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LINt OF SIGHT
A Message from the Editor

My Wish List for the New Administration

By the time you read this editoria l, the
new presidenti al administra tion will
have been in office for less than a

month. In my estimation, it is ju st about the
right time for the leadership to receive sug­
ges tions for future developm ents that will fur­
ther and enhance our hobby' s capabilities to
meet the dem and s of our national interest.
Below, you will read my wish list for the new
administration.

NASA and the U.S.
Department of Education

Th is past Nove mber the U.S. Departm ent
of Education (DOEd) invited the Amateur
Radio on board the Intern ational Space
Station (ARISS) organiza tion to help ce le­
brate the ninth annual Internati onal Education
Week (lEW) by coordinating three contacts
with the International Space Station (ISS) dur­
ing lEW, Nove mber 17- 21. Thi s invitati on
came, accordin g to ARRL ARISS Project
Manager Rosalie White, K ISTO, after the
DOEd had been tracking ARISS 's activities
for a long time. The joint venture, which also
included NASA and the Department of State,
was a reso unding success. Among the out­
comes were both internatio nal goodwill and
encouraging scientific educa tio n amo ng
school studen ts. For more inform ation on the
project, go to <http ://www.arrl.org/news /
stories /2008/ 12/02/10489>.

It is my wish that such programs continue
and be expanded. Additionally, it is my wish
to see more federa l funding directed toward
NASA 's education progra ms, such as NASA's
Space Grant Consortium. Regula r readers of
this magazine have already read articles about
amateur radio related projec ts that are being
run under the auspices of various colleges and
universities across the country . These pro­
grams have proven to be sources of producing
new amateur radio operators. Regarding these
programs, it is my wish that NASA assig n an
employee full time to publicize projects that
are being carried out at various state space grant
consortia around the country.

Concerni ng NASA and education, a paltry
few of its programs are reachin g down to the
com mon school level. In particula r, program s
need to be developed that reach the elemen­
tary and middle-sc hoo l levels. Any educa tion
adminis trator will tell you that if you have not
capt ured a student's imagi nation by the early
middle-schoo l years, you run a high risk of
losing that stude nt 's lifet ime positi ve cre­
ativi ty . Therefore, it is my wish that Congress
and the Presi de nt approve and auth ori ze
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increased fundin g to NASA for education­
related projects.

FEMA
In the aftermath of the devastating hurri ­

canes and other natural disasters in recent
years, regarding communications, FEMA has
begun to get its act togethe r. FEMA and the
military, along with state and local agenci es,
are making great strides toward solving inter­
operability probl ems.

However, while the government organiza­
tions are learnin g how to effectively commu­
nicate with one another, the non-government
organizations (NGOs) are beginnin g to be left
behind. While many of us have seen exam­
ples of co mmunications vans, trailers, and
trucks being operated in the field by the Red
Cross, Salvation Army, and the So uthern
Bapti st Hams, these organizations repre sent
only a small fraction of the many NGO s that
FEMA has begun to rely upon for disaster
recovery work.

For exa mple, the United Methodist Com­
mittee on Relief (UMCOR) has been tasked
by FEMA to handle $66 mill ion that the U.S.
go vernment received from foreign govern­
ment s in the aftermath of Hurricane Katrina.
Wh ile this may see m like a lot of money,
FEMA restricts its use to direct ass istance to
those who qualify for such assistance .

What is lack ing for UMCOR and other
NGO s is a communications infrastructure that
is needed by these organizations when they
are tasked by FEMA to respond to disasters.
While FEMA has the money it needs for solv­
ing its communications probl em s, these
NGO s rely on private contributions to fund
items such as emerge ncy radio equipme nt,
emerge ncy opera tions centers (EOCs), as well
as radio-equipped emerge ncy vehicles. It is
my wish that FEM A find a way to help these
NGO s fund their emergency communications
equipment needs-preferably throu gh private
sources . It is also my wish that FEMA supply
expert telecommunications adv isors to these
NGOs in their efforts to establish their com ­
munications infras tructures.

ITAR
Of ongoing concern to experimenters in our

hobby is the Intern ational Traff ic in Arms
Regulations (ITAR). Within the amateur radio
experimenting community is a growing "ITAR
paranoia" as Bill Ress, N6GHZ, comments in
his paper " ITAR and AMSAT," which was
publi shed in the Proceedings of the 2008
AMSAT Symposium. More than one experi-

menter has walked away from the research and
developm ent tables at AMSAT-NA as a result
of ITAR paranoia. In particular, cooperation
between AMSAT-NA and AMSAT-DL has all
but stopped because the Americans do not want
to inadvertently break the law that prohibits the
exportation of what might be deemed as sen­
sitive research and technology.

The sanctions for violating the regulations
can run into milli ons of doll ars, as Boe ing
found out when it was fined $32 milli on for
its role as successor to the Hughes Corpor­
ation , which had (according to the U.S. gov­
ernment) illegally transferred techn ology to
Chin a concern ing the Janu ary 1995 fai led
launch of the Long March 2E rocked that was
carry ing the Hughes-built Apstar 2 spacec raft.

From Wikipedia (see: http ://en .wikipedia.
org/wiki/ Inte rna tio na l_T raffic_in_Arms_
Regul ations) is the following concerning the
controve rsy :

There is an open debate between the
Department of State and the industries and acad­
emia regulated by ITAR concerning how harm­
ful the regulatory restrictions are for U.S. busi­
nesses and higher education institutions. The
Department of State insists that ITAR has limit­
ed effect and provides a security benefit to the
nation that outweighs any impact that these sec­
tors must bear. Every year, the Department of
State can cite multiple arrests of ITAR violators
by U.S. Immigration and Customs Enforcement
agents. However, many companies and institu­
tions within the affected areas argue that ITAR
is stifling U.S. trade and science. Companies
argue that ITAR is a significant trade barrier that
acts as a substantial negative subsidy, weaken­
ing U.S. industries' ability to compete.

It is my wish that under the new adminis­
trati on a new, healthier look at ITAR may
emerge that will positively deal with the con­
cerns within our hobby.

My Final Thoughts
Throughout the history of our hobb y, we

amateur radio operators have been called
upon to provide esse ntial co mmunica tions
and technological skills on beh alf ofour coun­
try. In laying out my wish list for the new pres­
idential administration, I firmly belie ve that
should these wishes be granted, once again the
hobb y of amateur radio wiII grow in number s
and therefore be able to pro vide esse ntialcom­
munic ations and technological skills for use
on behalf of our country- as well as the rest
of the wor ld. Until next time .. .

73 de Joe, N6CL
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The CY0X
2008 Sable Island VHF DXpedition

A special CY0 2xl call , rare 6-meter grid square FN93, separate DXCC
status .. , together equal big pile-ups! Here VE31KV tells how he and his
partners Dick Hanson, K5AND, and Chris Patterson, W3CMP, tallied more
than 4000 VHF QSOs in late June and early July 2008.

By Pete Csanky, * VE31KV

Photo 1. QSL cardfor the 2008 CYf]X Sable Island UXpedition. (Photos courtesy of
the author)

After our great VF0X summer 2007
6-meter arctic DXpedition to
Nunavut Territory (VY0), Bill,

W4TAA, and I were talking about where
to go in the summer of 2008. Hopefully,
it would be to a location where we could
work some Europeans on 6 meters, since
up at VF0X we were too close to the north
geomagnetic pole and never heard any
EU signals or enco untered videos on 50
MHz. We received quite a few sugges­
tions to go to CY0, Sab le Island, which
counts as a separate DXCC entity and
was last activated during the summer
sporadic-E season by Mike, VE9AA, and
company back in 1996.

After making a few phone calls and e­
mail inquiries, I found out that the main
factor in getting CY0 on the air is the
charter aircraft expense-$I 0,000 to get
only 1400 pounds of combined operator,
equipment, antennas, and food from
Halifax to Sable and back to Halifax.
Because it was a DXpedition focused on
6-meter operation, we never got much
response from the usual HF DXpedition
sponsors, so it looked like we would have
to split the air charter costs . Adding in the
Sable bunkhouse accommodation fees of
$150 each per night , we were looking at
around $ 10K each for the trip. Ouch!

While Bill and I were mulling over the
costs , Dick, K5AND, and Chris,
W3CMP, expressed their interest in join­
ing us, and with the combined team, turn­
ing it into a major 6-meter DXpedition
for the summer 2008 sporadic-E season.

Planning and Logistics
Thus, in September 2007 we started the

lengthy planning necessary to secure

"e-mail: <ve3ikv@cogeco.ca>
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landing permits from the Canadian Coast
Guard and the Sab le Island Officer-in­
Charge, Gerry Forbes. We also applied
for and received the special call sig ns
CY0X and CY0RA for the DXpedition.
Adrian, EA5/G0KOM, kind ly offered to
sponsor the design and hosting of a web­
site for us (http://www.cyOx.com) so that
we could keep the 6-meter DX gang
informed of our plans and progress.

At this time Bill, W4TAA, reluctan tly
had to pull out of the CY0X DXpedition
plans due to business commitments, leav­
ing Dick, Chris, and me to finalize the
details . By spring 2008, it was appa rent
that after weighing each and every item

that we were planning to bring to Sable,
we were going to be over the allowed
weight limit for the flight to the island.
Dick and Chris then decided to pre-order
enough food to last the trip, tak ing their
food weig ht off the total amount and
allowing us to also pack Chris's 2-meter
station. Next , the charter flights to and
from Sable were booked, and travel
arrangements were made to get all the
gear rounded up and staged at Pete,
VE3IKV's QTH near Toronto.

One of the first things that the Sable
visitor information shee t talks about is
the high probabi lity of fog delaying any
trave l plans to and from Sab le in the

Visit Our Web Site



Photo 3. View f rom the aircraft of the Sable Island coastlin e.

Photo 2. We are stowing our gear onboard our plane, a twin-engine Britten-Norman
Islander. It is one ofthe fe w aircraft that can land on a beach, as there is 110 airport

on Sable Island.

Sable that day , and we were able to pig­
gyback our left-behind item s onto the
second flight.

Debbie, our pilot, gave us the pre-flight
safety briefing ("The lifejackets are pri­
marily to assist in the recovery of the bod­
ies!") and we soon left the mainland
behind. The western tip of Sable showed
up on schedule, and we landed smoothly
on the beach near the weather station.
Gerry Forbes, the OIC , was waiting for
us with his 4x4, and we off-loaded all our
gear onto the truck for the drive to the
Sab le guesthouse .

Robby, VY2SS, had a custom 8-ele­
ment M2 6-meter Yagi on a 40-foot boom
that he had used for his CY9SS 2005 St.
Paul 6-meter DXpedition, and he gener­
ousl y offered it for our use at CY0X. We
put together the 6-meter station first in
case there was an opening, but by the time
we got everything operational and the big
40-foot M2 Yagi up on the mast, it was
late and there was no sign of activity on
the band . We had a satellite internet con­
nection that allowed us to post to the
ON4KST 6-m eter web page, so we told
everyone to look for us in the morning.

The Operation
June 26 started off with our first 6­

meterQSO (W IJJ ) at 1150 UTC and con­
tinued with a number of states ide contacts
until our first mainl and Europe contact
with S59Z at 1738 UTC , followed by I,
DL, G, 9H , EI, F, CT , 9A, OK , SP, SM ,
HI, OZ, HA , GW , VP9, PA, and EA, end­
ing at 2000 UTe. The band then shifted
to the Caribbean/South America with
KP4 , 9Y4, 13, PJ2 , YV4 , and FM con­
tacts, until 2200 UTC when Europe
popped in again briefly with OY3JE in
the Faeroe Islands.

We were ready early on June 27, and
Europe was already coming through on
CW by 0900 UTe. Nick, 5B4FL, was
worked at 0930 UTC for our first Asian
6-meter QSO. The EU opening lasted
unti l 1025 UTC and then switched to
North America until 1350 UTC, when
LZ3RX in Bulgaria opened the band to
Europe again with OM , GM , GO , UR,
GI, and LA contacts until 1730 UTC . The
band then swi tched back to North
America again until 2030 UTC , when
K7CW and VE7SL, our first two West
Coast stations, went in the log via triple­
hop sporadic-E. Europe and Africa came
booming in on SSB until 2145 UTC ,
including our first OH contacts in Fin­
land. Six meters stayed open to North

that can land on a beach, as there is no
airport on Sable. Of course, when we
added up all the weight once again, using
their sca le in the hangar, we were 150
pounds over the limit, and we then had to
make on-the-spot decisions as to which
item s had to stay behind, since there were
no guarantees of getting them over to
Sable on a second flight. Good fortune
was with us once again . Due to the
favourable flying weather, the air charter
folks could get a second flight over to

summer months and that the delays can
last for seve ral days or even much longer.

The Journey
June 25th, our departure day, miracu­

lously arrived sunny and warm, the per­
fect day for the l l/z-hour flight out into
the Atlanti c Ocean to Sable.

We arrived at the air charter hangar to
get all of our gear weighed and stowed
on board the plane , a twin- engine Britten­
Norman Islander, one of the few aircraft
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Photo 5. 011 June 26th CYfJx is 0 11 the air 0 11 6 meters!

Photo 4. Robby Robertson, VY2SS, loaned li S this custom 8-elemellt M2 6-meter Yagi
0 11a 40-foot boom which he had usedfo r his CY9SS 2005 St. Paul ti-meter DXpedition.

flipped over to North Am eri ca for the
next four hours until 0030 UTe.

The following day, Sunday the 29th,
was ho-hurn, but we did manage to get
QSO number 2000 in the 6-meter log.
Chri s and Pete went on a hike to the fresh­
water pond s to look for wild horses and
got some great photograph s.

On Monday, Jun e 30th, 6 meters
opened up to Europe around our lunc h
time ( 1600 UTC ) via a skew ed path peak­
ing tow ard West Africa , with UY5HF
and UR7GG in the Ukr aine worked at
midnight the ir local tim e (2 100 UTC) .
The skewed path staye d open to Europe
for six hours, until 2200 UTe. Amazing !

The skew ed path opening put another
250 Europeans in the 6-meter log, includ­
ing LX IJX in Lu xembourg for our 6­
met er DXCC number 55 , and the first
ever CY0 to LX 6-meter QSO. How ever,
we were still waitin g for the antic ipated
"killer" 6-meter opening states ide .

Six meters was quiet all day on Jul y lst,
but returned with another morning open­
ing to Scandinavia and ce ntral Europe on
Jul y2nd , fo llo wed by North Am eri ca
until 1700 UTe.

Jul y 3rd and 4th were both qu iet on
the band , with few sta tions ge tting into
the C Y0 X log, but we did man age to
work PJ6/K2KW on Saba, VP51
WB 2R EM , and HK 30 for three new
ones, brin gin g our6-me ter DXCC co unt
to 58 entities .

Six opened to Euro pe again on Satur­
day morning, Jul y 5th at 1300 UTC for a
coupl e of hours, but the "bigg ie" to ce n­
tral and western North America failed to
material ize . At the I I AM local-time
wea ther briefing from Gerry Forbes, we
got the first hint that our scheduled depar­
ture dat e for Monday "doesn' t look
good." Dense fog was forecast for the
next several days, until a weak cold front
"might" come through and brin g drier air
"later in the week." Sensing our disap­
pointment, Gerry assured us that we
should be able to leave "by Labor Day,
September l st," which was not exac tly
the extended stay we were anticipating !

To make matt ers worse, Sunday July
6th arri ved with rain as well as fog, and
we only managed to work 13 sta tions on
6 meters all day . Dick and Chri s stayed
busy on the guest-hou se sa tellite phone
re-scheduling their flight s hom e to Texas
and Penn sylvania, respect ively, and try­
ing to convince the XYLs that we really
were tryin g to leave Sabl e. Without a sin­
gle decent opening to them so far , all the
USA Mid west and West Coast 6-meter

Six meters onc e again opened to Scan­
dinavia , and then at 1400 UTC we added
YU , Serbia, and E7, Bosni a. At 1600
UTC , 4X4DK and 4X IFQ in Israel , and
SV2DCD and SV8CS in Gre ece, broke
the EU pile -up , and then onl y 15 minutes
later , the path shut down completely and

/

America until 0200 UTC , for a total of 17
straight hours of operating and ove r 1200
stations in the log.

IT9RZR in Sicily led the parade of
Europeans early (0927 UTC) on June
28th, and we picked up new DXCC enti ­
ties, including EA6, MU0, HB9, and LY.
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Photo 6. Some of the wild horses on Sable Island.

ops by now had given up all hope of work­
ing CY0X.

At that poin t, we decided to take down
all the 6-meter and HF antennas and pack
up all the sta tions, just in case a decent
weat her window opened on short notice
and we could leave the island.

Pete had brought along Bill, W4TAA ' s
6M5X antenna as back-up , so he decid­
ed late Sunday to unp ack it and go ahead
and put it up on top ofa 20-foot aluminum
tower that had been left on the island. The
rota tors all had been packed, so we used
a piece of nylon guy rope attached to the
end of the boom to swing the beam.

Monday, July 7th , our original plann ed
departure date, dawn ed with dense fog,
ju st as Gerry had predicted . Six meters
stayed dead all day until5 PM local (2000
UTC), whenj ust as we were getting ready
to cook dinn er, it opened to North
America with an instant huge pile-up on
our 50 .108-MHz frequ enc y. By now,
eve ryo ne had heard via the internet that
we were fogged in and they all were ca ll­
ing, hop ing for one last chance to get into
the CY0X 6-meter log. By the time the
band fold ed at 0 I00 UTC, there were
another 342 very happy WlYE stations in
the log. The littl e 6M5X was working

• Wattmeters

• Transformers

• TMOS & GASFETS

• Variable Capacitors

• RF Power Modules

Photo 7. Our "temporary" 6M5X 6-meter Yogi which we used during our "extended"
stay 0 11 the island.

www.cq-vhf.com

• Tubes & Socket

• HV Rectifiers
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800-RF-PA IS · 800-737-2787
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Photo 8. Some of the more than 250,000 seals on the island.

great, in spite of being only 20 feet high .
Tuesday, July 8th , "The Biggie" final ­

ly arr ived! The band opened up early in
the morning at I 130 UTC to W8 s and
W9s. Then the Caribbean came in off the
side , and we worked Ted, HI3TEJ, some
YV4s, and Joe, CT 1HZE, off the back of
the beam. Then XE2WWW cam e blast­
ing in S9-plus, and we also co nnected
with VP2MRM on Mont serrat. The band
staye d open to stateside all day, and final­
ly aro und 2 100 UTC we put a number of
anxious W0s in the log, with a very dif-

ficult sporadic-E path in the "donut hole"
between hops. At 2200 UTC the We st
Coa st finally came in on triple-hop when
Barry, VE3CDXIW7, in Las Vegas broke
the Midwest pile-up on CW!

For the next hour the band went wild.
Chip, K7JA, in Los Angeles led the W6 s
calling in from all over California, and all
U.S . call areas went into the log at the
same time as VEl s, VE2 s, VE3 s, and
VOl s-with CTIEAT, CTIESV, and
CTlDVV in Portugal calling in off the
back of the antenna for good measure-

while all the W6 s and W7 s were shout­
ing "We love fog!"

After a QSO with K0 EU in Denver , the
band finally closed at 0130 UTe. It had
been open for 14 hours straight!

Wednesday, July 9th, we awoke at 6
AM to the den sest fog yet. With no wind,
there would be no flight out that day. At
7:30 AM (06 :30 Eastern ), Pete turn ed on
the Yaesu FT-650, not expectin g to hear
any signals after Tuesda y ' s marathon
session, and was amazed to hear the band
full of loud WI , W2 , W3, and W4 bea­
con s below 50 .075 MH z! For the next
hour and a half, we worked around 30
very surprised earl y birds. Th ey were
extremely strong, S9 +30 dB, with no
sign of any sporadic-E QSB. There was
a hug e trop o fog inversion down the
Atlant ic coastline extending from Sable
Island all the way down to Ken, AC4TO,
in Tallahassee, Flor ida ! The morning
tropo sessi on then started to ove rlap with
yet another spora dic-E opening to W4s,
W8 s, W9s, and eve n a long doubl e-hop
to W5UR in Albuquerque, New Mexico.
The sporadic-E continued until 1730
UTC , with the expec ted afternoon break,
and then picked up aga in at 2 130 UTC
with all call areas except W6 and W7
co ming through non- stop until II PM
local (0200 UTC), when we finally put
QSO numb er 3668 in the 6-meter log!

On Thursday, Jul y 10th, we awoke to
still more fog ! Oh well ... there was

Photo 9. While the horses are wild, they were also f riendly and
curious. Here is one of them coming up to us in our Jeep.
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Photo 10. The "Gator, .. our transportation between the guest
house and the Jeep.
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Photo 11. The welcome sight ofDebbie piloting our plane in for a landing at "Sable
International Airport. ..

always the guest-house satellite TV, and
now the XYLs were more convinced than
ever that we are in no hurry to leave the
island. The band couldn't possibly be
open again . However, when we turned on
the 6-meter radio, we found that it was!
There were more Wls, W2s, W3s, W4s,
and W5s calling, and even KS7S in south­
ern Arizona came through at 1400 UTC
(7 AM his time). Jay, WX0B , "Mr.
Stackmatch," called in from Array Solu­
tions in Texas to say hi!

Like clockwork, the mid-afternoon
break occurred again between 1600 UTC
and 2200 UTC, so all three of us took
another stroll and stretched our legs on
the island.

At 2200 UTC Thursday evening, after
dinner, the band re-opened again, and we
had more W2s, 3s, 4s, 5s, 8s, and 9s call­
ing, and even Bill, K0HA, came in on
double-hop from Nebraska. Later that
evening, at 0141 UTC, the band finally
closed with AJ9C on CW for 6-meter
QSO number 3941 !

Friday, July 11 th, the cold front came
through with dry air and the day was
sunny and warm, finally with no fog, but
we were still stuck on Sable because our
pilot Debbie was unavailable. Gerry gave
us our daily WX briefing at II AM and
said it "looks good" for the Saturday
flight off the island.

The band was totally dead, and re-

mained that way all day Friday. We left
the 6-meter beacon on , but nothing came
through either from Europe or North
America, so we took one last tour of the
island before our departure. We took
down the 6M5X Friday evening and tal­
lied up our "fogged-in" QSOs with just
100 watts and the "temporary" 5element
antenna-I 309 !

Departure
Saturday, July 12th, the day dawned

bright and sunny again and we packed
all our stuff in the "Gator" that would
transport it between the guest house and
the Jeep.

We drove off to the beach landing strip
with all of our gear in the Jeep and
watched Gerry lay down the location of
the "runway" in the sand and then put the
wind sock up on a pole on the front
bumper. Sable Island International Air­
port was ready for incoming air traffic,
and we were ready to go home!

Final Totals
• 3941 QSOs on 6 meters , in 60 DXCC

entities and 45 USA states
• 3750 QSOs on HF (20 and 40 meters ),

in 80 DXCC entities
• Only 7 QSO s on 2 meters via tropo ,

meteor scatter, and EME because of RFI
from weather-station computers, water in
the antenna balun, RFI to island equipment
when running over 50 watts, etc.

• 2-meter stations worked: VE9AA,
VElKG, VElHD, WZIV, WAIT,KlWHS,
and W5UN.

Photo 12. From our take-off we have a farewell view ofSable Island's coastline .
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The WinCube Project
In th is article we see how Manitoba (Canada) high school students
have become involved in pica-satellite construction , amateur radio,
and high-a ltitude balloons.

By Stefan Wagener, *l VE4NSA, Jeff Cieszecki,l VE4CZK,
Barbara Bowen,2 Wayne Ellis,3 and Norm Lee4

The WinCube Project is a cooperative effort among
Manitoba high schools, the Manitoba Satellite Interest
gro up (MSIG), the Faculty of Engineering at the

University of Manitoba, Maples Collegiate Space Exp lora­
tion Academy, the Manitoba Aerospace Human Resources
Coordinating Committee, and numerous aerospace industry
partners.

