJO ' s Michigan lakeshore hide­
away, ostensibly helping him winterize his antennas, which

consisted mainly of crankin g down and tilting over his very, very
old 55-foot EZ-Way tower and "nesting" the fiberglass elements
of his 3-element Stepp lR rotary beam (4 elements on 6 meters).

Before that happened, however, there was the weekend of the
QSO party . Would I be able to get all of the winterizing done on
Monday and Tuesday, my last days on the lake before flying back
to Los Angeles? Would it rain? Should I risk foul weather and
operate the conte st on the weekend ? One guess.. .

Brad' s radio is an IC-746, which has both 6 and 2 meters.
Whil e I think he has never used it, he has an M2 7-element Yagi
underneath the StepplR at about 55 feet. That was the station­
4 elements on 6 meter s and 7 elements on 2, low power.

In the proud tradition of my departed pal Lew McCoy,
WIICP, allow me a small digression. I'm not a dem on
contes ter, although I enjoy it and have been low-band con­
testing off and on for probably 30 years or more. I' ve ju st
rece ntly gotten into VHF/UHF contesting. I' ve part icipated
in maybe a dozen of them, all from my hom e station in the
hill s of Hollywood.

I started my ham career in the late 1940s with an SCR 522
(if you don't know what that classic old VHF rig is, you're not
really an old-timer) , chatting with a pal of mine (now W8CY )
in my quaint old hometown, Andover, Oh io. Up until a few
years ago I hadn' t been on VHF since then except for some now
and then HT activity. I'd been thinking about expanding my
HF horizons for several years before I ran across a brand-new
Yaes u FT-736R at the TRW swapmeet. It was clear that the
grea t ham radio spirit in the sky was tellin g me that now was
the time, so I bought the rig. When I got home that day my wife
asked me if I had found the coax connectors I'd gone for, and
of course I said that I had, omitting the fact that they were on
the back panel of the FT-736R.

Pretty soon I was checking into nets run by the Western States
Weak Signal Society, which , dependin g on frequency, had any-

*5700 Hill Oak Drive, Hollywood, CA 90068
e-mail: <dbellw6aq @aol.com>
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Thus, imagine my surprise when I fired
up W8JJO ' s IC-746 on 144.200 and
heard .. . nothing. Absolutely nothin g!
Did I have the wrong date or time for the
contest? I double-checked QST. No, now
was the time and the date. So where was
the contest? Had that deer I'd seen in
Brad' s front yard eaten his coax? I tuned
off the calling frequency and was
astounded! There was the contest, all
over the place. Most of the 2-meter band
was teeming with activity, but there was
no one on the calling frequency. It was
like the low bands. You actually had to
tune to make a contact! What a concept!
When I was asked to move to my other
band, I was never asked to move to the
calling frequency. Never!

Tuning around there on the shores of
Lake Michigan I heard (Icouldn' t believe
it) CW! Wow! Could this be 2 meters?
Somebody was calling CQ on CW! And
then there was another one! About the
only station Iever hear calling CQ on CW
in southern California is K6TSK, and by
the time Ralph fires up his key, I' ve
already worked him on phone. (Maybe
it' s time to count phone and CW as sep­
arate contacts in the VHF and UHF con­
tests. Some dusty old keys would come
down off the shelves.)

I'd heard that Midwesterners have a
huge advantage over us West Coasters in
VHFIUHF contests, and that weekend in
September I learned what it is. They all
don't camp on one frequency and fight to
be heard. Of course, there' s also the ad­
vantage that the ground is fairly flat and
there are stations in every direction . Also,
when there' s a hill, it' s not very big and
it's usually surrounded by hundred s of
miles of flat land. The rovers are on top
of the hill. I heard a guy on both 6 and 2
meters who was running 4 watts on each
band and was about 200 miles away!

This won't be the last time I operate a
VHF contest at W8JJO ' s place in Pier
Cove, Michigan. It' s a great, quiet loca­
tion, and from southwest to northwest it' s
all lake. Incidentally, don 't look for Pier
Cove on a map. You won't find it. The
Lakeshore Drive signs letting you know
you've arrived were made by the resi­
dents and look exactly like Michigan road
signs, except they're square. It' s about
five miles south of Saugatuck, which is a
really nice little tourist trap.

How do my Michigan versus L.A.
scores compare? Well, I only did about
one quarter as well in Michigan as I've
done in L.A., but all of my contacts in

www.cq-vhf.com

Michigan were one-pointers, because
those were the only bands available to
me. In L.A. I have many of the money
bands and some big Yagis. I suspect that
if I had my L.A. station and antennas
there on the shores of Lake Michigan, I'd
probably double the score I usually set­
tle for in L.A.

Next time I'm taking my Heil headset
and a footswitch so I don 't have to hold

a hand mic while attempting to type my
contest log one-handed. I'll also proba­
bly hook up my laptop to Brad's radio so
I always log the right band and send
slightly better CWo Other than that, no
changes are necessary.

Don't be surprised to hearW6AQ from
the Midwest in a future VHF contest. I
like to tune for my contacts.... I'm old­
fashioned that way. •

Maximize the operation of newer
receivers capturing signals of 2GHz
or more with the DS3000A from
AOR. Receives from 75 MHz to 3
GHz and isperfect for multiband
transmitters. By replacing multiple
antennas and feed lines, the
DS3000A simplifies ham radio
operations. Built to precision
standards; itsrelatively small size
(only 2.9 feet high) and light weight
Gust 1.55 pounds) present asmall
wind load. Can be mounted in
confined areas. The DS3000A
supports transmitting on 144,430,
904 and 1200 MHZ, safely handling
loads up to 50 watts. The DS3000A
antenna system includesmounting
hardware for standard masts and
33.8 feet of low-loss RG58A/U cable
terminated in aType Nconnector.

DS3000A is another example of
why AOR stands for Authority
On Radio Communications!
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1 International Satellite
Frequency Coordination

With the growing educational interest in developing satellites that are
designed for use on amateur radio frequencies , the definition of what is
truly an amateur satellite has become challenged. Here ZS6AKV offers
some suggestions regarding frequency coordination as a way of bringing
some conformity to the proliferation of these new satell ites.

By Hans van de Groenendaal, * ZS6AKV
IARU Satellite Advisor

j

I
!
I

\
I

Following the increase in the num ­
ber of organizations building and
launching satellites operating on

frequencies allocated to the Amateur
Satellite Service, various attempts were
made to introduce a coordination system.
This led to the appointment of the IARU
Satellite Advisor, who is responsible to
the IARU Administrative Council and
charged with the task of working closely
with AMSAT and other organizations to
provide a coordination facility and a link
to the IARU.

Various processes were followed,
including the appointment of a Satellite
Frequency Coordinator who reported to
the IARU Satellite Advisor. T his did not
work too we ll, as a single person was not
always ab le to takea world view. In addi­
tio n, the volume of work had grown wel l
beyon d the abi lity of two vo lunteers to
handl e it.

Some years back, fo llowi ng recom­
me nda tions by the IAR U Satellite Ad­
viser to the IARU AMSAT International
Forum, held in alternate years in con­
junction with the AMSAT UK Collo­
quium and the AMSAT NA Space
Symposium, an Advisory Panel was
introduced. Over the past four years this
panel has developed a transparent
process that has greatly enhanced the
coordination of frequencies for satellites
tha t operate on frequencies allocated to
the Amateur Satellite Service. Credit is
due to the unstinting amount of time and
effort the panel has put into it.

*P.O. Box 90438, Garsfontein 0042,
South Africa
e-mail: <hanstisintekom.co.;a>

38. CO VHF • Winter 2007

Currently the panel is as fo llows:
Convener, Hans van de Groenendaal,
ZS6A KV; Region I, Graham Shirvi lle,
G3VZV, and Norbert Notthoff, DF5DP;
Region 2, Ray Soifer, W2 RS, and Art
Feller, W4ART; Region 3, Jan King,
VK4GEY. Panel members were chosen
for their expertise and experience on rec­
ommendation from the regional IARU
organizations and AM SA T groups.

Changing Environment
At one stage only satellites operating

on frequencies allocated by the IT U to the
Amateur Satellite Service were designed,
bui lt, and launched by AMSAT groups
in various countries. Ot her institutions­
such as uni versi ties, tec hn ica l co lleges,
and nat ional space age nc ies-are now
showing a growi ng interest in sma ll sa te l­
lites as ed ucational and develop me nta l
projects. Many of these satellites are "sci­
entific birds" used for research into sci­
entific pri nciples that have little or noth­
ing to do with amateur radio, or are
"educational birds" primarily intended to
train students in satellite engineering, yet
they will operate on frequencies allocat­
ed to the Amateur Satellite Service.

Different countries have different
views on how amateur frequencies may
be used and many encourage education­
al ins titutions to do so. In some areas of
the world, even projects that border on
commercialization are licensed to oper­
ate on amateur frequencies.

This has raised the question of when a
satellite is an amateur satellite. There are
ma ny di fferen t views on the subject. I,
however , believe that the answe r ca n be
found in the IT U Radio Regul ati on s.

Here are the relevant definitions:

Article 1
1.56 amateur service. A radiocommunica­

tion service for the purpose of self-training,
intercommunication and technical investiga­
tions carried out by amateurs, that is, by duly
authorized persons interested in radio tech­
nique solely with a personal aim and without
pecuniary interest.

1.57 amateur-satellite service. A radio­
communication service using space stations
on earth satellites for the same purposes as
those of the amateur service.

Certain other regu lations are also
worth noting, as they re late to the pur­
poses for whic h an amateur sta tion, sa te l­
lite, or otherwise ca n be operated :

Ar ticle 25
Section 1

25.1 Radiocommunication between ama­
teur stations of different coun tries shall be
permitted unless the administration of one of
the countries concerned has notified that it
objects to such Radiocommunications.

25.2 Transmissions between amateur sta­
tions of different countries shall be limited to
communications incidental to the purposes of
the amateur service, as defined in o. 1.56
and to remarks of a personal character.

25.2A Transmissions between amateur sta­
tions of different countries shall not be encod­
ed for the purposes of obscuring their mean­
ing, except for control signals exchanged
between earth command stations and space
stations in the Amateur Satellite Service.

25.3 Amateur stations may be used for
transmitting international communications
on behalfof third parties only incases of emer­
gencies or disaster relief. An administration
may determine the applicability of this provi­
sion to amateur stations under its jurisdiction.
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Condensed step-by-step procedures
Simplify Setup and Operation
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Universal HT Desk Stan d
Heavy Duty Steel Construction
Adjus table to fit most all HT's

Radio Setup Guides
Short Form Guides For:

Kenwood, Icom , Yaesu,
Elecraft and Ten-Tec Radios

Nifty! Ham Accessories
1601 Donalor Drive . Escondido, CA 92027

(760) 781-5522 • www.niftyaccessories.com

Patented device for handhe ld radios.
It gives an increase in transmitted
energy and sensitivity of 800% or more.
Keep it in your pocket until you need it!

Ideal for emergency communication!

Available through both websites ...
read reviews
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Victoria B.C. Canada

ROTOR DOCTOR
Rotors, Parts and Repair Service
Reconditioning Large or Small

American Made Rotors
Repair-$50.00 ' Rebuild-$100.00'
All parts in stock for immediate

delivery.New units for sale.
Trade-ins welcome.
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Contact N8DJB
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National Society
Support is Needed

Even considering the potential oppor­
tunities that educational satellite projects
can provide for legitimate amateur satel­
lite activities, as well as the role of edu­
cational institutions in training and moti­
vating new generations of amateur radio
space enthusiasts , the danger of over­
crowding amateur frequencies exists.
IARU member societies thus have an
important role to play :

First, member societies should work
with those in theircountry who are respon­
sible for satellite projects intended for
operation in the amateur bands to educate
them about how appropriate frequency
planning will benefit their projects.

Second, member societies should
work with their national administration
to promote the proper use ofamateur fre­
quencies in accordance with the Rad io
Regu lations.

Third, engage with educational institu­
tions to create an understanding of the
amateur service and to encourage
prospective satellite project teams to
study the IARU paper "What is an Ama­
teur Satellite."

The author welcomes comments and
suggestions. •

request and interacts with the various
role-players to achieve a common under­
standing. Where a satellite is strictly non­
amateur, every effort is made to convince
the requester to seek alternative frequen­
cies. This is, however, not always possi­
ble . The coordination process is set into
action and the panel selects the best pos­
sible frequencies and proposes these to
the requester.

The process is transparent and regular
updates are posted on a website hosted by
AMSAT UK (linked from <www.iaru.
org/satellite» . The panel monitors the
progress of the project and, where appro­
priate, offers advice.

Many educational institutions have lit­
tle or no idea of how the Amateur and
Amateur Satellite Services operate­
how radio amateurs do band planning to
ensure maximum usage of the allocated
frequency spectrum and how limited the
resource really is. Often the same fre­
quency has to be coordinated for a num­
ber of satellites becau se there simply is
not enough spectrum available. Thi s
process is carried out with lots of thought,
including study of the orbit and the type
of usage and ground station location.

The Frequency
Coordination Process

Prospective builders complete a form
with as much detail as possible. The panel
studies this . Copies of the requests are
sent , for comment, to the National So­
ciety and the AMSAT organization in the
country where the request originated.

The panel discusses the validity of the

It is sometimes difficult to determine
whether a particular satellite that is
intended to operate in the amateur sate l­
lite segments shou ld be licensed in the
Amateur Satellite Service or as an exper­
imental station. However, that is a mat­
ter for the licensing administration. The
advisory panel believes that it is appro­
priate that such satellites be coordinated,
since the benefits of doing so outweigh
the potential disadvantages.

Whether such satellites are licensed as
amateur or as experimental stations is for
the authorizing administration to deter­
mine. There is no point in attempting to
second-guess that dete rmination. In either
case, if the satellites are operating in the
amateur bands it is desirable that their
operation be coordinated in order that their
operation is confined to the amateur satel­
lite allocations and is conducted so as to
minimize the possibility of harmful inter­
ference to (other) amateur satellites.

The request for coordination of satel ­
lite frequencies is done by completing the
coordination form that is avai lab le at
<www.iaru.org/satellite>. The preamble
to the form sets out the various condi­
tions . A wealth of other information of
interest to satellite builders is available
on above URL.

In the panel' s interaction with non ­
amateur organizations building small
satellites that operate on amateur fre­
quencies, it became apparent that many
had limited know ledge about amateur
radio and abo ut amateur radio 's involve­
ment in sate llite co mmu nications and the
leve l of technological expertise that had
been developed since the launch of
OSCAR I in 1961.

Individual panel members are doing a
great job interfacing with universities ,
the small satellite industry, and other
interest groups, highlighting the AMSAT
message: "Amateurs pioneered the small
satellites, industry followed."

Section II
25.10 The provisions of section I of this

article shall apply equally, as appropriate, to
the Amateur Satellite Service .
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The Phase Modulator in NBFM
Voice Communication Systems

Why is a phase modulator, rather than a frequency modulator, used in
FM communication systems? W0INK discusses the reasons why this type of
modulator is best for this application.

By Virgil Leenerfs ,* WOINK

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

Delta f versus Modu lat ion Frequency

Figure 1. The classic plot of delta-f as a fun ction of a flat modulation f requency
response f or both f requency and phase modulators.

30002000

Visit Our Web Site

the tran smitter, the sys tem is properl y
called an FM system.

Both frequency and phase modulators
generate modul ation that has both a delta­
f (dev iation) component and a delta-p
(modulation index-radians) co mpo­
nent. (Note: delt a-f and delt a-p occur
simultaneously and each rep resent s a dif­
ferent aspect of the same thing-angle
modulation). Figure I illustrates the clas­
sic plot , delta-f as a function of a flat mod­
ulation frequ ency response for both a fre­
quen cy and phase modulator.

The relationship used for these plots is
the classic relationship between FM and
PM for a single-tone frequency. The
expression is delta-p =delta-f / fm. Delta­
p is more commonly recognized as the

r
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emphasis or differentiator circuit, making
it a phase modulator. The merits, or lack
thereof, of phase modulation from a phase
modulator or a frequen cy modulator pre­
ceded by a differenti ator circuit are not
within the scope of this article.

FM receivers have discriminators that
convert the incoming RF signals to an
audio output. Since FM discriminators
demodulate only the delta frequency
modulation of the modulated signal (not
the phase modulation), the receiver sees
only the frequency modulation of the
modul ated signal. Because the recei ver
detects only the frequency modulation of

The FM Discriminator

*100 7 W 30th sc. Love land, CO 80538
e-mail: <wOink @arrl.net>
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The phase modulator has been a point
of discussion as to why it, and not a
frequency modulator, is used in

what are called FM communication sys­
tems. This article' s goal is to show why.
There are a number of point s regarding
why phase modulators are used and they
are probably valid , but this articl e will
show that to meet technical requirements
and create efficient operation with a voice
response, a phase modulator is best.

Looking at the characteristics of fre­
quency and phase modulators and com­
ing to a conclusion that one is better than
the other without con sidering the system
technical requirements can lead to incor­
rect conclusions. Frequency modulators
and phase modulators have different
characteristics as a function of the input
modulation voltage frequency respon se,
and they need to be understood in order
to come to the correct conclusion.
. The explanation of why a phase mod­
ulator is the modulator of choice will be
undertaken by breaking down the ele ­
ments that make up the system perfor­
mance. Once the elements are gone over,
then the characteristics of these elements
will be used to explain why the phase
modulator is used in FM communication
systems. The breakdown is as follow s:

The FM discriminator
The voice respon se
The modulation index

After the above discussions, the techni­
cal requirements will be applied to sort out
the reasons for using the phase modulator.
Also for this discussion, the phase modu­

·Iator can be either a phase modulator, or a
frequency modulator preceded by a pre-
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ous delta-f versus modulation frequency
plot. For this article, deviation is assumed
to be ± ( ) deviation.

The Voice Response
Using the res ults fro m the flat fre­

quency response would lead to different
results and may be fine if the modulation
charac teristics needed to be a nominally
flat response for modulation inputs such
as music. However, the co mmunications
system was designed to have the human
voice, and not music, as the modu lation
input. Thi s requirement brin gs about the
need to analyze the characteristics of the
modul ators so as to optimize the modu­
lation for the human voice.

The voice spectrum respo nse has char­
acteristics that are, at best, very complex
and are what gives everyone ' s voice a
unique sound. However, a search of
material for the voice spectrum reveals
that the general characteristic of a voice
is a sloping response of 6 dB per octave
starting in the 300- to 400-Hz range . Th is
general sloping in respo nse is always pre­
sent eve n though the actua l spectrum
components are very com plex.

Figure 3 illustrates the plot of the voice

5000

30002000

quency modulator plots, a flat frequency
deviation of 5 kHz for modulation fre­
quencies from 316 to 3 160 Hz resulted in
a phase deviation from 15.8 to 1.58 radi­
ans. For the phase modulator plots, a flat
phase deviation of 1.58 radians for mod­
ulation frequencies from 316 to 3 160 Hz
resulted in a frequency deviation from 500
to 5000 Hz, which is shown in the previ-
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Delta p versus Mod ulation Frequency

Figure 3. The plot of the voice response for the word "oh."
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modulation index . Note that this exp res­
sion is for a sinusoid steady-s tate modu­
lation freq uency .

What appears in figure 2 is the not-so­
often shown plot of delta-p as a function
of a flat modulation frequency response
for both a frequency and phase modula­
tor. Both plots assumed a maximum devi­
ation of 5 kHz as the reference. For the fre-

Figure 2. The not-so-often-shown plot of delta-p as a f unction ofa flat modulation
frequency response fo r both fre quency and phase modula tors.
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res ponse for the word "oh," whic h is very
typical ofwhat the human voice spectrum
components look like . Thus, for the FM
communication systems, the modulation
input is a voice response that has a 6-dB
per octave or 20-dB per decade sloping
response. An examination of the audio
clipper circuit in a narrow-band FM
(NBFM) transmitter will reveal that it
operates on the basis that this is the
expected input response.

Figure 4 illustrates the response in
decibels versus the log of modulation fre­
quency for the flat and voice responses.
These are the modulation response
curves used for all the other plots.

Figure 5. The plot ofmodulation index versus modulation frequency.

Figure 6. The plot ofdelta-for deviation versus modulation f requency.

Figure 4. The response in decibels versus the log ofmodulation frequency for the flat
and voice responses. The modulation index is a parameter

that is used to indicate the level of mod­
ulation relative to the carrier level.
Another way to look at it is that the mod­
ulation index is how much power is in the
sidebands that carry the modulation
information, and as such, should be as
large as possible. For AM, the modu la­
tion index is usually stated in percent,
with 100 percent being the upper limit to
avoid distortion. For FM or PM, the mod­
ulation index has no upper limit, but just
like AM, it is advantageous to keep the
modulation index as large as possible.
The modulation index for FM or PM does
not have the constraint of distortion like
AM , but it does have a constraint ofband­
width. The modulation index for a fre­
quency modulator is determined by the
expression of deviation over modu lation
frequency. The deviation of a frequency
modulator is proportional to the modu la­
tion amplitude. The modulation index for
a phase modulator is proportional to the
modulation amplitude. Conversely, the
deviation of' a phase modu lator is pro­
portional to the modulator amplitude and
frequency . It is very important to note that
the modulation index and deviation are
very different for frequency and phase
modu lators as a function of modu lation
amplitude and modulation frequency.

Figure 5, which illustrates the plot of
modulation index versus modu lation fre­
quency, was made with the condition that
the maximum deviation is 5 kHz. Be­
cause the voice amplitude response is a
maximum at low frequencies (for this
plo t, the low frequency is 316 Hz), the
modulation index is lower as mod ulation
freq uency increases. Note that the over­
all modulation index for phase-modulat­
ed voice is higher than freq uency- modu-

The Modulation Index
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Figure 8. The bandwidth ofFM and PM signals that were measured at-3D dBm below
the carrier.

Appendix A
Figure 8 illustrates the bandwidth of FM

and PM signals that were meas ured at -30
dBm below the carrier to show how close it is
to calculated bandwidth using Carson's Rule.

My textbooks did not indicate what the
level in dB down from the carr ier is for the
bandwidth that is calculated using Carson's
Rule. My estimation for the bandwidth was
-30 dBm below the carrier, which is what I
used for my measurements. •

Conclusion
The plots of bandwidth, deviation, and

modulation index as a function of modu­
lation frequency show that the phase
modulator is the best overall choice for
NBFM voice communications sys tems.
It has been used for decades and is still in
use today. Note again that a phase mod­
ulator for this discussion can either be a
phase modulator, or a frequency modu­
lator proceeded with a pre-emphas is cir­
cuit, mak ing it a phase mod ulator.

with a flat modulation response and the
voice modulation res ponse. No te now
that the voice response greatly changes
the deviation vers us mod ulat ion frequen­
cy curves. With the voice response
restricted to a maximum dev iation of 5
kHz , the FM voice dev iation lowers with
increasing frequency, whic h accounts for
the modulation index being lower. The
phase-modulated voice response devia­
tion curve now has the deviation as a con­
stant over the modulation frequency
range, and as was noted in the modula­
tion index curve, has a higher modulation
index for higher modu lation efficiency.

The bandwidth of the transmi tted sig ­
nal is probably one of the most cri tica l of
the FCC requirements, as well as being a
measure of how well a channel is being
utilized. A transmitted signal that is nar ­
rower than the allowable bandw idth is
poor utilization of the modulator and the
channel. A signal that is wider than the
allowable bandwidth is interference.
Therefore, the goal is to have max imum
bandwidth over the modula tion frequen­
cies, but not over the required maximum
bandwidth. The bandw idth in the plot in
figure 7 was calculated using Carson's
Rule of estimated bandwidth. Th e ex ­
pression for FM is 2 x (delta-f + frn), and
for PM it is 2 x fm x (delta-p + I). The
phase-modulated voice response curve
results in highest bandwidth over the
modulation frequency range, with the fre­
quency-modulated voice response curv e
resulting in a falling off of the band width
over the modulation freq uency range.

3000

3000

,.

1

2000

97.307 emissions standards list only the
modulation index as a requirement. Part
97.307 (f) (I) states: "No angie-modula­
tor emissions may have a modulation
index greater than I at the highest mod­
ulation frequency ."

Figure 6, which illustrates the plot of
delta-f. or deviation versus modulation
frequency, shows the classical deviation
versus modulation frequency for the fre­
quency modulator and phase modulator
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Figure 7. The bandwidth versus modulation frequency calculated using Carson's
Rule ofestimated bandwidth.
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lated voice, and thus the phase modula­
tor better utilizes the voice response for
higher modulation efficiency.

Technical Requirements
The generally accepted technical re­

quirement in the Amateur Radio Service
for NBFM is a maximum deviation of 5
kHz and a maximum bandwidth of 15 or
20 kHz. The Amateur Radio Service Part
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Stereo Microscopes
for Surface-Mount Soldering

Here are some suggestions from hams about what to consider when
you want to buy a stereo microscope for your soldering projects.

By Steve Bible, * N7HPR

The Luxo MicroLux Microscope System. (Photo courtesy of
Stanley Supply and Services)

venient when you want to get it out of the way. The only nicer
microscope I have seen is a stereo one that gives you a 3D
image. While not a must, it is a nicer viewing experience .

Lyle Johnson, KK7P
A couple more comments: I bought an inexpen sive stage­

type binocular microscope a few years ago , with a rotating (not
zoom) lens system. It was helpful, but not as useful as I had
hoped. Last year I bought a 7-45X binocu lar zoom microscope
on a boom stand with a circ ular light system from
"Precision*World," a dealer on eBay. They sell for $350 to
$425 depending on, well, who knows? This is a huge improve­
ment and I use it all the time. I bought a 0.5X Barlow lens for

(

Assi Friedman, KK7KX/4X l KX
I agree with Chuck. We have a B&L stereo zoom 4. We got

it from an industrial liquidator. You can often purchase them
for around $400 to $500. We have the rear illumin ator (it's the
cylinder in the back), which isn't as good as a circular one.
However, since we tend to work on a board from the left and
right sides, I rarely block the light. The boom is a must indeed,
as it allows you to work on a box or a bare board . It is also con-

AfrequentlY asked question is what one should look for
when purchasing a microscope for surface- mount sol­
dering. What follows are some suggest ions from vari­

ous users of stereo microscopes.

*2470 W. Thompson Way. Chandler, AZ 85248
e-mail: <n7hpr@tapr.org>

Chuc k G reen, NOADI
You need a stereo zoom microscope, magnification lOX.

Most of the time I use 7X to get a wider field of view. Higher
magnifi cations are sometimes useful for looking at suspect
items, but this is rare. I never use greater than 40X, and even
this is extremely unusual. Distance to focal point should be as
long as possible. Remember, you need to work in this space .
Mine is about 3 inches, and that is often limiting.

Get a reall y good light. It might be a significant porti on of
your total outlay . It' s worth it! I have a 360-degree (goes
completely around the objec tive lens) fluorescent light. It
was pricey, but I'm glad I go t it. Its only drawback is that it
is a bit large and exacerbates the workspace under the micro­
scope problem. Since I bought this, some LED lights have
becom e available which might be better. I have no experi­
ence with these.

Don 't get a microscope mounted on a stage. Get it mounted
on a boom. The stage just gets in the way. You really want your
work to only be on your anti-static mat, so the microscope needs
to be able to swing out over this space. My boom is about 22
inches long and is ju st about right. The length that is best for
you will depend on your workspace. Mine is a standard desk
(5' x 30"). You want to be able to swing the microscope in and
out as needed . This needs to be easy to do, as you will do it a
lot. It' s also nice to be able to swing the microscope completely
off the surface of your workspace so you can get large objects
under it.
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Steve Bible, N7HPR
Finally , take a look at <http: //www.

microscope-store .com>. The author also
goes by "windypines" on eBay. •

John Stephensen, KD60ZH
The best that I've found is the Luxo

MicroLux Microscope System . It has a
lO-inch working distance with 5X mag­
nification and will do 20X . These are
available from Stanley Supply and
Services (on the web : <http://www.
stanleysupplyservices.com/product­
group.aspx?id=6587». Prices are: $878
for the model with a mounting clamp and
$962 for the model with a weighted base.
A O.5X Objective Reducing Lens is also
available for $ 125.

it, and sometimes wish I had bought a
O.25X or O.3X instead , as the minimum
magnification of3.5X is sometimes a lit­
tle too much. 7X as a minimum is defi­
nitely too much.

One problem with this microscope is
that as you vary the zoom, the focal length
changes. Therefore, as you zoom, you
need to raise or lower the head slightly.
This is not a big deal, as it is well within
the adjustment range of the knob. With
the Barlow lens, the focal length is about
5.5 inches. This is a comfortable work­
ing distance.

To prevent solder fumes from plating
on the lens, I put a small piece of Costco
plastic kitchen wrap over the lens and
hold it in place with a rubber band. This
seems to not distort things optically, and
it means I don't have to touch the lens
surface with anything to clean it, jus t toss
the plastic wrap. Of course , I use a solder
fume extraction blower when I solder
under the ' scope.

Downsides of this 'scope:
I. The lamp is a little weak, or maybe

my eyes are just tired. I sometimes wish
for a little more brightness.

2. The variable focal length with zoom.
3. I wish the boom were longer.
4. It would be nice if the boom were

grooved so that if I wish to alter its
extended length, the head wouldn't rotate
about the boom' s long axis. In practice,
this is not a problem, as I rarely need to
change the extension. I see the same deal­
er carries a "dual arm boom" system to
mitigate this. Would I buy one of these
again? Yes. I haven't found a better value
for the money.
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By Joe Moell," K00V

HOMING IN
Radio Direction Finding for Fun and Public Service

RDF in the Headlines

Whether for sport or for public service, stories abo ut RDF
(radio direction finding) are of interes t to the general
pub lic as we ll as to ham operators. Although they

rarely explain the technical details, the mainstream med ia ofte n
present news items that include electronic signal tracking. Let's
dig into some recent ones.

As I write this, there is much in the news abo ut James Kim,
a Senior Editor for CNET, who perished while seeking help for
his stranded family in the mountains of Oregon after a severe
snowstorm. CNET is reporting that the successfu l search for
Kim's wife and children was great ly aided by a brief signal
from his cell phone.

The very remote spot where the Kim fam ily vehicle became
snowbound was blocked from all the towers of his prov ider,
Cingular Wireless. They cou ld not call 9 11. However, two
clever engineers from Edge Wireless, the regional operator,
scoured the call data records and found a single "pi ng" from
James Kim's phone at I :30 AM to a tower near Glenda le,
Oregon. This brief transmission was acknowledgement of a
waiting text message.

Kim drove out of that "sweet spot" before picking up the
message, but the automatic transmission exc hange was enough
for the two Edge engineers to determine that his phone was less
than 26 miles southwest of Wolf Peak in the little-used "Z" cov­
erage sector. They then employed computer mode ls to deter­
mine areas of moun tain shadowing and combined that data with
their own knowledge of the region to direct searchers toward
Bear Camp Road, which is where Kim's family was found in
the vehicle. Kim had driven down that road by mistake because
a vandal had broken a lock and opened the gate to it.

The Kirns' planned route for their Thanksgiving holiday was
from Interstate 5 to Gold Beach via NF-23, but they took a
wrong turn. Instead of backtracking, they continued in hopes
of finding another road back to NF-23. That wou ld have been
tricky even in good weather. I remember a mobi le hidden trans­
mitter hunt in the Oregon coastal mountains back in Ju ne 199 1.
VHF signals constantly fluctuated in amplitude and direction
due to the steep forested terrain. The poorly maintained log­
ging roads were a confusing maze. Eventually, April and I found
the hidden transmitter, and then we faced the challenge of find­
ing the right way out.

E911 and RDF
The Kim tragedy points out how far this co untry is from the

goal of 100% cellular coverage and accurate location of per­
sons who call for help via cell phones. For many years, dis­
patchers at the approximately 10,000 PSAPs (Public Safety An-

*P.O. Box 2508, Fullerton. CA 92837
e-mail: <kOov@!lomingin.com>
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This Cingu lar Wireless tower has three sets of directional
antennas to increase channel capacity by dividing coverage
into multiple sectors. The antennas do not have sufficient direc­
tivity to provide accurate angle-of-arrival information on

incoming signals. (Photo by Joe Moell, KfJOV)

swering Points) around the USA have had near-instant indica­
tion on their computers of the street addresses of landline ca llers
to 9 11. In 1996, the FCC demanded in Docket 94-102 that cel­
lular and PCS providers send the exact location of their 91 I
callers to dispatchers and gave them until October 1997 to start
doing it.

The carriers objected, so the regulation was modified for a
two-phase implementation of Wireless E911 technology, as it
was called. In Phase I , by October 1997, the location of the cell
tower receiving the 9 11 call was to be displayed to dispatchers
and a callback number presented. In Phase 2, by October 200 I,
the location of the caller had to be displayed to an accuracy
of 100 meters 67% of the time and within 300 meters 95% of
the time.

Given that the cellular/PCS industry was undergoing major
changes at the time, with older transmission protocols being
replaced with newer ones such as GSM (Global System For
Mob ile Communications), and given that FCC didn't require the
benefiting public-service agencies to provide funding, that time-
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Customers of Verizon and Sprint wire­
less services are being conve rted to
handsets with built-in C PS so their exac t
locations can be transmitted to 9 11 dis­
patchers. Will C PS be built into amateur

radio handi-talkies of the f uture ?

table was completely unreali stic. Carriers
tried hard , as their responses show . ' How­
ever, techni cal imposs ibility and earnes t
efforts didn 't deter the courts and the FCC
from imposing consent decrees and mil­
lion-doll ar penalti es on them when the
original and ex tended deadlines weren 't
met. That penalty money could have been
better spent on more towers in wilde rness
areas to help people such as the Kims.

At first , it appea red that classic RDF
techniques wo uld pla y a big part in
Wireless E9 1I . Th e antennas at most ce ll
towers are directional, and it was thought
that mult iple-tow er amplitude-based tri­
angulation could locate the ca llers. Th e
antennas wo uld determine ang le of ar­
rival of handset signals and automa tic
attenuato rs wo uld faci litate estimation of
distance to thern .I

Typ ical ce llular tower antenn as have
an az imuth beam width of 30 to 90
degrees. Th at directi vity made it possibl e
to determine that the Kims were in a par­
ticular coverage sec tor. To ge t suffic ient
arri val-angle acc uracy to meet the FCC's
E9 1I requirem ent s, much narrower
beam width would be needed. Such mul ­
tipl e-elem ent antenna arrays wo uld be
much larger and more co mplex, and
wo uld be needed at eve ry tower. Ac­
curate distance estimates by attenuation
might be possible if users were always
outdoors in the clear, but in practice, this

www.cq-vhf.com

proved unsuccessful due to unpredi ctable
losses through wall s and vehi cle glass, as
well as from retl ections.

Traditional RDF meth ods showed the
most promi se on old anal og ce ll sys tems,
where time ave rag ing could have refin ed
the bearin gs on continuous-carrier hand­
se t transmi ssions. How ever, they were
soon ruled out for pul sed digital sys tems
such as TOMA (T ime Division Multiple
Access) and GSM . For that , eng inee rs
turn ed to the TOGA (time-difference-of­
arriva l) location meth od.

Ju st as GPS (G loba l Positi on ing Sys­
tem ) rece iver s determine posit ion and
altitude by co mparing the differen ces in
signal arriva l tim e from three or more
orbiting sa te llites, pro vid ers suc h as
Ci ng ular and T-M obil e are now deter­
mining the location of 9 1I calle rs by
detecting the difference in signal arri val
tim e at multiple towers. So me writers
have used the wo rd trian gulat ion to
describe this meth od of location , but the
co rrec t term is tri latera tion if there are
th ree sites and multilateration if there
are more.

The FCC mandate spurred the form a­
tion of man y small companies that see k
to provide Wireless E911 so lutions to the
major ca rriers . New processin g algo ­
rithms to improve location acc uracy and
reliab ility are being developed . Cingular
has partn ered with TeleCommunications
System s and more recently with
Tru ePositi on for location technologies.
Cin gular is also moving rapidly to con­
vert all users to GSM phones and to shut
down its analog network as part of E9 1I
impl em ent ation .

Th e Verizon Wireless and Spr int
Nextel netw ork s employ COMA (Code
Division Multiple Access) transmi ssion
protocol to squeeze many users onto a
single radio pair. COMA is not co mpat­
ible with TOGA positioning, so a net­
work-based E9 11so lution is not possibl e
for them. Th ese companies have turn ed
to hand set-based solutions. All users are
bein g co nve rted to phones with built-in
GPS rece iver s. GPS chipse ts have im­
proved grea tly, but still do not work in all
places, parti cul arly indoors. Neverthe­
less, the FCC has accepted this meth od
of achiev ing E9 1I compliance.

After many false starts, fund ing squab­
bles, and technological cha lle nges,
W ireless E9 11 impl em ent ation is finally
nearing co mpletion. Th e next step should
be to ex pand all netw ork s with more tow­
ers in wild erness areas to increase cover­
age and improve location ca pabilities .

After all, it' s the wilderness areas where
tragedi es such as that of the Kim famil y
tend to occ ur.

Geeks in the Woods
Intern ational-rul es ARDF (A ma teur

Radi o Direction Finding) also fo und its
way into mainstream med ia in recent
weeks. Dennis Moran of the Sa nta
Barbara News-Press in Ca lifo rnia told
readers of his visit to a practice event in
Go leta. He did an excellent job of ex­
plainin g radio-orienteeri ng fro m the
basics to nuances such as the importance
of tak ing reg ular bearings on up to five
foxes while you track down one at a time.
As always, however, there we re refer­
ences to the esoteric nat ure of the sport.
The first line was "Jay Hennigan ca me to
the crossroads whe re electronics-geek
meets athlete-and he ran rig ht past it,
antennas shaki ng ."

Wri ter Mo ran was referring to
W B6 RDV, who was fea tured on the
cover of the last CQ VHF magazine as he
pract iced in Bulgariajust before the 2006

Jay Hennigan, WB6RDV, runs to the
fi nish line at the 2006 USA ARDF
Championships in North Caro lina. He
was featured in a Santa Barbara News­
Press ar ticle on Nove mber / 7. (Photo

by «eov,
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Plan Now for USA's National ARDF Championships
ARDF World Champio nships. Jay is j us­
tifiably pro ud of his near addiction to
electronics. He ' s quoted in the article as
saying, " I've been a gee k all my life, if
you will. In fac t, I joke abo ut this as be ing
one my 'geeks runn ing through the
woods' ac tivities."

Thanks to Marvin Johnston , KE6HTS ,
of Santa Barbara for arran ging this cov­
erage of ARDF in his hom e city. Ma rvin
is familiar to regul ar readers of this col ­
umn because he has been one of USA's
foxta ilin g pioneers. He was on the small
team that rep resent ed the USA for the
first time at the ARDF Wor ld Champio n­
ships back in 1998. Sin ce then , he has
serve d twice on the intern at ional jury at
the World Championships .

In 2004, KE6HTS led Sant a Barbara
Amateur Rad io Club's spo nso rship of the
USA ARDF Championships at sites
northeast of Los Angeles.I Now he ' s
prep arin g to do it again. Marvin is chai r
of the SBA RC co mmittee that will put on
the 2007 USA ARDF Cha mpio nships
(see side ba r).

Months befor e, tran sm itter hu nting
was featured in the "Outdoo rs" sec tion of
The Los Angeles Times und er the titl e
"Signa l Stalk ers" and the subhead
"Obsessions." The wri ter gave an excel­
lent description of his ex periences at a
radio-orient eer ing eve nt in Griffith Park
and a mobil e T-hunt in the land of free­
ways. He quoted one mobi le hunter as
say ing, " It's an addiction, but at least it' s
not dru gs."

The results of tran smitter hunts are
nearl y always unexpected , and the results
of inviting a reporter to an RD F eve nt are
equa lly unpredi ctabl e. The Los Angeles
Times photographer wa nted to follow a
Griffith Park on-foo t hunter and one of
the experi enced ones voluntee red. Un­
fort unat ely, he was first to go out and last
to return tha t day, so the photographer
missed the opportunity to snap photos of
many other co mpetitors, including so me
young peopl e, in the inter im .

I have learned the hard way that you
can 't stac k the deck in a situation like this.
Wh en a Fullerto n newspaper reporter
asked to ride with Apr il and me on a
mobi le hunt a decade ago, I wa s co n­
cerned because recent hu nts had feature d
ver y we ak signals. I knew I co uldn' t ask
the hider to " rig" this event, but I strong­
ly requested that he not pu t on a weak­
signal hunt that wo uld result in the
reporter sitting in the back seat with no
signal to hear for most of the evening.

Big mistake! Thi s sly fox accommo-
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Santa Barbara Amateur Radio Club and
Los Angeles Orienteering Club are joining
forces to host ourcountry's next major radio­
orienteering event. The Seventh USA Cham­
pionships of ARDF will take place
September 14-1 6, 2007 at South Lake
Tahoe, in the Sierra Mountains near the bor­
der between California and Nevada.

The courses for this event will truly be
world class. They will be in the same forests
where the United States Orienteering Fed­
eration held its 2003 national championships
of classic orienteering with 350 competitors.
The maps are excellent and the course setter
will be Bob Cooley, KF6VSE, a winner of
medals in both classic and radio-orienteering.

Friday will be a practice and equipment
checkout day, followed by the 2-meter con­
test on Saturday and the 80-meter contest on
Sunday. Event headquarters will be at Camp
Concord in the El Dorado National Forest.
An inexpensive package including two
nights ofl odging in the rustic cabins and five
meals will be offered to event registrants.

dated me by puttin g his hidd en T on a hill­
top and running much more than the usual
power level. Strong signals were every­
where! Thinking I had arri ved , I got out
of the car to "sniff ' on foot several time s
when I was still a mile away . The reporter
got lots of laughs at my expense that night.

Styrofoam in the Snow
Transmitter hunting mad e new s in

Illin ois on December 7. Edito r Chuck
Gy si, N2 DU P, of the Macomb Journal
reported on a ham radi o high-altitude bal­
loon that land ed near his town. It had been
laun ched by the Kansas Wesleyan Uni­
ve rsity Physics Club from a football field
in Salina on the previous Saturday , with
a ham radi o package by Pete Sias, N00Y.
The balloon asce nded more slowly than
antic ipa ted, so it spent more than the
usu al amo unt of time in upp er-level
winds . Tracking teams had lost the GPS
data signal by the time it got well into
Missouri and were nowhere nearby when
it land ed .

Bill Brown, WB8ELK, who has assist­
ed and coord inated high -altitude ham
rad io balloon ex perime nts for decades,
ca lled in Mark Garrett , KA9SZX. Mark,
who is Ass istant Director or Technology
for Tri-States Pub lic Radio in Macomb,
had done RDF for balloons before, as
we ll as for pirate radio stations and some

There are other lodging and dining options
nearby.

The course sites are so good that they will
attract the attentionof ARDFenthusiasts from
around the globe as well as around the states. I
Inquiries about attending have already been
received from Asia. As in recent odd-num­
beredyears, the 2007 USAARDFChampion­
ships will be combined with the ARDF cham­
pionships for International Amateur Radio
Union(IARU) Region2,encompassingNorth
and South America. Previous IARU R2
championships in the USA have drawn com­
petitors from Australia, Canada, Czech,
Bulgaria, Hungary, Japan, Kazakhstan,
Russia, and Sweden.

The USA ARDF Championships are open
to anyone, beginner or expert, with or with­
out a ham radio license. More information on I

this event plus registration forms, when they
are available, can be found at <www.
homingin.com>. See you there!

Joe Moell. KfJOV
ARRL ARDF Coordinator

ham radio cornpenuons. I contacted
Mark to get all the detail s.

Although the APRS payload batteries
were dead, N00Y had incl uded a sm all
metal-can oscillator on 28 .322 MHz . Its
antenna was resonant on the fifth har­
monic at 14 1.6 IO. The oscillator was
keyed by a timer chip powered wi th a 9­
volt lithium battery and regulator chip. A
map from Ralph Wallio, W 0 RPK,
showed a predicted lfl-mi le landing
radius just north and eas t of Blandins­
ville, Illinois.

"That's about 15 mi les from where I
work," Mark wrote. "Monday evening I
began a search pattern in hopes of hear­
ing the package. I used my ICOM 2810
dual -band mobile radi o and an MFJ dual­
band low-profile ant enna. I kept the
sque lch open and drove around listening
for any change in the white noi se. When
I heard something, I tried to confirm the
same change on the lO-meter rig.

"Since we had received nine to eleven
inch es of snow on Friday, it was rough
going. I almost got stuck on one cou ntry
road that dipped slightly be low grade . I
ac tually drove along the east side of the
block that the balloon was in, but I did
not hear it due to terrain.

"After giving up aro und 9 PM, I called
WB8ELK and asked him ifhe could nar­
row up the search area. Bill was in tran ­
sit and did not have any tracking pro-

Visit Our Web Site



CO VHF books, calendars, cds & more!

, .
. : : :- ;, l: ,:
" . " . .. II ]" ...