Throu gh a mentorship program, Manitoba high school stu­
dents will be involved in the design, construction, and launch of
a pico-satellite with technical support provided by aerospace fac­
ulty and engineering students. Basic system design and con­
struction experience for the high school students is prov ided by
the construction and launch of high-altit ude balloon payloads.
Students learn first-hand about space mission design, telecom­
munications, programming, electrical and mechanical engineer­
ing, and amateur radio through a summer camp program, ongo­
ing workshop s, and courses.

WinCube
The WinCube project (photo I) is a multi-facetted approach

of exposing high school students to amateur radio, aerospace,
science, and technology. Its core areas involve a sate llite project
(CubeSat), an annual summer space camp, a high-altitude bal­
loon project (B-Cube), and annual amateur radio classes com­
bined with hands-on construction projects, as well as the oper­
ation of existing and future amateur rad io satellites through a
new satellite ground station.

The CubeSat Project
The CubeSat Project was initiated in the spring of 2006 by

the Manitoba Satellite Interest Group (MS IG) Inc., and
MindSet, the Manitoba Network for Science and Technology,
to provide Manitoba High School students with the opportuni­
ty to be involved in the design, construction, and launching of
a pico- satellite.

Initial funding for the project was obtained through NSERC
(Natural Sciences and Engineering Research Co unci l of

*1158 Gordon Edward Crescent, East St. Paul. MB. R2E OH2Canada
IManitoba Satellit e Interest Group (MSIG). Inc.. WinCube Project
Team
2Manitoba Aerospace. WinCube Project Team
3AppSpace Solutions . WinCube Project Team
4MindSet (Manitoba Network for Science and Technolo gy). WinCube
Project Team
(Originally publi shed in the 200 7 AMSAT Symposium Proceedings)
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CubeSat (Pico-Satellite)

Amateur Radio Certificate Class

Manitoba Space Adventure Camp

B-Cube (High Altitude Balloon)

Satellite Ground Station

PhotoI. Winet/be project components.

Canada) and MindSet as a program of Manitoba Science,
Technology, Energy, and Mines. The project is designed to
challenge students in the fie lds of science and technology. The
pico-sate llite is based on the California Po lytechnic State
Universi ty (CalPoly) CubeSat Program design and specifica­
tions of a cube sa tellite with the dimensions of lOx lOx 10
cm and a maximum mass of I kg. These small, relatively inex­
pensive satellites are capable of real data gathering as demon­
strated by the ir uti lization by universities and space
researchers as an economical method of research.

To achieve this lofty goal of creating and launching a pico­
sate llite, a number of key factors needed to be put into place
for the high school students:

• Mentorship through aerospace industry and university stu­
dents

• Gaining experience in payload design and cons truc tion
through high-altitude balloon work (B-Cube Project)

• Defined ed ucational goals
• Amateur radio certification and ground station operation

For high school students to create a CubeSat, the Faculty of
Engineering at the Un iversity of Manitoba with ass istance by
Bris tol Aerospace provided initial design support for the satel-
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Photo 2. Manitoba Space Adventure Camp, 2007, successful ARISS contact with
the ISS.

lite . This was necessar y to meet the
CalPo ly specifications for a space-wor­
th y sate llite . A Preliminary Design
Review (PDR) Report was created by a
coho rt of fo urth year En gin eeri ng
Students at the Unive rsi ty of Man itob a
during the 2006-2007 schoo l year. I Th e
PDR proposes the design of the sate llite
and includes :

• Struc ture
• Electrical Power
• Communication System
• Co mmand and Data Handling
• Attitude Control
• On-board Science
• Integrati on and Testin g

The "on-board sc ience" 1 will be re­
sponsible for ga thering scientific dat a that
will be transm itted back to Earth for analy­
sis . The high schoo l students will co n­
tribute directly to the science component.
When the CubeSat is in orbit, partic ipat­
ing high schoo l students will communi­
cate with the satellite via amateur radio.
Data gat hered will be processed and pub ­
lished by the high schoo l students.

High schoo l stude nts will also take an
act ive role in the co nstruction of the
CubeSat. Starting in the fall of 2007, stu­
dent s will be men tored by Unive rsity of
Manitoba Engineeri ng graduate students
during the next phase of construc tion and
tes ting of the satellite utilizing the new
Unive rsity of Mani toba space lab. To pre­
pare the high schoo l students for the satel­
lite construc tion, they will gain experience
in satellite design by construc ting and test­
ing a scie ntific payload for a high-altitude
balloon laun ches. Th e high-altitude bal­
loon work is referred to as B-Cube.

Manitoba Space
Adventure Camp

It is necessary to increase stude nts'
basic knowledge of space studies and
related concepts before they begin their
work on a satellite. Students in the pro­
gra m range in grades from 10 through 12.
Students must have the basic co ncepts and
voca bulary necessary to understand space
science. A "space camp" ex per ience is
provided to bridge students' knowledge of
high schoo l physics and the conce pts and
vocabulary they will enco unter during
their Cub eSat experience. Th e Manit oba
Space Adventure Camp, as it is called, has
been held for two yea rs at the Canadian
Fo rces Schoo l of Aerospac e Studies, 17
Win g, Canadian Forces Base Winnipeg.
It is designed to make high school students
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more aware of scie nce and techn ology as
it relates to aeros pace. Th e Manitob a
Space Adventure Camp actually involves
two separate camps: a first-year camp and
an advanced camp for returning students
who co ntinue their parti cipati on in the
CubeSat project. While most of the activ­
ities take place at the Canadi an Forces
Sch ool of Aerospace Studies, stude nts
also have the oppo rtunity to build and
launch model rocket s, operate sate llite
navigation devices, parti cipate in a
research balloon launch, and work with
amateur radio via satellites. Oth er activi­
ties include tours and lectures, geo­
caching, and various lab sess ions (http://
appspacesol.com/s pacecampmain.html).

The key event of the 2007 Manitoba
Space Ad venture Camp was the success­
ful "scho ol" contac t with the Int er­
nation al Space Station (ISS), which took
place on Jul y 12, 2007 (pho to 2) . Th e
maximum elevation of the ISS was 70
degrees and the co ntac t lasted for over 9
minutes. As tro nau t Cl ayton Ande rso n
answered 18 questi on s on a variety of
issues, and some of stude nts who took
part in the 2006-07 winter ama teur radi o
class had their fir st ISS QSO as ce rtifi­
ca te holders (http://www. ms ig.ca/iss %
20contac t.html).

B-Cube (High-Altitude
Balloon) Project

The Cub eSat student design team from
the Uni ver sit y of Manitoba and MSIG
identified a number of key eng inee ring

areas for the satellite . As stated earlier, the
techni cal expert ise required for a space­
ready sate llite is beyond the ski ll se t for
most hig h sc hool students and science
teachers, and since the first year of sate l­
lite design is primari ly theoretical , real ­
life, hands-on project developed to pro­
vide a basic understand ing of the
intri cacies of payload design and fabrica­
tion . High schoo l students are give n the
challenge to create a payload for a high­
altitude balloon. Some of the similarities
between the B-Cube pay load and the
CubeSat are taken fro m the Preliminary
Design Review (PDR) Report by the
Uni versity ofManit oba ' s Satellite Team I :

• Paylo ad Fra me
* Structure
* Th ermal Design
* Passive/Acti ve Th ermal Co ntro l
Sys tems

• Elec trica l Power
* Power Budget
* Ac tive/S tandby Mode

• Co mmunication
* Requirem en ts
* Amateur Radio Use

• Antennas
• Co mma nd and Data Handli ng

Th e CubeSat once co nstructed wi ll
und ergo a num ber of tests to evalua te its
space readiness, including expos ing the
craft to a hard vacuum, ex tre me temper­
atures, and vibrations. For the B-Cube,
testing will include ph ysical impac ts,
cold temperatures, and sys tems tests. Th e
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Photo 3. B-Cube-l ready fo r launch.

B-Cube tests can all be carried out at eac h
high schoo l by the students.

Payload Frame. Th e eng inee ring
point s listed are those that only apply to
the B-Cub e design co ncept. For exa m­
ple, in design ing the B-Cube payload
frame, students must take into co nsider­
ation temperature drop s and how the
electronics within the payload react as
the balloon reaches a potential altitude of
30 km and external temperature drops as
low as - 600 C.

Areas for considera tion in the B-Cube
structure by high schoo l students include
the materi al for the wa lls (aluminum,
foa m core, foa m insulation j- , type of
adhes ives for the structure walls (silicon
adhes ive , hot glue, loop-form attac ht­
ment , aluminum tape) and the dim en­
sions of the structure. Students may need
to refine payload dim ensions to effec ­
tively contain all equipment necessary
for the balloon launch, yet limit the mass
of the structure to the ove rall I-kg pay­
load mass. The design of the B-Cube
struc ture must also allow for the venting
of the intern al volume to adjust to exter­
nal atmospheric pressure changes, inter­
nal heat loss/gain, and possible moisture
damage from cloud s.?

Electrical Power. High school students
will also learn about electrica l power bud­
gets in the design of their B-Cubes. The
B-Cube payloads are expected to operate
for 2.5 hours of flight and run an audio
beacon upon landin g for an extended peri­
od of time to aid with ground retrieval. The
choice of batteries will also require inves­
tigation and testing for suitability.

Communication. Co mmunica tion
plays a key role in the track ing and data
gatheri ng of both the satellite and the B­
Cube pay load. The high school students
are required to obtain their amateur radio
certificates, since balloon-to-ground
communicat ion will utilize amateur radio
frequencies similar (V HF, UHF) to those
planned for the satellite. The certifi cat ion
will allow the students to communicate
directly with the future CubeSat while in
orb it via a gro und statio n located in
Winnipeg. First- hand application ofama­
teur radio operation is done by having the
B-Cub e pay loads tracked by a GPS radio
beacon that is transmitting on 144.390
MHz base d on APRS (Automatic Posi­
tion Reporting System).The students will
use amateur radio transce ivers and com­
puter software to track and retr ieve the
balloon payloads.

Command and Data Handling.
Command and Data Handling of the B-
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Cube payloads will be done with Basic
Stamp chips. The Basic Stamp is reliable
and uses PBasic programming. Stud ents
will create programs that meet the needs
of their mission designs. Thi s includes
the timed opera tion ofa balloon flight ter­
mination device, as we ll as the control of
on-board cameras. Future projects will
involve real live ATV transmissions.

B-Cube payloads are tested for impact
surv ival. Stud ents construct a numb er of
prototypes of payloads that co ntain a
mass that places the test co ntainer to a
total of I kg. Payload s are first tested by
dropping them (e.g., off the school roof)
to eva luate the structure's impac t surv iv­
ability . Payloads are then dropp ed off
with various dim ensions of parachutes,
comparing the time of descent. The third
drop test involves a drop from an elevat­
ed altitude with the use of a kite or a teth ­
ered balloon. The payload is released via
a cut-dow n mechani sm (termination

device), and the payload float s to the
gro und with the use of a parachute, aga in
recordin g the time of decent and the alti­
tude from which it was dropped . In all of
these tests, students are determining the
relative strength of the payload struc tures
and the best dimension of the parachute
design for optima l res ults vers us mass
constraints.

A key co mponent for any payload is to
be able to operate in extreme tempera­
tures. Both the Win Cube and B-Cube
must have measures taken to allow the
operation of the electrica l sys tem at all
times during flight. In the case of the B­
Cube, extreme drops in temperature are
an issue, as low as -600 C. The B-Cube
payload can utili ze either an active or pas­
sive therm al contro l sys tem, to be deter­
mined by the students. One possible test
for temperature is to place an operational
payload in a coo ler filled with dry ice [2]
or a freezer. In either case, the payloads
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should be runnin g durin g the tests, with
interna l and external temperatures of the
payload cont inuously monitored .

In order to help high schoo ls in
Manitoba and beyond to engage in a high­
altitude balloon project (independent of
the sate llite project), funding was ob­
tained from the Canadian Space Agency
(CAS) to design and construct a read y­
to-be-assembl ed B-Cube kit. Currentl y,
prel imin ary pro totypes of the kits are
being developed and tested . These kits
will be available in the beginning of2008 .
Th is "plug and play" approac h is very
important for many scie nce teachers in
order to quickly incorpo rate such a pro­
ject into the ongo ing science curri culum
of their schoo ls and guara ntee a cer tain
level of success.

One of the key elements of high-alti ­
tude balloons using APRS is the possi­
bil ity to closely work with local amateur
radio opera tors for the purpose of testing
payloads, radios, balloo n tracking, and
recovery. These "balloo n chase" eve nts
are very pop ular and sig nificantly en­
hance the working relationship s of local
hams with high schoo l stude nts and
teachers (photo 3) .

Educational Goals
Educational goa ls for the WinCube

project were developed from the Com ­
mon Framework of Scie nce Learning
Out comes (Pan-Canadian Framework)
wr itten by the Co uncil of Mini sters of
Education, Canada (CMEC).3 General
Learning Outco mes (GLOs) from the
Pan-Canadian that apply directly to the
WinCube Project include skills, commu­
nication, and teamwork.

Pan-Canadian GLO for Skill s includ es
planning investigat ions to record and
analyze data using a variety of tech ­
niques. For the B-Cube payload design or
the science co mponent of the satellite,
studen ts will develop the functi on of
these payloads whi le attempting to
address a scie ntific issue.

The GLO for Co mmunica tion and
Teamwork involves the effective com­
mun icat ion with othe rs in regard to
issues and ideas , and co mes up with a
strategy that has a co nse nsus to move
fo rward. For the B-Cube compone nt,
stude nts will work as a team to design a
payload within a high schoo l. The satel­
lite will req uire stude nts from parti ci­
pating high schools to discuss and agree
upon what the science co mponent will
accomplish once in orbit.
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Specific Learning Out comes (SLOs)
from the Pan-Canadian Framework
found in the WinCube Project inc lude
Initi ating and Plannin g; Performing and
Recordin g; Analyzing and Interpreting.

Initial BCube payload designs will be
very basic- simply to launch and retri eve
a payload. Subsequent payload designs
will have more specific scientific goals.
Th e SLO of Initi at ing and Planning
involves the investigati on of practical
problems and issues and the creation of
scientific investigations to gather data .
The SLO of Performing and Recording
will have students carry out experiments
whil e co ntro lling variables, effec tive ly
co llecting and compiling data. With data
co llected, students will analyze evidence,
provide conclusions, and display infor­
mation using a variety of formats as part
of the SLO Analyzing and Interpreting.

Further educational opportunities in­
clude ongoing certification in amateur
radio and potentiall y high-powered rock­
etry. During the 2006-2007 school year,
participating high schoo l students took
part in classes for amateur radio certifica­
tion. Amateur radio is a key component of
the WinCube project which allows stu­
dents to track their B-Cube payloads and
communicate with amateur radio satel­
lites, including the WinCub e CubeSat.
The amateur radio course will again be
offered during the 2007-2008 school year.

A plann ed additional course that was
to be offered to partic ipating students in
the fall of 2007 was a junior ce rtification
in high-powered rocketry. The rocketry
course would provide students with a bet­
ter understanding of the physics of
launching payload s into space .

Conclusion
The WinCube is now in its second yea r

and has integrated a number of different
projects und er one umbrella. The co m­
bin ati on of these project s makes the
Win Cube idea novel and exc iting for all
parti cipatin g partn ers. In addition , such
a multi -faceted approach has been very
appea ling for ex terna l fund ing groups
and age ncies and will be used to furth er
enhance our ability to deliv er these pro­
gra ms to high schools in Manit oba and
beyond .
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The Basement Laboratory Group:
A Pioneering VHF Club

Part 3 - A Year to Remember

In Part 1 of this series on the Basement Laboratory Group (Summer 2008
issue) WA2VVA featured Carl Scheideler, W2AZL, and his well-known
converter, In Part 2 (Fall 2008 issue) WA2VVA featured his father, Walt
Morrison, W2CXY. In this part there are excerpts from a special Christmas
tape rec ord ing that his father prepared for Ralph "Tommy" Thomas,
W2UK/KH6UK, who at the time was residing in Hawaii.

By Mark Morrison,* WA2VVA

T his, the third art icle on the Basement Laboratory Gro up,
has two sec tions. The first sec tion gives a brief history
on aurora, VHF scatter co mmunications and in part ic­

ular items of interest from the year 1956 . The seco nd sec tion
is selectio ns from a transcript of a Christmas tape WA2VVA's
father put together for Tommy Thomas, W2UK/KH6UK, when
he was living in Hawaii. It includ es a numb er of VHF pioneers
tell ing their own VHF stories in 1956. Most of the guys on the
tape are no longer with us. Even so, their words to Tommy pro­
vide both releva nce and history for us today.

The History
For the members of the Basement Lab Group the year 1956

was a yea r of antic ipatio n, not j ust for the upcom ing sun­
spot/aurora cycle, and the oppor tun ity to particip ate in the
Intern ational Geo phys ical Year (IGY ), but also for the chance
to comm unicate with Ralph "Tommy" Thomas, W2UK. Just
one year ea rlier, RCA had relocated Tommy from New
Brunswick, New Jersey to the Hawaiian Island of Oahu . It was
there that Tommy would join the ranks of an elite gro up of radio
men-those who once serve d as Engineers-in-Charge of the
Marcon i Transpac ific facility.

In this remote locat ion, Tommy was removed from anything
approac hing the VHF bands he left back east. In letters written
to Walt Morrison, W2CXY, Tommy expressed interest in get­
ting back on the VHF bands, eve n though litt le activity exist­
ed there at the time. In order to encourage Tommy, Wa lt pro­
duced an audio tape as a Christmas greeting from Tommy' s
frie nds back home.

Walt sent a form letter to over two-dozen VHF pioneers, ask­
ing each to prepare a IO-minute audio tape of what they had
acco mplished in 1956 and what they hoped to acco mplish in

*5 MOIlIl1 Airy Rd., Basking Ridge, NJ 07920
e-mail: <marklhometiiaol.com>
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1957. The final master , which Walt spliced together from all
the tapes returned to him, is a reflec tion of the ea rly days of
VHF radio not j ust from the perspecti ve of those living it, but
when they were actu ally living it !

Presented on the following pages is a brief history of those
days, followed by tran scri pts taken direc tly from Walt ' s
Chris tmas tape.

Background History
of the VHF Ham Bands

Aurora: Although astronomers have been counting sunspots
for thousand s of yea rs, the potentia l for sunspo ts to interrupt
eve ryday life on Earth was not appreciated until the wides pread
use of telegraph y came into being. In 1856 The New York Times
reported how a huge aurora caused interference with telegraph
circuits all across the nation and describ ed how the aurora "took
possession" of telegraph offices, causing "all sorts of fanta sti­
ca l and unreadable messages" to be received . Num erous other
references to aurora-induced Earth currents finding their way
into the telegraph wires, and disrupting railroad opera tions, can
be found in the literature.

When the discovery of rad io-wave propagat ion came on the
sce ne yea rs later , it was also discovered that the auro ra affect­
ed the radio-wave propagation as well. The need to understand
this phenomenon became one of commercia l interest as well,
because telegraph networks and railroads depend ed on reliable
communications. By the late 1800s the link between sunspot
numb ers and the aurora was genera lly recognized, as was the
l l- year sunspot cyc le.This meant that radio opera tors, tele­
graph opera tors, and railroad operators all could expec t serv ice
disruptions on a regular cycle .

Although aurora initially was blamed for interferin g with
communica tions, VHF enthusiasts would later exploit this nat­
ural phenomenon as a means of extending the VHF horizon.
Indeed, the solar cyc le that peaked in 1948 led to the amateur
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Figure 1. The QSL card ofW4HHK documenting the Ap ril 27th
contact with Basement Laboratory Group member Walt

Morrison, W2CXY.
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their own 6-meter gear. He mentioned how his ow n experiments
with Paul Wilson, W4HHK, using only modest power, had
already generated some good results.

In March 1956 , Mark Moynahan, W2ALJ, published a com ­
prehensive article on the subject in QST maga zin e. Mark
explained how the ionosph eric sca tter signa l is always there,
and "barely perc eptible again st the back ground of cos mic
noise."

It was in 1956 that the number of amateurs operating on
VHF frequencies was ever growing and with the peak of the
next sunspot cycle expected in 1957 , many were looking to
improve their "states work ed" and "bes t DX" total s. Weak ­
signal operators already es tablished with high-pow er meteor­
scatte r and aurora stations were in a good positi on to investi­
gate VHF ionospheric sca tte r, espec ially those with 6-meter
gear. Reports of England coming through on 6 meters only
added to the excitement!

Ed Tilton was particularl y concerned that amateurs weren' t
making the most of their assigned VHF frequencies and con­
tinued his encouragement of readers to give 6-meter ionospheric
scatter a try. In February 1956 , Ed reported that in additi on to
Paul Wilson , W4HHK, Walt Bain , then W2WFB and now
W4L TU, would "welcome skeds with stations at suitable dis­
tances from Ithaca. " Tilton describ ed Walt ' s station as having
a l-kW final and a stacked Yagi array for 50 MHz.

When scientists invited amateurs to participate in the IGY,
Tilton once again encouraged amateurs to get in the action, tak­
ing advantage of the increasing numb er of sunspots and the
opportunity for amateur radio to contribute to our scientific
understanding. After all, if not for radio amateurs pushing the
limit in the late 1940s, TE might not have been discovered.
Furthermore, with so many more VHF stations on the air in 1956,
who knew what discoveries might lie ahead.

In the spring of 1956 strong aurora activity swe pt the nation,
with April and May bringing optimum conditions for VHF com­
munications. Tilton ' s "Th e World Above 50 Me." column in
the July 1956 issue of QST quotes Paul Wilson, W4HHK, as
saying the April 26-27 sess ion was "the best aurora in my v.h.f.
experi ence." It was report ed that Paul worked an impressive
string of2- meter stations all the way from the Midwest (W8SVI,
W8PT, and W8DX ) to the East Coast (W2 CXY, W2PAU ,
W2AMJ, W2AZL, W4RUE). Figure I shows the QSL card of

discovery of 50-MHz transequatorial (TE) propagation in 1947,
a form of propagation that allow s VHF signals to bridge the
oceans between the North ern and Southern Hemispheres. Thi s
discovery was big news, becau se VHF signals were thought to
be limited to line-of-sight propagation and not able to travel
ove r the horizon.

The Demise of Channel One and the Rise of Long-Range
VHF Propagation: With the advent of high -power televi sion
stations, more ev idence suggested that VHF signals could
indeed propagate over the horizon. The unexpected co-chan­
nel interference that resulted with fixed , mobil e, and amat eur
allocations all in the same band prompted the FCC to elimi­
nate shared services in 1949. Ever wonder what happened to
TV channel I? By 1950, Cornell researchers Booker and
Gordon had developed the theory of VHF scattering.

The quest for reliable long -distance communications led to
commercial and military interest in VHF scattering. The most
ambitious project was that of the Collins Radio Company. In
1950, Co llins began experimented with powerful tran sm itter s
on 49 .8 MH z to see if VHF scattering might prove reliable for
ove r-the-horizo n communications. The earliest experiments
used transmitters on the order of 30 kW for a path between
Iowa and Sterling, Virginia. As a result of these experiments,
a new form of VHF propagation was discovered, that of VHF
Ionosph eric Scatterin g. With suffic ient power, and sensitive
enough receivers, co mmunications was reliable over 90 per­
cent of the time at distances over 1000 mile s!

It is interesting to note that over-the-horizon VHF propaga­
tion was actually predict ed by Marconi as early as 1932, as the
result of his own experiments with microwaves. However, the
necessary high-power transmitters and ultra-sensitive receivers
would not be available until the development of radar decad es
later. Until that time, Marconi stuck to the low frequencies and
used up to 300 kW to set the standard for reliable communica­
tions in his globe-girdling network of stations, including the
one managed much later by Tommy at Kahuku.