: : : . ~. .

$27.95

$10.95 ea. ~

HR Anthologies

Buy all 4 for only $7~

2007/08
calendars

Classic Calendar
15 magnificent, full-color
vintage radio images

Order No. CCAL

MIL SPEC Radio Gear
Korean War To Present Day
by Mark Francis, KlOPF

Order No.MILSPEC

Ham Radio Operators Calendar
15 spectacu lar color images
of some of the biggest,most
photogenic shacks, antennas,
scenics & personalities .

Order No. HRCAL

Ham Radio Magazine on CD
Brought to you by CO & ARRL ~.....,..,~-
Enjoy quick and easy access
to every issue of this popular
magazine , broken down by years!

Detailed write-ups for many Iarni'ia
sets: PRC-25/-77, RT-G8, PRC-10'!

1--=='==='=--1 GRC-10G, GRR-5, R-392 and m rl
'-------' Over 230 pages of operation,

modification, and maintenance tips
and info, including 200+ illustrations.

Three sets, each containing 4 CDs ­

1968-1976 Order No. HRCD1

1977-1983 Order No. HRCD2

1984-1990 Order No. HRCD3

Buy All 3 Sets and Save $29.901

Order No. HRCD Set $149.95

Now you can enjoy collections of the best material p i!cl
lished in Ham Radio magazine, conveniently arrang
by subject and original publication date. Choose your
interest, your time period and choose your antholog~~

Homebrewing Techniques .... Orde r # AHOME

Test Eqpt & Repair Techniques ...Order # ATEST

Antennas · 1968 · 1972 ... ... .Order # AN TS1

Antennas - 1973·1975 ..... ...Order # ANTS 2

Get al/4 for $75 p lus Free shipping ...Order # AS
$29.95

$10.00

$29.95

Order No. W6SAI

The Short Vertical Antenna
& Ground Radial
by Jerry Sevick, W2FMI

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

W6SAIHF
Antenna Handbook
by Bill Orr , W6SAI
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The Complete DXer
Th ird Edition

The joy of the chase, the agony
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the stuff of The Complete DXer, a
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excites, it entertains, it teaches!
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Edition 2007
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Mark Garrett, KA9SZX, tracked a very weak 10-meter signal from the Kansas
Wesleyan University balloon package to a cornfield near Blandinsville, Illinois.
Pictured is Larry Bailey, who assisted in the recovery. (Photo by Mark Garrett,

KA9SZX)

Marvin Johnston, KE6HTS, got good publicity for ARDF in Santa Barbara recent­
ly. He is the primary organizer for the 2007 USA ARDF Championships in September.
In this photo he is introducing two Scouts to radio-orienteering at Jamboree On The

Air 2006 . (Photo by KfJOV)
From Digital World Tokyo comes the

story of 279 false distress signals that
were investigated by the Japanese Coast
Guard during June and July 2006.
Eighteen ships and 19 aircraft were
deployed during that time in an ttempt
to find the source of a beacon-like signal
on 243 MHz, one of the international fre­
quencies used for aircraft ELTs (Emer-

False SOS Signals
and a New Video

stronger but still straight ahead. We drove
until we heard it on the HT in the truck,
and by the time we stopped, we had dri­
ven past the Styrofoam-covered package.

"Bill Brown's prediction was right on
the money. The actual spot was east of
La Harpe and north of Blandinsville by
about 2 1/ 2 miles . Not bad for guessing!
The package was in great shape. ] mea­
sured the lithium battery on the beacon
and it was down to 5.43 volts after almost
100 hours of operation. That meant there
was probably a milliwatt or less being
radiated on the fifth harmonic."

Congratulations to Mark for finding
the balloon and for the good publicity.
I'm sure that RDF for him would have
been easier if the oscillator's harmonic
had been closer to the 2-meter band. ]
remember attempting to find a signal at
152 MHz with a 2-meter Yagi. Gain and
directivity were not nearly as good there,
compared to in-band.

but said it should be no problem to go in
and recover the package.

"We drove into the field about a quar­
ter mile and took a bearing. By then we
were running out of light. The signal was

grams with him. He also did not know
what Pete had launched. ] spoke with Pete
later in the evening and found out that his
package weighed 5 pounds and his para­
chute was 3.5 feet and orange in color.

"From that, Bill predicted off the cuff
that the package would be east of La
Harpe and southwest of Blandinsville. I
left work in mid-afternoon Tuesday and
searc hed around that area. I came upon a
very weak signal that was on-off in nature
and cou ld be heard on both bands.

"I went around the country block to see
if! was at the closest. ] still could not hear
it on the east side, only weakly on the
wes t, barely audible on the south, and
strongest on the north .

"A t the strongest spot on the north side ,
] got out a tape measure 2-meter Yagi''
and determined which side of the road it
was on. ] also tried to get an idea of how
far into the open corn field it was. ] didn't
need an attenuator because the signal was
pretty weak.

"A bout this time, a fellow with a 4­
whee l-drive truck saw me and offered to
take me into the field. ] asked him if he
owned the land because 'No Trespassing'
signs were posted. He said he did not but
directed me to a farm house . The woman
there said that she did not own the land,
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For OSCAR
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Phone 978-263-2 I45
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Order 0
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SPECTRUM INTERNATIONA L, INC.

•

VHF & UHF Filters
• Filters for 137 M Hz through 2500 M Hz
• Band Filters & ATV C ha nnel filters
• Attenuate "out-of-band" interference
• Define your Vestigial ATV Sideba nd
• 2M Low Pass fi lter for OSCAR rnode-J (v /u)

Call, write or e-mail for details

For WEATHER
Track sun-shine, c louds and hurricanes.

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

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

NOAA HRPT and Feng-Yun CHRPT

Automate Doppler Tuning & Antenna Steering

Uni-Trae 2003 Multi-Trae 2001
• Automatically tunes your radios, In REAL

TIME, to track the Doppler cha nges.
• Outputs steering data to your antenna

rotator to track a satellite across the sky.
• Includes custom Interface Cable to suit

your station eq uipment.
• Uses one SERIAL po rt or a US B port.

Notes

I. http://www.fcc.gov/911/enhanced/reports/phase2-waiver.html.
2. As an example, see US Patent 4,728,959
3. http://members.aol.com/homingin/gorman04.html.
4. http://members.aol.com/homingin/equipmenl.htrnl
5. Story in "Homing In," Fall 2004 CQ VHF.
6. Story in "Homing In," Summer 2006.
7. Story in "Homing In," Winter 2006 .

gency Locator Transmitters). Eventually, with help from the
Kanto Bureau of Telecommunications, the source was found in
Chiba, a seaside suburb of Tokyo. The interference was being
caused by a defec tive cord less telephone.

Would amateur radio operators have assisted if this case of
interference had occurred in the USA? RDF-proficient hams
have tracked down many sources ofQRM to important radio ser­
vices in recent years, including a stuck marine radiotelephone
transm itter.> defective video surveillance camera.? and satellite
communications modern.? I would like to hear your success sto­
ries of RDF for public service, as well as for fun. I also want to
know how transmitter hunting has provided good public rela­
tions for our hobby in your area. My e-mail and snail-mail
addresses are at the beginning of this column .

A unique form of publicity for transmitter hunting ends this
edition of "Homing ln." A music video that includes competi­
tive ARDF has been released by a pop group in the Czech
Republic. I don't understand the words (can someone trans­
late?), but it appears that there's a spark of romance between a
young radio-orienteer and a YL electronics assembler. What
does it all mean? Download the 20 MB video at <http://www.
krystof.net/ke_stazen i/krystoCrubikon.wmv> and decide
for yourself. 73, Joe, K00V

This high-altitude balloon payload by Pete Sias, NfJOY, was
launched on December 2, 2006 in Salina, Kansas and

recovered three days later in Illinois. (Photo by KA9SZX)
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By Joh n Champa,* K80CL

HSMM
Communicating Voice, Video, and Data with Amateur Radio

Building an Amateur Radio Digital Network
New Opportunities for Radio Amateurs

This month's HSMM column is guest authored by Paul Toth ,
NA4AR.t

Anyone who has ever linked two or more analog voice
repeaters together knows you need several key ingredi­
ents to build a network. You need spectrum diversity for

the repeaters and the linking fabric, vertical real estate to mount
the antennas , security to control how the links and repeaters are
managed, and RF (radio frequency) systems. Building a broad­
band , HS (high-speed) digital network requires those same
ingredients, as well as a working knowledge of a number of
industry-standard networking protocols.

Now you can start building your RF network with no partic­
ular purpose or goal in mind other than maybe the experimen­
tation factor and what I will call "pure nerd enjoyment."
However, I would recommend some thought be given, up front,
to how the network could or will be used once it is built. Unlike
the analog voice repeater network, a digital broadband network
can carry many different kinds of traffic simultaneously. You
might have live data streams originating from weather sensors
operating in your area. As good as APRS (Automatic Position
Reporting System) on 144.39 MHz is, the bandwidth available
at 1200 baud HD (half duplex) limits the amount of data you
can collect and transmit. Collecting live weather data from a
network of sensors every minute at 1200 baud is not practical.
However, tie those sensors to a broadband RF system capable
of transmission rates measured in Mbps (megabits per second)
and collecting that data every minute is practical.

You might want your network to serve as a transport for live
streaming video, web services, e-mail (SMTP, or Simple Mail
Transport Protocol) messaging, and 1M (instant messaging)
chat. You might want to build this network to provide the back­
bone for a conventional or digital voice repeater system . Or,
you might want your network to do all these things and more.
IT (information technology) professionals will tell you the best
way to build a network is to develop a utilization plan up front.
That way, you will not be committing end less time and
resources engineering and re-engineering your network.

Once you have some idea of how your completed network
will be used, you can start planning your network design. Radio

"Chairman of the ARRL Technology Task Force on High Speed
Multim edia (HSMM) Radio Networking; Moon Wolf Spring, 2491/tsell
Road, Howell, M/48843-6458
e-mail: <k80cl @arrl.net>

t 923/ 120th St. N., Seminole, FL 33772
e-mail: <NA4AR @ni4ce.org>
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amateurs have long held in their back pocket a number of key ,
licensed spectrum allocations upon which to build a viable dig­
ital network . These include :

• 902-928 MHz (33 cm)*
• 1240-1300 MHz (23 ern)
· 2390- 2450 MHz (13-cm or 2.4-GH z band) *
• 3300-3500 MHz (9 ern)
• 5650-5925 MHz (5 ern or 5.8 GHz )*
• 10.0-10.05 GHz band.
*Shared with overlapping Part /5 allocations.

Selecting the right frequency mix is important, particularly
if you are planning a digital backbone and end-user WAPs
(Wireless Access Points) into the network. The 902-MHz and
2.4-GHz band s are very popular, with a wide range of low­
cost end-user equipment available. Be mindful that in many
geographic area s both band s are heavily populated with Part
15 operators.

A band that offers a lot of potential for development is the
5.8-GHz allocation. This band features two segments that are
not shared with Part 15 operators: 5650-5700 MHz and
5850-5925 MHz . These segments offer some great opportuni ­
ties for high throughput and very good signal-to-noise ratios.
Signals in this band are NLOS (near line of sight). Trees in your
path are not the showstoppers that they might be on the 2.4-GHz
band. One note: Intelligent Transportation Systems have been
granted primary use of the 5850-5925 MHz part of this band for
dedicated short-range operation s along major highway corridors.
You will likely see some ITS activity by the end of the decade.

Another band that may be a "real treasure" for amateur radio
digital networks is the 3.3-3 .5 GHz allocation. This allocation
is fairly pristine, with only a handful of areas seeing limited
weak- signal and analog ATV activity . This band comes with
two restrictions for terrestrial development. The first is for radio
astronomy, which carves out two small bandwidth segments
from 3.332-3.339 GHz and 3.3458-3.3525 GHz. The second
restriction is observance of a satellite segment from 3.400­
3.410 GHz . The AMSAT Eagle satellite is expected to operate
a high-speed data transponder in this segment!

Low-cost digital radios and associated gear for the 5.8-GHz
band are readily available now, according to Dave Anderson,
KG4YZY, an engineer with the Amateur Radio Broadband
Alliance (ARBA, Inc.). ' Anderson' s company, FAB Corporation
(http://www .fab-corp.com). is a leading supplier of 802.11 and
802.16 wireless technology, and hasalso been working with man­
ufacturers to bring to the amateur radio market some new, stan­
dards-based RF technology for the 3.3-GHz band. Anderson says
he hopes to be testing these radios on working links shortly .
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The Fox River Radio League D-STAR Repeater - Aurora, Illinois
By Kermit Carlson, W9XA

The Fox River Radio League (FRRL) opera tes wide-coverage
repeaters from Aurora, Illinois, serving the Greater Chicago metro­
politan area. The decision was made in September 2006 to add a com­
plement of D-STAR systems to the list of club repeaters. A new site
was chosen to allow the D-STAR systems to be developed without
affect ing the exis ting FM repeaters.

When consider ing buildin g a D-STAR system, the most important
consideratio ns are similar to any other full-duplex repeat er system:
antenna location, high-quality feedlines ( IS/8-inch Heliax® was used
throughout in the FRRL installation); high-quality commercia l-grade
antennas; high-quality duplexers; and, of course, internet access at the
repeater site for gateway operation. The devil is in the details, and the
total construction cos t of a well-installed system will depend greatly
on the cost and availability oft he Heliax® feedlines and cav ity duplex­
ers. The importance of an appropriate repeater site to the success of
any repeater system cannot be overs tated.

It is very helpful to have a method to check the operational aspects
of the antenna, feedline, and duplexers with professional test equipment,
real transmitters, and receivers. The ICOM D-STAR systems have no
integral RSSI (Received Signal Strength Indicator), limiter function
monitoring, or AGC/S-meter readings, so good test gear is a must.

Although any Class-C amplifier will work for the 0.5GMSK
(Gaussian Minimum Shift Keying) D-STAR signal, one detail that
can cause problems is that the power-output of some inexpensive RF
amplifiers will sag at power-on. Should instabilities in the bias or col­
lector supplies of an external RF amp cause a sag in the output of the
amplifier, a distort ion of the D-STAR preamble may occur and will

The FRRL D-STAR rack. From top to bottom are the WRT-54G run­
ning Linux; then the Linux server running the ICOM gateway soft­
ware, the ICOM RP2C Controller, and the RP-2000 2-mete r
repeater;and at the bottom the RV-4000442. IOO-MHz repeater. Also
visible at the bottom of the relay rack is the 440 dupl exer and

bandpass cavity. (Photo courtesy ofGreg Braun, N9CHA)
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distort the initial port ion of the transmit stream. Thi s will result in
problems, depending on the received signal strength of the system.

When it comes to activating the gateway system, a background in
information technology is help ful. Train ing as an administrator on the
gateway software is requ ired to join the network of systems. To date
all of the training has been conducted at training sess ions held through­
out the U.S. However, alternate means of training may become ava il­
able. The details of proper gateway administration are very speci fic
and must be followe d exac tly in order to success fully join the gate­
way network. The best advice is to designate a SysAdmin who will
complete the train ing and become one of the registered gateway
administrators. In the case of the FRRL D-STAR team we have been
fortunate to be able to rely on the expertise of Pat Skerrett, W9PDS,
of Chicago, Illinois, as our Gateway (Linux) SysA dmin.

There are specific techni cal requ irements for the internet speed­
greater than 750 kBaud-and requi rements for the attributes of the
gateway computer system with two ethernet ports, large memory, and
high speed. ICOM recommends better than a 3.6-GH z Pentium !

The FRRL D-STAR team found the help and advice of existing D­
STAR repeater opera tors to be invaluable. My personal thanks go to
Jim , McClellan , N5MIJ , of the Tex as Intertie Team K5TIT , in Dallas,
Texas, and to Tim Barrett , K6BIV , of the K6MDD Mt. Diablo (San
Francisco), California D-Star system, for their help in establishing
Chicago 's first D-STAR repeater system.

I hope to see you on one of the D-STAR systems soon!
73 de Kermit, W9XA

(e-mail: <w9xa@yahoo.com»

The FRRL D-STAR tower. The FRRL D-STAR systems installa­
tion used 1200 f eet of 15/8 Andrews heliax. This required 450
stainless-s teel line hangars (at $1.90 each) and 56 man-hours of
professional tower-climbing time to complete. (Photo courtesy of

Greg, N9CHA)
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Figure I . A graphical chart showing the channelization proposedfor the 3.3-GHz ham band. This information has beenfor­
warded to AMSA Tfor their input to pro vide them with whatever spectrum they will need for the package they have proposed
for their Eagle satellite. The legend is asfollows: Green channels are designed to provide 54-Mbit throughput and would be
used for network backbone deployment. Yellow channels are designedfor Endpoint (End User) use. Two of these channels
could be combined to provide higher throughput. One green and two yellow channels could also be combined to provide 100­
Mbit throughput in the backbone. What prompted the development ofthis proposal is the upcoming availability ofa low-cost
3.3-GHz radio. This will enable licensed hams to utilize a slice of spectrum to which we have never had real access. What

sweetens the pie is the lack ofa Part 15 overlay on this spectrum.
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It's a different kind of ham magazine.

Fun to read, int erest ing from cover to cover, written
so you can understand it. That's CQ. Read by
thousands of people each month in 116 countries
around the world.

Hams do have some security tools,
short of full encryption, that they can
employ. One such tool is MAC filtering .
Every 802.11 and 802.16 radio is as­
signed a unique, 15digital address. MAC
filtering allows Part 97 operators to limit
acces s of the radio to one or more speci­
fied MAC address devices. However, a
technique called "MAC Spoofing," the
cloning of a MAC address, is available
to almost everyone and is widely used by
hackers to gain entry to wired and wire­
less networks .

You can also limit access to your net­
work by turning DHCP (Dynamic Host
Control Protocol) off and assigning a sta­
tic IP address to your radio . Use some­
thing other than the standard Class A, B,
or C network mask for your radio's IP
address. For example, a mask of
255 .255.255.192 will severely limit the
range of IP addresses that can connect to
your access point. There exists a problem
with this approach, as well, in that address
spoofing and "man-in-the-middle"
attacks can take advantage of foxed IP
addressing without encryption and
assume a real user's identity.

Many access points that also double as
routers have provisions for port filteri ng.
Make sure that you open only those RVP
and UDP ports that you need. Keeping all
others closed can prevent unauthorized
access to your network.

Use of narrow beam width antennas
will severely limit the ability ofother sta­
tions to make a connection to your radio
and network. Grid parabolic ante nnas

SUBSCRIBE
TODAYI

of security protocols on amateur radio that
are built into most 802.11 and 802.16
radios. These security protocols are wide­
ly used by Part 15 operators on spectrum
shared with hams to limit access to their
networks and radios.

It's more than just a magazine. It's an institution.

CQ also sponsors these world-famous award
programs and contests: The CQ World -Wide DX
Phone and CWContests, the CQWAZ Award, the CQWorld-Wide WPX Phone
and CWContests, the CQWorld-Wide VHF Contest, the CQ U5A-CA Award,
the CQ WPXAward, the CQ World-Wide 160 Meter Phone and CWContests,
the CQ World -Wide RTfY Contest, the CQ 5 Band WAZ Award, the CQ DX
Award, CQ iDX Award, CQ DX Field Award, CQ DX Marathon and the highly
accla imed CQ DX Hall of Fame.

Also available in the Spanish language edition.Write for ratesand details.
USA VElXE Foreign
31.95 44.95 56 .95
57.95 83.95 107.95
83.95 122.95 158.95

1 Year
2 Years
3 Years

Watch for more on this development in
future columns.

One of the inhibitors to the development
of high-speed , broadband amateur radio
digital networks is security. It is still
unclear whether FCC rules permit the use
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Extra Class
Let Gordo help you get your ! ­
top ham ticket, Amateur Extra I
Class! His book includes I
memorable answer explan- •
ations to help you learn the I
material and und erstand the i
correc t answer. His audio

th eory course reinforces learni ng. The
WSYI software helps you prepare for that I
tough Element 4 exam. •
Extra Class book GWEM $19.95 I
Extra Class audio theory course I

on 7 audio CDs GWEW $39.95 •
Extra book + software pkg. ECS $39.95 !
Basic books teach you Electronics! I
Basic Electronics BELC $19.95
Basic Digital Electro nics BDIG $19.95
Basic Communications Elect. BCOM $19.95 !

Getting Started in Electronics I
by Forrest M. Mims

..-----, A great int roduction for any- i
nics one who wants to learn elec- •

tronies fundamentals. Includes I
100 projects you can build,
and great experiments that
demonstrate how electricity I

.... works! GSTD $19.95 i
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General Class
Upgrade to the HF bands by
earning your General Class
ticket. Gordo's NEW book
includes all the Q&A along
with his fun explanations
that make learn ing easy. His
audio course is a great way

to learn if you spend a lot of time in your
car or truck. The WSYI interactive study
software gets you ready for the exam - and
to get on the HF band s!
General Class book GWG M$17.95
GeneralClass audio theory course

on 4 audio CDs GWGW $27.95
Book + software package GUS $39.95

Learn Morse code
for your upgrade to General!

Morsecode Learning Course
on 8 audio CDs GW05 $39.95

CW Teacheron 2 audio CDs GWCT $14.95
Code software0-48 wpm WMC $19.95
Morsecode 5-16 wpm - tape GW13 $29.95
Morsecode 13-20 wpm - tape GW20 $29.95

Get your commercial license!
GROL-Plus book - FCC Elements I, 3 & 8
for MROp, GROL, & radar GROL $39.95
GROL-Plus book + software GRSP $69.95

-- .

$39.95
$84.95

Order today from W5YI: 800-669-9594 or on-line: www.w5yi.org
The W5YI Group· P.O. Box565101 • Dallas,TX 75356 Mention this ad for a FREE gift!
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Technician Class
Get into ham radio the right
way - studying with Gordo!
His new Techn ician Class
book reorganizes the Q&A
into logical topic groups for

- ~"t:¥';.:::- . easier learn ing. His audio
theory course brings ham

radio to life and isa great study companion
I to his book. WSYI softwa re includes
• Gordo's answer explanations from the
I book, making learnin g easy and fun!
I Technician Class 2006-10 book
• includes bonus CD GWTM $18.95! Technicianaudio theory course
I on 4 audio CDs GWTW $27.95

Tech book+software package NC5 $44.95

I Tech + General Value Package
• Techni cian & General Class books + WSYI
I software package. Includes 2 Gordon West
I study manu als, WSYI Morse code softwarei & free Part 97 book. TPG $64.95

i W5YI Ham Operator Software
Includes all written and code exams, plus
WSYI CW software on a CD-ROM, with

I free Part 97 booklet.
• HOS (no books)I HOSB (with 3 study manuals)

•
I
•
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typi call y ope ra te with a five-degree to
seven-degree beam width.

Use of polarizat ion diversit y ca n also
limit access to your radi o and network and
help yo ur next node hear your signal in the
clutter . Th e same 20-dB di fferenti al that
exists at other frequencies betw een verti­
ca lly and hori zontally polarized antennas
works on all the se bands, too.

Finally, there is "s ec ur ity by obsc ur i­
ty ." This pr actice will work on those
bands (e .g., 3.3 G Hz and 5.8 GHz) and
seg me nts not sha red with Part 15 ope ra­
tor s. However, it is neither fool proof nor
so me thing yo u sho uld rely on if yo u are
tran smitting se ns itive informa tion.

A major cha lle nge for amate ur radi o
operators is findi ng vertical rea l es tate to
mou nt antennas and erect access points .
The rooftops ofhigh- rise buildings in met­
ropolitan areas ca n provid e easy access
and reason abl y accommo da te network
node eq uipment packages. Man y rooftops
have become clutte red with ce llular ante n­
na arrays and othe r RF and require
ex treme ca ution when working on them .
Man y roo ftop and co mmercial tow er ow n­
ers are now req uiring substantial liability
insurance coverage (up to $5,000,000) to
gain access to these sites . Som e rooftops

and towers are sti ll accessible. Look
aro und your town for othe r opportunities,
including water tow ers and natu ral struc­
tures (e.g., hills and moun tains).

Broadband di git al net works have
man y eme rge ncy communications appli­
cations, including she lte r operatio ns , the
tran smi ssion of weath er and othe r se nsor
data, access to weather rad ar and ligh t­
nin g-detection data, point-to-point link­
ing, high -speed messagin g (e -ma il and
ins tant messaging), and video linking.
Broadband net works can also be used to
transport multi-circuit tel ephon y se r­
vices, some thing that will be in dem and
when normal infrastructure is down. Th is
is the future of ama te ur radio and ama ­
teur radio eme rge ncy co mmunica tions .

W ant to know more abo ut 802. 1I ,
802 .16, OFDM, SIP, IPv6, QoS , OSPF,
WPA , and all the othe r protocol s and
technologies yo u ca n use on yo ur digital
broadband net work? Just ope~ yo ur inter­
net browser, go to yo ur favorite search
eng ine, and sta rt typing away. The inter­
net is an almos t limitless so urce of use­
ful information . Many co mmunities also
have local Linux user groups and IT net­
wo rking groups that may be abl e to pro­
vide technical insight. And whil e you are

there, yo u migh t even be able to rec rui t a
few new ham s. 73, Paul , NA4 AR

Note
I . ARBA, Inc. was established out of a

need to continue to supply amateur HSMM
radio (digital radio >56 kbps) emerg ing tech­
nologies. It is a nationwide organization of
amateur radio operators who have turned
their energies to bringing forth technology
that makes a positive, dramatic impact on the
wor ld co mmunity. This corporation was
organized for the purpose of promoting ama­
teur radio in the public interest that is bene­
ficial to socie ty as a whole through the estab­
lishment and opera tion of emerge ncy
communications facilities; providing educa­
tional programs in amateur radio communi­
catio ns techniques; conducting scientific
experimentation in emergi ng HSMM radio
technologies with potential applicability to
amateur radio practice ; and promoting coop­
eration with disaster and emergency re­
sponse organizations involved with the pro­
tection of the publ ic during times of
emerge ncy, including the Department of
Homeland Sec urity and other national
defense orga nizations. ARBA is sponsored
and supported by the Academy for Advanced
Te lecommunications at Texas A&M Uni­
versity, College Station, Texas (http://acad­
emy.tamu.edu).
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lem is that you cannot just put a larger bat­
tery in an airplane if you expect it to get
off the ground . Lead-acid batterie s are a
good choice in some applications, but not
to power an airplane. Nickel batteries work
well because you can draw extremely high
currents from them and they are very
durable. Lithium packs are far and away
the lightest for a given capacity, about one
third the weight of nickel chemistries.

The current capability is a direct func­
tion of the intern al resistanc e. The lower
the internal resistance, the higher the volt­
age and the cooler the battery operates
under load . Most model airplane batter­
ies have manufacturer recommended C
rating s. A 10 C ratin g for a I Ahr battery
means that it can safely be discharged at
10 amps. Nickel cell s can be discharged
at 50 C or higher; 50 C is a full discharge
in 1/50thof an hour, the Ahr capacity rat­
ing time s 50. The best lithium cells are
rated at 30 C intermittently with 10 C or
15 C continuous. The se ratings are some-
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Typically, they are 1.55 volts after rest­
ing from a full charge and .9 volt s at full
discharge. Lithium cell s are rated at 3.7
volts average, and are exactly 4.2 volt s at
full charge and 3.0 volts at full discharge.
Lithium nano potassium are 3.6 volts at
full charge and 2.0 volts at full discharge.

The voltage of a battery is only one
important characteristic. The most im­
portant rating is capacity-how much
energy the battery will store. Capacity for
batteries is rated in amps over time , Ahr
or mAhr. Capacity may also be rated in
watt hours or some other unit of energy
storage. Another important rating is the
battery ' s internal impedanc e or resistance.

Model airplane motors generally draw
high current and a battery must be of a size
to do the job. The average current draw
cannot cause the battery to overheat, and
it must produce enough voltage to get the
desired power from the motor. The capac­
ity of the battery should also be chosen to
provide a reasonable flight time. The prob-

Figure I. A two-cell LiPo 3.2-Ahr pack tested at IC. JOC. and 18C: 3.2 A, 32 A, and
57.6 A, respectively. Notice the severe drop in voltage and capacity at the higher

rates. This test shows higher internal resistance than the latest technology.

Using Amateur Radio to Control Model Aircraft

AIRBORNt: RADIO
By Del Schier, * K1UHF

Batteries: Care and Feeding

This column is primarily about elec­
tric-powered model airplanes .
Electric-powered model airplanes

depend on batteries. With the availabili­
ty of nickel-cadmium batteries, electric­
powered models became a reality . NiCad
batteries still perform well, but they are
rapidly becoming unavailable due to the
environmental hazards of cadmium and
have pretty much been replaced with
nickel metal hydride, NiMh . Either type
of nickel battery is still a good source of
power, but they now are quickly being re­
placed by lithium. We will discu ss how
batteries are used and how they should be
cared for. I will confine this discussion to
NiCad, NiMh, and lithium batteries.
Most of the following information ap­
plies to rechargeable batteries that are not
only used in airplanes, but also in ama­
teur radio stations.

Standard lithium ion (Li Ion) batteries
used to power a laptop computer are not
normally used in a model airplane. The
Lithium-polymer (LiPo) type is the bat­
tery of choice for a model airplane. You
may be familiar with this type of cell, as
they are commonly found in cell phones
disguised inside a plastic case. LiPo cell s
have a soft poly bag over the interior and
are relatively fragile when that interior is
exposed. When made into packs for a
model, they are usually wrapped with
fiberglass tape and covered with heavy
shrink tubing for lightweight protection.
Li Ion cell s are in metal tubes, which are
more subject to explosion but otherwise
are more durable. LiPo batteries are very
similar in chemistry and characteristics to
Li Ion and there are variations of this
chemistry to include lithium manganese
and lithium nano pota ssium.

Most of us are familiar with the aver­
age rating of dry cell batteries, that being
1.5 volt s. This is not the case of the cell s
being discussed in this column. Becau se
of their composition, each of the type of
cell s being discu ssed has its unique rat­
ing. For example, nickel cell s are rated at
1.2 volt s. However, this is the average
voltage over a complete discharge cycle.

"e-mall: «kluhf@westlllountainradio.colII>
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Figure 2. An 8-cell NiCad pack showing a step in the discharge indicating that there
is one bad cell in the pack with much lower capacity than the other seven cells.
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Power Analyzer are intended for this pur­
pose. These handy meters plug in between
a battery and the motor speed control.
Th ese meters simultaneously m.$asure
volts and amps and then calcul ate and dis­
play watts, amp hours, and watt hours. A
quick static run at full power will tell you
whether or not you are within safe limits
for the battery, motor, and speed control.

You should make sure the power sys­
tem operates at or below the peak ratings

StyIU$ll BNlCOte l" . 1 2 Ah@ 1 2A

Photo 2. A West Mountain Radio CRA is the only easy way to
do a lab test ofany size or type battery.
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grav ity. Other con siderati ons will be the
desired flight times and whether or not
the voltage is correct. Th e size of the bat­
tery and current-draw heating will det er­
mine if you will have a goo d cycle life. If
you plan the current dra w carefully, you
will be clo se. If yo u are a bit high or low ,
you can fix that problem by se lecting a
different propeller.

Test your system before flight. Both the
AstroFlight Whattmeter and the Medu sa

tim es overstated, which has been my
ex perience with usin g these batteri es,
both in my airplanes, as we ll as testin g
batteries with the West Mountain Radio
Co mputerized Battery Analyzer , C BA.
The safe temperature limit for a LiPo ce ll
is about 1450 F. Any higher temperature
may damage them. At 180 0 F they may
ignite or be destroyed.

A goo d LiPo battery will take several
hundred 10 C discharges with only 10 or
20% loss in ca pac ity, but one discharge
to 160 0 F may do severe damage . Heat is
the enemy of a batt ery . Therefore, if you
expec t to use the batteries for a long time,
you must keep them cool. Th ey should be
mounted inside an airplane with provi ­
sion for air flow around the pack.

Furtherm ore, these batteries must be
operated at a conservative average cur­
rent. Average curre nt will depend great­
ly on how the throttle control is used to
fly the airplane. With a motor glide r that
need s to qui ckl y climb to altitude and
then have the motor shut off a few sec­
onds later, the battery will not have time
to get hot. However , with a pylon race r
that is flown the entire flight at full throt­
tle, it is a differe nt story .

Se lec ting and sizing a battery for an
elect ric-powered model airp lane is a mat­
ter of co nside ring several fac tors and
starting with the recommendation of a
goo d dealer as to what battery to use with
a given power sys tem. One thin g to co n­
sider once you have picked an app ropri ­
ate power sys tem is whether or not a bat­
tery will physically fit with its weight and
location for the correct aircraft center of

Photo I. A LiPo pack showing the individual cell charging
connector and also the standard discharge connection.
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Photo 3. The Medusa Power Analyzer lets you measure an air­
craft's power draw by plugging it in between the battery and

the power system.

Photo 4. An AstroFlight Whattmeter is another way to measure
power when connected between a battery and the load.

of the equipment if used in an airplane with intermittent full­
throttl e operation. For an airplane flown most of the time near
full thrott le, you should check that you are under the continu­
ous ratings. An IR (infrared) temperature gun is a handy tool
for checking for heating of the battery and motor. You also may
want to do a static run with a partially discharged battery to
chec k the low-voltage cutoff operation of the speed control. To
fine- tune the system's power draw, you may need to change the
prop size and then check the power again.

It can be a disappointment or a disaster if you have a problem
with a battery. In any application where batteries are critical, it
is good to periodically maintain and test your packs. With nick­
el packs there is the infamous memory effect. NASA studied
memory effect, but for all intents and purposes it is not detectable
to anyone under normal use. Memory effect is a reduction in
capacity for a battery that is repeatedly partially cycled.

You will notice that a pack degrades with use . This is not
memory effect; it is a pack with imbalanced cells. Cells do not
charge or disc harge evenly within a pack, and after time a pack
becomes imbalanced. The cure for pack imbalance is to charge
each ce ll individually, which is impossible to do without tak­
ing apart the pack. The practical way to balance and restore a
pack is to repeatedly discharge the pack and then charge the
pack back up slowly over 10 hours or more-the slower the
better. Althoug h convenient, fast charging is bad for a battery.
Nickel batteries sho uld only be fast charged with a peak detect­
ing charger at a maximum 3 C rate. A 0.1 C IO-hour charge is
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Photo 5. The AstroFlight Blinky 109 Lithium charger will
charge up to a nine-cell lithium pack at up to 8 amps but doesn't

balance the pack.

much better to get full capacity and life span from a battery.
Even so, never leave a simple slow charger connected for a long
period of time.

If you have questionable batteries, you should test and main­
tain them . The only good way to test a pack is with a West
Mountain Radio CBA, Computerized Battery Analyzer. A CBA
measures the true capacity of a battery by doing a constant cur­
rent discharge and recording the voltage over time. With a graph
of the discharge characteristics of a battery, a CBA shows yo u
the exact condition of a pack. You will know if you have low
capacity or if the pack is out of balance. A severely out-of-bal­
ance pack will show staircase steps toward the end of the dis­
charge curve. See figure I for an illustration of this effect.

Nickel cells may be discharged to 0 volts without damage, but
this can only be done with individual cells. A battery pack of
nickel cells should never be taken close to zero, as ce lls with­
in the pack may reverse in polarity and the pack will be severe­
ly damaged if quickly charged.

Lithium cells will be damaged if they are taken much below
3 volts. Leaving them in an over-discharged state is particu lar­
ly bad. The same is true for lead-acid chemistry. However, the
minimum for a lead-acid cell is 1.6 volts. If you do acc identally
over discharge a LiPo pack, you should immediately bring each
cell back up to over 3 volts with a balancing charger.

LiPo battery packs are more easily damaged by letting a pack
go out of balance. To remedy. this problem, most modern RC
packs have a balancing connector to tap into each cell. Modern
chargers use this connector to individually charge each ce ll to
within 0.05 volt or closer. There are also balancers to balance
a pack before use.

Nickel chargers stop when detecting a small peak in the pack
voltage. If a nickel charger is used on a LiPo battery, it will not
see a peak and keep charging and destroy the battery or start a
fire . To charge them never use anything but a charger specifi­
cally designed for lithium batteries. LiPo chargers charge at a
constant current and then taper off to exactly 4.2 vo lts per ce ll
at completion. LiPo chargers can be fully automatic, setting
themselves to the proper charge rate and cell-count voltage, or
individually charging each cell through a battery 's balance
charge connector.

Note: Batteries of any type are dangerous, just like cans of
gasoline. A nickel cell two thirds the size of an AA cell will put

Visit Our Web Site
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Photo 6, The AstroFlight Blinky will balan ce each cell ofup to
a six- cell lithium pack f or maximum life span and pack

performance .

Photo 7. An FMA Cellpro lithium charger charges each cell
individually through a pack 's balan cing connec torand displays
the charge rate and charge condition of eac h cell with

completely automatic operation.

out over 85 amps , A C-size nickel ce ll will melt a ten-penn y
nai l! Lithium batteries can and will explode with a violent fire ,
Always be extremely careful not to short out a battery; care
should always be taken, Any battery will get hot- or make the
wires connecting it hot-if it is discharged too rapidly or
charged incorrectly. Even thou gh batteries are designed to be
safe, they will explode, and most lithium cells will ignite with
a violent fire, Improper charging of lithium batteries should be
carefully avoided . (For more information, see "Are Li-Ion bat­
teries Safe?" in the February 2007 issue ofCQ.-ed.)

In conclusion , properly cared for and used rechargeable nick­
el and lithium batteries can be recharged hundreds of times with
little loss of capacity and provide man y hour s of flight time for
a model airplane. Happy flying! 73, Del , KI UHF

Related Links

AstroFli ght : <http://www.astrotlight.com>
FMA: <http://www.fmadirect.com>
Medu sa Research : <http://www.medusaproducts.com>
West Mount ain Radio : <http://www.westmountainradio.com>
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By Dr. H. Paul Shuch,* N6TX

THt: ORBITAL CLASSROOM
Furthering AM S AT s Mission Through Educatio n

Reinventing the Cube

Bob Bruninga, WB4APR, show ing off the US Na val Academy 's PCSAT2 engi neer­
ing prototype at Space Day at the National Air and Space Museum in May 2006.

(N6TX photo)
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n a previous column (Summer 2006
issue of CQ VHF), we introd uced
CubeSats, the cheap and easy way to

involve students in the design, construc­
tion, launch, and operation of ham satel­
lites. In case you missed that minor opus,
a CubeSat is a I-kg picosat in a stan­
dardized cubic form factor, 10 em on a
side, designed for cluster launch from a
wide range of boosters into any orbit of
convenience. So far the cubes all have
ended up in Low Earth Orb it (LEO) ,
where minimal path loss makes their sig­
nals simple to copy with modest 2-meter
or 70-cm equipment.

This time we will introduce a unique
science mission that lends itself perfect­
ly to CubeSa t support. If your l -kg
picosat project is a solution in search of
a problem, have we got a deal for you!

Altho ugh the world ' s navies are in fact
involved in satellite technology, it should
surprise no one that their primary mission
involves ocea n-going vesse ls. They also
engage in oceanographic research . In
additi on to training the next generation of
naval officers, the US Naval Academy in
Annapolis, Maryland is involved in such
research, and much of it makes use of
satellite technology.

One of the projects in which Annapolis
midshipmen part icipate is the deploy­
ment of ocea n-goi ng buoys for monitor­
ing ocean levels, currents, temperatures,
salinity, and composi tion. Once built and
cast adrift on the sea, these buoys have to

*Director ofEducation, AMSAT
e-mail: <n6tx@amsat.org>
<www.AMSAT.org>
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transmit their data to ... somewhere.
That's where CubeSat s can come in.

Bob Bruninga, WB4APR, heads up the
US Naval Academy Sate llite Lab. He is
also well known to the amateur radio
community as the father of APRS®
(Automatic Position Reportin g System),
a technology that marr ies packet radio
digipea ters to GPS for the purp ose of
tracking moving vehicles (including your
mobile 2-meter station). Why not, sug­
gests Bob , use APRS and CubeSa ts
together to keep track of his students'
ocean buoys, and perhaps to collect their
scientific data via store-a nd-forward
packet technology?

"For CubeSat missions looking for a
neat project," writes Bruninga, "remem­
ber, we welco me more low-dut y-cycle
packet digital devices on the global satel­
lite packet uplink frequency of 145.825
MHz. The more small satellites providing
a bent-pip e relay on this frequency, the

better the connectivity for other student
school projects, such as ocean buoys,envi­
ronmental sensors, arctic weather stations,
and wilderness explorers using APRS."

I floated Bob' s suggestion (OK, guilty
as charged ... ) at a recent CubeSat work­
shop at the California Polytechn ic Uni­
versity to a generally favorable response.
Most enthusiastic, not surprisingly, were
those radio amateurs at the workshop who
see packet satellites as a useful augmen­
tation to their own amateur radio pursuits.
Th is is altoge ther appropriate, but let ' s
not lose sight of the educational opportu­
nity with which the proposal presents us.
The students build ing the buoy s may have
no particu lar intere st in ham radio , let
alone APRS, as an end unto itself. Is there
an opportunity here to tum them on to
amateur radio, amateur satellites, and
AMSAT? Before we dismiss as non-ham
these scientific or educational projects of
our fellow radio amateurs, we should

Visit Our Web Site
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remember that broadenin g the appeal of
amateur radio benefit s us all.

Of course, the proposed satellites, and
their global satellite data channel, are not
limited to ocean buoys. Once operational,
they can be used by any remot e environ­
mental sensor (or any other remote ama­
teur radio device) that needs to have low­
dut y-cycle co mmunica tions. Those
interested in learning more about US
Naval Academy buoys, and relat ed pro­
jec ts, may wish to brow se WB4APR' s
web page at <http://www.ew.usna.edu/
- bruninga/buoy .html>. If you are in­
volved with a CubeSat project, as a fac­
ulty advisor, mentor, or student, you
might wish to consider reinventin g your
cube in support of these worth y efforts.

PCSAT2
CubeSats are not the only birds pro­

posed for packet digipeatin g applications,
nor are they the only such options being
supported at the US Naval Academy. Bob
Bruninga' s students were also responsible
for the deployment of PCSA T2, a
145.825-MH z AX.25 digipeater attached
to the Internati onal Space Station (ISS).
Although never assigned an OSCAR des-

ignation because it is an appendage on
another spacecra ft (the ISS), similar pay­
loads can eas ily be made stand-alone (fly­
alone?) in the future, and would thus be
eligible to become true OSCAR satellites.
Imagine a sky full of orbital 2-meter digi­
peaters just waiting to relay your packets
around the world, and you' ll get some idea
of where this Naval Academy initiative
might someday take us.

Both the packet transponder on
PCSAT2 and the ARISS (Amateur Radio
aboard the ISS) ham radio on the ISS can
already relay some of these data experi­
ments, and they both are visible on the
web via the followi ng links: <http://
www.ariss.net> and <http://www.findu .
com/cg i-bin/pcsa t2.cg i>.

If you' re new to CubeSats and want to
learn more, you should take a look at the
CubeSat website hosted by Cal Poly at
<http://www.cubesat.org>. There you' ll
find the CubeSat electrica l and mechan­
ical spec ifications, inform at ion about
many of the existing and planned cube
projects, and a good overview of using
satellites in education.

To copy a CubeSat, take a look at the
satellite database on the AMSAT website.
It lists operational status, frequencies, and

modes for all those cubes that have been
granted OSCAR designations. Several of
the cubes downlink easily copyable CW
telemetry in the 435-438 MHz satellite
down link band. You' ll be amazed at how
loud 1/2 watt of RF can be from LEO, even
into an omnidirectional antenna.

A few cubes transmit FM voice or
SSTV and are equally easy to copy. Other
cubes transmit l200-baud or 9600-baud
ASC II. These modes take a bit more link
margin to decode, generally requiring a
small bea m. The popul ar Arro w 2­
meterl70 -cm Yagi co mbo works quite
well on these birds, as it does on our var­
ious other Mode B or Mode J LEO ham
sate llites . Two line Keplerian elements,
ava ilable from all the usual sources, will
let you track CubeSa ts with your favorit e
AMSA T software.