One important difference between the Marconi and Collin s
circuits was that geo magnetic disturbances actuall y enhanced
the ionospheric signal while interfering with the Marconi sig­
nal. Had it not been for the development of satellite technolo­
gy j ust a few years later, Marconi' s network may well have been
replaced by a comprehensive scatter system. Indeed , Marconi
was one of the big players in early scatter technology.

The relative immunity of scatter communications to geo­
magnetic disturbances made it ideal for use in polar regions,
where the aurora was a common occurrence. To this end , iono s­
pheric as well as tropo spheri c scatter systems were a critic al
element of the Defen se Early Warning System , or DEW line.

It is interesting to note that many of the 28-foot Kennedy
"tropo dishes" that were used in DEW-line operation s later
played an important role in amateur moonbounce experiments.
In the early days, both Sam Harri s, WI FZJ , and Tommy
Thomas, W2UK, used such dishes, and even today moonbounce
authorities such as Al Katz, K2UYH, still put them to good use.

Although the "Collins Colo ssus" was a loosely kept secret,
with magazines such as QST and CQ express ly prohibited from
mentioning it, many amateurs using 6-meter gear knew that
something was happening because of the curious signal that was
always there.

By 1956, the publishing ban was lifted, and Ed Tilton,
WI HDQ , sugges ted in the January 1956 issue of QSTthat ama­
teurs should do more to exploit this propagation mode using
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Figures 2 & 3. Paul 's contact with Frank Lester, W2AMJ, of Bergenfi eld, New Jersey was called by QST "one of the longest
2-meter aurora hauls ever reported. " Shown are two parts of the distinctive fo ldout QSL card ofW2AMJ.
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unselfishly helped other statio ns across the United States and
Canada pick up Florida as their best OX.
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Figure 4. When Walt Bain (ex-W2WFB), W4LTU, moved to
Florida, he became a sought-after DX station, as few high­
power meteor-scatter stations existed there at the time. This is

Walt's QSL card fro m that era.

W4HHK doc ume nting the April 27th contact with BLG mem­
ber Walt Morrison, W2CXY. According to Paul , this is believed
to be the first Tennessee to New Jersey aurora contact, one goo d
for 955 miles!

However, as imp ressive as that contact with W2CXY was,
Paul ' s contact with Frank Lester, W2AMJ , of Bergenfi eld, New
Jersey was even better, as Frank lived several miles farther north
of Walt. QST ca lled this "one of the longest 2-meter auro ra
hauls ever reported." Figures 2 and 3 show the distinctive fold­
out QSL card of W2AMJ.

The same aurora also helped Walt Bain, then W2WFB, of
Ithaca, New York, log 9 1 two-meter sta tions in six ca ll areas
and 17 states during the April 26th opening alone! Later that
year, when Walt relocated to Orl ando, Florida, he picked up his
original W4 call, W4LTU. Those fami liar with meteor-sca tter
communications will recogni ze W4LTU as the author of two
classic QST articles on the subjec t, both of which are current
eve n now. When Walt moved to Florida, he became a sought­
after OX station, as few high-p ower meteor-scatter stations
existed there at the time. Figure 4 shows Walt ' s QSL card from
that era. Wa lt Bain exhibited that true amateur spirit as he

www.cq-vhf.com

The Christmas Tapes
The year 1956 proved to be an exciting year, first with the

announce ment of a new VHF propagation mode, ionospheric
scatter, then with some of the best aurora sessions in modem
history, followed by an invitation from the scientific commu­
nity for amateur radio operators to participate in the IGY. It was
also the year in which many an amateur got started in 2-meter
meteor-scatter operations, following the path blazed by W2UK
and W4HHK. As interesti ng as it is to read about those days,
it's quite another to listen to those who lived it tell their stories.
Thanks to Walt , W2 CXY, an important chapter in amateur radio
history has been preserved. What follows are transcripts taken
from Walt ' s 1956 Christmas tape to KH6U K giving an eye­
witness acco unt of 1956. Sit back and "listen" as many of our
VHF pioneers tell the story of 1956 in their ow n words.

Walt Morrison, W2CXY, Chatham, New Jersey: Hello
there, this Walt agai n, W2CXY, as if you did n't know. It' s late
Oecemberof 1956 .The holid ay season is upon us and Christmas
is almos t here. Chri stmas is also the reaso n for this tape. Many
words can be used to describe what follows, but fort unately the
tape speaks for itself.

Walt Bain, W4LTU (ex-W 2W FB), Orlando, Florida: Hi
Tommy, this is Walt Bain . I used to be W2WFB up in Ithaca,
NY. I worked you quite a few times there, mostly on CW oI'm
down in Orlando, Florida here right now and the new call is W4
"Love, Tear, Uncle." I got myoid W4 call back [see figure 4]
and you may have heard we've been doing some meteor work
from down here that turned out real well. We've made five con­
tacts so far. That' s ju st about the on ly contacts to be made down
here.

I didn' t get set up in time for the Perseids shower but during
the Orionids I worked W9WOK , W3GKP, and W20RI there.
WOK and ORI there it was on the long over dense burst. On
WOK the burst lasted for about 100 seconds and John' s signal
was runn ing S9 on the meter there . If I had the prese nce of mind
to flip on the modul ator we could have made it the first pho ne
contact on meteor I guess. Let's see, it was GKP that was the
other ove r dense.
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Figure 5. The QSL of Larry, W2ALR , sent to Walt , W2CXY,
for (/ contact 0 11 /44 me ill / 955.

using and makes working DX on 2 meters an awful lot easier.
I'm afraid ifhe ever takes it awa y from me I'm afraid I'm goin g
to have to break down and get something of that order.

Som e of our other activities: I've built a 6-meter transmitter,
100 watts to a 9903. Using a crystal co ntro lled cascade con­
verter for receiving in the 75A2. Modulator 6 I46 ' s and a 4 ele­
ment beam on anot her 30 foot telephone pole. .. . Today is
Sunday the second of December. Just this morning I missed an
opening into England on 6 meters. I don 't believe anybody
worked, but W2WII of Geneseo was heard in England by G5
baker dog , or something like that. We' ve got 20 states now
Tommy, on 2 meters this is. I was heard in North Dakota here
a little while ago . I heard him and he heard me . We both called
each other and I think his call was W0SYJ, but didn 't connect.
Heard Florida, by way of20RI' s meteor scatter skeds and heard
Iowa a couple of nights ago on aurora.

No trop ospheric openings around here at all this summer
Tommy. I've worked as far as Illino is and down through that
area . I heard Paul on once this year on a tropo spheric opening
but by far and large the majority of openings we 've had this year
have been on aurora and a majority of DX was work ed on mete­
ors I think . The aurora, I don 't know , maybe it' s a false impres­
sion but late ly here we 've had some aurora almost every week .
I think maybe this shows a trend upw ard with the sunspot cycle
to lots more aurora.

Dick Co tton, W 8DX, Detroit , Michigan (see figure 6): Hi
Tommy, this is Dick Cotton, W8DX, of Detroit, Mich igan . Sure
miss the signal ofW2UK in there when the aurora is on . There's

Figure 6. The QSL card of Dick, W8DX, sent to Walt in /954.

Incident ally, Smitty was having tran smitter trouble at the
time. He had a measured power of 15 watt s I believe into the
antenna at the time I worked him . I could ju st barely read him
here but he was getting goo d signals from me. And I worked
John up there, ORI , to give him his 27th state I believe. That
was on short under dense pings with lots of repeats. And then
it was during the Taurids I worked 2NLY there I guess for the
firs t Jersey Flor ida.Then during the Andromedids, ju st recently,
I worked 9KLR. Just getting read y for start Gemillids skeds here
and want to pick up a few more, hi!

I wonder how things are out there, Tommy. I wonder if you
hear fro m much of the old gang there. I wonder if you hear from
a mutu al friend of ours here , 20PQ up there, old Fran. I under­
stand yo u're trying to get set on 2 meters there and work across
to the mainland there. I sure hope you can do it there . I gue ss
that' s kind of a long haul for meteor sca tter. I guess you' re aim­
ing toward the lunar angle. I want to ge t in on that a little bit
too. I'm going to run some tests with 2NLY here after the first
of the year. [More on those tests in a future articl e.] I got a 48
element here now, four long Yagis spaced 2 wavelengths and
I'm running 400 watts here now. When I left Ithaca I had to
give back my borrowed plate tran sform er but hope to get a KW
final on here pretty soo n and then work some real DX, hi.

Activi ty is pretty poor down here. Th ere ' s the usual Gon set
cre w that co ngregates up on their prescribed frequ ency up on
the high end and works with their vertical whips and so forth
and that's almos t the ex tent of it, although there are a few sta­
tions sca tte red aro und at 50 to 100 watt class I guess , but aside
from the meteor work the only out of state contacts I' ve made
are into Alabama and into Cuba. CL2VY is on down there with
a goo d setup and I' ve eve n worked Georgia, hi!

Well I guess that' s ju st about it from here Tommy. Thanks
an awful lot for the QSO. I never thought I'd have to work you
this way but since you went way off into the Pacifi c there why
I cer tainly wouldn' t want to have to go down on 20 meters or
anyw here there, hi! So Merr y Chri stm as there Tommy. If you
get back in the states maybe we 'll be working you direct some­
time. In fact, maybe we can work you out in KH6 there if we
get wor king on this lunar retle ction stuff. 73s for now there
Tommy, from Walt , W4LTU, ex-W2 WFB.

Lawrence Lewis, W2ALR, Lockport, New York (see fig­
ure 5): KH6UK this is W2ALR at Lockport, NY calling. Hello
Tommy. Very pleasant to be talking with you again on tape.
Co ngratulations on winning the 1955 ARRL award on the mete­
or burst with Paul. Very, very good work. I hope you keep it up
on moonb oun ce.

Working for Sy lvania Electric Products in the Military sys­
tems Division has involved some travel and consequently I didn 't
get all the projects done this summer that I'd hoped to. A 64-ele­
ment beam for normal use every day and a I28-element beam
for moonb ounce. Though I did collect the necessary parts to put
together the 128-element antenna, I think we'll be able to do that
throughout the winter and some of it next spring.

In the shac k we've obtained a wire recorder and managed to
record so me of the better auroras and some of the meteor scat­
ter skeds with 20RI and 4LTU, Walt , ex- W2WFB, who ' s now
in Orlando, Florida. I ex pect John will tell you all about that.
All we ca n say is that we listened .

Am stor ing in the shac k now a 75A2. One of the local lads
has gone away to co llege and consequently we' ve been able to
use a 75A2 for about the last 6 month s. And it' s been very , very
pleasant. It' s a terri fic receiver compared to what we 've been
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Figure 7. Ray, W3TDF, sent this card to Walt for a /44-mc
contact in /956.

Figure 8. Bill, W2DWJ, of Elizabeth, New Jersey contributed
to the Christmas tapes of / 956.
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Frank Lester, W2AMJ, Bergenfield, New J ersey (see fig­
ures 2 and 3): Calling KH6 UK, KH6UK, KH6UK , this is
W2AMJ . W2 April May June, the spring statio n at Bergenfield ,
northern New Jersey via W2CXY s tape recorder wishing you
and your s a very, very Merry Christmas and Happy New Year.

Nothin g too much to report. We'v e been able to get out of
the back yard a little bit with the hund red watts. Have added
trigonal reflectors to the old 28-e lement beam which you
undoubtedly saw in the October issue of QST and have plans
for completing a new Californ ia Kilowatt , and I mean
California, using a pair of CX300s, the new ceramic tetrodes
being talked about by Eimac recentl y. But at the rate I'm going

been a lot of aurora this year. I worked over 150 stations in 23
states by aurora alone in the past year, including 30 Wl s in all
six New England states. New Hampshire and Maine were new
states of course and I' ve also added Nebraska in the westerly
direction. Heard North Dakota and South Dakota also on auro­
ra but no luck on contact s. Direct openings are rather scarce this
past season and no new states were heard or worked that way.

I'm still runnin g I kW to a pair of VT-I27As and narrow
band FM on phone. I have a 45 element beam up for 144 which
was pictured in April 1956 CQ . Also have 350W on 220Mc and
a 30 element beam. And SOW on 432 with a 45 element beam
which is a scaled down version of the 2 meter job. I'm still
workin g on my ham TV here but not on the air as yet. The cam­
era is workin g fine but the modulator and the sync troub les are
plaguing me as well as lack of time . Want to wish you a Merry
Chri stmas and I'd sure like to hear your signals out here in
Detroit. And I hope we can hear W2UK on again sometime.
Thi s is W8DX of Detroit.

Ray Bilger, W3TDF, Langho rne, Pennsylvania (see fig­
ure 7): Glad to get this chance to talk to you and Helyne. . . .
We're runn ing meteor scatter skeds with W4LTU all this week
December 9th to 14th or something like that. Well , when are
we going to get together, you and I, and start making schedules
on 6 meters? The way that 6 has been open it "oughtn' t" to be
too long, boy! Say the word when you 're ready.

This guy Walt , 2CXY, boy he is a rough character! I've been
trying to take him in the contests, Tommy, as far as section mul­
tipliers are concerned, but I can 't seem to top that boy . I don 't
know. You 'v e got a pretty good protege there holding down the
fort until you get back .

By the way, still running the same 100 watt s here .. .. Same
old beam , 6 over 6, no changes .. . The old 417A converter is
really doing a bang up job, A-I, 100 percent!

Bill Romanow, W2 DWJ, Elizabe th, New J ersey (see fig­
ure 8): We're still runnin g a hundred watts here . We've picked
up the sockets and we ' re thinkin g of the 4x 150s per QSTthere,
only we' ll double up. We' ve got all our antennas on one boom
here and we built up a 50-el ement beam similar to Walt ' s there .
Two-twenty activity is pretty good around this area but 420
there' s just a few but they're coming up. We picked up two
states this year I think in the early part of the year on aurora.
But that was it. When you saw in QST where AMJ worked
4HHK I picked up Wisconsin. I missed HHK so we still have
to get him.
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Figure 9. Tony Sheppard, VE3DIR, was a partic ipant in a
December 1956 phone conversa tion among W4HHK, W2CX Y,

and VE3DIR.
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I can do any replacing, I' ve got to rig some sort of platform or
mast to enable me to get up above the top of the tower about a
few feet to be able to reach to the point where I have to solder,
because without a little preliminary scaffold work I can' t begin
to reach it. It' s not a matter of just going up there and replac­
ing it but I think when I do that I'll probably hear a little better
and maybe transmit a little better.

To ny : Well, all you ' ve got to do is get "dB" to climb to the
top and stand on your shoulders!

Paul: I don 't know if she ' d go for that or not !
To ny : I've been kiddin g her about getting to the top of one

of those hundred-foot sticks and she sounds kind of leery about
the whole thing!

Walt: By the way, who does climb those-hundred foot sticks?
Paul: Well, I do because I have to, and my partner GYS. And

they're really steady. The two towers are nine feet apart, half
wave on 6, and each guy station is cross braced one to the other
with a frame work of I inch stee l angle. They're like a ladder,
you know. And the two towers make a big ladder . It' s quite
rigid and steady. And, well , I haven 't written you since, but just
the other day we finished puttin g up all the boom s, so all 24
elements are up there now . But the phasing lines are not co n­
nected to anythin g. I' ve got to mount the matchin g transformer
and a couple of junction boxes so to speak and then we're in
business.

Figure 10. According Walt, W2CXY, in 1956 aurora sessions
were very interesting and numbered 48 in his particular part
ofthe country, with the best sess ions observed probably around
April or May, when Rex Turner, W5RC1 was hearing Walt and

other East Coast W2s.

Telephone Conversation
What follows is a transcript of a phone conversation among

the following hams in December of 1956: Paul Wilson, W4HHK ,
Collierville, Tennessee (see figure I); Tony Sheppard, VE3DIR ,
Toro nto, Canada (see figure 9); and Walt Morris on, W2CXY ,
Chatham, New Jersey

Paul: You were up out whooping it up last night , were you?
It looked like they were doing the same on NBC last night. Yes,
we had several "boo boos." Some queue leader going throu gh
the projector and things like that on the station break. And we
closed out with Steve Allen ' s Tonight Show and having a good
time. . . "dB" [an affec tionate name for Paul' s wife] baked a
bunch of goodies and we nibbled on goodies all evening, noth­
ing exci ting. Won't be able to climb if I eat too much! ... One
thing I' ve been concerned about, the phasing line that goes from
each 16 element bay down to the matching transformer is this
400-ohm TV lin e. . .so I suspect I might improve thing s by
replacing those phasing lines with new ones and trying to over­
haul the whole feedlin e . .. When I can get around to it, before

I imagi ne it will be sometime in the reasonabl y early part of
1957 before we' ll be able to fire it up.

I actually ordered a tape recorder to make up a little recording
for you but it' s still on the way and Walt on this nice Sunday
morning of December 16th is making the tape for me via 2 meters
and off the back of the beam ! I just got through talking to Matt,
WI EY(?) who is starting to play with sideband and was running
a big total of about 9 watts input to a Class A linear up there in
Fairfie ld, Connecticut and coming down here to Bergenfield in
nice shape. I also want to extend for everybody else up here that
isn 't on the tape wishes to you for a Merry Christmas, happy and
prosperous 1957 , including Ton y, VE3DIR. I don 't know
whether Walt is going to get a tape from Tony or not. If he does,
I imagine it will have to be by other means than this since the
band hasn't been good enough for Walt to cut a tape from Tony
directly. I don't know whether you know it or not, but he' s going
to take the "fatal step" in I believe April of next year and the pic­
ture of his "better half to be" was in a recent issue of CQ.

I can't think ofanything else much to tell you exce pt that nat­
urally we' re all hoping that one ofthese days KH6UK will come
"bopping through" on 2 meters and by that time maybe I' ll have
the new final runn ing and we' ll work two-way the long way
around! I guess that' s about it. It looks like I' ve "gassed on"
here for 3 minut es wandering along. So once again , here 's hop­
ing that you' re enjoying the Hawaiian atmosphere out there and
not drinking too many "poieyes " I think they' re called . So with­
out further ado Tomm y, I want to once again thank Walt for
puttin g this down on the tape and we' ll close once again by
wishing you a very happy, prosperou s, etc., health ful of course,
1957. W2A MJ through the courtesy of W2CXY who is cutting
this tape via 2 meters is now off and clear and turning it back
to you Walt.

Carl Scheideler, W2AZL, Plainfie ld, New J ersey: Well ,
OK Tommy, we ' ll be seeing you and we' ll be workin g you on
2 one of these days, Tom, we hope. And don 't sell the old mete­
or scatter stuff short with your friend there in California
[W6N LZj. You ought to try that with him one of these days on
a good shower. The possibilit y is there, boy. So anyway, we'll
sign with you now and see you next Thursday if the Lord is
willing; 88s to Helyne and 73s to you and I hope "Santy Clau s"
is good to you.
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Tony: Never mind all this hogwash
about 6, how about the Long John on the
top for 2!

Paul: Well, that'll come later! Because
it should be a near perfect location, of
course there' s the power line comin g in,
but exce pt for that only an occasional
tractor. There' s nothing within a mile. In
your direc tion there' s just a gentle slope
downhill, Oh for at least a mile.

Tony: See, that' s what I mean. You ' ve
got to get rid of all that 6 meter stuff!
Now, if you put up a Long John for each
element that you've got on 6, well that
might be something!

Paul: What I hope is to have some sort
of reliable scatter circuit with the boys up
east so I don't have to depend on the tele­
phone. Judging on what the 4 element did
here ... it might do pretty good, but time
will tell.

Tony: Yeah, well, come on Walt, nee­
dle him a bit about 2 for goodness sakes!
We' ve got to work 4RFI for Tennessee
these days.

Walt: Yeah, I thought he was going
work a lot of VHF bands but he' s a con­
verted 6 meter man , I can see that!

Paul: Merry Christmas Tommy and
Helyne, this is Paul, your old "Tennessee
turtle" speaking. .. "dB" is sawing little
logs right now.

Tony: And the same from me too !

Tape Ending
Wh at follows is a transcript of how

Walt ended the tape in December
of 1956:

W2CXY: Back to Chath am, New
Jersey now. Much has been said, and
much has still to be done. At this end, in
recapping the work of 1956, tropospher­
ic openings of any great magnitud e on 2
meters were practically non-e xistent.
Aurora sessions were very interesting
and numbered 48 in this particular part of
the country, with the best sess ions
observed I think somew here's around
April or May, when Rex Turner, W5RCI
(see figure 10) was hearing this station
and other East Coas t W2s.

Progress by the gang included several
new kW ampli fiers, larger antennas, and
more 417 converters resulting in a lot of
crowding at the low end of the band ,
receiver overloading, and cross modula­
tion being quite a common occurrence,
especially between stations within a 15
or 20 mile range radius. Nothin g new on
exclusive CW segment for the band ,
something to look forward to working on
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in 1957. Man y of the gang picked up
some new states via the buzz [aurora] ses­
sions. Some worked some W8s for the
first time in Ohio or Michigan. Some
worked W9s in Illinoi s and Wisconsin.
No W0 s were heard at this end, in this
particular area at any rate, neither were
any W5s except perhaps by Brownie,
W2PAU, who was ... hearing W5RCI
during that April or May buzz session.

The program for 1957 includes a more
effic ient final amplifi er, about which you
heard a little bit tonight , a monster, cir­
cularly polari zed antenna for moon-

bounce work and in connection with this
latter item. Are there any takers?

(Edito r's Note: When we were in the
fi nal stages of editing this article at the
end of December, word reached us that
Rex Turner, W5RCI, who is one of the
pioneers mentioned in this article, was
expected to live for only a few days. In
response to this sad news, special ar­
rangements were made to e-mail a copy
ofthis articl e to him in hopes that it would
provide him with some comf ort during the
remainin g days ofhis life.)
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Riding the Terminator
From 6 Meters Down to 160 Meters

A major amateur rad io operation from above the Alaskan Artic Circle took
place for the first time in many years this past July during the Alaska Convention.
Adding to the special aspect of the event was gaining permission to use the
call W1AWjKL7. Amateur radio activities took place from HF to microwave
frequencies. Here is the story.

By Gordon West,* WB6NOA, and Bill Balzarini ,t KL7BB

Dalton Highway Arctic Circle road sign. (Photos courtesy of the authors)

In our ham radio hobby, it is rare when
you actually get to both see and oper­
ate inside the natural medium that sup­

ports our RF signals and takes them to
faraway places. Such is the case in the far
north of Earth's Arctic Circle. Alaska ' s
Arctic Circle just happens to be one of
the places on Earth to which people can
actually drive. Because of the summer­
time conditions, the Ala skan Arctic
Circle has a full day of the sun's effect
on radio propagation. Sunrise, sunset,
full daylight, and twilight are the active
times in which the 66° 33' N latitude loca­
tion offers operators of radio equipment
a full-day possibility of having their sig­
nals reach somewhere far away, OX loca­
tions. Dependin g on the ham bands used,
the RF signals can take multipl e hops to
reach exo tic distant locations.

The magic becomes evident when
astronomy programs are put to the task
of show ing (fro m an outer-space per­
spective high above any Earth location )
the difference between day and night. It
is along that magical line where the direc­
tion of the RF path really jumps out and
gives a very clear picture as to where the
paths are pointing. It is best to make 24
one-hour incremental print s ofeach day' s
activity to help with the visualization dur­
ing the middle of the night , when one is
very tired from logging 6- to IO-plus
straight hours of contacts.

Also, in that part of the far north , one
does not want to spend very much time
outside alone, adjusting the direction of

*CQ VHF Features Editor. 2414 College Dr..
Costa Mesa. CA 92626
e-mail: <wbtmoa tip cq-vhf.c om>

t]4 14 South 324th St. #8 -209- 105. Federal
Way. WA 98003-8444
e-mail: <kI7bb@yahoo.com>
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a beam antenna, as one could become
"dinner" for some foraging bear. It is a
fact of life in that area of which one must
be very cautious.

Just as with other type s of DXpedi­
tions, the signals may not be very strong
at the start. It helps considerabl y that just
one station finally recei ves that all­
important first contact and creates a big
fuss that alerts all of the masses to fol­
low. Many contacts can follow that first
effort, and once everyone has figured it
out, you are on the fast track to runnin g
QSO s just as fast and furiou s as you can
hear and log them!