There ' s no denying that talking to other
hams via a relay satellite is an important
part of ham radio. However, don 't ove r­
look the simple pleasures of intercepting
these abundant signals from space. Thi s
is a good way to introduce students, civic
groups, and your next-door neighbor to
thejoys of amate ur radio. Many' s the new
ham who got his or her start by lookin g
up and listenin g. •
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By Keith Pugh," W51U

SATELLITES
Artificially Propa gating Signals Through Space

2006 AMSAT BoD Meeting &Space Symposium
&ARISS International Meeting
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This is a working-concept drawing ofwhat the Project Eagle satellite may look like.
(Drawing courtesy AMSAT-NA )

Project Eagle to date along with the meet­
ings and discussions held over the last
year. Bob McGwier, N4HY, VP of
Engineer ing ; To m Clark, K310; Rick
Hambl y, W2GPS; and other Project
Eagle Team Mem bers part icipated. Of
particular importance were the findi ngs
of the meeting held in San Diego in Jun e
of 2006 and discu ssions since then
regarding activity within the frequency
bands over the projected life of the satel­
lite. A lot of this discussion centered on
discussions and membership comments
made over the internet during the sum­
mer. After due consideration, a list of
modes and functions was proposed by the
team for further consideration by the
BoD and adoption. After a thorough
review and some modification, a con­
sensus was reached and a vote was take n
to proceed with the Eagle design utiliz­
ing this approved list as a basis for the
modes and functio ns. This agreement is

Definition of the Modes
and Functions of Project Eagle
Jim Sanford, WB4GCS, Eagle Project

Manager , reported on the progress of

Fund Raising
Gunther Meisse, W8GSM , AMSAT

Treasurer , opened the discussion and
introduced a professional consultant who
has been retained by AMSAT to help
define the effort needed to raise the funds
necessary for Project Eagle, Phase III E,
Educa tional Outreach, and other on­
going projects. General goals were estab­
lished, but details of the consultant 's
report were discussed in a closed session
due to the proprietary nature of the report.
Details of the effort will be made public
when finalized. Look for a comprehen­
sive plan that will encompass an effort for
establishing funding for the long-term
goals of AMSAT.

*3525 Winifred Drive. Fort Worth , TX 76133
e-mail: <w5ill @swbe/l.net>

Aseries of important meetings were
held in the San Francisco Bay area
in October 2006. The AMSAT

Board of Directors Meet ing was held on
October 5-6, the AMSAT Space Sym­
posium on October 6-8, and the ARISS
International Meeting on October 9-10.
As promised in my last column, I will pro­
vide a full report of these meetings; how­
ever, much has already been said in other
publications about them, so I will limit it
to my observations and impressions.

AMSAT BoD Meeting
President Rick Hambly, W2GPS, intro­

duced the new slate of AMSAT Board of
Directors members with the only changes
being between the active and runner-up
positions in a couple of cases . Next a new
slate of officers was elected/appointed.
Major changes were the election of Bob
McGwier, N4HY, as VP of Engineering,
the electio n of Drew Glassbranner,
K0 4MA, as VP of Operations, and the
appointment of Barry Baines, WD4ASW,
as Corporate Secretary and VP of Special
Projects.The position ofVP of Marketing,
formerly held by Barry Baines, was left
open for the time being. Reports were
given by all of the officers and functional
leads on their activities over the last year
and plans for the future. Bob McGwierdis­
cussed major engineering efforts in sup­
port of AO-51, the original PacSats, Phase
III E, and ARISS. Budget concerns/cor­
rections were addre ssed along with the
reports. Major items of discussion were
fund raising, definition of the modes and
functions of Project Eagle, and re-Iocation
of the AMSAT Lab. These topics are treat­
ed separately below.

Two presentations were made by
group s seeking to host the meetings in
2007. Pittsburgh, PA, was selected . The
meeting concluded after the usual "atta
boys and atta girls."
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AMSAT-NA Signs Agreements to Build Eagle at a UMES Facility
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November 21, 2006 : AMSAT-NA has accepted an offer to co­
locate its Satellite Integration Lab with the Hawk Institute for Space
Sciences (HISS) , a division of the Maryland Hawk Corporation, which
is a 50 I(c)(3) non-profit educational organization affiliated with the
University of Maryland Eastern Shore (UMES). The HISS facilities,
currently under construction, are in the Mid-Atlantic Institute for
Space and Technology (MIST) building in Pocomoke City, MD, on
the Maryland Eastern Shore of the Chesapeake Bay. Maryland Hawk
is a member of MIST . HISS is a division/unit of Maryland Hawk .
Pocomoke City is about a three-hour drive southeast of the Baltimore­
Washington International airport .

AMSAT-NA has been actively searching for a suitable location for
the past two years, as AMSAT' s most recent lab at the municipal air­
port inOrlando, FLwas condemned due todamage by Hurricane Charley
on August 13,2004. With the unanimous approval of the AMSAT-NA
Board of Directors , AMSAT-NA has executed two Memoranda of
Understanding , one with the University of Maryland Eastern Shore and
the other with Maryland Hawk Corporation, formalizing the relation­
ship. These MOUs give AMSAT-NA essentially no-cost access to the
HISS facility in return for sharing its equipment and ideas with HISS.
In addition, the agreement with UMES calls for AMSAT-NA to work
collaboratively with UMES to identify opportunities to work together
on satellite and related technology projects as well as to work with their
students and faculty to enhance hands-on studies and dissertation

research.The possibility also exists for AMSAT-NA scientists and engi­
neers to receive Adjunct status at the UMES.

AMSAT's VP Engineering, Bob McGwier N4HY , commented "I
consider these happenings to be a serious beginning of the activities
towards a real spacecraft." AMSAT's lead mechanical engineer, Bob
Davis, KF4KSS, is also an employee of HISS, resulting in AMSAT
having a representative on site at all times. Bob Davis was AMSAT's
mechanical design expert in the Orlando lab during the AO-40 satel­
lite campaign.

HISS is currently constructing the interior walls for its new 8,000­
square-foot facility. It is being designed around AMSAT's dual clean
room, which was used for AO-40 and is in storage at Florida Space
Institute. AMSAT will move the clean room and the parts and equip­
ment currently in storage in the Orlando area to the new lab in the
next few months . The facility will also include adequate meeting and
office space for visiting AMSAT personnel. The agreement with HISS
also provides AMSAT limited access to NASA Wallops Flight
Facility with its environmental testing, machine shop, rocket manu­
facturing, and launch facilities .

AMSAT members Bob Davis, KF4KSS; Rick Hambly, W2GPS;
Tom Clark, K3IO; Jim Sanford, WB4GCS; and Bob McGwier,
N4HY; have worked very hard on this project. AMSAT members are
encouraged to volunteer to work in the new lab, come by and visit
(call first) , and donate to the P3E and Eagle satellite funds.

AMSAT Space Symposium
The AMSAT Space Symposium started on October 6 and ran

through October 8. A full agenda of papers kept everyone busy
on Friday afternoon, all day Saturday, and Sunday morning .
Other "break-out sessions" were held on Friday evening, in
addition to the President ' s Club Reception. Saturday evening
included an Attitude Adjustment Hour and the Annual Banquet.
Sunday afternoon a tour of the NASA Ames Facility was made
available. Prize drawings were held throughout the meeting at
the end of each paper preentation to avoid a long prize- draw­
ing session at the banquet.

Papers were presented on topics ranging from Ground
Station Design to Space Craft Design, with ample represen ­
tation of satellite operation, satellites in education, and
manned space efforts mixed in. A series of presentations by
the Eagle Team on Project Eagle were the highlights of the
show. For variety, Gordon Hardman, W0RUN, provided an
excellent show on the Peter I DXpedition and the satellite

5. While not in a major metropolitan area, it is close enough
to the Baltimore-Washington area (it is about a three-hour drive
southeast of the Baltimore-Washington International Airport)
to share some of its advantages without incurring the high hous­
ing and food expenses associated with the Baltimore­
Washington metro area .

6. The facility is large enough to house all of the efforts asso­
ciated with Eagle and other known AMSAT efforts.

The BOD directed that efforts to secure an agreement with
the owners of this facility proceed as soon as possible. As of
this date , the agreement has been reached and AMSAT is pro­
ceeding with all possible haste to relocate the AMSAT Lab from
Orlando, FL to this new facility near Wallops Island, VA. Please
see the accompanying sidebar for the official announcement of
AMSAT' s agreement.
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Relocation of the
AMSAT Laboratory

Since the start of construction of AO-40, AMSAT has main­
tained a laboratory in Orlando, FL. This facility served the pro­
gram well and has also served several other programs , including
manned space efforts, since that time. As an economy move,
some of the rented space was released and equipment was moved
into less expensive quarters. In recent years, hurricane damage
to the quarters has necessitated a search for better quarters. Some
of the equipment has been loaned out to schools within the area
with a plan of reclaiming the equipment when new permanent
quarters can be obtained. Initial search efforts were in the
Orlando area.

Within the last year a new laboratory space has been found
in Pocomoke City , Maryland (which is near NASA's facilities
at Wallops Island, VA), within a new facility being built by the
University of Maryland. Upon investigation, this facility offers
several advantages:

I. Minimal cost-provided rent-free. ,
2. Close to the NASA facilitie s at Wallops Island , VA.
3. Can be used for educational outreach with the University

of Maryland branch in the local area .
4. Bob Davis, KF4KSS, already lives and works within the

area and has agreed to assume the position of Lab Director and
leader of the mechanical design effort . Bob obtained extensive
experience with the AO-40 project while it was in Orlando.

a major milestone in the Eagle design and has permitted the
Eagle Team to move forward with the design and construction.
Some prototyping had already been accomplished, but now
the effort can proceed "full steam ahead" within the constraints
of available funding. The full list is available on the AMSAT
web page and within Eaglepedia (online documentation of the
Eagle design).
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effo rts within this DXpedition.Tony Montinero, AA2TX, pre­
sented his annual imaginative antenna article.

The featured Saturday evening banquet speaker, Bill
McArthur, KC5ACR, Commander of Expedition 12 to the ISS
(International Space Station), gave an outstanding presentation
of all of his amateur radio activity whi le he was on board
the ISS.

ARISS International Meeting
Once again the annual ARISS International Meeting was held

in conjunction with the AMSAT meetings. This one took place
on October 9-10. Repre sentatives from all regions, with the
exception of Europe, were in attendance. At the appropriate
time the European representative attended via Te lecon. All offi­
cers agreed to serve another year and were re-elected by accli­
mation. Reports on the activitie s of each region were present­
ed. Cynthia (Mrs . Bill) McArthur gave an exce llent report on
the activities of the NASA Education Office.

The "hottest topic" this year was SuitSat- 1 and its successor,
SuitSa t-2. A full report on the successes and problems with
SuitSat-1 was presented. A breakout mee ting was held to final­
ize the conceptual design of SuitSat-2. This design was pre­
sented to the full meeting for approval and authorization to pro­
ceed. Much of the pre liminary design has already been done.
The design presented for approval incl ude s: solar panels,
expanded proce ssor capabilities, a software-defined transpon­
der, and expanded video capabilities. Once again the "fuse is
short," with a planned launch from ISS in the fall of2007. Even

Eagle is the next
generation
of High Earth
Orbit
satellites
from
AMSAT.

Join AMSAT
and be a part of the team that is
creating a new era in amateur
satellite communications.

For information on
becoming an AMSAT

member and supporting
ham radio in space,

visit the AMSAT
web site at

www.amasat.org

A MSA.,.
Tel. 1-800-FB AMSAT or 1-301-589-6062
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(Left to right) Astronaut Bill Mc/srthu r, KC5ACR; Cosmonaut
Sergy Samburov, RV3DR, the Russian ARISS representative;
and Frank Bauer, KA3HDO,ARISS International Chairman and
AMSAT VP of Manned Spaceflight , at the 2006 AMSAT
Symposium banquet just before Sergy is about to make a pre ­
sentation related to his time onboard the Russian Soyuz

spacec raf t. (N6CL photo)

though its life will be short , Sui tSat-2 will be a full-featured
amateur radio sate llite .

One of the last items of discussion was dteremi ning a host for
the 2007 meeting. Sergy Samb urov, RV3DR, the ARISS Russia
representative, presented a formal invitation to a meeti ng host­
ed by ARISS Russia in conjunction with the 50th anniversary of
the launch of Sputnik- Ion October 4, 1957. A full six-day agen­
da is planned, including visits to the home of the FatherofRussia n
Space Activi ties , Energia , and several other well-known attrac ­
tions . All prese nt enthusiastically received the invitatio n and
plans are under way for this meeting.

Frank Bauer, KA3HDO, ARISS International Chairman and
AMSAT VP of Manned Space Flight, finished out the activity
with a report on the direction in which NASA is headed for
manned space flight for the future and a challenge for ARISS
to become involved early on .

Summary
Once again these meetings proved interesting and useful.

Plan to attend the meetings in Pittsburgh in October 2007 and
be a part of this activity . It' s hard to describe the feelings one
has attending one of these meetings , so experience it yourself.
There is always something for everyone who is eve n remotely
interested in amateur radio satellites. Support your area ham­
fests, and by all means, support the efforts of AMSAT to build
our new projec ts-P3-E and Eag le.

73, Keith, W5I U

Visit Our Web Site
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I LDG Electronics
I Recently Introduced Specialty Items

\

The LDG RCA-14 breakout box,

LDG's Multi-DC distribution box,
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to all LOG products. The Multi -DC can
source up to three amps; each of the six
outputs can provide up to .5 amps to LOG
acces sories. The Multi -DC comes with
an input cable and six output cables, each
3 feet long.

"These two products solve two distinct
ham problems," said Dwayne Kincaid ,
LOG' s Chief Engineer, "The RCA-14
solves your cable problems and the Multi ­
DC solves your power probl ems.We con­
tinue to innovate with an eye toward solv­
ing the problems and annoya nces hams
encounter every day."

These two produ cts continue a trend
started in 2005 when LOG released the
TW- I talk ing wattmeter. "LOG is more
than an autotuner company. We will
co ntinue to look for opportunities to
develop innovative ham acc esso ries in
addi tion to state-of-the-art autotuners,"
added Kincaid .

"The Multi-DC is a simple DC
distribution box with one
12-VDC input and six outputs.

The RCA-14 and Multi-DC were just
several new products by LOG for 2006.
Other products introduced were the Ff
Meter for Yaezu Ff-857 and Ff-897
radios; the AT-200PC, the first autotuner
designed specifically for PC controlled
radios; and the AT-7000, a simple-to-use
autotuner for the ICOM IC-7000.

Contact information: Dwayne Kincaid
LOG Electronics, Inc., 1445 Parran Rd.,
St. Leonard, M0 20685 (phone 410­
586-2 177; fax 4 10-586-8475; e-mail:
<Idg@ Idgelectronics.com> ; on the web:
<www .ldgelectro nics.com> •

"These two products solve two
distinct ham problems," said
Dwayne Kincaid, LDG's Chief
Engineer, "The RCA-14 solves
your cable problems and the
Multi-DC solves your power
problems."

function or all of them. Also, you can
change things aro und as often as you
like; it's as simple as swa pping out an
RCA plug.

The Multi-DC is a simple DC distrib­
ution box with one 12-VDC input and six
outputs. The provided cables have the
right coax ial DC power plug to connect

"The RCA -14 is a breakout box
fo r the accessory jacks on most
popular transceivers."

LOG Elec tronics, the St. Leonard,
Maryland based ham radio equip­
ment manufacturer, recently intro­

duced two ham accessories, the RCA-14
breakout box and the Multi-DC power
supply.

The RCA-14 is a breakout box for the
accessory jacks on most popul ar trans­
ceivers. It comes with cables with the
right DIN plugs, and all the outputs are
simple RCA jacks. Simply plug the
RCA-14 into your rad io ' s accessory
jacks, and all your ports are right there
at your fingertips;just plug and play,one
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By Chuck Hought on," WB61GP

MICROWAVt:
Above and Beyond, 1296 MHz and Up

Tricks of the Trade Construction Methods

The bottom of my / 296-MHz rig showing components attached by the RTV sealant
method. The wiring of devices is done by tying one end only, making the other end
ready to run to the other leads. When the back lead is soldered, the wiring routing will
have a neat appearance on the bottom of the chassis. The case is from a Qualcomm
computer assembly. I took out the computer control devices and installed the 1296­
MHz amps, mixers, and power-supply components. 1was able to obtainfive cases and

use them for 1296, 2304, 3456, and 5760 MHz. and 10 GHz.

There are many tricks that can be
used in the construction of micro­
wave equipment, and quite a few of

them are related to support equipment.
We all would like to have milled out
blocks of aluminum to use for our de­
vices. However, the reality is that it is bet ­
ter to use simple, inexpensive, readily
available containers in which to con struct
our power supplies and then assemble
related switching equipment on a simple
substrate. For heavy component part s,
mounting the parts and equipment on an
aluminum plate is most desirable. The
aluminum might not be available at a rea­
sonable price, though.

A suitable alternative that is reasonable
in price is a new, blank, copper printed
circuit board, which can serve almo st as
well as an aluminum plate. The copper
board can be used for mounting small cir­
circuitry assembled in the old, tradition­
al "dead bug style." With this method the
component parts are attached by their
ground leads for connection to the cop ­
per PC board top section ground, usuall y
the top foil. Thi s ground foil is used to
connect the devices to common ground,
and it works well. It is also easy to attach
additional shields of copper material for
high-gain circuits to pre vent feedback
paths . It 's easy to experiment to see ju st
where feedback/oscillations on the PC
board are taking place , and then add bits
of copper foil pieces in the right spots to
stop the feedback paths. Additional cuts
in the ground foil can be made with a sec­
tion of metal or a scrap section of PC
board material used as a straight edge.
Making these cuts in the ground foil mate­
rial produces a variety of isolated islands
to suit circuit connections. The se isolat­
ed islands now add signal paths so other
portions of components can use connec­
tivity similar to the grounded foil by sol­
dering these other portions of compo­
nents to the now isolated copper foil.

*Member San Diego Microwave Group, 6345
Badger Lake Avenue, San Diego, CA 92 / /9
e-mail: « clhough tepacbell.net»

68. CO VHF • Winter 2007

When asse mbling sma ll power sup­
plies and types of circuits with few parts,
this method works well. The same "dead
bug" method of construction can be used
when mounting larger components, but
with a little twist.

When mounting somewhat larger com­
ponent s, such as DC-to-DC sw itching
power supply devices, stack two or three
of the small DC switching power supplies
to the copp er plate. Here is where the
mounting of these power supplies and
other component devices that have a flat
surface can be easy. Most of these devices
have connection leads on one side and a
flat surface on the other side , making
attac hment with nuts and bolts one solu­
tion for things such as microwave mix-

ers, amplifiers, and coa x relays of the
SMA type.

There are, howe ver, no mounting lugs
or holes on the DC supplies. The solution
to this problem is quite inexpen sive and
simple. For the DC supplies, or other
devices with a similar mounting structure,
lay the supplies or other circuitry dead-bug
style on the copper or aluminum plate and
mark out the area to which the device is to
be attached. Draw out the mounting area
with a pencil. Then take a small tube of
RTV silicon caulking and depo sit a suit­
able amount of it on the bottom of the DC
supply. Place the supply on the mounting
area you marked out on the bottom plate
and let the RTV dry. It will set overnight.
The RTV I recomm end comes in a blue,

Visit Our Web Site
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800 206-011 5 www.powerportstore .com

1.50
4.00
6.00
8.50
8.50

UG·21D/9913
UG·21B/9913
UG·146AJU
UG-83B/U

"Spec ialist in RF Connectors and Coax "
Part No. Descript ion Price
PL·2S9/USA UHF Male Phenolic, USA made $1.50
PL-2S9/AGT UHF Male Silver Teflon, Gold Pin 1.50 10/$9.00
UG-21D/U N Male RG-B, 213. 214 Delta 3 .25
UG·218 /U N Male AG-B , 213, 214 Kings 5.00
99 13JP1N N Male Pin for 9913, 9086, 8214

Fits UG-21 DIU & UG-21 B/UN's
N Male for AG-8 with 9913 Pin
N Male for RG-B with 9913 Pin
N Male to SO-239, Teflon USA

N Female to PL-259, Teflon USA

The R.F. Connection
213 North Frederick Ave., #11 CO

Gaithe rsburg, MD 208 77 • (301) 840-5477
800-783-26 66

FAX 301-869 -3680
www.therfc.com

Comple te Selection Of MIL·SPEC Coax. RF Conne ctors And Relays

Keepyos HTand l's accessories il

oneplace aid~ ...llis k>IJ!I1,
padded case.Bigenough loryoor.-.
exIJ3an1enna . batEryaid dlaoger along
wilhyoor_ book. Z1pperlld case

o:wnes'" twosizes k) fit., HT.

RadioWa/let trweIcase

HamTestOnline™
Web-based tra in ing for the
ham radio written exams

~ Quick, easy way to learn.
~ 100% guaranteed - you pass t he

exam or get your money back.
~ Better than random practice tests.
~ Provides additional information .
~ Presents concepts in logical order.
~ Tracks progress on each question.
~ Focuses on your weak areas with

"intell igent repetition".
~ Better than books - question drill

keeps you engaged.
~ Try our free trial.

www.hamt estonline.com

VAGI SPOKEN HERE)"
Directive Systems. the lead!(r 'in,d.E7Sigf). '

construction. sales. end wOflsJwlde
distribution of loop yagi antep nas isno~
producing the incomparable K1FO yag l
with models for 144. 222,432 MHz & ATV

Let usdirect your signals
forward with total

-, / performance.
Write or ca ll for a brochure

'/ WE DIRECT RF

J;D~CTIVE SYSTEMS
177 Dixon Road

Lebanon. ME 04027
Tel : (207) 658-7758 Fax: (207) 658-4337

www.directivesystems.com

I Check out our
Web site at:

www.cq-vhf.com

This time we prese nted a few construc­
tion tips that can be used quite eas ily. ~o

you have a technique that you would hk.e
to share with others? If so, please send It
to me for this column. I would apprecia te
any input you have. As always, too, I will
be glad to answer any questions.

73, Chuck, WB6IGP

Heat Guns
Well , back to circuit boards and using

components recovered from used PC
boards for other projects.

Desoldering components from surplus
boards can be a rough job. It can be tough
even with a qual ity, grounded, tempera­
ture-contro lled soldering iron and an
Xac to" knife (allowing room to use the
Xac to" knife to heat and pry the com-
ponent off the PC board). .

Another technique can be used With
simplicity. The solution is to purc hase a
heat gun, which is much like a hair dryer.
The heat gun can be obtained at a hard­
ware store in the form of a paint-removal
heat gun. The one I have is MFG by Super
Str ipper. It has two power levels, low ~nd

high, with the high power level bei ng
1500 watts. The heat gun will deso lder
components on a PC boa rd in just under
21/2 minutes. When the parts star t to come
loose on the PC board, use a pair of tweez­
ers to remove the components desired. If
you want to remove a large quantity of
com pone nts, place a piece of paper on the
work bench and prop up the PC board ver­
tica lly. Tap the rear of the board while
heating the front of the board, which will
release the heated components, and then
they will fall onto the pape r.

I modified my heat gun by using a cop­
per plum bing reduction fitting to limit the
area that could be blown on (heated). Thi s
prevents the gun's large opening fro m
blowi ng unwanted parts off the boa rd, and
the pape r from being blown onto the floo r.
The heat gun I have has a main opening
of2 inches. Selecting a 2-inch to 1/2-inch
copper pipe adapter fitting made the heat
gun more manageable. It wi ll still blow
par ts off the board being desoldered , but
it is more contro llab le with the fitting. To
make the adapter a tight fit to the heat gun,
jam-fit a few wraps of tin foil to hold the
adapter tight on the end of the heat gun.