I wrote down all of the contacts using
pen and paper with a glance at the clock
for time . The contact rate was slow
enough to use to the closest minute for
the log on phone contacts. The CW guys
were all electronic in the logging and

operational parts of the process. It was
very impressive to see the fully automat­
ed logging and exc hanges with that many
stations calling from all over the world .

Onc e we were reall y "rocking and
rolling," the hourl y heading print-out s
became the best tool of the operation. A
quick glance at the log to see if another
hour had gone by- and a fast peek into
the sunrise-sunset one-hour pages-con­
firmed that once again it was time to go
outside and redo the beam heading.
Before going outside, there was the oblig­
atory quick look to see if anythin g big and
black was moving about the camp, lest
we had a false sense of security of no
bears in the camp and perhaps turnin g the
beam would not be successful.

It was quite scary on our last night in
camp, when one of the operators, Jim
Adkison, WL7NJ , went outside for some
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Bill Balzarini, KL7BB, Calex Gonzalez, KL2BT, and Richard
Tweet, KL2AZ, inside the weather port at the 2008 Alaska

Convention.

air and spotted a big, black, 4-foot high "blob" jumping into the
brush from behind his truck, only 150 feet from the operating
positions. After all, however, it is their territory and we were
strangers and intruders. It took Jim about two minutes to calm
down and check out the operation, and then settle back into the
contact mode with Asia and the Far East.

The "terminator," for those of us in the lower 48, is ten min­
utes of OX sunrise and sunset excitement nearly halfway around
the world. However, for the recent WIAW/KL7 July-August
two-week special-event operation as part of the Alaska 2008
Convention, riding the terminator on Alaska's Arctic Circle was
a daily 20-plus hour blast in the Land of the Midnight Sun .

From the definition in Chapter 20.15 oftheARRL Handbook,
the gray line consists of paths that can be considered a special
form of long-path propagation that takes into account ionos­
pheric configuration, along the twilight region between day and
night. The gray-line OX propagation window supports the best
of daytime and nighttime long-range contacts as one operator
watches the sunset while the other operator is beginning to wake
up to sunrise. Many times chordal "waveguide" propagation
also takes place.

Inside the Alaskan Arctic Circle, the terminator between
night and day allowed the ten W IAWIKL7 operators to liter­
ally "ride OX" throughout the many hours of spectacular sun­
sets and sunrises, from 6 meters on down to 160 meters .

"Back in the late '70s, I knew there was some exciting high­
frequency nearly continuous propagation in June, July, and
August during my electronic radio tech days with the Columbia
Wards fisheries in Bristol Bay," comments Bill Balzarini,
KL7BB, who, long before the event, accurately predicted the
possibility of fabulous OX for the Arctic Circle team.

"From 2 MHz to 18 MHz, that band of frequencies was our
only HF radio link between cannaries and our fishing fleets
using a traditional long-wire antenna. After 9 PM local Bristol
Bay Alaska time, I would switch the long wire antenna over to
my HF radio and begin to hear late-evening foreign stations
coming in on many 20- and IS-meter frequencies-nearly non­
stop-for hours on end. Because we were just past a minimum
of solar activity, the customary 20-meter band condition of
being dead-after-dark was an anomaly of great signal strength
in the high latitudes throughout Alaska," adds Balzarini.

www.cq-vhf.com

Anchorage Amateur Radio Club, KL7AA's tower and genera­
tor at the WlAWIKL7 operation during the 2008 Alaska

Convention.

Balzarini reports that these fabulous all-night band condi­
tions were well known by famous OXer Chip Margelli, K7JA,
operating at Rush Drake, W7RM's QTH from Foul Weather
Bluffin the middle of Washington State 's Puget Sound. "From
the Bluff, the mega-station operators enjoyed great OX along
with Coca Cola and chocolate chip cookies all night!" reports
KL7BB, and confirmed by Chip, K7JA. KL7BB concludes,
"May through August is the best time in KL7-land to enjoy sun­
set to sunrise OX ."

Thirty years later, Balzarini suggested the OX possibilities at
the Arctic Circle as one great way to celebrate the 2008 ARRL
Alaska State Convention. He proposed this mini-OXpedition
special event station to the W IAWIKL7 planning committee,
which included: Richard Tweet, KL2AZ, Alaska Convention co­
chair; Scott Honaker, N7SS/KL7; Roger Gollub,
WB0CMZ/KL7; Calex Gonzales, KL2BT; BruceMcCormick,
KL7BM; Mike O'Keefe, KL7MO; John Orella, KL7LL; along
with several others.

Heather Hasper, KL7SP, the other Alaska 2008 Convention
co-chair, agreed that it was an interesting idea. However, she
recalled that the only road to the Arctic Circle, Old Pipeline
Haul Road, followed the Alaska pipeline and was limited to
only those with proper security clearance. The good news is
that the formerly restricted road, now called the Dalton
Highway, which runs from Fairbanks to the Arctic Circle and
beyond, is now open to public access for over 500 miles of raw
wilderness all the way up to the Arctic Circle.

"Just be sure to slow down to prevent windshield damage
from flying pebbles," commented the husband and wife team
of Janet, KL7MF, and Chip Margelli, K7JA, when I traveled
with them to Coldfoot, Alaska, 60 miles beyond the Arctic
Circle. Rental cars are told to stay off the road, but there was
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Scott Honaker, N7SS, in fr om of the WI A W/KL7 operating tent durin g the Alaska
Convention.

no limitation to ham s with per sonal
trucks, trailers and towers, and hundreds
of pounds of operating equipment for the
two-week W IAW/ KL7 run , co ncurrent
with the Ancho rage, Alaska 2008
Convention.

ARRL Executive Vice President Dave
Sumner, K IZZ , was present ed the idea of
a W IAW/KL7 spec ia l-event sta tion.
With input fro m ARRL Northwest
Division Dire ctor Jim Fe nsterma ker,
K9JF, and a nod from ARRL President ,

Joel Harrison , W5ZN, the Arc tic Circle
Convent ion expedi tion was approved.

"A t the Arctic Circle in August, twilight
at sunset and twilight at sunrise would last
for hours on end for extraordi nary gray­
line terminator OX co ntacts . We weere
actually skirting the back side of the gray­
line terminator, being within the co nstant
twilight side of the terminator, never see ­
ing total darkness that wo uld otherw ise
negate the gray- line OX path," exp lains
Bill Balzarini, KL7BB. He adds, "Our
summertime tilt of the Earth, this far north
at the Alaskan Arctic Circle dur ing Aug ust,
gave us nearly eig ht hours of twilight OX.

A Stepp-IR Yagi allowed the operators
to sort out the OX- one direct ion Europe,
and 180 degrees out VK-ZL and Asia .
Even though there was the co nstant auro­
ral oval (unseen because there was no
da rkness), sta teside con tacts were easy by
pointin g the beam southeast.

Eve n though the first day they operat­
ed "barefoot," once their station got
not iced and posted to the internet, the
pile-up s co ntinued nearly 2417. Around
0600 UTC, Euro pe became a wa ll of
white noise with thousands of stat ions

Richard Tweet, KL2AZ, and Scott Honaker, N7SS, at the
HSMM microwave dish dur ing the convention.
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Front to rear: Mark Kelliher, KL7TQ; Calex Gonzalez, KL2BT;
and Roger Gollub , WBf}CMZ, at the WIA W/KL7 station.
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Roger Gollub, WBOCMZIKL7
Silent Key

By Bill Balzarini , KL7BB
Universal Radio
6830 Americana Pkwy.
Reynoldsburg , OH 43068
+Orders: 800431-3939
+Info: 614866-4267
www.universal-radio.com

The Yaesu FT-817ND is an improv ed, de­
luxe version of the hugely popular FT-817. It
includes 60 meter coverage plus the new
high capacity FNB-85 battery. The radio is a
fully self-contained, battery-powered, low
power amateur MF/HFIVHF/UHF trans­
ceiver. Great for portable QRP operation!
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descriptions and interfacing details.

Down East Microwave Inc.
19519 78th Ter.

Live Oak, FL 32060 USA
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Radio Club, KL7AA. The excitement he had
that fired his imagination at the Arctic Circle
operating event is evident in his own words
for the Sweepstakes ham radio operating
contest for November 15-16, 2008. He
expressed that the working knowledge and
momentary notoriety of the 66° 33' N. event
gave him the confidence to expand into hav­
ing two ham radio stations active and on the
air for the November contest right there in
Anchorage.

His specialty was to use his gentle , delicate
hands to run the Morse code keyer paddles to
put out the callsigns and language of "origi­
nal digital" continuous-wave CW to the anx­
ious foreign ham operators who were lucky
enough to be copied in the sea of ionospheric
chaos . With all of his years of training at the
key of his many radio stations, he was able
sort out the most complex patterns. Another
one for the logbook surly made many happy
people around the world this past July .

Roger also had a zest for fishing each year.
The year 2008 found him and his wife down
on the Kenai for July Salmon . Whi le he was
on the Alaskan Arctic Circle, he was eating
one the last of of a dozen jars of the 2007 catch
that he and his wife had put up. He figured
that it was time to get ready for the 2008 catch
and the 2007 batch had to go. What better way
to enjoy the last of the fish than to take it with
him to the Arctic Circle. He gave me a chance
to try many of the remaining different sam­
ples of he and his wife's special varieties of
seasoned smoked salmo n, all put up in those
tiny little jars. Yummy is the only word that
come to mind for the Alaskan delicacy.

"U nlike the customary Arctic 'flutter,'
our gray-line DX stations would remain
strong for as long as the terminator was
over the distant station. It was quite selec­
tive, and with the Stepp-IR vertical, with
24 radials, we could hear stations to the
east and west come into view as the gray­
line terminator would pass over their sta­
tions. Furthermore, the closer to the equa­
tor the station was located, the more brief
the contact," adds Balzarini.

ICOM America supplied most of the
HF equipment, as well as 2-meter D­
STAR radios. All bands were on the air,
from 6 meters on down, as well as the
VHF and UHF bands. Jim Fenstermaker,
K9JF, and Dave Sumner, K IZZ, with the
ARRL, were among the first contacts on
CWo It was a 14-day operation, with
Anchorage clubs operating for the first
week and Fairbanks clubs taking over for
the second week special convention
event. A tradeoff of equipment was

This story is about Dr. Roger E. Gollub ,
M.D., and how in many ways he was the real­
life version of the popular Northern Exposure
television doctor Joel Fleishman played by
Rob Morrow . Dr. Roger Gollub was tragical­
ly killed on November 19,2008 in a dog-sled
and snowmobile accident in Kotzebue,
Alaska. Dr. Gollub, a pediatrician, was out in
Kotzebue performing his medical work for the
[Alaskan] Indian Health Service .

Dr. Gollub was taking a ride-of-a-lifetime
dog-sled trip and had a chance to ride on the
runners for the full experience of mushing in
the still of the dark winter Arctic Circle night
with the crisp cool Bearing Sea coast air rush­
ing past his face for that extra nip and bite
that says you 're deep inside of Alaska 's win­
ter wonderland.

Dr. Gollub was born in New York and
went to medical school in St. Louis. While
there , he also studied and received his
WB0CMZ license.

It is through Roger's passion for ham radio
that I had the wonderful experience ofwatch­
ing him talk all over the world this past July
from Alaska's Arctic Circle special-event
ham radio station. With the call sign of
W IAW/KL 7, Roger had many thousands of
foreign radio operators from all over the
world calling and trying to work him through
the deep pile-ups that sounded like the loud
roar of Seahawks fans cheering at the stadi­
um during a home game.

Roger was very interested in how to get
more youngsters into the hobby ofham radio,
and he was very becoming heavi ly involved
with the activities of the Anchorage Amateur

calling. "Asia would start around 1000
hours UTC, with stations to the southwest
peaking as they entered and exited their
local brief terminator," adds Balzarini.

An interesting point that the many
W IAW/KL7 team members made was
keeping track of the DX potential stations'
local time. There was not much DX if the
distant stations were snuggled in their
sacks during their 3 AM local sleep time.

On one weekend day, the Alaska oper­
ation coincided with IOTA, and one for­
eign ham didn't quite put the KL7 prefix
into perspective and demanded to know
what island the operation was on. "Look
on most maps, and off the California
coast to the southwest and you will find
our KL7 Island plugged in, because they
couldn't get us on the map," was the com­
ment made by the W IAW/KL 7 operator.
Now that I think about it, I, too, have seen
the Alaska "island" listed off southwest­
ern California!
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Various hams operating D-STAR on the Arctic Circle, posed infront ofthe WIAWIKL 7
operatin g tent.

Front to rear: Roger Gollub, WBfJCMZ; Calex Gonzalez, KL2BT; Bruce McCormick,
KL7BM; and Jim Adkson, WL7NJ, operating W1AWIKL7 during the Ala ska

Convention, as well as a visitor from Holland whose back was to the camera.

many other hams in the state a chance to
work all over on VHF. See: <http ://www.
bear.437am.com/> for all of the energy
and equipment that was put into this pro­
ject, and the BEAR 2 balloon sidebar.

As for our microwave operation, we
were on the Hughe s.net system which
was supplying us with our high -speed
internet connection for data and pictures
on the Alaskan Arctic Circl e. Thanks go
to many people who stepped up to the
task, including Will Johnson , KL7KT;
Jerry Curry, KL7EOK; Richard Tw eet,

plies farther up the road to a remote bush
fishing camp on a lake. On his way back
he flew a giant circle overhead of the
entire Arctic Circle setup , all the while
talkin g with everyone on the ground on
146.52 FM simplex. Many of our opera­
tors posed for a group picture all holding
(COM O-STAR 2-meter radios.

The operators from Fairbanks also sup­
plied their satellite equipment and pack­
et gear. Contacts were attempted through
the Big Balloon launch on July 29 from
Fairbanks. That operation allowed the

accomplished halfway between Anchor­
age and Fairbanks, which was a classic
example of distant amateur radio organi­
zations coming together to make the
Arctic Circle project happen. Just imag ­
ine that the ham bands were open to exot­
ic OX location s for 20-plus hours per day ,
and this took place during the time when
the sunspot activity was zero !

The VHF side of this operation was not
as prolific as the low bands. The 6-meter
operation was on the air each morning
from about 5 AM to 7 AM in an attempt
to work stations on the west coa st of the
USA. The (COM 756PROIII was used
with the KW amp into the Multiband
Stepp-IR beam aimed SE in order to be
into the gray- line terminator as it
approached and traversed the west coast
of the Americas. No contacts were made
durin g that time.The operation was most­
ly inside the gray- line terminator zone , so
the operators noticed almost no aurora
effect which you would normally hear if
you are outside looking in. They were not
inside the auroral zone , but rather ju st out­
side the edg e and the band conditions
were very calm and settled. Becau se this
late-July 2008 window was during the
time when the Sun was producing zero
sunspots, there was no pulsing Sun ener­
gy thumping the Earth ' s E- and F-Iayers.
That is a good thing , however, mostly for
hot HF band conditions.

Th e operators described the 6-meter
band as beingjust as normal as if you were
in a great "out in the country" home loca­
tion with great equipment and no man­
made noise-no cracks, pops, snaps, or
other buzzing. " It was surprisingly
smooth, like warm butter spread over a
fresh-baked slice ofhot bread just popped
out of the oven," adds Balzarini . Un­
fortunately, except for a few syllables
coming over the calling frequ ency of
50 .125 MHz, the 6-meter effort was a
total washout.

On the other hand , the 2-meter opera­
tions were done on several levels over the
variou s times when the supporting groups
and operators could be on site, that being
Anchorage and Fairbanks. The main talk­
in frequency was on 146.52 MHz simplex
with a simple ground-plane antenna. The
145.100-MHz O-STAR Net was local
and ran on simplex. History was made
history as W IAW/KL 7 was the first sta­
tion to run O-ST AR from the Ala skan
Arctic Circle.

One of the hams from the Fairbanks
area made contact with W IAW/KL7
from his float plane as he was flying sup-
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Jim Adkison, WL7NJ, operating from the W1A W/KL7 station.
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BEAR 2 Balloon Launch

KL2AZ; and Scott Honaker, N7SS. Their
collective efforts and talents made the
equipment work and helped with setting
and aligning with the other equipment
that was just a few degrees up over the
horizon. The entire team then had a fan ­
tastic way to communicating to the out-

The Balloon Experiment And Research
(BEAR) Program at the University of Alaska
Fairbanks BEAR 2 Balloon was launched at
10: II AM on July 29, 2008 , as scheduled in
conjunction with special-event station
WI AW/KL7.One of the payloads on the bal­
loon contained the packet (digipeater) sys­
tem which allowed amateur radio operators
from across the state to communicate with
each other.

Unfortunately, the APRS beacon signal
was lost about 30 minutes into the flight.
Along with its loss was the ability to track
the balloon's flight path . While the APRS
signal was erratic and unreliable, the digi­
peater worked exceptionally well, resulting
in plenty of packet traffic among local hams
and the special-event station manned by Bob
Kreiser, WL7GK, as well as statewide ham­
to-ham contacts .

Through monitoring of packet traffic-as
well as Jerry Curry, KL7EDK, sending test
messages during the tail end of the flight-it
was determined that the digi was usable for
the entire duration of the flight. Based on
these observations, it was also determined
that the flight lasted approximately 3 hours
and 40 minutes.

The digipeater packet system performed
exceptionally well and was a big hit for all
who used it. Packet contacts on the digi

www.cq-vhf.com

side world as to how well the operation
was progressing from setup to when we
were on the air. Even regular tourists to
the Arctic Circle camping area were treat­
ed to the router's WiFi 802.1 I wireless
signal. It was quite an enhancement to
being out among the Alaskan bears.

included Fairbanks, W IAW/KL7, Chicken ,
Tok, Anchorage, Kenai Peninsula, Nilkiski,
Delta Junction, McGrath, and others.

Although the packet system remained
functional for over 31/2 hours while in flight ,
there was no way to receive APRS position
reports . Therefore, the organizers presumed
that the balloon would be permanently lost.

On Sunday, September 28, big-game
hunter Jaret Owens was guiding a hunting
party (Ron Rockstad) in the remote area of
the West Fork of the Little Delta River
(Healy D I quadrangle) when he spotted
something blue and yellow on top of a near­
by peak. Being curious , he hiked up to the
location and noted the BEAR 2 parachute
and payload capsules. Fortunately, all the
capsules had ownership and phone numbers
written on the outside, so Jaret called Jerry
Curry, KL7EDK, and later called Dan
Wietchy, KLIJP, on his satellite phone
informing them about his find. After return­
ing to Fairbanks several days later, Jaret met
with Jerry in order to return the balloon rem­
nants . Obviously, the BEAR launch team has
been very excited about the recovery of
BEAR 2.

This sidebar is a summary of two reports
on the BEAR 2 balloon that appear on the
BEAR website: <http ://www .bear.437am.
com/bear2index.htm>.
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A Nostalgic 6-Meter
Radiotelephone Station

Do you remember the good old days of AM modulation? If you do, then you w ill
appreciate the fact that there are others who do, too , and are doing something
about their nostalgia, Here K8VBL describes what one group in western
Michigan is doing and how to build a station in order to join them the next t ime
the ba nd is open in that direction.

By Thomas Turner, * K8VBL

R
adio amateurs are fortunate to have
been allocated the 6-meter band ,
50-54 MHz, because "Magic

Band" signals in this part of the radio
spectrum are propagated by every known
mode. In fact, the cause of sporadic-E,
one of the most interesting modes of
propagation, remain s to be discovered. In
this period of low sunspot activity, the
beginning ofCycle 24, F2 propagation is
rare. Sporadic-E is seasonal, centered
around the equinoxes (early summer and
late December).

To maintain interest in the "Magic
Band" durin g periods of minimal OX
propagation and promote experimenta­
tion, the West Michigan Six Meter Net
was formed. The net meets Tuesday
evenings at 9 PM local time on 50.3 MHz
SSB. Net contro l stations in Kalamazoo

*Apple Hill Farm. 8530 N. Branch Rd.,
Watervliet, MI49098

conduct the net as a round-table, with over
20 stations checking in. At around 9:30
PM the net shifts to 50.4 MHz AM. Many
of the AM stations check in using a I950s­
vintage Heathkit "Sixer" transceiver, also
known as the "Benton Harbor Lunch
Box." A "WAS " certificate (Worked All
Sixers!) is issued to those who use a
"Sixer" to contact six other "Sixers."

How About a Homebrew
6-meter AM Transmitter?

Using a loaner "Sixer" with about 2
watts output into my 3-element Vagi (CQ
VHF, Winter 2006 issue), the West
Michigan Six Meter Net proved to be a
lot of fun and a good way to meet some
interesting people. Then I thought, why
not bui ld a 6-meter AM rig with a little
more power? A look in my junk box
revealed all the necessary parts, includ­
ing a half-b ushel of 6L6 tubes from my

dear, bygone days of the ' 50s repairing
juke-box and electric-organ amplifiers.
These tubes, dubbed the "poor man' s 807
or 6146" were introduced in the spring of
1936 by RCA (QST, May and 1une 1936)
as the first of the beam power tube s.
Radio magazine for April 1937 carried an
article "The Bi-Pu sh Exciter" by W. W.
(Woody) Smith, W6BCX, Editor. Using
two 6L6 tube s in a push-push doubler
connection, the 80- through 10-meter
exciter soon became very popular. A bi­
push is very efficient because it gives a
pulse of power every half-cycle to a plate
tank circuit tuned to the second harmon­
ic of the grid (input) circuit. Excellent
rejection of other harmonics is provided
also. The newer 6L6GC tubes have about
half as much input and output capaci­
tance as the older type, and function well
at 50 MHz . Design parameters selected
for the transmitter were : simple oscilla­
tor and power amplifier using common

Photo A. The 6-meter
radiotelephone station .
Left to right: speaker­
microphone. transmit­
ter, antenna coupler
and SWR meter,
receiver. and speaker.
(Photo s by the author)
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tubes, and amplitude mod ulation using
the Heising (see sidebar) princ iple.

Crystal Oscillator
After trying several crystal oscillators,

a 6L6 circuit shown in the 1938 Jones
Radio Handbook was selected, providi ng
good third harmonic output from an 8.4­
MHz crystal. This circu it utilizes the
capacitance of the metal shell of a 6L6 to

its plate as a feedback capacitor by con­
necting pin I to the cathode, pin 8. If a
6L6G (glass tube) is used in place of the
older meta l type, a capacitor of about 15
pF must be connec ted from cathode to
plate to provide the necessary feedback.
Although this circuit works a crystal hard­
er than a rented mule, RF crys tal current,
as measured by connecti ng a 60-ma pilot
lamp (#48 or #49) in series with the crys ­
tal, proves that the current is below 80 rna.

Crystal current above 80 rna may fracture
an Ff-243 type crystal. Oscillator plate
current runs about 65 rna at 350 volts .