Remember, as with anything that is hot
and/or shoots fla mes. use safety glasses
and work with one component at a time
for maximum safety.

can help out in assembling many differ­
ent projects.

large toothpaste-like tube and can be
obtained in most auto supply stores. As an
added bonus, using RTV, the DC supply
can be pried off the plate with a screw­
driver for use in other projects.

I have used this technique for mounting
microw ave mixers, coax switching relays,
as well as DC-to-DC switching power sup­
plies that were used to increase the DC
voltage to power 24-volt coax relays. A 12­
volt main DC supply was increased to just
over 24 volts by stacking a few 5- to 9-volt
miniature DC switching supplies. These
miniature switching supplies are the size
of three to four postage stamps, making
them very versa tile.

These are ju st a few of the simple pro­
jects that can be acco mplished using RTV
to mount components.

The abov e having been achieved , now
all you have to do is locate a suitable c.on­
tainer into which to place the device.
Local swap meets can be a great source
of aluminum boxes (chassis) . They can
come from similar-s ize defective test
equipment, such as Hewlett Packard 432
power meter s for small projects.Older HP
431 power meters are good for slightly
larger projects, and other rack-mounted
test equipment works for large projects.
These shells often can be obtained for a
song and make very nice microwave con­
verter chass is. The price is usually quit e
inexpensive compared to commercial
cabinets. A suitable cha ssis, let ' s say from
a Hewl ett Packard piece of equipment,
will give you a look very similar to other
microwave converters.

Erector Sets - A New Use
While I was writ ing this column, anoth­

er useful chass is construc tion aid was dis­
covered. I was watching the Discovery
chann el, and a program featured an engi­
neerin g mockup of Californi a Adve nture,
the latest ride at Disneyland . Engineers at
Disne yland had used material fro m a
child ' s Erector Set to visualize the new
ride rather than use a paper blueprint
drawin g. It was a quite versat ile tool for
a mock-up, and it would be good, too, as
a mounting aid for various component s in
a microwave converter project.

My next project will incorporate some
of the Erector Set parts-that is, if I can
get permi ssion from my two grandchil­
dren, who ju st constructed a ferris wheel
from parts of the three Erector Sets we
bought many years ago. All of this goes
to show that a good junk box, as well as
some unexpected other bits and pieces,
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CQ's 6 Meter and Satellite WAZ Awards
(As of January 1, 2007)

By Floyd Gerald,· N5FG, CQ WAZ Award Manager

6 Meter Worked All Zones
No. Callsign
1 N4CH
2 N4MM
3 JIlCQA
4 K5UR
5 EH7KW
6 K6EID
7 KIlFF
8 JFlIRW
9 K2ZD
10 W4VHF
11 GIlLCS
12 JR2AUE
13 K2MUB
14 AE4RO
15 DL3DXX
16 W50Z1
17 WA6PEV
18 9A8A
19 9A3JI
20 SP5EWY
21 W8PAT
22 K4CKS
23 HB9RUZ
24 JA3IW
25 IKIGPG
26 WIAIM
27 K1LPS
28 W3NZL
29 K1AE
30 IW9CER
31 IT9IPQ
32 G4BWP
33 LZ2CC
34 K6MIO/KH6
35 K3KYR
36 YVIDIG
37 KIlAZ
38 WB8XX
39 K1MS
40 ES2RJ

Zones needed to have all 40 confir med
16.17,18,19,20,21,22,23,24,25,26,28,29,34,39
17,18,19,21,22,23,24,26.28.29,34
2,18,34,40
2,16.17,18,19.21,22,23,24,26,27,28,29,34.39
1,2,6,18,19,23
17,18,19.21,22,23,24,26,28,29.34,39
16,17,18,19,20,21,22,23,24,26,27,28,29,34
2,40
2,16,17,18.19,2 1,22,23,24,26,28,29,34
2,16,17,18,19,21,22.23,24,25,26,28,29,34,39
1,2,3,6,7,12,18,19,22,23,25,28,30,31,32
2.18,34,40
16,17,18,19,21.22,23,24,26,28,29,34
16,17,18,19,21,22,23,24,26,28,29,34,37
18,19,23,31,32
2,16, 17,18,19,20,21,22,23,24,26,28,34,39,40
3,4,16,17,18,19,20,21.22,23.24,26,29,34,39
1,2,3,6,7,10,12,18,19,23,3 1
1,2,3,4,6,7,10,12,18,19,23,26,29,31,32
1,2,3,4,6,9,10,12,18,19,23,26,31,32
16,17.18,19,20,21,22,23,24.26,28,29,30,34,39
16,17,18,19,21,22,23,24,26,28,29,34,36,39
1,2,3,6,7,9,10,18,19,23,31,32
2,5,18,34,40
1.2,3,6,10.12,18.19,23,32
16,17,18,19,20,21,22,23,24,26,28,29,30,34
16,17,18,19.21,22,23,24,26,27,28,29,30,34,37
17,18,19,21,22,23,24,26,27,28,29,34
2.16,17.18,19,21,22,23,24,25,26,28,29,30,34,36
1,2,6,18,19,23,26,29,32
1,2,3,6,18,19,23,26,29,32
1.2,3.6,12,18,19,22,23,24,30,31,32
1
16,17,18,19,23,26,34,35,37,40
17,18.19,21.22,23.24,25,26.28,29,30,34
1,2,17,18,19,21,23,24,26,27,29,34,40
16,17,18,19,21,22,23,24,26,28,29,34,39
17,18,19,21,22,23,24,26,28,29.34,37,39
2,17,18,19,21,22,23,24,25,26,28,29,30,34
1,2,3,10,12,13,19.23,32,39

41 NW5E
42 ON4AOI
43 N3DB
44 K4Z00
45 G3VOF
46 ES2WX
47 IW2CAM
48 OE4WHG
49 TI5KD
50 W9RPM
51 N8KOL
52 K2YOF
53 WAIECF
54 W4TJ
55 JMlSZY
56 SM6FHZ
57 N6KK
58 NH7RO
59 OK1MP
60 W9JUV
61 K9AB
62 W2MPK
63 K3XA
64 KB4CRT
65 JH71FR
66 KIlSQ
67 W3TC
68 1KIlPEA
69 W4UDH
70 VR2XMT
71 EH91B
72 K4MQG
73 JF6EZY

74 VEIYX
75 OK1VBN
76 UTI QF
77 K5NA
78 14EAT
79 W3BTX
80 JH1HHC

17,18,19,21,22,23,24,26,27,28,29,30,34,37,39
1,18,19,23,32
17,18,19,21,22,23,24,25,26,27,28,29,30,34,36
2,16,17,18,19,21,22,23,24,25,26,27,28,29,34
1,3,12,18,19,23,28,29,31,32
1,2,3,10,12,13,19,31,32,39
1.2,3,6,9,10,12,18,19,22,23,27,28,29,32
1,2,3,6,7,10,12,13,18,19,23,28,32,40
2,17,18,19,21,22,23,26,27,34,35,37,38,39
2,17,18.19,21,22,23,24,26,29,34,37
17,18,19,21,22,23,24,26,28,29,30,34,35,39
17,18,19,21,22,23.24,25,26,28,29,30,32,34
17,18,19,21,23,24,25,26,27,28,29,30,34,36
17, 18,19,21,22,23,24,25,26,27,28,29,34,39
2,18,34,40
1,2,3.6,12,18,19,23,31,32
15,16,17,18,19,20,21,22,23,24,34,35,37,38,40
1,2,17,18,19,21,22,23,28,34,35,37,38,39,40
1,2,3,10,13,18,19,23,28,32
2, 17,18,19,2 1,22,23,24,26,28,29,30,34
2,16,17,18, 19,2 1,22,23,24,26,28,29,30,34
2,12.17,18,19,21,22,23.24,26,28,29,30,34,36
17,18,19,21,22,23,24,25,26,27,28,29,30,34,36
2,17,18,19,21,22,23,24,26,28,29,34,36,37,39
2,5,9,10,18,23,34,36,38,40
16,17,18,19,20,21,22,23,24,26,28,29,34
17,18,19,21,22,23,24,26,28,29,30,34
1,2,3,6,7,10,18,19,22,23,26,28,29,31,32
16,17,18,19,21,22,23,24,26,27,28,29,30,34,39
2,5,6,9,18,23,40
1,2,3,6,10,17,18,19,23,27,28
17,18,19,21,22,23,24,25,26,28,29,30,34,39
2,4,5,6,9,19,34,35,36,40
17,18,19,23,24,26,28,29,30,34
1,2,3,6,7,10,12,18,19,22,23,24,32,34
1,2,3,6,10,12,13,19,24,26,30,31
16,17,18,19,21,22,23,24,26,28,29,33,37,39
1.2,6,10,18,19,23,32
17,18,19,22,23,26,34,37,38
2,5,7,9,18,34,35,37,40.

Satellite Worked All Zones
No. Calls ign Issue date Zo nes Nee ded to have

a ll 40 confirmed
1 KL7G RF 8 Mar . 93 None
2 VE6LQ 3 1 Mar. 93 No ne
3 KD6PY 1 June 93 None
4 OH5LK 23 June 93 None
5 AA6PJ 21 July 93 None
6 K7HDK 9 Sept. 93 None
7 WINU 13 Oct. 93 None
8 DC8TS 29 Oct. 93 None
9 DG2S BW 12 Jan. 94 None
10 N4SU 20 Jan . 94 None
II PA0AND 17 Feb . 94 None
12 VE3NPC 16 Mar . 94 No ne
13 WB4MLE 3 1 Mar . 94 None
14 OE3JIS 28 Feb. 95 None
15 JA1BLC 10 Apr . 97 None
16 F5ETM 30 Oct. 97 None
17 KE4SCY 15 Apr. 0 1 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,
33,34,36,37,3 9

21 AA6NP 12 Feb. 04 No ne
22 9V IXE 14 Aug . 04 2,5 ,7,8,9,10, 12,13.

23,34,35,36,37,40
23 VR2XMT 01 May 06 2,5,8.9,10,11,12, 13,23,34,40

CQ offers the Satellite Work All Zones award for stations
who confirm a minimum of25 zones worked via amateur radio
satellite . In 200 1 we "lowered the bar" from the original 40
zone requirement to encourage participation in this very diffi­
cult award. A Sate llite WAZ certificate will indicate the
number of zones that are confirmed when the applicant first
applies for the award. '

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

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

*17 Green Hollow Rd., Wiggins, MS 39577; e-mail: <n5fg@cq-amateur-radio.com>
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RSGB Books available from mu

$15.00Order: RSIOTA

Order No. RSVUANT $23.00

r I-Fr e
-853-9797

Or
8

HF Amateur Radio
RSGB. 2002 Ed.
The HF or short wave bands are one of
the most interesting areas of amateur
radio. This book takes the reader
through setting up an efficient amateu r
radio station, which equipment to
choose, installation, and the best

antenna for your location and MUCH more.

Order: RSHFAR $21.00

VHF/UHF Antennas
By Ian Poole, G3YWX

RSGB, 2002 Ed, 128 pages
This great new book investigates
the exciting area of VHF and UHF
antennas . VHF and UHF bands pro­
vide an exciting opportunity for those wishing
to experiment, while the antenna sizes at these
frequencies do not occupy great amounts of space.

Low Power Scrapbook
RSGB. © 2001 , 320 pages.
Choose from dozens of simple trans­
mitter and receiver projects for the HF
bands and 6m, including the tiny Oner
transmitter and the White Rose
Receiver . Ideal for the experimenter or
someone who likes the fun of building
and operating their own radio equipmen t.

Order: RSLPS $19.00

IOTA Directory - 11th Edition
Edited by Roge r Ballster, G3KMA.
RSGB, 2002 Ed., 128 pages

This book is an essential guide to
participating in the IOTA (Islands on the
Air) program. It contains everything a
newcomer needs to know to enjoy
collecting or operating from islands for
this popular worldwide program .

$28.00
Order: RSTAEG

RSGB Prefix Guide

Order: RSHFAC $16.00

By Fred Handscombe, G4BWP .
RSGB. 6th Ed., 2003. 48 pages .
This book is an excellent tool for
the beginner and the experienced
hand alike. Designed with a "lay
flat" wire binding for ease of use the new "Prefix
Guide" is a must for every shack.

Order: RSPFXG $13.50

The Antenna
Experimenter's Guide
RSGB. 2nd Ed, 1996. 160 pages.
Takes the guesswo rk out of adjusting
any antenna, home-made or commer­
cial, and makes sure that it's working
with maximum efficiency . Describes

RF measuring equipment and its use, constructing
your own antenna test range, computer modeling
antennas . An invaluable companion for all those who
wish to get the best results from antennas!

Practical Projects
Edited by Dr. George Brown, M5ACN
RSGB 2002 Ed, 224 pages
Packed with around 50 ' weekend
projects,' Practical Projects is a book
of simple construction projects for the
radio amateur and others interested
in electronics . Features a wide vari­

ety of radio ideas plus other simple electronic designs
and a handy ' now that I've built it, what do I do with
it?' section. Excellent for newcomers or anyone just
looking for interesting projects to build.

Order : RSPP $19.00

HF Antenna Collection
RSGB, tst Ed., 1992.233 pages.
A collection of outstanding articles and
short pieces which were published in
Radio Communication magazine
during the period 1968-89. Includes
ingenious designs for single element ,

beam and miniature antennas , as well providing
comprehensive information about feeders , tuners,
baluns, testing, modeling , and how to erect your
antenna safely.

$21.00Order: RSARMH

Antenna Toolkit 2
By Joe Carr, K41PV
RSGB &Newnes, 2002 Ed.
256 pages.A definitive design
guide for sending and receiving
radio signals. Together with the
powerful suite of CD software
included with this book , the read­
er will have a complete solution for constructing
or using an antenna ; everything but the actual
hardware!

Antenna Topics
byPat Hawker, G3VA

RSGB. 2002 Ed. 384 pages.
This book is a chronological collec­
tion of selections of G3VA's words
over the years. Hundreds of areas
and subjects are covered and
many a good idea is included .

Order No. RSAT $29.00

Orde r: RSANTKIT2 $40.00

Amateur Radio
Mobile Handbook
RSGB. 2002 Ed., 128 pages .
The Amateur Radio Mobile
Handbook covers all aspects of
this popular part of the hobby. It
includes operating techniques ,
installing equipment in a vehicle
and antennas, as well as maritime
and even bicycle mobile . This is essential
reading if you want to get the most out of your
mobile station.

ffi
The Antenna File
RSGB. ©2001 . 288 pages. $34.95.

.. Order : RSTAF
~ 50 HF antennas , 14 VHF/UHF/SHF

antennas, 3 receiving antennas , 6
articles on masts and supports , 9

+ articles on tuning and measuring , 4
on antenna construction, 5 on design

and theory, and 9 Peter Hart antenna reviews.
Every band from 73kHz to 2.3GHzl

Order: RSTAF $32.00
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By Bob Witte,'" K0NR

FM
FM/Repeaters-Inside Amateur Radio's " Uti lity" Mode

Ba5ic Frequency Modulation Theory

The concept of frequency mod ulation in radio communi­
cations was first described by Armstrong back in 1936.1

FM continues to be a very popular mode with radio ama­
teurs , especially on the 144-,222-, and 440-MHz bands. Despite
the widespread use of FM, some of its characteristics are not
well understood. This article is a review of the basics of FM
theory and is based heavily on an article I wrote that was orig ­
inally publi shed in QST.2

MODULATION
TYPE

CW
(NO MODULATION)

MATHEMATICAL
EXPRESSION

A COS(21Tft + IJ}

TIME DOMAIN
WAVEFORM

Figure I. Comparison of common modulation techniques.

standing and care. Refer to the article by Jeff Stouffer, K6JSI,
in the Winter 2005 issue of CQ VHF for more insight on how
to keep your repeater audio sounding great ."

The mathematical expression for CW, AM , and FMfPM and
the waveform of each signal is shown in figure I . Single-side­
band mod ulation is the most common form used on the HF
bands. It is a version of AM that increases the efficiency of the
system by eliminating the power in the carrier and one of the
sidebands.P Since the RF spectrum of an SSB signal is just a
frequency-shifted version of the modulating signal, the band­
widths of the two signals are the same. Our focu s in this article
is on FM , but SSB provides an important standard of compar­
ison . Figure 2 shows the spectrum of the modulating signal and

FM/PM A COS[21Tft + km(t)]

A [1 +m(t)]cos(21Tft + IJ)AM

vet) =Acos(21tft + 8)

where
A is the peak amplitude of the signal
8 is the relative phase of the signal
f is the carrier frequency
t is time

If we keep the amplitude A and the phase 8 constant, we
have an unmodulated carrier or continuous wave (CW). If we
keep the phase constant but modulate the amplitude, ampli­
tude modulation is produced. Similarly, we can adjust the
phase of the carrier with the modulating to produce phase or
frequency modulation.

Phase modulation (PM) and frequency modulation (FM) are
closely related and together are called angle modulation.
Generally, PM and FM can be derived from each other by fil­
tering the modulating signal, often referred to as adding pre ­
emphasis or de-emphasis to the audio signal. Phase modulation
is, in fact , the industry standard.J However, since the conven­
tional ham radio terminology is "frequency modulation," I will
use that terminology here. I am not going to cover pre-empha­
sis and de-emphasis in this article. Maintaining a flat audio
response in FM repeater systems doe s require some under-

Modulation Techniques
A review of the common analog modulation techniques will

help put FM into perspective. Mathematically, we can repre­
sent a radio signal as a sinusoid:

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

Tabl e I . FM sidebands with sinusoidal modulation. Value s shown are the amplitude relative to an unmodulated carrier and are
for both upp er and lower sidebands. Odd-numbered lower sidebands are 180 degrees out ofphase with the upper sideband.

Negative values indicate 180-degree phase shift.

0.018

8th SB

Visit Our Web Site

0.053

7th SB

0.131

6th SB

0.261

5th SB

0.034
0.391

4th SB

0.020
0.129
0.365

3rd SB

0.031
0.115
0.353
0.047

2nd SB1st SB
0.050
0.100
0.242
0.440
0.577
-0.328

Ca rrier
0.997
0.990
0.938
0.765
0.224
-0.178

~
0.1
0.2
0.5
1.0
2.0
5.0
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0.115
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narrowband PM is 180 degree s out of
pha se with respect to its AM counterp art ,
as shown in figure 38.

The term s wideband and narrowband
get tossed around in the amateur world to
mean a variety of thin gs. Let ' s start with
broadcast FM , which in the U.S. has a fre­
quency deviation of 75 kHz and a maxi­
mum modulating frequency of 15 kH z,
resulting in ~=75 kH z/15 kHz=5. From
Table 1, we see that this signal has rough­
ly eight significa nt sidebands on each
side of the carrier. Clearly, this is a wide­
band signal. Modern ham transceivers
may include the ability to receive FM
broadcast signals, ca lling this fea ture
wideband FM receive.

0.765

(8)

0.1
I

le+lmIeI
-{).1

NARROWBAND FM ([3=0.2)

0.115
Ie-31m I fe-1m

-{)~020 Ie-21m Ie

-{).440

(A)

0.99

fe-1m
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Figure 3. (A) A wideband FM signal with sinusoidal modulation, with modulation
index of 1.0. (B) True narrowband FM and AM spec trums are alike, but with
the lower sideband of the FM signal 180 degrees out of phase (indicated by the

minus sign).

We often refer to FM as either nar­
rowband or wideband. In communication
theory, narrowband FM is usually de ­
fined as an FM signal that occupies the
same bandwidth as an AM signal with the
same modulation applied." Recall that
the bandwidth of an AM signal is twice
the modulating signal bandwidth. Since
the signal shown in figure 3A has sever­
al significant sidebands, it is clearly not
a narrowband signal, Given the nature of
FM sidebands, the specific dividing line
between wideband and narrowband is a
bit fuzzy. It depends on what level of side­
bands is ignored, but narrowband is usu­
all y taken as less than 0.2 to 0.5 (see
Schwartz, note 7). The spectrum and per­
formance of narrowband FM is identical
to AM except that the lower sideband of

FM Bandwidth

as the energy in the carrier is distributed
across the sidebands . In fact, for ~ of 2.4,
the carrier amplitude is zero. Figure 3A
shows the spectrum of a typical FM sig­
nal with a modulation index of 1.0.

www.cq-vhf.com

Figure 2. For single-sideband modula­
tion, the bandwidth of the modulating
signal and the resulting RF signal are

the same.

Modulation index (~) =
freq , deviation/modulation freq.

that of the resultin g SSB signal (in this
case , upp er sideband).

Since voice modulation is a complex
signal that varie s dramatically in ampli­
tude, we usuall y focus on the maximum
f requency deviation, the frequency devi­
ation that occurs at the peak s of the mod­
ulating signal. Analysis of FM signals is
diffi cult in the general case, but is man­
ageable for sinuso ida l modulation. For
sinuso idal modulation, the se sidebands
behave according to a class of mathe­
matical functions called Besselfun ctions.
Table I lists the relati ve amplitude of val­
ues associated with each sideband, de­
pendin g on the modulation inde x. The
sidebands are spaced at integral multiples
of the modul ating frequency away from
the carrier. Unlik e AM/SSB signals, FM
signals theoretically have an unlimited
number of sidebands . Sideband values
less than 0.0 I (corresponding to sideband
amplitudes that are 40 dB below the car­
rier)6 are not shown in Table I . FM has
upper and lower sidebands that are equal
in ampl itude but may be 180 degrees out
of phase (shown with a negative sign in
Table I). Note that the amplitude of the
carrier changes with the modulation index

Frequency Modulation
When we frequency modulate a signal,

we instant aneously adjust the carrier' s
frequency accordin g to the modulating
signal, An FM signal is described by its
fre quency deviation, which is the instan­
taneous change away from the carrier fre­
quenc y, and by the modulation index,
which is defined as:

RESULTING
SINGLE·

MODULATING SIDEBAND
SIGNAL

Itln
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Capture Effect
SSB signals tend to add linearly, ac­

cording to their relative amplitudes.

Figure 6. Two sinusoids, one much largo
er than the other. are combined into one
waveform. The larger of the two sinu ­
soids determin es the zero crossings (and

the fr equency) .

sine-wave carrier (figure 5A) is deter­
mined by how many times the waveform
crosses zero in one second. With a noise ­
free signal , this is easy to do, both visu ­
ally by the reader as well as electronical­
ly by an FM detector. Usually, the FM
signal is passed through a limiter tha t
removes any amplitude variation, and!
then into a circuit that converts the fre­
quency into a voltage. Figure 5B shows
a sine wave plus noise, but with a rela ­
tively high SNR. The zero crossings of
this signal are still easy to determine,
because the signal dominates the noise.
A signal with a low SNR (figure 5C) ,
however, has zero crossings that are less
obvious for the reader, and are harder for
an FM receiver to detect. Thus, with a
high SNR , the frequency of a signal is
easily determined, and any FM can be
detected. However, with a low SNR, the
frequency is difficult to determine, and
attempts to extract the modulating signal
will result in a noisy signal.

Like many wideband-rnodulation
techniques" FM offers the potential of
trading increased signal bandwidth for
increased post-detection SNR, as long as
the detector is operating above the noise
threshold. As the FM deviation is in­
creased, the SNR increases. FM broad­
cast stations use wideband FM to trans ­
mit high-quality audio signals. The
deviation cannot be made arbitrarily
high, because the increased bandwidth in
the receiver lets in increased noise , which
eventually causes the detector to operate
below the noise threshold. Also, the high­
er the deviation, the more pronounced the
threshold effect.

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

Performance with Noise
In a real communications system, noise

is present and must be taken into account
to determine system performance. An
important figure of merit for a modula­
tion technique is a comparison of the sig­
nal-to-noise ratio (SNR) into the detector
(predetection SNR), and the signal-to­
noise ratio out of the detector (post-detec ­
tion SNR) (see figure 4) . Because of the
linear nature of SSB, the predetection
SNR is equal to the post-detection SNR.

In a wideband FM system, the rela­
tionship is not so simple. For a high pre­
detection SNR, an FM detector produces
an even higher post-detection SNR.
However, for a low-predetection SNR,
the FM detector performs poorly and pro­
duces an even lower post-detection SNR.
As the predetection SNR is varied from
a high value to a low value, at some point
the post-detection SNR rapidly decreas­
es. This point is commonly known as the
noise threshold, and this effect is called
the threshold effect.

FM noise performance and threshold
effect can be viewed graphically as
shown in figure 5. The frequency of a

Note that for very large deviations, the
FM bandwidth is approximately twice
the deviation; for small deviations, the
FM bandwidth is approximately twice
the modulating signal bandwidth.

For 5-kHz amateur radio FM, this re­
sults in a bandwidth of:

FM bandwidth = 2 (deviation +
modulating-signal bandwidth)

FM bandwidth =2 (5 kHz + 3 kHz)
=16 kHz

quency of 3 kHz, ~ = 5 kHz/3 kHz = 1.67.
This clearly is not narrowband, as defined
by communications theory. Keep in mind
that for any particular frequency, the
modulation index may be even higher.
For example, for a modulating frequen­
cy of 1 kHz, ~ = 5 kHz/l kHz = 5. This
may seem like trivial nomenclature, but
it is important, because there are certain

. characteristics associated with wideband
or narrowband FM, and improper use of
the terms confuses the situation.

Table 1 is applicable for simple sinu­
soidal modulation and does not represent
the more common case of complex,
multi-frequency modulation. For typical
communication signals, Carson's Rule 8

is used to estimate the signal bandwidth:

POST-DETECTION
SNR

~ AUDIO
SIGNAL

Figure 5. (A) A noise-free sine wave. (B)
A sine wave with noise added (zero cross­
ings are easy to determine). (C) A sine
wave with a large amount ofnoise. caus­
es the zero crossings to be difficult to

detect.

Figure 4. The SNR into the detector
determines the SNR out of the detector.

Most FM operation on the ham bands
has a maximum frequency deviation of 5
kHz. There was a time when 15-kHz
deviation was common, so hams used to
refer to 15-kHz deviation as wideband
and 5-kHz deviation as narrowband. Just
to make things even more confusing,
some modem FM transceivers can drop
their maximum frequency deviation in
half to 2.5 kHz, creating an even nar­
rowerband FM.

Focusing just on the 5-kHz deviation
FM, for a maximum modulation fre-

PREDETECTION
SNR

RF OR IF-----..J
SIGNAL I DETECTOR

I

I
I
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Figure 7. The test setup for measuring post-detection SNR versus pre-detection SNRfor the Kenwood TS-430S transceiver.

-80 dBm

HP339A
DISTORTION
ANALYZER

20dBm

AUDIO

- 90 dBm

POST·DETECTION
SNR

!

10dBm

tion was switched from SSB to FM on a
modern ham transceiver?" The perfor­
mance ofa Kenwood TS-430S multimode
HF transceiver (with FM option installed )
was measured using the test setup of fig­
ure 7. The signal generator output and the
noise generator output mix to produce a
known SNR at the input of the transceiv ­
er . All measurements were made at 29
MHz, but similar results would be expect­
ed if conducted at VHF or UHF, since this
is a test of the IF /detector portion of the
transceiver. The noise level at the input of
the transceiver was set to a level consi s­
tent with typical atmospheric noise.

The signal level was varied to produce
different SNRs at the input of the trans­
ceiver. For SSB testing , a pure sine wave
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Figure 8. Measured data for the Kenwood TS-430S transceiver.

the practical bandwidth depends on how
small the sidebands have to be before they
can be ignored. One source give s the
bandwidth of an amateur FM signal with
a 5-kHz deviation as 22 kHz (ignoring
sidebands that are less than I percent of
the orig inal carri er j .U' Carson ' s Rule
gives the bandwidth to be 16 kHz. Both
of these estimates show why the IS-kHz
channel spacing used in many parts of the
U.S. on 2 meters may be a little too tight
unle ss geographic separation is used
between stations on adjacent channels.
This also explains why FM is used only
on the wider amateur bands, as it uses
much more of the spectrum than SSB.

One might ask, "What performance dif­
ference would be noticed if the modula-

HP 8662A
SIGNAL

GENERATOR

MARCONI 10-dB
TF 2091 .......- STEP
NOISE GENERATOR ATIENUATOR

FM V5. SSB

www.cq-vhf.com

It is interesting to compare the charac­
teristics of FM and SSB, since SSB is con­
sidered the most efficient analog voice
modulation technique, commonly used on
HF and the VHF bands. This comparison
has been done in a variety of papers and
textbooks for the general case", but here
we will compare amateur radio FM and
SSB signals. Amateur FM is assumed to
have a S-kl-lzdeviation and be modulated
with audio that is band-limited to 3 kHz.
SSB has no equivalent modulation para­
meter, but aga in the audio signal is
assumed to be band-limited to 3 kHz.

Since an SSB signal has the same band­
width as the modulating signal, the SSB
bandwidth is 3 kHz. Again , since an FM
signal has potentially infinite bandwidth,

Thus, two stations tran smitting at the
same time may both be heard . This is not
usually true for wideband FM. The
stronger of two FM signals will be heard
clearly, often completely overriding the
weaker signal. This is known as the cap­
ture effect. as the larger signal is said to
"capture" the receiver. This is similar to
the threshold effect: A large FM signal
has the ability to overcome smaller per­
turbations, such as other signals or noise.

Figure 6 shows two signals, one much
larger than the other, added together. For
clarity, the smaller waveform is shown as
having a much higher frequency than the
larger waveform. Note that the larger
waveform dominates and will determine
when the combined waveform will cross
zero.Therefore, a frequency detector will
tend to respond to the larger signal and
ignore the smaller signal.
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was used, set to produce a I-kH z audi o
tone in the tran sceiver. For FM, the car ­
rier was frequ enc y-modulated with a 1­
kHz signal at a deviation of 5 kHz. The
audio output of the tran scei ver was co n­
nected to the distorti on anal yzer. It com ­
pares the power in the signal with the
power in the signal after the audi o test fre­
quency has been notched out. Thi s result s
in a SINAD measurement, which was
con verted to SNR.II

The result s (figure 8) show the expec t­
ed straight-line beha vior of SSB , and the
roll off of post-detection SNR for FM at
a low predetection SNR. Changin g
mode s between FM and SSB will result
in different IF bandwidths, and hence dif­
ferent SNRs. The horizontal axis shows
SSB SNR and FM SNR , which differ by
8 dB. Thi s offset is found by takin g the
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ratio of the two nom inal receiver band­
widths in decibels. The offset is:

10 log ( 15 kHz/2.4 kHz) =8 dB

an approx imation, since nominal band­
width instead of noise equivalent band­
width is used . Thu s, fo r any given signal
level , the SSB SNR is different from the
FM SNR (by 8 dB). The plot is repre­
sentative of actual opera tion, because the
noise level is held constant.

The two modul ation schemes are equal
at an SSB SNR of 17 dB. The FM thresh­
old (the level at which the FM perfor­
mance starts degradin g rapidly) is around
10-1 2 dB . Thi s is co nsistent with the the­
oretical prediction s (see Schw artz, note
7). The horizontal -scale signal level is
included to emphasize the co mparison of
FM and SSB at a co nsta nt signal level (as
oppose d to a co nstant SNR). The abso lute
value of the signal level is not significa nt,
since the SN R depends on the origin al
choice of noise level.

To highli ght the perform ance differ­
ences , consider the case where the SSB
SNR is 10 dB . Thi s is a very usabl e sig­
nal, easy to copy, by typical weak-signal
operating standards. At this same signal
level , the recovered FM signa l has
crashed into the noise, produ cing some­
thing less than O-dB SNR. Thi s is due to
the threshold effect found in wideband
FM and the wide r IF band width of the
FM signal lettin g in more noise.

The TS -430S ge nerates about 100
watts of RF power output in the SSB
mode and 50 watts in the FM mode. Thi s
would add 3 dB in favo r of SSB if two
TS -430s were in QSO, but this is left for
the reader to assess. A chec k of more
recent multi mode HF/YHF transceivers'
(the FT-897, IC-746P ro, TS-57 0, TS­
480) datasheets shows that the rated RF
output power is the same for SSB and FM.

On-the-Air Tests
Theoretical analysis combined with

bench tests is great, but it is also useful to
see how the theory plays out in practice.
In 1999, my daughter Sara Witt e,
KC0 AMO , performed a ham radio exper­
iment for a regional science fair and the
results were publi shed in CQ VHF I2 This
experiment used on-the-air signal reports
to characterize the relative perfo rmance of
FM and SSB, using a Yaesu FT-847 on the
2-meter band. As expected, with high sig­
nal levels, FM was generally superior to
SSB in terms of readability. With decreas­
ing signal level, the experiment confirmed

that the weak- signal performance of SSE
faded away slowly, while the FM perfor­
mance experienced a dramatic drop asso­
ciated with the threshold effect.

Summary
Thi s article gav e a tour through the

basics of frequency modulation. We
looked at the bandwidth of FM signals
and noted that the term s narrowband and
wideband FM can mean a number of dif­
ferent thin gs in ham radio. Using the strict
definiti on of narrowband FM (same
bandwidth as an equivalent AM signal),
amateur FM is wideband. Thi s mea ns that
amateur FM exhibits the threshold and
capture effects.

Co mparing FM with SSB , we see that
SSB is superior at low signal leve ls, but
FM is usable on HF and VHF as long as
the signal levels are high enough. FM has
the ad vantage of better overall audio
qualit y, as long as the signals are strong
enough to stay above the thre shold effect.

That's all for this issue. Let me know
what you are doing with FM VHF by
sending me an e-mail or dropping by my
weblo g: <http://www.kOnr.com/blog/>.
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The Science of Predicting VHF-and -Above Radio Conditions

PROPAGATION
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By Tomas Hood,* NW7US/AAA0WA

plorin g and ex perimenting with ? What
are your result s? What has your gro up
acco mplished, and what doe s it reveal
about the science of radio-wave propa­
gatio n? Please don 't hesitate to share your
VHF -and -above knowl edge with the rest
of the community. Thi s magazine is one

Guglielmo Marconi, the developer of the
first successful radio, appears on the
Italian 2000 Lire note. As a dedicated,
passionate amateur scientist, he eventu­
ally changed the course ofhistory, and he
is honored on this currency. Are you one
of the new radio amat eur pioneers ? Be
an active part ofthe science of radio and

explore new ideas and technologies.

An artist's conceptualization of the space environment around Earth , and the sens­
ing craf t (satellites and space probes) used to monitor and f orecast space weather.
With ever-increasingly sophisticated instruments and technologies, space weather
is becoming more and more understood and predictable. (Source: Center for Space

Environment Modeling (CSEMJ)

recei ver, out of sight of Marconi . When
Marconi "sent" his three-dot Morse
cod ed "S" transm ission , Mignani fired
his gun. For the first time in history,
Morse code, and thereby the first com­
munication, had travelled throu gh space.

That' s the power of the amateur radio
scientist, too. You are among the ranks of
potenti al pioneers, impro vers, and imple­
menters who will move radio techn ology
and electronics forward into new territ o­
ry. All it takes is your dedication to do
more than turn on an appliance and settle
for the bare minimum.

In prior co lumns I' ve shared online
resources and communities where you
can plug in and participate. In addition to
ge tting on the air and co mmunicating,
experimenting, and pushing the limit s of
non-HF radio, the amateur scientist must
docum ent , share , compare, and challenge
the raw data of real-w orld exper ience.

To that end, I want to open up this co l­
umn to more of your feedbac k and in­
volvement. What new ideas are you ex-

A Call to Action
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www.cq-vhf.com

*P.O. Box 213, Brinnon, WA 98320-0213
e-mail: <nw7us@hfradio.org>

YoUwill know from past editions of
this column that I believe in you.
In your care you have the future of

amateur radio and the potent ial to impact
the wor ld ofcommunication. In addition,
you have the chance to make a posit ive
difference in the lives of people around
the wor ld. It is true. The radio amateur
has tradi tionally brought new technolo­
gy, methods, and skills into the light of
the modem day. It was an amateur sci­
entist who became an amateur radio pio­
neer and ushered in the era of radio:
Guglielm o Marconi.

Guglielm o Marconi, a self-taught 21­
year-old from Bologna, Italy, was con­
vinced through his experi ments that it
was possible to send signals by using
electromagnetic wave s. His firs t "OX"
attempt was over a very shor t distance­
100 meters between his house and the end
of his garden. Exc ited with that success,
he demonstrated that these waves could
propagate through the ether between two
points separated by an obs tacle .

At the time , 1895, the genera l view held
by scie ntists and other experts was that
electro mag netic waves could only be
propagated in a straig ht line and then only
if there was nothing in the way. More­
over, this common view held that the
main obstacle to these waves was the cur­
vature of the Ear th's surface.

Marconi was a true pioneer and never
allowed the tide of popular scientific
opinions to deter him from his love of
amateur science. Like every self-taught
amateur scientist and hobb yist, he was
more interested in pragmatic application
and exper imentation than pure theory.
Armed with resolve and deep investiga­
tive dedicat ion, he continued to improve
his experimental equipment and pushed
every limit he could think of. He placed
his transmitter near his house and the
rece iver 3 kilometers away, behind a hill.

Marconi' s aide , Mignani, whose only
duty consisted of firing a rifle shot when
the sig nal was rece ived, waited by the
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more these ovals will expand. Sometimes
they grow so large that people at middle
latitudes, such as in California, can see
these "Northern Lights."

When you see the solar wind speed
increase to over 500 kilometers per sec­
ond, and the Bz remains mostly negative
(when the Interplanetary Magnetic Flux
[IMF] is oriented mostly southward), ex­
pect an increase in geomagnetic activity,
as revealed by the planetary K-index (Kp) .

When the Kp rises above 4, look for
aurora-mode propagation.The higher the
Kp index, and the longer the geomagnet­
ic storminess lasts, the more likely we'll
have strong Au opening s. You don't have
to see them to hear their influence on
propagation. Listen for stations from over
the poles that sound raspy or fluttery .
Look for VHF DX. Sometimes it will
enhance a path at certain frequencies,
while other times it will degrade the sig­
nals. Sometimes signals will fade quick­
ly and then come back with great
strength. The reason for this is that the
radio signal is being refra cted off the
more highly ionized areas that are lit up.
These ionized areas ebb and flow, so the
ability to refract changes, and sometimes
quickly. I' ve observed the effect of auro­
ra and associated geomagnetic stormi­
ness even on lower HF frequencies.

Radio Aurora
If there are enough solar particle s flow­

ing down the Earth ' s magnetic field lines

.'

+

.'

The Lyrids radiant, 2007. (Source: IMO )

./../'
. '

ous colors. Think of a neon sign and how
the plasma inside the glass tube, when
excited, glows with a bright color. These
precipitating particles mostly follow the
magnetic field lines that run from Earth' s
magnetic poles, and are concentrated in
circular region s around the magnetic
poles called auroral ovals. These bands
expand away from the poles during mag­
netic storms. The stronger the storm, the

resource serving the amateur radio sci­
entific community. Take advantage of it.

What is the Aurora?
Aurora is a direct result of solar plas­

ma interacting with gasses in the upper
atmosphere. It is common to see aurora
durin g active to severe geomagnetic
storms. The magnetosphere is filled with
electrons and protons that normally are
trapped by lines of magnetic force that
prevent them from escaping to space or
descend ing to the planet below . The
influence of solar wind that' s been
enhanced by coron al holes can cause
some of those trapped particle s to break
loose, causing them to rain down on the
atmosphere . Gases in the atmosphere
start to glow under the impact of these
particles. Different gases give out vari-

Winter 2007
As explained in the Fall 2006 CQ VHF

column, we have two seasons each year
when any adverse space weather has a
greater influence in causing geomagnetic
disturbances: The first is known as the
Spring Equinoctial season and the second
is known as the Autumnal Equinoctial sea­
son. The Spring Equinoctial season peaks
between March and April of each year.
During this year's equinoctial season
there is moderate chance of geomagnetic
activity combined with space weather to
trigger small to medium aurora events.

New Global Sun-to- earth physics-based models are maturing. These three slidesfol­
low the Halloween 2003 solar storm in the Space Weather Modeling Framework on
the NASA Columbia supercomputer in real time. Taking readings and images in real
time and applying the advanced modelsfrom the Centerfor Integrated Space Weather
Modeling. simulations such as this example aid solar scientists in accurately fore­
casting and timing the arrival of significant space weather. Amateur radio opera­
tors are able to tap into this incredible resource to predict VHF aurora-mode prop­
agation andotherpropagation modes. (Source: Centerfor Integrated Space Weather
Modeling, <http./rwww.bu.edu/c ism/>, and Space Weather Modelin g Framework ,

<http://csem.engin.umich.edu/>)
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Another Lyrids radiant image. (Source: IMO )

Feedback, Comments,
Observations Solicited!

I am looking forward to hearing from
you about your observations of VHF and
UHF propagation . Please send your
reports to me via e-mail, or drop me a let­
ter about your VHF/UHF experiences
(sporadic-E, meteor scatter?). I'll create
summaries and share them with the read­
ership. You are also welcome to share
your reports at my public forums at
<http ://hfradio.org/forum s/>. Up-to-date
propagation inform ation is found at my
propagation center at <http://prop.
hfradio.org/> and via cell phone at
<http://wap.hfradio.org/>.

Until the next issue, happy weak-sig-
nal DXing. 73, Tomas, NW7US

one could even occur this year. The best
time to work this shower should be from
midnight to early morning.

For more information about the mete­
or showers in 2007, see the IMO website:
<http ://www.imo.net/calendarI2007> .

The Solar Cycle Pulse
The observe d sunspot numbers from

October through December 2006 are
10.4, 2 1.5, and 13.6. The smoothed
sunspot counts for April through June
2006 are 17.1, 17.3, and 16.3.

The monthly 10.7-cm (preliminary)
numbers from October through December
2006 are 74.3, 86.4, and 84.3. This is a
slight rise in activity over the previous
three-month period. The smoothed 10.7­
em radio flux levels for April through June
2006 are 80.9, 80.8, and 80.6.

The smoothed planetary A-index (Ap)
numbers from April through June 2006 are
7.9,7.9, and 8.3. The monthly readings
from October through December 2006 are
8, 9, and 14, with December being the
month with the highest smoothed Ap since
May 2005, and the stormiest (geomagnet­
ically) month of 2006.

The smoothed monthly sunspot num­
bers forecast for February throu gh April
2007 are 10.0, 9.9 , and 10.1, while the
smoothed monthly 10.7 ern is predicted
to be 74.4 , 74.0, and 73.9 for the same
period. Give or take about 12 points for
all predictions. Notice how this foreca st
reveals the expectation of the solar min­
imum occurrin g between March and July,
2007 . Clearl y, solar Cycle 23 is at the end
of its life and Cycle 24 is ready to take off.

(Note that these arepreliminaryfi gures.
Solar scientists make minor adjustments
after publi shing, by careful review.)

While there are no major meteor show­
ers during February and March , April has
one major meteor shower, the Lyrids,
active from about April 16 through April
25, peaking on April 22 at 2230 UTe.
Whi le this shower peak s at about 18
meteors per hour, or about one per every
5 minutes on average, radio bursts occur
more often. Also , we might see the mete­
or rate reach as high as 90 per hour.

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

Thi s material isn 't quite evenly dis­
tributed, however, as there have been
some years with outbursts of higher than
usual meteor activity . The most recent of
these outbursts occurred in 1982, with
others occurring in 1803, 1922, and 1945.
These outbursts are unpredictable and

Meteors

expect favorable aurora conditi ons. If the
K-index reache s 8 or 9, it is highly pos­
sible for radio aurora to be worked by sta­
tions as far south as California and
Florida. Your magnetic latitude can be
found using the map at <http ://www.sec .
noaa .gov/Aurora/globeNW.html> .
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and colliding with atmospheric atom s
and molecules, ionization occurs. Thi s
ionization may be sufficient to reflect
VHF and lower UHF radio waves, gen­
erally between 25 and 500 MHz. Thi s
usually occurs in conjunction with visu­
al aurora , but the mechanism is a bit dif­
ferent and it is possible to have one (visu­
al or radio) without the other.

Using radio aurora, the chances of con­
tacting stations over greater distances
than would ordinarily be possible on the
VHF frequencies is increased. Like its
visual counterpart, radio aurora is very
unpredictable. The thrill of the chase
draws many VHF weak-signal DXers to
working auroral OX.

VHF auroral echoe s, or reflections, are
most effective when the angle of inci­
dence of the signal from the transmitter,
with the geomagnetic field line, equals
the angle of reflection from the field line
to the receiver. Radio aurora is observed
almost exclu sively in a sector centered on
magnetic north. The strength of signals
reflected from the aurora is dependent on
the wavelength when equivalent power
level s are employed. Six-meter reflec­
tions can be expected to be much stronger
than 2-meter reflections for the same
transmitter output power. The polariza­
tion of the reflected signals is nearly the
same as that of the transmitted signal.