To provide good harmonic energy, the
6L6 osci llator tank circuit shou ld be low
capacitance. Output from the 6L6 oscil­
lator tank, 25 .2 MHz, is taken via link
coupling to the push-pull input tuned cir­
cuitofthe bi-push doubler. Link coupling
is simp le, is the most efficient means of
power transfer between two tuned cir-

L1 25.2MHz L2

C1 0 C2
6L6

OSCILLATOR C
LINK

5 4

A4

XTAL
A1

B.4MHzI C12r AFC1 M 0-200ma

0-5ma M
A3

A2

I
C

B+
400V

L3
ANT

4 R5 C 50AMHz

C C3 C4

4

R6

RFC2
C

A7

A17

• C11

4

• C10A16

C

A15

6L6 or 6L6G
MODULATOR

5

A14
5

A13

A12:>---+-

+ C8

A11

C

A10

C7+ C6

A8

A9

6SH7
SPEECH AMP

4

C5

MIC I&--~"""""--+

GROUND BUS A18
B +
400V

Parts List-Transmitte r
C: 0.0021JF I KV
C I: 50 pF variable
C2 : Dual section 50 pF variable
C3: 50 pF variable
C4 : 250 pF variable
C5: 100 pF
C6 : 10 IJF 25V
C7 : 0.1 IJF
C8: 10 IJF 450V
C9 : 1.5 IJF
CIO: 10 IJF 25V
CII: 10 IJF 450V
C12: 250pF
C13: 2IJF

RI : 50K '/zW
R2: 65K 20W
R3: 6k lOW
R4: 75k '/zW
R5, R6 : 33K '/zW
R7: IK lOW
R8: Imeg '/zW
R9: 1.8K '/zW
RIO: 500K '/zW
RII : 220K l/zW
R12 : 500K pot
R13 : 2.7K I/zW
R 14: lOOK I/zW
R15: 500K I/zW

R16: 500 ohm 5W
R17: 20K lOW
R18: 10K IW

RF Coils (see text)
Ll: 19 turns #14, liz inch 10, 13/8 inches
long
L2: 24 turns #14, 'r: inch 10, 2 inches long
L3: 7 turns #14, liz inch 10, 5/8 inches long

Chokes
RFC-I, RFC -2: Ohmite Z-50 (see text for
construction details)
CH: About 10 Hy, 150 ma (not critical)

Figure I. Schema tic of the 6-meter transmitter.
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Power Supply
Power requirements for the transmitter

and modul ator are 350 to 400 volts DC at
200 maoA power transform er and filter
choke from a j unk tube-type TV set eas­
ily fills the bill , with four 1000-piv si li­
con diodes in a bridge rectifi er circuit. To
maintain B+ voltage regul at ion , the
choke should have a DC resistance of200
ohms or less. One sec tion of filter in the
power supply is suffic ient; additional fil­
terin g for low-level modulator stages is
provided by the modul ator ' s decoupling
circuit. Power supp ly filteri ng consists of
a choke input followed by two 40- J.lF 350­
volt filter caps in series to B- , eac h cap
shunted by a lOOK 2-watt resistor for
voltage equalization.

My power supp ly has a 120-watt
Variac connected to its 120-volt primary
to adjust the power-supply output volt­
age to 350 VDC. The send- rece ive switc h
is in the 120-volt line to the Variac. When
the swi tch is turned to TRANSMIT, the
power supply is energized and a Dow­
Key relay is also energized and switches
the antenna from receiver to transmitter.

mic load resistance increases bass). Bass
response and hum are further limited by
use of small-va lue coupling caps of .002
J.lF. Treble response is limited by a 100­
pF cap from the 6SH7 grid to gro und.
This bypass cap also keeps RF out of the
modu lator input. Audio gain is contro lled
by a 500K audio-taper pot (from a junk
AC- DC radio) between the speech amp
and 615 driver tube.

raise the percent modul ation , a 1000-ohm
10-watt resistor bypassed for audio fre­
quencies by a 4-J.lF paper cap reduces the
plate voltage to the power amp lifier.

A crystal microphone that delivers
abo ut 50 milli volts peak outpu t was
planned to be used . Therefore, a voltage
gain of 360 was needed to swing the 6L6
modulator grid to the limit of its cathode
bias, 18 volts. Design of the 6S H7 speec h
amplifier, voltage gai n 230, and 615 dri­
ver, voltage gai n 14, was taken directly
from the RCA Tube Manual, Resistance
Coupled Amplifier Data. To co nse rve
sideband power while maintaining
speech intelligibility in the audio spec­
trum of 500-2500 Hz, the followin g
modul ator design param eters were cho­
sen: A 4-meg-ohm resistor at the 6SH7
grid limit s bass response (higher value

Photo B. Underside ofthe transmitter with the modulator on the left , osc illator in the
center with its plate coil link-coupled to the push-pull grid coil with split stator cap,

and the pi-net output coil with tuning and loading caps on the right.

TEN-TEC is now shipping the new RX­
400 HF/VHF/UH F receiver. Thi s latest addi­
tion to TEN-TEe' s product line continues its
trad ition of offering lower cost real-time
DSP in a commercial-off-the-s helf package
that del ivers the performance of mil-spec and
tactical rece ivers in a much more affo rdable
price range. It tunes 2 MHz to 3 GHz, scans
100 channels/sec., and has detection of bandwidths up to 300 kHz. The user can
program mission-specific AGC characteristics. Wideband IF output provides 6 MHz
of band width . the receiver includ es both TCP/IP and RS-2 32 interfaces. It has a
compac t 1/2 rack .

This new model joins thou sand s of TEN-TEe' s HF receivers already in 24/7
government/commercial service worldwide . For more information visit
<http://www.tentec.com/>. e-mail ProductManager .<TomSalvetti @tentec.com>
or call him direct at 304-884 -760 I.

New Product:
The TEN-TEe RX-400

Modulator
Heising plate-screen mod ulation was

chosen beca use it is very simple, requ ir­
ing only a com mon audio-freq uency
choke of non-critical value (such as a
power-supply choke from ajunk TV set)
as a co mmon impedance between the 6L6
class "A" modul ator tube and class "C"
RF amplifier. In the Heising sys tem, if
the modulator and RF amplifier util ize
the same plate potenti al, 100% modul a­
tion of the carrier cannot be ach ieved . To

Power Amplifier
A split-stator variab le capacitor is used

in the push-pull input circuit to assure bal­
anced drive of over 2 ma to the 6L6GC
grids. A 33-ohm resistor is connected in
series with each screen-grid lead to help
balance the tubes and prevent spurious
osci llation. A pi-network output tank cir­
cuit provides good impedance match from
the parallel-connected or bi-push 6L6GC
plates into a nomin al 50-ohm coaxial
antenna feeder. Output capaci tance is
about 150 pF at resonance, giving low
shunt reacta nce to any spurious frequen­
cy components in the transmitter output.
Plate current runs about 80 ma at325 volts .
Carrier outp ut power is 12 watts to match
the 7 watts of audio from the 6L6 modu­
lator tube, although with 350 volts on the
oscillator and 400 volts on the bi-push,
power output is 20 watts .

cuits, provides exce llent rejec tion of spu­
rious and harmon ic freque nc ies, and
avoids RF return current from stage to
stage through the chass is. All osc illator
gro und returns are made with short leads
to a single point on the chassis.
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Par ts List-Receiver
C: 0.002 IlF 500Y
C I: IS pF variable
C2: 10-50 pF trimmer
C3: 50 pF
C4: 15 pF variable
C5: O.IIlF 200Y
C6: 10llF 25Y
C7: O.IIlF
C8: 10 IlF 25Y
C9: 20llF 350Y

RI: I.5K 1/2W
R2: 150K 1/2W
R3: 5 to 10 meg ohms
R4: 27K 1/2W
R5: 500K pot
R6: lOOK pot
R7: 1.7K 1/2W
R8: 250K 2w
R9: 470K 1/2W
RIO: 220K 1/2W
RII: 500K 1/2W
R12: 400 ohms 1/2W

Coils (see text)
L I: 16 turns # 14, 11/4inches long. Antenna tap 2 turns from

ground end.
L2: 18 turns #14, 13/8 inches long. Center tapped.

RFC: Ohmite Z-50 (see text for construction details)

TI: Output transformer, 7.5K 6K6 plate to 4-ohm speaker.
Not critical.

Auxiliary contacts on the Dow-Key mute the receiver. A sepa­
rate 6.3- VAC heater transformer provides 4 amps to the trans­
mitter's tube filaments.

Construction Hints and Tune- Up
A suitable chassis can be salvaged from a vacuum-tube

TV set or from one of those huge, old console radios. A pressed­
wood panel with holes cut with a coping saw will hold
the meters.

All leads that carry RF must be short. RF ground connections
in each stage should be made to a single point on the chassis.
In the modulator section, all ground connections should be made
to a common ground bus. This may consist of a length of #14
wire, grounded only at the modulator input (mic connector) and
extending to the 6L6 modulator tube. Thus, cathode and grid
returns of all three tubes in the modulator section connect to
this ground bus to avoid hum currents and audio frequency feed­
back . Decoupling of the speech amp circuit is provided by a
10K resistor and IO-/lF electrolytic cap.

It's best to first build the oscillator and get it working. At the
oscillator plate current dip of 65 rna, a #47 pilot lamp with a
two-turn loop, coupled to the B+ end of the oscillator plate coil ,
should glow to near full brilliance. With an 8A-MHz crystal,
oscillator output should be the third harmonic, 25.2 MHz.

Next , build the bi-push final amplifier and couple its grid coil
to the oscillator with a twisted length of hook-up wire and two­
turn link wound over the low RF potential point on each coil.
With B+ off the amplifier, when the grid circuit cap is tuned to
resonance, the oscillator should deliver about 2 rna grid drive
to the push-pull grids. Now when B+ is applied to the amplifi­
er with a 50-ohm dummy load, the bi-push plate current should
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Figure 2. Schematic of the 6-meter super-regenerative
receiver.
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Photo C. Rear view of the transmitter: 6L6GC bi-push fi nals 0 11 the left , metal 6L6
oscillator tube, Heising modulation choke, and 6L6G modulator tube 011 the right.

Photo D. The 6-meter super-regenerative receiver. Lower lef t is the 6K6 tube audio
output; upper lef t, the 6SH7 audio driver; center is the 955 acorn detector tube with

its center-tapped grid coil; next is 954 acorn RF stage and its antenna coil.

Receiver
The time-honored super-regenerative

detector circuit of Major Ar mstrong,
which is considered to be one of the most
remarkable radio circuits ever devised,
was selected for the rece iver. To matc h
the 955 acorn triode tube se lf-quenched
detector to a nom inal 50-ohm coax anten­
na feeder, a 954 acorn tuned RF stage was
added. The best rece iver noise figure that
can be achieved with a tetrode RF stage
at 50 MH z is about 4 dB. Triodes in a cas ­
code ci rcuit will do better if they are neu­
tralized , but ambie nt noise on the 6- meter
band is such that a 4-dB noise figure RF
stage genera lly will reac h the noise level.

Aco rn tubes, develop ed by RCA in
1934, qui ckly revo lutionized UHF
receiver design. Acorns are sti ll avai l­
able, although a 6A K5 and 6C4 will serve
as well. In operating the receiver, as the
rege nera tion contro l is adva nced, the 955
aco rn detector begins to "s upe" at a plate
potenti al of on ly 4 volts. Due to the low
voltage, radia tion of super-regenerat ive
energy is minimal; however, despite the
bufferin g action of the RF stage, the hiss
can be heard on a nearby receiver tuned
to 6 meters. A 6S H7 high-gain audio amp
followe d by a 6K6 power pen tode pro­
vides loud-speaker receptio n. A head­
phon e jack mutes the speaker when
'phones are plugged in.

Construction Hints
ARRL Handbooks of the 1930s, part ic­

ularly the 1936 edition, co ntain a good
discussion of super-regenerative receiv­
er design . Sa lient poi nts are: All detector
gro und connections to a sing le point on
the chassis, low-C tuned circuits for both

ance to the plate impedance of the audio
output tube, typically a 50L6 or some such
beam tetrode. In its new role as a mic,
when you speak into the cone, the trans­
former will step up the voltage genera ted
by the speake r to 100 millivolts or so to
drive the transmitt er ' s speech amplifier.
The speaker-mic can be left in the or igi­
nal radio plastic cabinet, left open, or a
small wooden box can be built to protect
it. A one-pound coffee can stuffed with
toilet tissue for acoustical damping, and
holes punched in its lid, makes a suitab le
mic enclos ure for a small speaker. I' ve
received good reports on audio quality
with such a setup, but it's easy to over­
drive the modulator. Speak in a normal
voice and keep the speaker- mic about 8
inches from you.

indicat ing that the modul ator is worki ng.
What? You don't have a crys tal micro­

phone? An exce llent electro-dynamic mic
can be made from a PM spea ker and out­
put transformer from ajunk AC/DC radio.
The output transforme r was desig ned to
match the nominal 4-o hm speaker imped-

dip to abo ut 80 rna when the plate circ uit
cap is tuned to resonance and the loading
cap is opened to about one-third mesh.
Speaking into the microphone should not
cause the plate curre nt to flicke r, but an
RF vo ltmeter connec ted across the
dummy load sho uld show voice peaks,
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Photo E. The balanced antenna coupler (design from ARRL
VHF Handbooks)

RF stage and detector, and heavy loading of the detector by the
RF stage . The most critical component in a super-regenerative
detector circuit seems to be the grid leak . Typical values are 2
to 10 meg-ohms. Experiment with various grid leak values to
give the smoothest transition into super-regeneration when the
control pot is advanced. Receiver power supply requirements
are 180 to 250 VDC at about 50 ma and 6.3 VAC at 1.5 amps.

The coils for both transmitter and receiver are wound of bare
#14 wire stripped from "14-3 Romex." The wire is wrapped
around into the threads of a J12"-13 machine bolt. Then the coil
is "unscrewed" from the bolt and stretched until the turns are
spaced about one wire diameter. Stretching the coil to a longer
length will increase its inductance (lower the tuned circuit res­
onant frequency) and vice-versa.

RF chokes for both transmitter and receiver are made by
close-winding 45 turns of#30 enameled wire on old-style (5/16
inch diameter) 2-watt carbon resistors of lOOK ohms (or more).
Winding length is one inch. Solder the winding ends to the resis­
tor axial leads . Coat the chokes with clear finger-nail lacquer
to hold the wire in place. This design, shown in "G .E. Ham
News ," Jan .-Feb. 1949 (Vol. 4 #1) p. 6, approximates the "Z­
50" RF chokes that were produced by the Ohmite Mfg. Co. The
chokes can also be wound on 5/16-inch diameter sections of
plastic pen barrel.

Conclusion
A completely home brewed amateur rig, from microphone to

antenna, is a fun project that will spark hours of discussion on
the air. Although the Heising modulation system works well,
the 1000-ohm resistor in series with the RF amplifier wastes
carrier power, and the modulator is limited to a class A stage.
Plate modulation could easily be incorporated by using an old
TV power transformer as a modulation transformer. The high­
voltage center-tapped secondary could be connected to the
push-pull plates of the modulator tubes in an efficient class AB­
I circuit, with the 120-volt primary connected between the class
C amplifier plate and B+.

The remarkable super-regenerative receiver has surprising
sensitivity, and gives an "automatic volume control" action to
amplitude-modulated signals. CW code signals cannot be sat­
isfactorily received, but FM signals can be received by slight­
ly detuning the receiver to provide "slope" detection. What?
SSB on a super-germy? Yes. My IDO-kHz crystal calibrator puts
out signals every 100 kHz throughout the 6-meter band. The
SSB portion of the West Michigan Six Meter Net is conducted
on 50.3 MHz. By tweaking the 100-kHz oscillator frequency
and adjusting the signal injection level into the receiver's
antenna terminal, I'm able to copy SSB transmissions on my
super-germy quite well.

The Birth of Audio Modulation and the Radio Transceiver

In 1917, the US Navy contracted with Western Electric Co. to
desi gn and build radiotelephone transmitter-receivers. These "trans­
ceivers," first used for communication between submarine-chaser
ships , were the first radios to use voice modulation of a CW carrier.
They were built at Western Electric 's Hawthorne Works in Cicero,
Illinoi s. Two hundred of these CW 936 transceivers were installed
on combat vessels . The constant current modulation principle was
developed by Electrical Engineer Raymond A. Heising (M .S.
University of Wisconsin,1914). Anyone of five fixed frequencies
between 500 and 1500 kHz could be selected by the radio operator.
The receiver was a simple tuned-radio-frequency type without regen­
eration, as an oscillating regenerative detector radiates a signal that
could be DFed by the enemy.

These "sub-chaser" transceivers heralded the beginning of radio
broadcasting and long- and short-distance radiotelephony. They were
in general use by the Navy until 1930.

The CW 936 set in the photo was purchased many years ago at a
radio surplus shop on Courtlandt Street in New York City. The
Courtlandt-Vesey Street "Radio Row" area of lower Manhattan later
became the site of the World Trade Center.

Source of CW-936 information: Capt. L. S. Howeth, History of
Communications-Electroni cs in the United States Navy, Bureau of
Ships, 1963, p. 254.
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CDE/Hy-Gain Rotors
How to Keep 'em Turning - Part 1

What is a beam without a rotor? What good is a broken rotor? W9FX has
spent years repairing the CDE/Hy-Gain rotors . Here in part 1 of this two­
part article, he shares his knowledge of rotor repairs. Next time he shares
his know ledge of repairing the control box.

By Brad Pioveson, * W9FX

Bell-shaped rotors (or rotators, if
you prefer) are as much a part of
amateur radio as Morse code keys

and microphones. Having the ability to
remotely turn one's directional antenna
and reliably knowing in which direction
the antenna system is pointed when you
release the switch is fundamental to being
able to successfully work local stations
or OX on HF, VHF, UHF, and microwave
frequencies alike. What will you do when
the rotor malfunctions? When-not if­
it happens to you, you might find your­
self grabbing the nearest ham radio deal­
er's catalog (or visiting the dealer's
internet website), only to find that new
rotor prices are a lot higher than they used
to be--ouch! You might consider send­
ing the rotor off to a shop that specializes
in such work. That, too, can be a costly
proposition, and you're without a rotor
for days or weeks. Usually, if Murphy has
anything to say about it, the rotor is either
inoperative or out for repair during the
biggest 6- and 2-meter Es openings ofthe
past decade.

If you're looking to save both time and
some money, aren 't afraid to get your
hands a little dirty, and have the ability
to use a VOM, soldering iron, and com­
mon hand tools, this article is for you, as
it will show you exactly how to take these
rotors apart, install the most commonly
needed new parts, and, reassemble the
unit. Simple controller repairs will also
be covered in Part 2. Armed with this
information, some new parts, and your
sweat equity, your trusty "an tenna
twirler" will once again be ready to pro-

*301 Kirsch Street. Benton. 1L62812
e-mail: <w9!r @verizon.net>
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vide you with many more years of trou­
ble-free service.

For the purposes of this article, a "typ­
ical" COE/Hy-Gain rotor will be the sub­
ject of the repair. The candidate is a COE
Ham II model. The same techniques,
same tools, same parts I, are used in the
Ham M Series 3 and 42, the Ham III, the
Ham IV, and the Ham V mode ls. Addi­
tiona lly, the information also applies to
the smaller TR-44, CO-44, CD-45, and
CO-45 II units-with differences noted
in the text where necessary. To save end­
less references to all these mode ls, I'm
going to refer to all of these rotors col­
lectively as the "Ham X" series .

There are components in the Ham X
rotors that need to be replaced after sev­
eral years of service. This article is based
on the assumption that your Ham X will
need the following components replaced
when you drag it onto your bench:
azimuth potentiometer, terminal board,
and bearings. This is not to say that other
prob lems won' t occ ur with your rotor.
Spur gears have been known to lose teeth;
final (ring) gears, especially the cast-al u­
minum type found in the older Ham X
and CD/TR units can break; brake
wedges have been known to fract ure
under extreme loads; and motors and/or
their pinion gears will, although rarely,
give up the ghost. The most common fail­
ures- and the replacemen t of the failed
components-are discussed in this arti­
cle. First, we' ll examine the rotor units,
then we' ll look at a few of the more fre­
quently occurring controller prob lems.

By the Numbers
The most common single failure item

in the Ham X series of rotors is, undoubt-

Tools
Vise, "Bench Mate, " or similar device
VOM or multi meter with leads
5/16-inch diameter nut driver or socket
1/4-inch diameter nut driver or socket
So ldering iron and rosin core solder
Needle-nose pliers
Phillips screwdriver
Flat-b lade screwdriver
Rags or paper towels
Degreasing compound

Parts
Azimuth potentiometer Hy-Gain

part #5023 I00
Terminal board Hy-Gain part #5 146510
10ea. #6 x 1/2-inch stainless-steel machine

screws
Bearings (98 ea . For Ham X; 49 for

CDITR) Hy-Gain part #5033501
Bearing retainers Hy-Gain part #50 11300
Grease, approximately two tablespoons of

white lithium or other low-temperature
lubricant

Table 1. Tools.and parts requiredfor the
rotor project.

edly, the azim uth potentiometer. Failure
can present itself in a number of ways .
Intermittent controller meter indications
(needle "jitter") are the usual first symp­
tom of a potentiometer problem. The
design of the azimuth potentiometers has
changed a little over the years, but until
j ust the past few years the design featured
a copper wiper-arm/moving-contact as­
sembly that rode on top of the resistance
wire wound around a molded, synthetic
form. Oxidation of the copper wiper
resulted in poor conductivity; hence,
"meter jitter" was seen in many cases .
Additionally, the resistance wire abrad­
ed the soft copper of the wiper, and even-
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Photo 1. Tum the rotor upside down with the "Vee " of the mast
bracket f acing away f rom you, securing the rotor in a vise (see

step 1). (All photos by the author)

Photo 3. Lift the brake housing (or retaining ringfor the TRlCD
rotors) straight up away f rom the rotor. The plastic spacer may

come offand remain inside the brake housing (see step 3)

tuall y co mpletely ground off the end of the wip er arm, result­
ing in complete potentiometer failure . Hy-G ain has addressed
these problems with the latest design change to the potentiome­
ters. Sinc e about mid-2005 , the OEM potentiometers ' wipers are
equipped with a silve r-plated rivet affi xed to the end of the wiper.
The rivet makes contact with the resistance wire, thu s eliminat­
ing both the abrasion and oxidation problems (silver oxide is
conductive) .

Alm ost as commo n, and certainly the mo st frustrating, source
of failure of the se potentiometers is an operator-induced wiring
erro r at the controller. It ' s easy to transpose wire colors on the
8-po sition terminal board and in so doing inadvertently apply
26 VAC to the pot entiometer. Instant failure is the result as the
potenti om eter ' s winding melts. The smoke, however, isn 't
readil y apparent, as it' s released on top of the tower.

Another item that commonly fails , especially in older Ham X
rotors, is the 8-po sition terminal board. That' s the terminal board
found on the bottom of the unit where you wire up the 8-con­
ductor (7-conductor for TRlCD units ) cable to the controller. The
early unit s used a phenolic board with plated hardware. Few of
these are still usable after 35 or 40 years of service. More mod-
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Photo 2. Remove thefour#12-24 screws that hold together the
upper and lower halves of the rotor (see step 2) .

Photo 4. The plastic spacer (there is no spacer in the TRlCD
units) may remain on the rotor unit, and it must be removed
from the rotor or housing and set aside fo r cleaning and

inspection (see steps 3 and 4).

ern unit s con sist of a black plastic barri er strip. These plastic fac­
tory replacements hold up better than their predecessors, but
unfortunately, they are still equipped with cadmium-plated stee l
screws. After a few years, or months in the case of corrosive
environments, the plated hardware rusts. Intermittent or open cir­
cuits are usually the result.

The solution to the terminal board hardware rustin g problem
is to purchase a factory-new terminal board, and once it' s in
hand , remove all the screws, throw them aw ay, and , repl ace
them with equivalent-size (#6) sta inless -stee l hardware. The
expenditure of a couple of dollars at the local hard ware empo­
rium is an investment that will rep ay you with years of future
rotor service without wiring and/or conducti vity issue s at the
terminal board!

Finally, if your rotor has been in serv ice for some time, and
especially if you live in a coastal area, yo ur rotor will probably
benefit from the replacement of its 98 (or 49 in theTRlCD series
unit s) bearings. These plated steel ball s will rust , and the alu­
minum/ferrous-oxide reaction can se rious ly erode the alu­
minum races of the rotor hou sings.

OEM Hy-Gain replacement parts are readily available from
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Photo 5. The bearing set, one of two. This one is caked with
dirt and grease (see step 5).

Photo 7. The upper housing with bearing set in place (see
step 7).

Photo 6. The ring
gear shown in
place (see step 6).