The K-index is a good indicator of the
expan sion of the auroral oval and the pos­
sible intensity of the aurora. When the K­
index is higher than 5, most inhabitants
of the northern states and Canada can
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By Kent Britain," WA5VJB

ANTtNNAS
Connecting the Radio to the Sky

Coaxial Cable

Photo A. Big coax vs. small waveguide.

-£:;

Frequency

Max Frequency

!

Figure 1. Coax loss vs. fr equency.

good results. It has a few tenths of a dB more loss than the prop­
er waveguide flanges, but this way is 20 dB cheaper!

Life Expectancy of Coax
The photo of some contaminated RG-8 took quite a bit of

scrounging (photo C). You see, there is only one section ofRG­
8 actually used in my station. Furthermore, it has terminals
crimped on each end, and I use the RG-8 as a ground strap on
one of my towers .

The last time I rebuilt all my stations, I took all my runs of
coax and loss tested each one at 450 MHz. My runs of dou­
ble-shielded RG-214 were still within a few tenths of a dB of
factory loss specs, and these runs are over 40 years old! My
RG-2 I3 runs are not quite that old , but again within a few
tenths of a dB of factory specs. However, the RG-8 was a very
different story.

In photo C the piece of 40+-year-old RG-214 on the left still
has clean center insulation. I used a bright white background
for the photo, and it may not show up in print that well, but the
center foam insulation of the RG-8 and RG-58 has a dark yel­
low or tan appearance. It should be bright white , but with age
the insulation has darkened-long enough and it will almost
turn black. Over time, plasticizer from the black outer coating

Coax Maximum Frequency
From Brian we received a question from the last column,

where we talked about using TV station antennas. I had said
that the coax the TV station was using had a maximum fre­
quency of about I GHz. Maximum frequency for coax? Yes, if
you look up the loss charts for a sepcific coax, such as 7IS-inch
hardline, the loss line will go up to about 6 GHz and just stop.
In photo A you see a section of coax and a section of 10-GHz
waveguide. The coax is a lot bigger than the waveguide. If you
tried to send a IO-GHz signal down the coax, the signal would
have trouble deciding if it was going down coax or waveguide.
This mixed mode of propagation means that sometimes the
waves add, and sometimes they cancel when they get to the
other end. In short, the output is a mess. In figure I we see a
typical plot of coax loss to frequency on the left. If the chart
continued, then it would look something like the plot on the
right. Like I said: A mess!

At 6 GHz, the 7Is-inch coax shield starts to act like wave­
guide. Therefore, instead of being coax , it tries to become like
waveguide. The connectors are not designed for this use and the
coax line gets very lossy. Microwavers make coax of different
sizes without the center conductor. This is called elliptical wave­
guide-just coax without the center wire, squished a bit, and
different connectors. It is a nice long tube.

Elliptical waveguide is fairly common on the surplus market,
but the connectors are not so common and are usually expen­
sive. Figure 2 shows a mod I first saw used by Eric Ericson,
K0KE. Eric drilled a hole for a connector, mounted an SMA
connector with a probe on the end, and then closed off the open
end of the waveguide. He simply modified the end of the ellip­
tical waveguide into a coax to waveguide transition. You have
to be careful not to put too much stress on the coax connector.
Even so, this is a simple, low-cost, low-loss way to avoid need­
ing those big, expensive waveguide flanges.

In photo B I show that there is another way to use elliptical
waveguide. Find some short sections of brass waveguide that will
just fit into the elliptical waveguide . You really want a brass or
copper waveguide, since the last step is to solder it in. Cut off a
section of waveguide and, with a big file or bench grinder, round
off the outside of the corners as much as practical. Now hammer
it into the elliptical waveguide as best you can, bend the copper
back flush with the rectangular waveguide, and solder. I have
used this with 5.7-, 10-, and 24-GHz elliptical waveguide with

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

This time we will covering odds and ends concerning coax­
ial cable. You might be surprised as you read about one
of the most necessary pieces of your amateur radio sta­

tion. We also feature a couple of Cheap Yagis, one at N7BHC's
QTH, while the other belongs to your columnist.
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Coax Connector

works its way into the center insulator. This leaching changes
the chemical composition and dielectric constant of the center
insulation. Now your 50-ohm coax slowly changes to 45-ohm
then 40-ohm coax . All the while the losses in the foam plastic
are also going up and up. If you have any old RG-8 and the cen­
ter foam is no longer bright white, find another use for it. Don 't
put it between your antenna and your rig!

Back to that loss testing: While the RG-2 14 and RG- 2 13
were still at factory spec, the RG-8 loss went way up. One sec­
tion of RG-8 coax had a calculated loss of 4.5 dB . It measured
17 dB of loss, which is about four times higher than it should
be. Now you know why I avoid RG-8. Oh yeah . . . I am using
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some of that old RG-8 in my cars . I attached some big alliga­
tor clips on the ends and it makes good battery jumper cables.

Cheap Yogis
From David Pedersen, N7BHC, we have a photo of his new

I296-MHz Cheap Yagi array (photo D). Dave lives in an area
that doesn 't allow outdoor antennas, and thus has quite a few
Cheap Yagis hiding in his attic. The antenna was built using #8
aluminum ground wire for the parasitic elements, and the cen­
ter conductor was made out of some LMR-400 for the driven
elements. A much better power divider is in the works, and he
think s he has enough room for a stack of eight Cheap Yagis in
that attic craw l space, along with his VHF antennas.

My 2304-MHz Cheap Yagi in photo E still needs a bit more
work, but I will try to have the design clea ned up by the next
issue. At a recent antenna contest it came in about 4 dB under
the design gain, so there is still some tweaking to do. I am also
workin g on a Very Cheap Discone antenna. I j ust might be able
to have one antenna for 146- , 223-, 445-, and 1290-MHz
repeaters at the same time.

As always, my best ideas for columns and projects come from
you, our readers. So keep those questions coming! For other
antenna projects, you are welcome to visit <www.wa5vjb .com>.

73, Kent , WA5VJB
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Figure 2. Homebrew coax to waveguide adapters built into the
elliptical waveguide.

Photo B. Homebrew waveg uide flan ges fo r elliptical
waveguide.

Photo C. Examples ofcoax and their condition.

www.cq-vhf.com

Photo D. N7BHC's array of 1296-MHz Cheap Yagis.

Photo E. The author 's prototype 2304-MHz Cheap Yagi.
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By Dr. H. Paul Shuch," N6TX

DR. SETI'S STARSHIP
Searching For The Ultimate DX

Journalistic Exuberance

Upon my arrival at a ham convention
in Boston a couple of years ago, I
encountered a SETI fiction far

stranger than truth. It caused us all a
momentary flurry of excitement, before
fading into the noise level of SETI science.
I refer to claims appearing in the reputable
British journal New Scientist of a promis­
ing detection from the SETI @home dis­
tributed computing experiment, in which
I know many of you are participants.
Unfortunately, these claims proved to be
a classic case of journalistic exuberance.

The story in que stion was actually
rather cautiously penned. It made no

"Executive Director. The SET! League, lnc. ,
«www.setileague.org>
e-mail: <1l6tx @setileaglle.org>

claim s, beyond the assertion that at least
one candidate SETI @home signal had
reappeared upon follow-up examination,
when SETI @home chief scientist Dan
Werthimer and his team headed to the leg­
endary Arecibo Observatory in Puerto
Rico to re-examine the coordinates of a
couple of hundred promising hits during
the spring of 2004 . The real excitement
stemmed from an apparent disconnect
between a respon sible journalist and a
headline writer who may not actually
have read the story in question. The head­
line screamed, "Mysterious Signals from
1000 Light Years Away! "

Would that it were true! Unfortunately,
the story itself reported something far
more prosaic: "This radio signal, now
seen on three separate occasions, is an

enigma. It could be generated by a previ­
ously unknown astronomical phenome­
non . Or it could be something much more
mundane, maybe an artifact of the tele­
scope itself." This is, of course, the nature
of most unconfirmed SETI signal candi­
dates, and a familiar occurrence to those
of us engaged in the ongoing Search foil'
Extra-Terrestrial Intelligence. In sort ,
unle ss ET gives his callsign and grid
square, you ju st can 't claim the contact

Thus, from whence comes the" I0 '
Light Years Away" pronouncement of
the headline? Back to the article itself:
"SHGb02+14a seems to be coming from
a point between the constellations Pisces
and Aries , where there is no obvious stu
or planetary system within I000 light
years ." It' s not hard to see how this state-

To be considered interesting, a SET! detection (whether from Arecibo or from your back-yard dish) needs to be clearly
artificial, like this one. However, it also needs to be independently verified, or repeatable. The "detection" reported in 20011

by New Scientist was not.
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ment , carelessly read, was transmogri­
fied into a claim far more concrete.

The late physicist and science-fiction
author Dr. Robert Forward espoused a
philo sophy which, over the years, has
become codified as Forward ' s Law:
"Never let the facts get in the way of a
good story." I respectfully suggest that
what we're seeing here is an example of
this corollary: "Never let the story get in
the way of a good headline."

But back to Boston. Upon arrival in my
hotel room, I was greeted by an avalanche
of incoming e-mails. (Do 100 e-mails
constitute an avalanche? I guess it all
depends upon your perspective.) Many
SETI League members, several interest­
ed hams, and not a few journalists want­
ed to know more about this claim of SETI
success. Therefore , I went directly to the
source, my friend and colleague (and for­
mer grad-school classmate) Dan Wert­
himer himself. "What about your candi­
date signals?" I asked. Dan replied thus,
from Arecibo, where he was at that very
moment preparing to put a new multi­
feed receiver system on the air:

None of our candidates are very interest­
ing. They all are consistent with noise. We
will continue to observe many of the candi­
dates over the next few years, but there ' s
nothing on the candidate lists we are partic­
ularly excited about.

A reporter from New Scienti st read the
SETI @home web pages. In particular there ' s
a sectionon 'candidate signals' where we dis­
cuss how we score signals and we show the
data from the 220 candidates we re-observed
at Arecibo 1.5 years ago. These web pages
are old, but the reporter made an exciting
story about them by exaggeratin g their con­
tent and misquoting us and quoting us out of
context, and making a press release about one
of the candidates that has a bit higher score
than the others.

I talked to a couple of reporters today,
explaining we've seen stuff like this for the
last 30 years, and it' s always turned out to be
RFI or noise, and that there ' s nothing to get
excited about, and that when you look at 50­
trillion bytes of data, occasionally you' ll find
patterns that look unusual just from noise....

I wish we had something in our data to get
excited about.

So do I. Well, we SETIzen s can 't con­
trol the press, but we can be very careful
not to disseminate misinformation with­
out first checking in with the source. I
only hope that when we do finally have
a real SETI detection to announce , the
press and public don't tum a deaf ear.
Nobody listens to the boy who cried alien.

73, Paul, N6TX

www.cq-vhf.com

Advertise r s '
Index

Advertiser Page Website Address

AMSAT 66 www.amsat.org

AOR U.S.A.• Inc 37 www.aorusa.com

Alinco 5 www.alinco.com

bhi Ltd 13 www.bhi-Itd.co.uk

C.A.T.S 39 www .rotor-doc.com or

CO Books .49 www.cq-amateur-radio.com

CO Calendars 20 www.cq-amateur-radio.com

Cable X-PERTS. Inc 25 www.cablexperts .com

Clear Signal Products 17 www.coaxman.com

Coaxman , The 17 www.coaxman.com

Command Productions 15.27 www.licensetraining.com

Computer Automation Technology 61 www.catauto.com

Cutting Edge Enterprises 17.69,73 www.powerportstore.com

Directive Systems 69 www.directivesystems.com

Down East Microwave Inc 15 www.downeastmicrowave.com

Elecraft 17 www.elecraft.com

Ham Radio Outlet 1.84 www.hamradio.com

HamTestOnline 69 www.hamtestonline.com

ICOM America , Inc Cov. 1I www.icomamerica.com

KU4AB.COM 27 www.KU4AB.com

Kenwood U.S.A. Corporation 9 www.kenwood.net

Microsec R&D Inc 39 http://rattailantenna.com

Nifty! Ham Accessories 39 www.niftyaccessories.com

PowerPort 17,69,73 www.powerportstore.com

R.F. Connection 69 www.therfc .com

RSGB .45,71 www.cq-amateur-radio.com

RatTail Antenna 39 http://rattailantenna.com

Spectrum International , Inc 53 .

Universal Radio, Inc .41 www.universal-radio.com

W5YI Group 57 www.w5yLorg

West Mountain Radio 31 www.westmountainradio.com

Yaesu Cov.llI , Cov. IV www.vxstdusa.com

It's easy to advertise in CO VHF. Let me know what I can do to help.

Don Allen, W9CW, (217) 344-4570 or FAX (217) 344-4575
e-mail:ads@cq-amateur-radio.com
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' 100 Wwiauto tuner ' built-in Power supply
• DSPfilters I Voice memory recorder
• 3 Band Parametric Mic EO • 3 IFroofing filters

Call Now For Low Pricing!

• 10M/6M/2MnOCM • Wires capable
• 800+ memories • Built-inCTCSS/DCS
• Remotable w/opticnal YSK-8900

Call Now For Special Pricing

--- -------,
r - ...~- r " ~

,-

FT·2000 HF+ 6M tcvr

FT·8900R QuadbandTransceiver

FT·7800R 2M/440 Mobile

• 50w 2m, 40w on440mHz
• Weather Alert
' 1000+ Mems
• WIRES Capability
• Wideband Receiver(Cell Blocked)

Call Now For Your Low Price!

Ultra compact HF, VHF, UHF

' 100w HF/6M, 50w 2M, 20w UHF
• DSP included • 32colordisplay
• 200mems • Detachable frontpanel (YSK-857",,:i,
Call for Low Price!

WORLDWIDE DISTRIBUTION

2M Handheld

• Direct Keypad Entry
• 5woutput
• 209memories
• Ultra Rugged

Call Now For Special Pricing!

VX-7RNX·7R Black

VX·2R 2M/440 HT

• World 'ssmallest Dual-band HT
wi wideRX

• 1.5 W RF output
• WiRES compatible
• 1300Memory channels

Call For Low Price!

VX·6R
2M/220/440HT

• wideband RX- 900 memories
• 5W21440, 1.5W220 MHzTX
• Li-ION Battery - EAI system
• Fu llysubmersibleto3 ft.
• CW trainerbuilt-in

NEW Low Price!

FT·60R
• 2m/440 HT
• 5W Wide-band receive
• CTCSS/DCS Built-in
• Emergency Auto ID

Low Price!

50/2M/220 /440 HT

• Wideband RX- 900Memories
• 5WTX(300mw220Mhz)
• Li-IonBattery

.I-~!::::r, . Fully Submersibleto 3 ft.
• Built-in CTCSS/DCS
• Internet WIRES compatible

Now available InBlack!

Call for latest
promotions and
coupon specials

FT·8800R 2M/440 Mobile

• V+UN+VlU+Uoperation
• V+Ufull duplex ' Cross Band repeater function
• 50W2M35W UHF
• 1000+ Memory channels
• WIRES ready

Call Now For Low Pricing!

FT·817ND HFNHF/UHF TCVR

• 5W@13.8VextDC • USB, LS8, CW, AM, FM
• Packet(1200/9600 Baud FM) • 200mems
• built in CTCSS/DCS' TX 160-1 0M, 6M, 2M, 440
• Compact 5.3" x 1.5" x 6.5", 2.61bs
• FNB-85NiMH battery +NC-72B included

Call Now For Low Pricing!

FT·897D VHF/UHF/HFTransceiver

• HF/6M/2M/70CM • DSP Built-in
• HF 100W(20Wbattery)
• Optional P.S. +Tuner' TCXOBuilt-in

Call Now For Our Low Pricing!

NEW CASTLE, DE
(Near Philadelphia)
1509 N. Dupont Hwy., 19720
(302)322-7092
(800) 644·4476
Rick, K3TL, Mgr.
RT.1 31/4 mi., So. 1-295
newcastle@hamradlo.com

DENVER,CO
8400 E. Iliff Ave. #9, 80231
(303)745-7373
(800) 444·9476
John, N5EHP, Mgr.
denver@hamradlo.com

SUNNYVALE, CA
510Lawrence Exp. #102, 94085
(408) 736-9496
(800) 854·6046
Howard, W6HDC, Mgr.
So. fromHwy. 101
sunnyvale@hamradlo .com

PHOENIX, AZ
1939 W. Dunlap Ave., 85021
(602) 242-3515
(800) 444·9476
Gary, N7GJ, Mgr.
1 mi.east of 1-17
phoenlx@hamradlo.com

ATLANTA, GA
6071 Buford Hwy., 30340
(770)263-0700
(800) 444·7927
Mark,KJ4VD, Mgr.
Doraville, 1 mi.no. of 1-285
atlanta@hamradlo .com

PORTLAND,OR
11705S.W. Pacific Hwy.
97223
(503) 598-0555
(800) 854·6046
Leon, W7AD, Mgr.
Tigard-99W exit
fromHwy. 5 & 217
portland@hamradlo.com

SAN DIEGO, CA
5375 Kearny Villa Rd., 92123
(858) 560-4900
(800) 854·6046
Tom, KM6K, Mgr.
Hwy. 163& Claremont Mesa
sandlego@hamradlo.com

SALEM. NH
(Near Boston)
224 N. Broadway, 03079
(603) 898·3750
(800) 444·0047
Chuck, Nl UC, Mgr.
sales@hamradio.com
Exit 1, 1·93;
28 mi. No. of Boston
salem@hamradio.com

WOODBRIDGE VA
(Near Washington ~.C.)
14803 Build America Dr.22191
(703)643-1063
(800) 444·4799
Steve, W4SHG, Mgr.
Exit 161 , 1-95, So. to US 1
woodbridge@hamradlo.com

OAKLAND,CA
2210 LivingstonSt., 94606
(510) 534-5757
(800) 854·6046
Mark, WI7YN, Mgr.
1-880at 23rdAve. ramp
oakland@hamradlo.com

ANAHEIM, CA
(Near Disneyland)
933 N. Euclid St., 92801
(714) 533-7373
(800) 854·6046
Janet, KL7MF, Mgr.
anahelm@hamradlo.com

BURBANK,CA
1525 W. Magnolia Blvd, 91506
(818) 842·1786
(800) 854·6046
Eric, KA6 IHT, Mgr.
Magnolia between

S. Victory & Buena Vista
burbank@hamradlo .com

._--_..
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1.5 W Ultra Compae
2 m/70 em Dual Bani
FM Hand held
VX-2R

Ultra-Rugged
5 W Full Featured
2 m FM Handhelds
VX-150NX-110

5 W Heavy Duty
2 m170 em Dual Band
FM Hand held
FT-60R

~X~~,~/)g
Vertex Standard
US Headquarte rs
10900 Walker Street
Cypress, CA 90630 (714)827-7600

'7 0 em35 W

50W10m/6 m/2 m/70em *
Quad Band FM Mobi le

FT-8900R
'70 em35 W

5 W Ultra-Rugged,
Submersible 6 m/2 m/70 em
Tri-Band FM Hand held
VX-7RNX-7RB

(220 MHz: 300 mW )

5 WHeavy Duty Submersible
2 mFMMono Band Hand Helds 2

VX-120 VX-127 Mono'&and
70 emFM Mono Band HandHelds
VX-170 VX-177

I
I For the latestYaesu news, visit us on the Internet: Specifications subject 10change without notice. Some accessories and/or options mayj h :/Iw d d be standard in certain areas. Frequency coverage may differ in some countries. Checkl I_IP_._ ww_._ve_r1_e_XS_I_an_a_r _.c~o_m__~~W_ith_Yo_ur_loc_a_1 y_aesu D_ea_le_r fo_r_sp_eC~i fiC~d_efa_i IS_' _~ _
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HFNHF/UHF Portable Operation
Just Got a Lot More Powerful!
FT-8970
HF/50/1441430MHz
100 W All Mode Transceiver
(144 MHz 50 W/430 MHz 20 W)

Tcxa · 60 m Band

• FC-40
Automatic-Matching
200-Memory
Antenna Tuner
(160 m - 6 m Band)

WATERPROOFI

HFNHF/UHF Multimode Mobl e
Transceiver, now Including
Built-in DSP
FT-8570
HF/50/1441430 MHz
100 W All Mode Transceiver
(144 MHz 50 W/430 MHz 20 W)

~ OmBan

ATAS-120A
Active Tuning AntennaSystem

I
(no separate tuner required)

1~
VHFIUHF
Base
RadialKil
ATBK·100 for
ATAS-120A.

REAL PERFORMANC ,
REALLY PORTABLE
FT-817NO
HF/50/144/430 MHz
5 W All Mode Transceiver (AM 1.5 W)

OmBa

High-end HF/50 MHz Transceiver 6 meter Band included

-

.... -= = ..-........ -~~
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HF/50 MHz Transceiver
FT DX 9000D 200 W Version

Specifications subject to change without notice . Some accessories and/or options may
be standard in certain areas . Frequency coverage may differ in some countries . Check
with your local Yaesu Dealer for specific details.

HF/50 MHz Transceiver
FT DX 9000MP 400 W Special Order Version
Two Pairs of Meters , plus LCD Window ; Data Management Unit and
Flash Memory Slot Buitt In.
Main/Sub Receiver VRF, plus Full Dual Receive Capability ,
Ex ternal 50 V/24 A SwitchingRegulator PowerSupplyand Speakerwith Audio Filters

Display color (Umber or Light Blue) may be selected at the time of purchase .
Modification from 400 to 200 W not possible .

-~----- -u'f~ - _ _
, -

-- - ./ ~

HF/50 MHz Transceiver
FT-2000D
200 W Version (External Power Supply)

For the latest Yaesu news, visit us on the Internet :
http://www.vertexstandard.com

HF/50 MHz Transceiver
FT DX 9000 Contest

lar~e TFT, DataMan~emenl UnitandFlashMemorySlot SUi,It In, Custom-Configurable Version
~~:~~S~_~~n~~~i~~u~:s~~~~~~~~,Receive Capability , Two Pairs of Meters , plus LCD Window , VRF Input

50 V /12 A Internal Switching Regulator Power Supply ~~e~~lfr~r1~~~~ri~rse:it~~rn~a~~g~~o~~~~:ra~E~~: Jacks,

Display color (Umber or Light Blue) may be selected at the timeof purchase. Modificationfrom 200-to 4oo-Wanversionnot available.

. - -

- - -- - - - --of ,~ - _ _
, -. /.

HF/50 MHz Transce iver
FT-2000
100 W Version (Internal Power Supply)
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