Photo 8. The spur gears, ring gear, and bearing race (see
step II ).

both Hy-G ain 3 and 'The Rotor-Doc.t'" Manual s for current
models of Hy-G ain rotors can be do wnl oaded for free from the
Hy-Gain webs ite. Manuals for olde r CDE/CDR and Hy-Gain
rotors are available for downl oad from the BAMA website.>

Table I is list of tools and part s that will be need ed for this
project. Note: Disassembly and reassembly of the rotor will
take place with the rotor in an inverted position . To do other­
wise leads to a rather frus trating chase for the do zens of 3/8­

inch diameter stee l bearings housed within the rotor clattering
to the floor of your work space .

Following are the steps for repairing the rotor :
1. Turn the rotor upside down, with the "Vee" of the mast

bracket fac ing away fro m you. Secure the rotor in a vise or sim­
ilar hold ing device (photo I).

2. Using the 5/ 16-inch diameter nut driv er or socket, remove
the four # 12-24 screws that hold togeth er the upper and lower
hal ves (lower ring on the TR and CD rotors) of the rotor (see
photo 2).

3. Lift the brake housing (or retaining ring for the TRlCD
rotors) straight up, awa y from the rotor. Not e that the plastic
spacer may co me off with and remain inside the brake housing
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(photo 3), or, it may rem ain on the rotor unit (pho to 4). In either
event , separate the space r from the rotor or housin g and set it
aside for inspe ction and cleaning. (There is no space r in the
TR/CD rotors)

4. Once the brake housing (or retaining ring) is out of the
way, you will see the lower bearing set expose d. Rem oval of
this bearing set is quit e easy, but if done careless ly it can lead
to much frus tration as you chase the 3/8-inch diam eter stee l ball
bearings across your shop floor ! Referring aga in to photo 4, if
you carefully insert a flat blade screwdriver und er the plastic
bearin g retainer , you can then grasp the bearin g retain er with
one hand. Lift it carefully, straight up. As you lift it, grasp the
bearin g retainer with your other hand so that you' re supporting
the retainer in two plac es, approx imate ly 180 degrees apart. If
you ' ve don e your job well , and the retainer is not damaged or
stretched, the ball s will stay in place.

5. Lay the bearin g set on a flat surface ; a wo rkbench with a
few paper towels or rag s will minimize the mess (photo 5).

6. Grasp the bott om of the rotor assembly (as yo u' re lookin g
at it, it' s now the top surface) and lift it straight up and out of
the bell housing. Turn it ove r and place it on your work sur-
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Extra Audio Course on CD
Extra Class Theory Course record ed by
Gordo talks you through the difficult Ele- I
ment 4 th eory to help you un derstand •
the material and get you ready for your I
upgrade to the top. On 6 CDs. I

GWEW $39.95 •

I
•
I

Extra Class book
Go to the top with
Gordo! 2008-2012 book
includes all Element 4
question s and answers,
along with Gordo's fun, I•educational exp lana- I
tion s. Full of Gordo's
great memory tricks for I

......__• th ose tough math and i
electronic theo ry questions (wait 'til you •
meet uEli th e Ice Man U)! GWEM $24.95 I

Extra Book & Software Package
Study at your computer and take practice I
exams as th e W5Yl software scores your •
result s and highlights areas th at need fur- I
ther study. Software includes explana- I
tion s from Gordo's book. Package
includ es Gordo 's Extra Class book and i
free Part 97 Book. ECS $49.95 •

I

GWGW $29.95

10. Set the brak e housing (T R- and CD- series rotors, the
retaining ring) aside .

11. Using a small, flat blade screwdr iver, gently lift the ring
gea r out of the motor/gear base unit. You may have to move
the ring gea r (by manu ally rotating the top left spur gea r) to
allow the ring gear's protru sions to safe ly pass by the spur gear
set (photo 8).

12. Clean and degrease the ring gea r and set it aside .
13. Clean and degrease the rotor unit ' s upper and lower races

and gea r race.
14. Turn the rotor unit on its side to allow access to the ter­

minal board (photo 9).
15. Over time, it is possible that the insulation may no longer

be the same color as it once was; it fades over time and with
exposure to the some lubricants. At the terminal strip end, blue
can appear to be white, as can green, ye llow, and oran ge ! Make

. General Class book up­
grade to the HF bands
with Gordo & W5YI!
Gordo's manual for 2007­
11 reorganizes all th e
question s into logical
top ic groups for easier
learning. His exp lana­
tion s include highligh ted

_L key words to help you re-

memb er th e material for test success.
Audio CD is full of great operating tips!

GWGM $20.95

General Book &Software Package
Study at your computer and take practice
exams. Software includes explana tions
from Gordo's book, scores your results
and highlights areas th at need furth er
study. Free Part 97 Book. GUS $44.95

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

Order today from W5YI: 800-669-9594 or on-line: www.w5yi.org
The W5YI Group P.O. Box 565101 Dallas, TX 75356 Mention this ad for a free gift.

••• ••• ••• •• •• ••• • ••• •••• •• •• ••• •• ••• •• ••• ••••

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

_.

Photo 9. Terminal board and wiring viewed fro m the side of
the rotor unit (see step /4).

face. The ring gear may dislodge itself at this time. That' s OK ;
remove it completely and set it aside. If it stays in place (photo
6) that's OK, too, as we' ll be removing it soo n.

7. Using the same procedure outlined in step (4), remove the
bearing set from the bell housing (photo 7).

8. The bell housing may now be removed from the vise .
Remove the old lubricant with a degreasing compound. Dry the
housing and set it aside.

9. Remove the old lubric ant from the brake housing (or retain­
ing ring for the TR and CD rotors). Use a stiff brush to clean
the residue from between the teeth of the brake housing.

I•
11IiII_ 1IIIiII!!.
Ii Technician Class for the
I _ _______ 2006-10 entry-level exam!

Gordo has reorganized
the question s into logical

I top ic groups for easier
• learn ing! Keywords are
I highlight ed in th e expla-

I ---.. nation s to help you re­
:::::--::::::.::::-- member th e material for

• ._ ..--- test success. Web ad-! dresses for more than 150 helpful , educa­
I tiona I sites. GWfM $18.95

Tech Book & Software Package
I Package includes Gordo's book and Win­
• dows program that allows you to study at
I your computer and take practice exams.
I Gordo 's explanations from th e book are

now on the software! Free Part 97 Rulei Book. NCS $39.95

•
I Tech Audio Course on CD

Technician Theory Course recorded by
Gordo walksyou through what you need
to know for the Element 2 exam. Great! study compa nio n to his Technician Class

I book, and an excellent study aid if you
I spend a lot of time in your car or truck!
• 4 audio CDs. GWIW $27.95

I
•
I
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Photo 11. The terminal board (see step 18).

Photo 13. The green and white wires (see steps 22 and 23) .

Photo 14. Set the ring gear in place such that the stop
protrusion in located as shown (see step 29).

Photo 12. Secure the lugs in place with the solder lug as shown
(see step 21).

Ring gear stop
protrusion shown
against right limit :=~':::::;:=~
switch

yourse lf a chart of wire colors and termi nal numb ers so that you
can properly rewire the new terminal strip. The color code that
CDE and Hy-Gain used when they buil t your rotor is:

I - Brown, Black, Black (black from rotor motor and black
from brake solenoid)

2 - Large Yellow wire (fro m brake solenoid)
3 - Green
4 - Blue
5 - Orange
6 - Small Yellow
7 - White
8- Red
Note that term inal 2 on TR and CD series roto rs has no con­

nection, and that terminal I on TR and CD series rotor s only
has two (one eac h, Brown and Black, wires conn ected ).

16. Using the needle-nose pliers and soldering iron, ca reful­
ly unsolder each of the wires from the terminals. If you need
more roo m to work, you may bend the terminal lug that ' s used
as a wire guide to allow the wires to be fanned out a bit photo
10).

17. Clean up the wire ends as necessary and prepare them for
reconnec tion to the new termi nal board .

18. Using a flat-blade screwdriver, remove the two screws
that hold the old term inal board in place. Discard the old screws
and term inal board (photo II ).

19. Set the new terminal board in place, making certain that
the notch molded into one corner of the terminal board is situ­
ated as show n in photo I I. Install the new terminal board using
the two stainless-stee l, Phillips-head machin e scre ws.

20. Working in sequence, and starting with terminal I, attach
and then solder the wires to the new terminal boa rd.

21. Sec ure the wires in place with the solder lug as show n in
photo 12.

22. Turn the rotor unit back upright on your work surface and
orie nt it so that the wire connections on the old poten tiometer
are facing you . See photo 13.

23. Unso lder the green wire from the potent iometer. Using
the needle-n ose pliers, slide the insulating sleeve (if it' s pre­
sent) dow n the white wire to expose the soldered connection
on the right potenti ometer connection. Unsolder the white wire.

24. Using the 1/4-inch diameter nut driver or socket, remove
the #6 nuts and star was hers that retain the potenti ometer. Note
that you may have to move the wiper of the potenti ometer in
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Photo /5. Set the YOM to ohms or continuity and attach the
meter 's leads to the terminals ofthe right-hand limit switch (see

step 30).

order to allow your socket or driver to fit onto the nuts. Once
the hard ware has been removed , lift the old potenti ometer
stra ight up and off the motor studs. There is a copper strap on
the bottom side of the potent iometer that may resist being pulled
off the motor stud. It can be "helped" with a screwdriver or with
the needle-nose pliers .

25. The new potentiometer has three mounting holes. Only
two of these will be used. Tum the potent iometer so that you
are looking at its bottom side . There will be one hole on the left
side of the potentiome ter and two holes on the right. Rotate the
copper gro unding strap so that it aligns with the upper hole on
the right side. Tum over the potentiometer and place it on the
two motor studs, making certain that the copper strap is prop­
erly seated on the right-hand motor stud.

26. Secure the potentiometer using one of the star washers
and nuts previously removed. Tighten firmly, but do not over­
tighten these nuts, as too much torqu e will damage the poten­
tiometer' s plastic housing! Again , you will have to carefully
move the wiper arm to allow your tools to gain access to the
both retaining nuts.

27. Solder the green wire to the left-hand potentiometer co n­
nection and the white wire to the right-hand co nnection. Note
that the new potentiometer has a much shorter soldering lug
than your old one might have had, and you may have to pull up
a bit of the white wire to have enough to reach the new, short­
er lug. Once you've completed the soldering, looking down at
the top of the rotor, rotate the potentiometer 's wiper to the
extreme counterclockwise (CC W) stop.

28. Apply a thin layer of grease to the ring gear. Also, at
this time, apply a thin layer of grease to the gear race-that
is, the "groove" in which the ring gea r rides, in the rotor unit
asse mbly.

29. Set the ring gear in place. Try to orient the ring gear such
that the stop protrusion is located as shown in photo 14. Note
that some care and, often wiggling, is necessary to allow the
ring gear to clear the upper spur gears and drop into place. The
gear, when properly seated, should sit fully down in the race,
and the ring gear's teeth should fully engage the mating teeth
of the final spur gears. If you can rotate the ring gear with your
fingers after you've set it in place, it isn 't installed correctly. It
should only move when you rotate the entire gear train!

30. Set your YOM to ohms or continuity, and attach the
meter' s leads to the terminals of the right-hand limit switch
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Photo / 6. Turn the upper spur gear to move the ring gear (see
step 3 /).

Photo / 7. Note that the potentiometer's wipe r arm points to
your left. There is a thin layer of grease around the bearing

surface. (See step 33.)

Photo / 8. Lightly lubricate the bearing sets (see step 37).
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Photo 19. The bearing is set in place, flan ge up, and the sock­
ets are engaged by the ring-gear mating protrusions (see

step 38).

(photo 15). You should see co ntinuity (zero, or nearly zero
ohms) on the meter.

31. With your fingers or thumb, turn the spur gear shown in
photo 16 countercloc kwise until the stop protru sion of the ring
gea r contacts the arm of the right -hand limit switch and ju st
opens it, as see n on your YOM .

32. Se t the rotor unit aside.
33. Place the upper housing in the vise, aga in. The "Y ee" of

the mast bracket should be point ed away from you, and at the
top of the inside surface of the bell housing, the fixtur e that con­
tacts and drives the potent iomet er ' s wiper arm should be point­
ed to your left. See photo 17.

34. Apply a thin layer of grease to the inside bearin g surface
of the upper housing.

35. Apply a thin layer of grease to the bearin g race inside the
brake housing (retaining ring on the TR and CD series rotors).

36. Lay out the new bearin g retainers on a flat surface. The
flanges of the retainers should be down. Each retainer will hold
49 ball bearings. Place one ball in eac h retain er slot. (Fo r TR
and CD series rotors, one bearin g goes in every other slot.)

37. Using a finger, appl y a very small dollop of grease on
each of the balls in both bearin g sets. We 're lookin g for lubri ­
cation here, not trying to drown the bearin gs in grease! See
photo 18.

38. Turn over one of the bearing sets so that the flange is fac­
ing up. Using both hands, care fully pick up this bearin g set and
set it in place inside the upper housing. See photo 19.

39. Check the rotor unit to make certain that the potenti ometer
wiper is still at the extreme CCW stop and that the ring gear
has not moved and is still holdin g the RH limit switch in the
"o pen" position. Gra sp the rotor unit with both hand s, takin g
care not to allow the ring gea r to fall out of position, turn it over
so that the ears of the potent iometer wiper are facing your left ,
and lower the rotor unit into the upper housing. The dogs on
the ring gear should drop into the sockets cast into the upper
housing. It may take you more than one try to accomplish this,
and if so, be cer tain to check, before eac h attempt, that you have
not changed the positions ofthe ring gea r or potentiometer wiper
or that one (or more) of the bearin gs has become dislodged from
the retainer and is now lying loose in the housing ! If you have
successfully engage d the sockets with the ring gear dogs, you
will not be able to turn the rotor unit (the part you just lowered
into position); it will be solidly locked in place. If, however ,
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the unit moves (in one direct ion or the other), remove the rotor
base and try aga in, as you missed the dogs .

40. Once the rotor unit has been sea ted in the upper housing,
apply a thin film of gre ase to the exposed race on the bo ttom
of the rotor unit. Again, using both hands, set the rem aining
bearin g set in place. Th is bearin g set should have the fla nge
down (photo 20) .

41. Install the plastic spacer on the bottom of the rotor unit.
See photo 20. .

42. Using a finger or two, depress the brake wedge enough
to slide the brake housing past it and onto the rotor unit (aga in
see photo 20) . Once the brake housing has been lowered in
place, it is engaged by the brake wedge and you cannot turn the
brake housing to align the boll holes of the upper and lower
housing halves. To do this, the brake must be e lectrica lly dis­
engaged. (TR and CD series rotors have no brake. The retain ­
ing ring may simply be set in place and rotate d, as necessary,
to align bolt holes and the screws may be installed at this time.)

43. Attach wires or j umpers from the rotor controller's ter­
minals I and 2 to terminals I and 2 of the roto r and disengage
the brak e (on Ham -II/I1I/IY contro llers, this invo lves pressing
and holding the center lever switch. On Ham- M co ntro llers, this
involves pressing and holdin g the lever switch to the left or right
of center). With the brake disengaged, you may rota te the brak e
housing and align the bolt holes. If you have properl y aligned
the bearing retainer flanges and the ring gear is properly seat­
ed in the housing sockets, there should be no appreciable gap
between the upper and lower housing halves of the rotor (photo
2 1). If, however, there is a gap of 1/1 6 inch or greater, disas­
semble the rotor, find the problem (which is usua lly that one,
or both , of the bearing sets has been insta lled upside dow n), and
correct it.

44. With the brake still disengaged, install and tighten the
four #12-24 screws that hold the upper and lower halves of the
rotor together (photo 22) . Do not over-tighten these screws, as
fa ilure to heed this warning will result in stripp ed threads ill
the upper housing.

45. With the rotor still in the vise, remove power from the
co ntroller and attach the rem ainder of the contro l wires to the

Photo 20. The plastic spacer is in place, the bearing set is
installed with the flange down , and the brake wedge is in

position (see steps 40,41, and 42).
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clamp-on AC ammeter, I measured 15+ amps of 26-VAC cur­
rent flowin g between terminals I and 2 of the rotor' s wiring.

My suggestion, for tho se who wish to have a quick-di scon­
nect near the rotor, is to use an OEM 8-po sition terminal board
retrofitted with stainless steel hardware at the rotor. Con struct
a short pigtail of rotor cable. Equip one end of the pigtail wit h
one of Press Jones 's (The Wireman, Inc.) model 352 "8 pole
molded connector, male and female set, heavy duty, weather
proof. "6 Install the mating connector on the end of the cab le
that lead s down the tower. Wire the 8 conductors of the rotor
pigtail to the terminal board, cover the terminals and exposed
copper wire on the terminal board with silicone grease (not sil­
icon e caulk!), and mount the rotor on your tower. Use spacers
betw een the rotor and the tower mounting plate to allow water
to run off and not make contact with the terminal board. For
spacers, you can use stacked (stainless-steel ) flat washers over
the 1/4-inch diameter mounting hardware, or, you can use 5/1 6­

inch or 3/8-inch diameter hex nuts. A 1/4-inch air gap here can
mak e a lot of difference in the longevity of your electrical con ­
nections to the rotor. Hy-Gain also mak es and sells a manu ­
factured space r to accomplish this task.

In Part 2 we will cover solving problems with the controller.

Notes
I. The gear trains of the various models differ, but bearings, poten­

tiometers. and wiring are the same in all cases
2. The Ham M Series I and 2 rotors are unique in that their electri-

cal wiring differed greatly from subsequent model s.
3. <www. hy-gain.com>
4. <www.ro tor-doc.com>
5. <http://bama.sbc.edu> and it' s mirror site <http://bama.

cdebris.com/rnanuals/»
6. <http://www.thewireman.com/rotorp. html#35I >

appropria te terminals. Ap ply power to the controller and oper­
ate the rotor throu gh a full 360-deg ree rotation . Th e meter
should, initially, show full CCW ("South" on a typical indic a­
tor unit ) and move smoo thly to the oppos ite end of travel limit
swi tch. At the end of rotation, the unit should shut itself off as
it contacts (and electrica lly opens) the limit switch.

46. Co ngra tulations! You ' ve completed your work!

Photo 22. Prepare to align the bolt holes in the housing halves
before installing the fo ur housing screws (see step 44).

Photo 21. There is no appreciable gap between the two halves
of the housing (see step 43).

Abou t Quick-Disconnects
There are those folks who believe that the conve nience of

having either Cinch-Jo nes connec tors or round Amphenol con­
nectors in the rotor with matin g connectors install ed on the cable
outweighs the potential for water intrusion into these types of
quick-d isconnects. I am a stro ng proponent of using the stan­
dard 8-pos ition terminal board at the rotor. Neith er Cinch-Jones
nor Ampheno l connectors are easily waterproofed, and water
intrusion into ei ther of these co nnectors will lead to troubl e.
Th e circular Amphenol connectors, in parti cular, are trouble­
some. They are difficult to asse mble, require a spec ial, ex pen­
sive, and, propri etary tool to disassemble (remove the contacts),
and, they are n' t really designed to handl e the amount of cur­
rent that the rotor's circuits can demand.

Here ' s an eye opener: I had a Ham III rotor disassembl ed on
my bench one afternoo n and wondered how high the AC cur­
rent in the brake so lenoid circuit would go if the brake wedge
became fouled-if it couldn' t move, in other words. Using a
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By J oe Moell,* K00V

HOMING IN
Radio Direction Finding for Fun and Publi c Service

Transmitter Hunters Track Rockets in the
Desert and Plan to Meet in Boston

Surrounded by their high-power rockets , Mark Melnyk (left) and Rob Foth,
KE6YGF, caref ully prepare seals that hold the solid fue l sticks in place. (Photo by

Joe Moell, K(JOV)

5
ix months before Igot my first ham
radio license, I tuned my little
Hallicrafters S-38D receiver to 20

MHz and heard the faint beep-beep sig­
nals that ushered in the space age. I was
fascinated by rockets such as the one that
put Sputnik into orbit, how they were pro­
pelled and how they were guided.

For me and for many others, that fas­
cination co ntinues into the 2 1st century .
Te ns of thousands have buil t and
launched their own roc kets, big and
small, with help from organizations such
as the Nat ional Assoc iation of Rocketry
(NAR). I As it has gained in popul arity,
rocketry has become safer. The days of
metal shells and mixed liqu id propellants
have given way to cardboar d, plastic,
fiberglass, and carbon-fiber frames with
solid fuel sticks that can be purchased at
hobby stores.

Serio us "model rocketry" enthusiasts
usually progress quickly into "high
power rocketry" with motors that are too
powerful to be purchased in shops. They
don 't achieve orbit , of course, but the
really big ones can experience over 30
G's on liftoff, fly at super-so nic speed s,
top out at heights of 15,000 feet or more,
and parac hute down several miles from
the launch site. Since they aren't inex­
pensive, builders want to retrieve them .
That's where amateur radio and trans­
mitter hunting enter the picture.

I'm Over Here
Some hobbyists outfit their craft with

sound sources that activate on impact and
beep loudly. Every body possesses direc­
tio n-finding equ ipment for audio, but
range is limited to several hundred feet,
and less if the wind is blowing strongly.
Since anyone nearby can hear the beacon,
rocke t-napping isn 't unheard of.

Over the years, a few companies have
offered radio tracking systems using unli-

*P.O. Box 2508, Fullerton , CA 9283 7
e-mail: <kOov @homingin.com>
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censed transmitters on the 88-108 MHz
FM broadcast band. However, the range
of a Part 15 com pliant transmitter on
those frequencies is quite limited, espe­
cially in loca tions where the band is full
of mountaintop transmitters running tens
of kilowatts of effec tive radiated power.
Licensed hams have much better alterna­
tives. They can build the ir own mini­
transmitters or buy them ready-to-use in
the uncrowded 222- and 433 -MHz band s.

Last spring Robert Foth, KE6YGF, of
Glendora , California, brought me up to
date on high-power rocketry and amateur
radio for tracking. Rob had atte nded an
on-foot international-ru les transmitter
hunt that I put on at Gladstone Park in
2005 . He and his fami ly took second
place that day, but Rob was more inter­
ested in using radio direction findi ng
(RDF) for "punching holes in the sky,"
as he puts it.

According to KE6YGF, "Our high

power rockets cos t hundreds, if not thou­
sands, with their onboard altimeters and
other costly sys tems. With the extreme
altitudes they can achieve, I think having
a tracking system is a must !"

At Rob 's invitation, I visited a session
of the Rock etry Organization of Calif­
ornia (ROC)2 at Lucerne Dry Lake, east
ofVictorville, California. Members gath ­
er there once a month to send rock ets
toward the heaven s. When I arrived at 8
AM, 26 launch pads had been set up and
members were busily assembling rockets
of all sizes.

Of the dozen or so small groups that set
up their sunshades in the desert that day,
I saw only three that were using RDF for
recovery. Two groups had 222-MHz
transmitters and matching receivers from
Communications Specialists of Oran ge,
Califomia. I I revi ewed CommSpec ' s
mini atur e "dine rs" in Homing In in
Sprin g 2008 CQ VHF.

Visit Our Web Site



The BeeLine 433-MHz transmitter and quarter-wavelength
antenna are dwarfed by a handle-talkie. The SMA antenna

connector is a fa ctory option. (Photo by KfJOV)

Rob has selected the BeeLine UHF transmitter by BigRedBee
LLC of Lake Oswego, Oregon." It puts out up to 16 milliwatts
on a user-selected frequency between 420 and 450 MHz.
Designed especially for rocket use, it operates for over 24 hours
on a featherwei ght lithium-polymer cell. The entire shrink­
wrapp ed battery/transmitter package weigh s 30 grams (about
an ounce).

With BigRedBee' s serial port adapter and free software,
BeeLine owners can use a PC with RS-232 port to reprogram
the output power, frequency , and audio-tone parameters. The
software also sets the user ' s CW call sign and an on-off
sequence. BigRedBee owner Gregory Clark , K7RKT, sells this
little rig only to licensed hams.

Rob told me about his initial experience with the BeeLine:
"From the factory, it is set to operate at 433.920 MHz .s The
call sign is sent in Morse every 30 beeps. Each beep is approx­
imately 30 milli seconds long with 5-second pause between
beeps. Not having time to configure the Beeline before the first
launch, we used these default settings ."

KE6YGF co ntinued, "After launch, we thought we were
tracking a strong but slightly distorted signal from the rocket.
We drove ove r a mile with the bearing remaining constant. Only
later did we figure out that our rocket had stopped transmitting
and we were trackin g something else, perhaps some kind of
data transmitt er on Big Bear Mountain. Luckil y, a fellow rock­
eteer found our rocket while searching for his.

"After that, we changed the frequenc y and configured the
Beeline for a much longer and more distinctive beep sequence.
We also tested it on the ground first. With the Beeline in the rock-

www.cq-vhf.com

Rob and Mark pack the Daisy Cutter's main parachute with
help from Mark 's son Jacob. The chute is powdered with tal­
cum so it slides out easily. Inside is the Beel.in e transmitter.

(Photo by KfJOV)

Launch Control for Rocketry Organization ofCalifornia is well
equipped. The system can fire multiple rackets simultaneously

for "drag races. .. (Photo by KfJOV)
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A high-power rocket lifts offat Lucerne Dry Lake. Launchers have sliding rods that
aim rockets toward the sky, to land away from the observers. (Photo by KfJOV)

j

et, one of us drove acro ss the lake bed,
intermittently stopping to set the rocket on
the ground and see if the other still received
a good signal at the launch area. Thi s
seemed to work well out to about 1.5 miles.

"The next launch was at night. Th e
rocket landed about a hal f mile away and
was eas ily tracked . Without an attenua­
tor, we lost directionality when we were
within about one-hundred feet awa y. At
that point, I switched from the Vagi to the
rubber duck on the receiver and tried
some body -shielding and frequency-off­
set techniques. That got us with in about
30 feet. Soon our fla shli ghts and my
Scout troop di scovered the large para­
chute draped across the bushes."

Start the Countdown
The day of my visit was a big day for

Rob , who was hoping to become certified
as a Level 2 rocketeer by NAR. Like the
third-party rule s for ham radio, certifi ed
rocketeers are permitted to watch over
uncertified person s as they launch, but
most enthusiasts want to become certi­
fied them selves. There are many similar­
ities between this certification and the VE
program in ham radio. First, Rob had to
take a multiple-choice, 33-question test
on rocket design and con struction, FAA ,
and fire-protection regu lations, propel­
lant storage and use, and other safety
issues. He had studied the material from
a que stion pool available online. The test
was given and graded on the spot. Then
he had to demonstrate proficiency by suc­
cessfull y firing and recovering his high-
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power rocket under the watchful eyes of
a Level 2 holder , who would give final
approval for his certi fication.

As Rob was swea ting out his writt en
test, his friend Mark Meln yk was asse m­
blin g the first rocket , ca refully inserting
the fuel stick into the motor cy linde r and
sealing with new O-rin gs. Depending on
motor size, each fuel stick costs $20 to
$70. When Mark had it ready , he and
Rob paid their fee, filled out a flight card,
and took Dai sy Cutter to a pad in the sec ­
ond row .

Rob and Mark ' s rockets are capable of
mile-hi gh altitudes. For a successful
flight, the rocket must ignite and ac hieve
the desired altitude, the parachute must
open, and all part s must sa fely return to
Earth and be recov ered. If a full -size
parachute were to open at one mile up,
the descent wo uld be so slow that the
wind might ca rry it into the mountains.
Therefore, Rob and Mark use a two-stage
parachute sys tem. A drogue chute opens
at apogee and the roc ket casing drop s
rapidly toward the gro und. Th en an alti­
tud e se nso r fires a sma ll gunpowde r
charge to open the main chute to slow the
descent for landing. Th e altimeter also
records the maximum-achi eved eleva ­
tion of the flight.

ROC has a well-pl anned procedu re that
efficiently executed the several dozen
launches that I saw that Saturday. Group s
of rocketeers attached their crafts to rods
or rails on the pads and wired up the ignit ­
ers. Th en they retreated behind the firin g
line and Launch Cont rol took over. On
the public-address sys tem, the contro ller

announced the ow ner's name and rocket
nam e, fired off the roc ke t, chec ked to
make sure that the chute safe ly depl oyed,
and then moved on to the next in rapid
sequence until the pads were emp ty .
After that, it was safe for the next group
to go out, and so on.

Rob and Mark verified that the
BeeLine was functioni ng before they left
it on the pad . Th e predicted maximu m
alt itude was about 6000 feet, so this fligh t
was covered by ROC' s blanket SOOO-foot
FAA clearan ce and they did not need spe­
cia l approval. Th e laun ch and asce nt of
Daisy Cutter was flawless. Th ey got good
bearings as it drifted down , and then they
set off acro ss the lake bed to retrieve it.

To track the BeeLine, Rob uses a 7-ele­
ment Vagi (mode l 440-7) from Arrow
Antennas in Cheyenne, Wyomi ng.?
Arrow antennas are so named because the
elements are made fro m aluminum arrow
shaft material, whic h is sig nificantly
lighter than ordinary tubular aluminum of
the same diameter. The signal into Rob ' s
rece iver is almost overpowering when the
rocke t is aloft, but drops dramatically once
it reaches the grou nd. With the chute, it ' s
easy to spot the rocket on the lake bed at
a distance, but Rob knows that he needs
to add attenuation to his system for close­
in triangulation if the rocket were to be
carried by winds into a vegetated area.

Rob passed his tes t and prepared
Thunder Child for his cert ifica tion flight,
using the same altimeter and recovery
transmitter that was on Daisy Cutter ear­
lier. By then, the winds had picked up and
the only rocke ts being laun ched were
either sma ll ones that wouldn' t dr ift far or
larger ones with recovery transm itters.
Thunder Child shot up out of sight and the
transmitt er told Rob that it was coming
down toward the north west. With the '
binoculars they saw it land and headed out
to pick it up, about a mile away . All the
parts were together, so Rob was able to
show every thing and get his certification.

Rob ' s only co mplaint abo ut the
BeeLine tracking system regard s the sup­
plied lithium-pol ymer batt ery charger.
He wro te, " It is a 'universal' type, which
means that it does not fit any single app li­
cat ion well. It comes with alligator clips
that ca nnot connect direct ly to the battery
pack. The user must ei ther add his ow n
connectors or insert small wires into the
battery pack connector and then clip to
the wires , creating a shorting hazard.
Because the charger has non -pola rized
connectors, there is a test butt on to check
the battery for proper polarization before
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It 's going that way! Rob and Mark are fo llowing the strong UHF
signa l just after launch. (Photo by KfJOV)

plugging it into power. Another of the butt ons on the charger
allows yo u to reverse the polarit y of the color-coded alligator
clip s. Th e red clip could be positi ve or negati ve !"

Since my visit, Rob and Mark have co ntinued to adva nce
their knowledge of roc ketry . KE6YGF writ es, "We have each
built sma ller diameter rocket s that can eas ily fly over 10,000
feet. On e of Mark ' s ca n excee d Mach I in the first few seconds
of flight. Because these are impossibl e to visually track, I have
purchased a second Beeline. Th ey are cheap insurance that we
can locate expens ive rockets in the miles of featureless desert
playa. I am also experimenting with attenuators to help me keep
radio-trackin g whe n I get very close."

Properly packaged , the Beelin e transmitter would be ideal
for sho rt-range, on-foo t 70-cm foxhunts. Arnold Nel son,
N6APA of Napa, California machined a rugged metal enclo­
sure for his unit that is about I" x 2" x 1/ 2" on the outside. He
program s it for a 30-second on , 30- second off sequence for
transmitte r hunt s of the Sil verado Ama teur Radio Society.
Arnie ca lls it "The Littl est Fox."

Blue Hills of Beantown
I have goo d news for on-foo t tran smitter hunters in north­

eas tern states. For the first time, our annu al national champi­
onship s of Amateur Rad io Dire ction Finding (ARDF) will be
close to you. Make plan s now to be in Boston the first week­
end of Jun e for the Ninth USA ARDF Championships, which
will be co mbined with the Fifth ARDF Championships of
Intern at ional Amateur Radio Union (lARD) Region 2 (North
and So uth America) .

Beginners and exper ts will gather on Friday for practice and
equipment checks. Next will come two days of intense compe­
tition, Saturday on 2 meters and Sunday on 80 meters. Courses
will be in the Blue Hills Reservation , a 7000-acre open space
that straddles Interstate 93 . It is about 10 miles south of the Old
North Church in downtown Boston, which is another place that
you will want to visit whil e you are in the "Cradle of Liberty."

Thi s reservation is the largest conse rvation land within a
major metropol itan area . It has 125 miles of trail s that go
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It 's easy tofollow the signal directly on the dry lake bed. There 's
no wony about staying on the road. (Photo by KfJOV)

Vadim Afonkin, KB IRLl, will organi ze and host the 2009 USA
and IARU Region 2 Champi onships near Boston. This photo
shows him at the 80-meter starting line of the 2007 national
championships near South Lake Tahoe. California. (Photo

by KfJOV)

through fore sts, mar she s, swa mps, and meadow s, as well as an
Atlantic white cedar bog . There are lots of hill s, but altitude
won't be a problem this year. The highest point in the park is
only 635 feet above sea level.

Plenty of lodging and food options are close to the reservation .
Expect daytime high temp eratures in the 70s. As alwa ys, sched­
uled championship sites are offlimits to anyone who will be com­
peting, to avoid any unfair advantage of familiarity. Stay out of
the reservation from now until the first day of competition.

Another first this year is the juxtaposition of championship
ARDF and classic orienteering. Our ARDF event will take place
at the same time as a local session (called a "B -meet") of the
New England Orienteering Club and will use NEOC' s exc el­
lent maps. Classic orienteers and radio-orienteers will share the
finish area, but the ARDF start-point and electronic scoring will
be separate. Flag s at the hidd en tran smitters will have different
markings from the orienteering controls to avoid confusion.

Besides reducing costs for everyone, the inclusion of ARDF
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Vadim nears the 2-meter fini sh line of the 2008 ARDF World Championships in South Korea, where he won fifth place in his
age category during the 80-meter competition. (Photo by Jay Hennigan, WB6RDV)

at the NEOC meet will exp ose orienteers
and local Scouts to our radio sport. As
always, the USA Championships are
open to anyone who can run or walk
throu gh the fore st while carrying RDF
gear for 5 to 10 kilometers. A ham license
is not a requirem ent. For the awards,
competit ors will be separated into age
and gender categories in accordance with
IAR U rules. Category winners may qual­
ify for positi ons on ARDF Te am
USA for the 20 10 ARDF World
Ch ampion ships in the island s near
Dubrovnik, Croatia.

Organizer and host of this year's na­
tional championships is Vadim Afonkin,
KB I RLl , of Brookline, Massachu setts.
Vadim learned ARDF as a youth in his
native Russia. There he met a YL named
Nadia, who later immi grated to Americ a
and became the firs t member of ARDF
Team USA to win a medal at the World
Champ ionships'?

"My callsign in Russia was UZ3A YT,"
Vadim told me. " I started in 1982 and
won my first bronze medal at the USSR
championship in 1983. I became a mem­
ber of the Soviet team in 1984 and ran at
interna tional co mpetitions and later in
milit ary championships . I came to the
USA in 1994 and brought my equipment.
But I could not find any ARDF acti vity
here, so I gave up. In one of my moves,
my receivers got lost. Years later, Nadia
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called and told me about the new ARDF
activity. She urged me to get involved. I
had to get new equipment, but I did it."

Vadim first parti cipated in USA ' s
nati onal championships in 2003 near
Cincinnati , where he won silver and
bron ze medal s in the five-fox M21 cate­
gory. He has competed in M21 at every
USA championship s since then and has
achi eved the best five-fox time of all
states ide participants in every one. As a
member of ARDF Team USA , Vadim
traveled to the World Championships in
2004 (Czec h Republic), 2006 (Bulgaria),
and 2008 (So uth Korea). In Korea, he
took fifth place worldwide in the M40
catego ry on 80 meters.

Our annual ARDF championships are
an ideal opportunity to watch and learn
from the best radio-orienteers in the
country, as well as visiting experts from
around the world . Each person comp etes
as an individual; there is no teaming or
person-to-person ass istance allowed on
the courses.Using GPS as a navigation
aid is also forbidden.

Competitors are respon sible for bring­
ing their own directi on -finding sets .
Extra gear might be available for loan
from other attendees, but inquire ahead
of time. Recei vers must not radiate sig­
nals that can be heard by others. Tran s­
mittin g on the course is forbidden, except
in emergencies .

Eve n if you aren' t up to the challenge
of a big- forest foxhunt, chances are that
someo ne in you r famil y or circ le of
friend s is. Tell them about the opportu­
nity and offer to help with RDF equip"
ment and local pract ice sess ions. All the
basics are on my website'', including the
intern ational rules and hidden-signal
parameters. You will ge t equipment ideas
for both competition band s and you can
also determine your own age ca tegory.
The pages of photos from our previous
championships will help you decid e what
gear to carry (the lighter, the better) and
what to wear.

Let' s make this the biggest year eve r
for ARDF!

73, Joe, K00V

Notes
I. <http://www.nar.org>
2. <http://www.ro cstock .org/>
3. Th e new URL is <http://www.

com-spec.com/ rocket/ index.html>
4. <http://www.bigredbee.com>
5. In the southern Californ ia band plan ,

this frequ ency is in the visua l ca rrier
range for NTSC ATV signals.

6. <http://www.arrowantenn as.com>
7. The story of Nadi a Scharlau's med al

at the ARDF World Champi onships is in
"Homing In," Fall 2006 CQ VHF.

8. <http://www.homingin.com>
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By Kent Britain,* WA5VJB

ANTtNNAS
Connecting the Radio t o the Sky

Vivaldi Project

TIe most basic of beam antennas is
the Vee beam. We just start with a
dipole and form the elements into a

V. Make the elements longer and longer ,
and the gain goes up. Make the elements
really long , and there are advantages to
tapering the separation between the
wires. There also advantages to making
the wires very fat and tapering the diam­
eter, but we'll skip that this time and look
at a sheet-metal version of the Vee beam .

Vivaldi Project
In photo A we have the a few of the

Vivaldi antenna s I have developed for var-

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

ious applications from 900 MHz to 35
GHz. The Vivaldi is one of a family of
exponential antennas that work over a very
broad range of frequencies. The basic
antenna scales up or down very easily .

In photo B is a Ridged Hom. The ridges
give a very broad frequency response to
the hom. This model is rated at 2-18 GHz,
but works from 1-20 GHz . In a way, we
can think of a Vivaldi as a Ridged Hom
minus the hom!

In figure I is the template for a Vivaldi
antenna. If you just copy this template,
your finished antenna will work from
about 7 to 15GHz or so. Ahh ... but if you
put it on a copier, set the image to 200%,
you get a template for a about a 3-to 10­
GHz version. If you are really good work-

ing with small parts, set the copier to 50%
and you have the template for a 10- to 25­
GHz model. Your limits are the size of
the sheet metal and your ability to trim
very fine dimensions. The antenna is fed
at the narrow end of the slot. Using sheet
tin or sheet brass is nice because you can
solder to it. For lower frequency designs
it is possible to use sheet aluminum and
attach some solder lugs, but using a mate­
rial to which you can solder is nice.

Construction
My homebrew Vivaldi started with a 5­

inch wide paper copy of the template. I
cut the outline with scissors and stuck it
on some old .031-inch PC board. As you

Photo A. Vivaldi antennas from 900 MHz to 35 GHz. (Photos and figures by the author)

www.cq-vhf.com Win ter 2009 . CO VHF • 53



Photo B. Ridged horn antenna. Figure I. The Vivaldi antenna template.

Photo C. Marking the template.

Photo D. Attaching the coax.
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can see in photo C, I marked the edge s
and then cut it out. There are much bet­
ter template marking techniques ou t
there, and you are welcome to use you r
favorite transfer method . Next [ cut the
PC board aga in with scissors. The anten­
na doesn 't care if it' s single- or double­
sided PC board. Thi s also works for thin
sheet metal. Then I took a few swipes
with a file (sandpaper works, too). The
antenna should not have sharp points
sticking out along the curves . Sharp
points ca n ca use spikes in the SWR.
Again you want the gap to be very nar­
row and the taper in the ga p to be
smoo th.

[ used simi-rigid coax to feed my PC­
board versions in photo 0 and in the
homebrew version, but any type coax
that can be solde red can be used . Thi s is
usually one of the Tell on® insulati on
coax types. When soldering the coax,
you want the shield right up to the gap ,
and the ce nter co nductor bent righ t
down to the other side of the gap. The
lead s need to be very short, as we are
talkin g many GH z here!

Testin g of the fini shed antenna in
photo E looked pretty good. [n figure 2
is the return-loss sweep of the home­
brew Vivaldi. The 5- inch version
worked down to ju st under I GHz andl
still looked good at 6 GH z, the maxi­
mum frequency of my analyzer. Exce pt
for that spike at 1.8 GHz, the return loss
is in the - 10 dB to -20 dB ran ge.
Therefore, this one had a better than 2: I
SWR over the entire 1- 6 GHz range­
well, exce pt at 1.8 GH z.

Visit Our Web Site
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Uses
Th ese antennas make a nice test for a

Table I. Thefre quency limits ofthe Vivaldi
antenna are set by the how narrowyou can
make the slot opening, and the size of the
flare opening. When we test them on an
antenna range. the antennas have gain
well below the f requency range shown­
here. but the return loss. or SWR, is high.

I have show n in photo G. I find small
pieces of aluminum or copper tape are
handy here, but agai n you really need to
be able to measure the return-loss re­
sponse or SWR using test equipment
while tweaking the antenna. Now it is the
low-frequ ency response of the antenna
that is going to suffer. However, you can
really lower the SWRJreturn loss on a nar­
row-frequency band.

GET YOUR
HAM RADIO

LICENSE - FAST.
I Enjoy the fun of Amateur Radio broadcasting: [
I You'll be able to transmit over hundreds of ~

miles with two-way radios anywhere! L
Protect your family & f riends when traveling, [
during power outages, cell phone blackouts, [
emergencies and natural disasters . [

All you need to do is pass a short ~5 question [
multiple -choice test to get your License. [

GUARANTEED PASSI Youwillget your license [
or your moneyrefunded- no questionsasked. I
Just listen to th e 2 Audio CDsin your car or truck, r
Look over the simplified Guidebook. L

Plus - a data disc is
included if you want
to study the test on

I your computer.I.I '
I ' . ~r..D(r. [

<::J~ r .[I " ; r
byWarrenWeagant © '

I [
I
I Call now: 1-800-877-8433 [
I orsendto: • [

COMMAND LICENSETRAINING , , [
I 480 Gate Five Road- Suite 107 . . . _
I PO Box 3000 • Sausalito,CA94966-3000 L________________ c

Approx. Freq,
Range
18-35 GHz
10-25 GHz
4-20 GHz

1-6 GHz
400 MHz to 2 GHz

3/4 inch
11/2 in ches

3 inches
5 in ches

12 inches

W idth of the end
Agai n, the freque ncy limits are set by

the how narrow yo u ca n make the slot
opening, and the size of the flare open­
ing . When we test them on an antenna
range, the Viva ldi antennas have gain well
below the frequency range shown in Table
I but the return loss, or SWR, is high.
Normally a Viva ldi antenna is fed 1/4 wave
from the end of the slot. However, chang­
ing the slot to a circle great ly expands the
SWR range of the Vivald i.

There are other tricks to feeding this
Vivaldi variation. If yo u have size limit s,
but need to use the antenna lower in fre­
quency than in Table I, you can move the
feed forward as show n in photo F. You
are getti ng the antenna to have a goo d
SWR lower in its band, but the high fre­
quency response pretty much goes away.
This way you can make a 2- to 8-GHz
version work at 1.5 or eve n 1.3 GHz, but
above 3 GHz or so the SWR gets pretty
high . It works, but you rea lly need to mea­
sure the SWR when looking forthat sweet
spot and you are op timiz ing the antenna
for one freq uency.

Now on the high-frequency end, the
limit is how accurately you can form the
curve and the gap between the two sides.
To improve the SWR on the high end you
may need to block off part of the back as

WWW.KU4AB.COM

Figure 2. Return-loss plot of the homebrew Vivaldi antenna.

SOLID ROD
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Photo E. The finished homebrew 1- to 6-GH z Vivaldi.

Photo F. Moving the feed point.

Photo G. Changing the high-frequency matching.
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Photo H. Very broadband dish f eed.

frequency counter or a spectrum analyzer. Th ey also make a
good broadband dish feed like the one in photo H. I recommend
adjusting the focus for best gain at the highest frequency at
which you plan to use the dish . The phase center of the anten­
na does move around with frequency, but if you optimize the
feedpoint for the high end of the band , there is little phase error
at the low end.

For the digital crowd, a 5- to 6-inch version can work as a
915 MHz, 2400 MHz, 3.4 GHz, 4.9 GHz, 5.2 GH z, and 5.8 GHz
antenna or dish feed , all at the same time .

For AMSAT we are working on a circularly polarized ver­
sion of the Vivaldis. Using two Vivaldi s mounted in X fashion
and fed with a special phase shifter, we just might be able to
work up a 2- to 6-GHz circularly polarized dish feed for the
next generation of AMSAT bird s or a combined L-Band/S­
Band dish feed .

Also, last time we talked about UWB , or Ultra Wide Band,
signals in this column. Vivaldi' s make great UWB antennas!

Next Time
I've run out of column room at this point and I have several

more Vivaldi tricks to talk about, so next time we will talk more
about improving the return loss/SWR at particular points in the
band and how to add your own personal touches. Also, I'm sure
other topics will pop up.

As always, we like your antenna questions and suggestions
for column topics. Just drop me an e-mail at <wa5vjb @cq­
vhf.corn> or you can visit <www.wa5vjb.com> for other
antenna projects or even Vivaldi antenna templates. You , our
readers, provide some of the best topics for columns.

73, Kent , WA5VJB

Visit Our Web Site



III1-giJio®ROTATORS
... the first choice ofhams around the world!

HAM-IV HAM-IV TAILTWISTER SERIES II CD-4511
The most popular $64995 For large medium an!enna For antenna CD-45I1

rotator ill the world! arra~s up to.20 sq. ft. wind load. arrays up to 8.5 $44995
For medium communica tions Available with DCU-l Pathfinder sq. feet mount ed
array s up to 15 square feet wind digital control (T2X D) or stan- inside tower or 5
load area. New 5-second brake dard analog contro l box (T2X) sq. ft. with mast adapter. Low
delay! New Test/Cal ibra te func- with new 5-second brak e delay temperature grease good to
tion. New low tempera ture and new Test/Ca librate func- -30 F degre es. New
grease permit s normal tion. Low temperature Test/Calibrate
operation down to -30 grease, alloy ring function . Bell.===
degrees F. New alloy _. gea r, indicator rotator design
ring gear gives extra potent iometer, fer- gives total
strength up to 100,000 PSI for maxim um rite beads on poten- weather pro-
reliability. Ne w indicator potentiometer. tiometer wires, new weather- T-2X tection, dual 58 ball bearing race gives
New ferrite beads reduce RF susceptibility. proof AMP connectors plus $79995 proven support. Die-cast ring gear, stamped
New Cinch plug plus 8-pin plug at control 8-pin plug at control box, steel gear drive, heavy duty, trouble free
box. Dual 98 ball bearing race for load triple bearin g race with 138 T-2XD gear train , North center scale, lighted direc -
bearing strength and electric locking stee l ball .bearings for large .load $12299 5 tional i.ndicator, 8~p in plug/sock~t on con-
wedge brake prevents wind induced antenna beanng strength, electnc lock-. trol umt , snap-action control switches, low
movement. North or South center of rota- ing stee l wedge brake , North w ith DCU-l volt age control, safe operation, take s maxi-
tion sca le on meter, low voltage control, or South center of rotation scale on meter, mum mast size to 2'/,. inches. MSLD light
max mast size of 2'/,. inches . low voltage control, 2'/ ,. inch max. mast. duty lower mast support included.

HDR-300A Rotator Specifications

Effective Mo ment (in lower)

Brake Construction
Bearing Asse mb ly

Wind load ca aCtt (inside tower) 25 s uare feet
Wi nd Load (wI masl adapler) no l a Iicable
Turnin Power 5000 in.-Ibs.
Brake Power

Mounting Har ware

Shipping Weight
Control Cable Co nd uctors

CD-4511 Rotator Specifications
Wind load capaci tv (inside tower) 8.5 square feel
Wind Load (w I masl adapter) 5.0 square feet
Turning Power 600 in.-Ibs.
Br ake Powe r 800 in .-Ibs.
Brake Cons truction Disc Brake
Hea r ing Assembly Dualraecl48ball brings
Moun ting Hardware Clamp plate/steel Ll-bolts
Conlrol Cable Conduclors 8
Shipping Weight 22 1bs.
Effect ive Mo me nl (in lower) 1200 f1.-lbs.

httpz/rwww.hy-gain.com
Nea rest Dealer, Free catalog, To Order . . .

800-973-6572
Voice: 662-323-9538 Fax: 662-323-6551

Antennas, Rotators & Towers
308 Industrial Park Road.Sta rkville, MS 39 759, USA

Prices/specs subject 10 ('hange without notice/obligation ....1008 Hy-Gain .

HDR-300A HDR-300A
$149995

For king-s ized antenna
arrays up to 25 sq.ft. wind load

area . Control cable connector, /lew
hardened stainless steel output shaft ,

new North or South centered cali­
bration , new ferrite beads on
potentiometer wires reduce RF sus­

ceptibility, new longer out-
put shaft keyway adds relia­
bility. Heavy-duty self-cen­
tering steel clamp and
hardware . Display accurate

- to 1°. Machined steel output.
AR-40 Rotator Specifications

AR-40 AR-40
34995 For compact

antenna arrays and
large Flvl/TV up to 3.0 square feet
wind load area . Dual 12 ball bear­
ing race. Automatic position sensor
never needs resetting. Fully auto­

matic control -- just dial and
touch for any desired location.
Solid state, low voltage control ,

safe and silent operation. 2' / 16
inch maximum mast size.
MSLD light duty lower mast
support included.

Wind load ca acit (inside tower) 3.0 s uare feel
Wind Load (w/ l1laSI adapler) 1.5 sq uare feel
Tumin Power 350 in.-Ibs.
Brake Power 450 in.- Ibs.
Brake Construction Disc Brake
Bearing Assembly Dual raecll2 ball b<arings
Mountmg Hardware Clamp plate/steel bolts
Conlro l C able Conduclors 5
Shi pping Weight 14 Ibs.
Effeclive Momenl (in lower) 300 ft.-Ibs.

TAl LTWISTER Rotator Specifications
Wind load capacil y (inside tower) 20 square feet
Wind Load (wI ma st ada pier) 10 sq ua re feel
Tumin J Power 1000 in.-Ibs.
Brak e Power 90110 in.-Ibs.
Brake Construction Electric Wedge
Hearing Assemhly Triple rdccl138 hall hrngs
Mounti ng Hardware Clamp plate/steel Ll-bolts
Conl ro l Cable Cond uclors 8
Shipping Weight 3 1 Ibs.
Effective Momenl (111 tower) 3400 ft.- Ibs.

Digital Automatic Controller AR·35 Rotator/Controller
Automatically con- AR-35 For UHF, VHF, 6-

trois T2X, HAM-I V, V $8995 Meter, TVIFM antennas.
rotators. 6 presets for Includes automatic con-
favorite headings, 10 ace- troller, rotator,
uracy, 8-sec. brake delay, mounting clamps ,$7499 5 choice for center of rotation, crisp mounting hardware. " _

plasma display. Computer con- lID VAC. One 11:11 ' In
trolled with many logging/contest programs. Year Warranty . •

~--:::ol"..~... RBD-5 NEWl Automatic Rotator Brake Delay ®
$2 9 95 Provides automatic 5-second brake delay -- insure s your

rota tor is fully stopped before brake is enga ged. Prevents
accidentally engagi ng brake while rotator is moving. Use with HAM II,
JIJ, IV, V, T2Xs. Easy-to-install. Includes pre-assembled PCB, hardware.

HAM-V
For medium

antenna arrays up to
15 square feet wind
load area. Similar
to the HAM IV, but
includ es DCU- l
Pathfinder digital
control unit with
gas plasma display.
Prov ides automatic

operation of brake and rotor, compatible
with many logging/contest programs, 6 pre­
sets for beam headin gs, I degree accuracy,
auto 8-second brake delay, 360 degree
choice for center location, more!

ROTATOR OPTIONS
MSHD, $99.95. Heavy duty mast support
for T2X , HAM-IV and HAM-V.
MSLD, $39.95. Light duty mast support
for CD-4511 and AR-40 .
TSP-I , $34.95. Lower space r plate for
HAM-IV and HAM-V.

HAM I V and HAM V Rotator Specifications
Wind Load capaci ty (inside tower ) 15 square feet
Wind Load (w/mas l ada ple r) 7.5 sq ua re feel
Turnin g Power 800 in.-Ibs.
Br ak e Power 5000 in.-Ibs .
Brake Construction Electric Wedge
Bearing Assembly du al raccJ96 ball hearin gs
Mountin g Hardware Clamp plate/steel U-bolts

Conlro l Cable Cond uclors 8
Shipping Weight 261b s.
Effective Momenl (in lower) 2800 f1Abs.
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By Tomas Hood,* NWlUS

VHF PROPAGA1-ION
The Science of Predicting VHF-and-Above Radio Conditions

Old and New Science

During solar Cycle 23's approxi­
mately eleve n years, sc ientists
have worked with increased pas-

sion and reso urces to discover eve rything
possible about the Sun , space wea ther,
and geo phys ical and ionospheric phe­
nomena. They' ve been busy launchin g
many new satellites and other research
spacecraft, buildin g new models to better
fit the resulting data, and discovering
many new and revealing facts in the mix
of all of the rich and new data .

One amaz ing discovery involves the
magnetic connec tion between our Sun
and Earth. The reigning model described
a process whereby solar material
(charged solar matter) may enter into our
atmosphere, triggering aurora and creat­
ing geo magnetic disturbances. Conven­
tional understandin g of the process re-

*P.O. Box 9, Stevensville, MT 59870
e-mail: <llIv7us@arrl.net>

qu ired the magnet ic orientation of the
magnetic field lines of the solar wind to
be oriented "southward" in relationship
to Earth's magnetosph ere before solar
material could effec tively enter through
a "hole" in the resultin g reconnection of
the two magnetic-field structures. As the
two fields became aligned in this way, it
is called "reconnection." When a recon­
nection occurs, it allows material on the
solar wind to "ride" the fie ld lines down
toward Earth's northern and southern
magnetic poles. If the orientation is
"northwa rd," then this reconn ect ion
between the Sun's and Earth's magnetic
fields would not occur, and solar materi­
al would be deflected aroun d the Earth by
the magnetosphere. As a result , the mag­
netosphere is stretched far out into space
away from the sun (see figure I).The new
discovery radically alters this model.

During February 2007 NASA launched
five spacecraft for the primary goa l of

exploring macroscale interactions during
ionospheric and geo magne tic substorms.
Th is project is ca lled THE MIS, the
acro nym for Ti me History of Eve nts and!
Macroscale Interactions during Sub­
storms, and it is the fifth medium-class
miss ion under NASA's Explorer Pro­
gra m. The Unive rsity of California, Berk­
eley 's Space Scie nces Laboratory man­
aged the project development and is
curre ntly operating the THEMIS mis­
sion. Swales Aerospace, Belt svill e,
Maryland, built the T HEMIS sate llites .

Scie ntists, using THEMIS, discovered!
a breach in Earth's magnetic field tern
times larger than anything previou sly
thought to exist. However, the breach it­
self is not the biggest surprise. Research­
ers are even more amazed at the strange
and unexpected way it forms, overturn­
ing long-held ideas of space physics.

"At first I didn't be lieve it," say s
THEMIS project sc ientist David Sibeck

Figure I. Earth's magnetic fi eld gets stretched out into a comet- like shape with a tail ofmagnetism that stretches millions of
miles behind Earth, opposite fro m the Sun. The Sun has a wind ofgas that pushes Earth's fie ld from the lef t to the right in this

drawing. (Credit: NASA)
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of the Goddard Space Flight Center. "This finding fundamen­
tall y alters our understanding of the solar-wind-magnetosphere
interaction ."

The big discovery came on June 3, 2007, when the five probes
serendipitously flew through the breach just as it was opening.
Onboard senso rs recorded a torrent of sol ar-wind particles
streaming into the magn eto sphere, signaling an event of unex ­
pected size and importance.

"The opening was huge-four times wid er than Earth itse lf,"
says Wenhui Li, a space phy sicist at the Uni ver sity of New
Hampshire who has been analyz ing the data. Li ' s colleague
Jimmy Raeder, also of New Hampshire, says, " 1027 particles
per second were flowing into the magnetosphere-that' s a I
followed by 27 zeroes. Thi s kind of influx is an order of mag­
nitude greater than what we thou ght was pos sible."

Th ere was little warning that this event was about to happen.
A complex bundle of magnetic field s from the Sun , along with
a "clo ud" of so lar material , rode the solar wind and wrapped
itself around the magnetosph ere and "cracked" it open. The
cracking was acc omplished by mean s of magnetic reconnec­
tion . Magneti c co nduits over the Arctic and Antarctic quickly
expanded; within minutes they overlapped over Earth 's equa­
tor to create the biggest magnetic breach ever recorded by Earth­
orbiting spacecraft (see figure 2) .

The size of the breach too k researchers by surprise. "We've
see n things like this before," says Raeder, "but never on such
a large sca le. The entire day-side of the magnetosphere wa s
open to the solar wind." (See figure 3.)

The circumstances were eve n more surprising. Space phy si­
cists have long believed that holes in Earth ' s magnetosphere
open only in response to solar magnetic field s that point south.
The great breach of Jun e 2007, however , opened in response to
a solar magnetic field that pointed north.

When the so lar-w ind magnetic fields are orient ed northward,
it is referred to as a "pos itive IMF," for a positi ve Interpl anetary
Magnetic Field index. A so utherly-or iented IMF is a negative
index. Thi s data is reported as the "B sub Z (Bz) index."

Th e so lar wind bombards the Earth ' s magnetosphere almost
di rectl y ab ove the sunlit equato r where Earth 's magnetic field
points north. If a c loud of solar plasma arrives on the solar
wind with a northwardly-ori ented magnetic field , the
two fields should rein force one another, strengthening
Earth's ma gneti c defen ses and slamm ing the door shut on
the so lar wind.

"So, you ca n imagin e our surprise when a northern IMF came
along and shields went down instead ," says Sibeck . "This co m­
pletel y overturns our understanding of things."

Th is finding reveal s that northern IMF eve nts, while not actu­
ally triggering geomag netic storms, create favorable conditions
for these stor ms by loadin g the magnetosphere with plasma. A
loaded magnetosphere is prim ed for auroras, power outages,
and oth er disturbances that can result when, say, a CME (coro­
nal mass ejection) hits.

The years ahead could be especially lively. Raeder explains:
"We' re entering solar Cycle 24. For reasons not fully understood,
CME s in even-numbered solar cycles (such as 24) tend to hit
Earth with a leading edge that is magneti zed north . Such aCME
should open a breach and load the magnetosphere with plasma
just before the storm gets under way. It' s the perfect sequence for
a really big eve nt."

Sibeck agrees: "This co uld result in stronger geomagnetic
storms than we have see n in man y years."

www.cq-vhf.com

Figure 2. A computer model of solar wind flo wing around
Earth's magneticfi eld on June 3,2007. Background colors rep­
resent solar-wind density; red is high density; blue is low. Solid
black lines trace the outer boundaries of Earth's magneticfi eld.
Note the layer of relatively dense material beneath the tips of
the white arrows; that is solar wind entering Earth's magnet­
ic fi eld throu gh the breach. (Credit : Jimm y RaederiUNH

( University ofNew HampshireJ)

That' s great new s for the VHF weak-signal enthusiasts, since
this can result in many strong aurora-m ode propagation open­
ings during this new solar cycle.

In the next issue, we 'll look at more of the " new" sc ience
coming out of the current research from THEMIS and other
space weather projects.

Propagation Outlook
for February through April

Bec ause of the nature of the Earth ' s orbit around our Sun, we
hav e two seasons each year when any adverse space we ather
has a greater infl uence on cau sing geomagnetic disturbances:
The first is known as the Spring Equinocti al season, and the
second is known as the Autumnal Equinoctial season. These
are the two times during the course of the Earth ' s orbit around
the Sun when the Earth is in just the right positi on to be most
influenced by solar acti vity .

The Spring Equinoctial season peaks between March and
April ofeach year. Because we 're in the very start of solar Cycle
24, it is likely that we will have significant geo magnetic dis­
turbances this year, triggering the sort of auro ral acti vity known
to bring about VHF acti vity.

What is the Aurora?
Aurora is a direct result of solar plasm a interacting with

gasses in the upper atmosphere. Aurora occ urs during geo­
magnetic sub storms. During these substorms, solar-wind plas­
ma resu lting from coronal mass ejections can rain down into
the atmosphere. Gasses in the atm osph ere start to glow under
the impact of thes e particles. Different gasses give out various
colors. Think of a neon sign and how the plasma inside the glass
tube, when excited, glows with a bright color. The se precipi­
tatin g particles mostly follow the magnetic-field lines that run
from Earth' s magnetic poles and are concentrated in circular
regions around the magnetic poles called "a uroral ovals." These
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Figure 3. Earth 's magnetic fi eld, which shields our plan et from seve re space weather, often deve lops two holes that allow the
largest leaks of the solar particles. (Credit: NASA/Goddard Space Flight Center)

band s expand away from the poles dur­
ing magnetic storms. The stronger the
storm, the greater these ovals will
expand. Sometimes they grow so large
that people at middle latitudes, such as
California, can see these "Northern
Lights."

Because the Earth 's magnetic dipole
axis is most closely aligned with the Sun ' s
solar-wind spiral in April and October, the
interaction between the solar wind and the
Earth ' s magneto sphere is greatest during
these two seasons. This is why aurora is
most likely to occur and strongest during
the equinoctial months. When you see the
solar-wind speed increase to over 500
kilometers per second, and the Bz remains
mostly negative (the IMF is oriented most­
ly southward), expect an increase in geo­
magnetic activity, as revealed by the plan­
etary K-index (Kp).

Thi s year, the Sprin g Equinoctial sea­
son will be active, with a few strong geo­
magnetic storms. If we do ex perience
moderate to storm-level activity due to
recurrin g coronal holes, look for aurora­
mode propagation .The higher the Kp, the
more likely you may see the visual auro­
ra. However, you don 't have to see them
to hear their influence on propagation.
Listen for stations from ove r the poles
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that sound raspy or flutt ery. Look for
VHF DX. Sometimes it will enhance a
path at certain frequencies, while other
times it will degrade the signa ls.
Sometimes signals will fade quickl y and
then come back with great strength. The
reason for this is that the radio signal is
being refracted off the more highly ion­
ized area s in the E region of the ionos­
phere that are energized by this aurora.
The se ionized area s ebb and flow, so the
ability to refract changes, sometimes
quickl y. I' ve observed the effect of auro­
ra and associated geo magnetic stormi­
ness even on lower HF frequenci es.

Radio Aurora
Ifthere are eno ugh solar particles flow­

ing down the Earth ' s magnetic-fi eld lines
and colliding with atmospheric atoms
and molecules, ioni zation occurs. Thi s
ioni zation may be suffic ient to refl ect
VHF and lower UHF radio waves, gen­
erally between 25 and 500 MH z. 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 distan ces

than would ordinarily be possible on the
VHF frequencies is increase d. Like its
visual counterpart, radio aurora is very
unpredictable. The thrill of the chase
draws many VHF weak- signal DXers to
work aurora l DX.

VHF auroral echoes, or reflec tions, are
most effec tive when the angle of inci­
dence of the signal from the transm itter,
with the geomagnetic fie ld line, equals
the angle of reflect ion from the field line
to the receiver. Radio aurora is observed!
almost exc lusively in a sec tor centered on
magnetic north. The stre ngth of sig nals
reflected from the aurora is dependent on
the wave length when equiva lent power
levels are employed. Six-meter reflec ­
tion s can be expected to be much stronger
than 2-meter reflec tio ns 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
expansion of the auroral ova l, and the
possible intensity of the aurora. When the
K-index is higher than 5, most opera tors
in the northern states and in Canada can
expect favorable aurora co nditions. If the
K-index reaches 8 or 9, it is highly pos­
sible for radio aurora to be worked by sta­
tions as far south as Ca lifornia and
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NEW! High Performance Transverters

• 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.

73 de Tomas, NW7US

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 . I look forward to hearing from you.

You are also welcome to share your
reports at my public forums at <http://
hfradio.org/forums/>. Up-to-date propa­
gation information is found at my prop­
agation center, at <http://prop.hfradio.
org/> and via cell phone at <http ://wap.
hfradio .org/> .

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

radio flux is predicted to be 74, 77, and
79 for the same period . (Note that these
are preliminary fi gures. Solar scientists
make minor adjustments after publish­
ing, by careful review.)

sales@elecraft.com
Phone: (831) 662-8345
P.O. Box 69, Aptos, CA 9500 1-0069

(.., E L E C R A F T
www.elecraft.com

50, 144, 222 MHz
20 ·25 W

ment until the average covers the very last
months of 2008 .

The monthly 1O.7-cm (pre liminary)
numbers from September through No­
vember2008 are 67. I,68.3, and 68.6.The
smoothed 10.7-cm radio flux numbers for
March through May 2008 are 69.5, 69.6 ,
and 69.7. As with the smoothed sunspot
numbers, the smoothed flux numbers will
show little improvement until they in­
clude the last months of 2008 .

The smoothed planetary A-index (Ap)
numbers from March through May 2008
are 7.4 , 7.1, and 6.9. The monthly read­
ings from September through November
2008 are 5, 6, and 3. It has been noted
that the overall geomagnetic condition
has been much quieter during the mini­
mum period between solar Cycles 23
and 24 than the last few prior solar cyc le
minim ums .

The month ly sunspot numbers forecast
for February through April 2009 are 18,
21, and 25. That's really great news, as
we'll likely see improvement in F-Iayer
propagation higher and higher in the
radio spectrum. The monthly 10.7-cm

Florida. Your magnetic latitude can be
found using the map at <http ://www.
sec.noaa.gov/Aurora/globeNW .html>.

The Solar Cycle Pulse
The observed sunspot numbers from

September through November 2008 are
1.1, 2.9 , and 4.1 , showing a slow yet
steady rise in the activity of the new
sunspot cycle, Cycle 24. The smoothed
sunspot counts for March through May
2008 are 3.3, 3.3, and 3.5. The smoothed
numbers will likely show little improve-

While there are no major meteor show­
ers during February and March, April has
a few meteor showers worthy of note.
These are the Lyrids , the Puppids, and
Aquarids.

The Lyrids peak on April 22 at 1100
UTe. While this shower peaks at about
18 meteors per hour , or about one per
every five minutes on average, it can pro­
vide some good radio bursts. It is possi­
ble to see the hourly meteor rate (ZHR)
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 visits the inner
solar system every 415 years or so.
Despite this long period, there is activity
every year at this time, so it is theorized
that the comet must have been visiting 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 evenly distributed along the path of
its orbit. This material isn't quite evenly
distributed 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 unpredictab le and one
could even occur this year. The best time
to work this shower should be from mid­
night to early morning.

The Puppids shower is another minor
event and is best observed south of the
equator. The rate can be around 40 per
hour, but this may not play out this year.
The peak occurs April 23 at 1600 UTC.

The Aquarids, however, while more
prominent from tropical regions , can be
a rich shower this year. The peak is in
May, but the shower starts around April
19. The rate can be between 40 and 85
per hour . This year expectations are for
the periodic peak, so this could be a play­
er for meteor- scatter propagation.

Meteors
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By Bob Witte,* K0NR

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

A Look lnelde D-5TAR Modulation

For the Winter 2006 issue of CQ VHF,
I prov ided an overv iew of D-STAR
radio technology. At that time, the

technology was just starting to emerge
onto the amateur radio scene, and the ama­
teur radio community was just starting to
understand how the technology worked.
By now there are quit e a few D-ST AR
repeaters on the air, and many radio ama­
teurs have experienced D-STAR commu­
nications on the VHF and UHF bands.

As D-ST AR en thusias ts have go tte n
.their hand s on the hard ware, they have
been ex peri menting with the vario us fea­
tures. In typical ham fashio n, the techies
are reverse engi nee ring and tink ering
with the ICOM D-ST AR equipment and
in some cases eve n creating their ow n D­
STA R designs.

Block Diagram
In this co lumn we ' ll exa mine the mod­

ulation scheme used in D-ST AR, focus­
ing on the signal-processing chain fro m
the microphone to the modul ator (figure
I). For digita l modul ation, we need to get
the microphone audio into digital form
and properly modul ated onto the carrier,
similar to analog modulation . In Figure
I, we see that the microph one audio is
boosted by an amplifier to a suitable level
for dri ving an ana log- to-digital (AID)
converter. Th e AID co nve rter samples
the microph one audio and conve rts it into

*2/060 Capella Drive, Monument , CO 80132
e-mail: <bob@kOnr.com>

a series of digital numbers that represe nt
the microph one waveform. The digiti zed
audi o is fed into the vocoder, which
processes the wavefor m, still in digital
form , to redu ce the number ofbits per sec­
ond needed to represent the voice wave­
form. Th e voco der dri ves the digital mod­
ulator circuit, which for D-ST AR is a
GMS K (Gauss ian Minimum Shift
Keying) modulator (more on that later).
At the output of the OMSK modul ator,
we see the modu lated OMSK signal,
which dri ves the RF transmitter chain.

GMSK
Before we dive into the topic ofOMS K,

we first need to review some other form s
of digital modu lation. One basic form of
digit al modulation is Frequency Shift
Keyin g, or FSK. Radi o amateurs have
used FS K for decad es, including using it
to send radio teletype sig nals (RTIY) on
the HF bands. Th e co nce pt is simple:
When the digital signal is a logical zero
one frequency is output, and when the
digital signal is a logical one a different
frequ ency is output. The receiver on the
other end has a demodul ator circuit that
detects the two frequencies and outputs
the recovered digital signal accordingly.

A spec ial type of FSK that is a little
more effic ient in terms of band width is
called Minimum Shift Keyin g (MS K).
MSK uses a frequency shift that main­
tains a spec ific relationship between the
frequ ency of a logical zero and the fre­
quency of a logical one: The difference

between the two frequencies is one half
of the bit rate.

Mathematically, this can be expressed
in terms of the modulation index :

m = tlf x T

where:
M= If, - fol
T = period of one bit

For MSK, the modulation index is 0.5.
Figure 2 shows this graphically, with a

logical one creating a sine wave that just
fits into one bit period. In this example, a
logical zero has a higher freq uency that
fits one-and-a-half cycles into the bit
period . Notice that the phase s of the sine
waves are controlled to prevent any pha se
discontin uities. Any discontinuities in the
waveform res ult in a wider signal band­
width, something that we want to avoid.

Co nceptually, MSK can be created by
dr iving an FM modulator with the dig ital
sig nal, while maintaining a mod ulation
index of 0.5. (The practical circ uit imp le­
mentation is likely to be more compli­
cated than this, but we'll ignore that detai l
in this article.) The sharp edges of the dig­
ital input will tend to create a wide-band­
wid th signal, so a shaping filter is often
used to round out the waveform. When a
Gaussian fi lter.is used, the modu lation is
called Gaussian Minim um Shift Keying,
or OMSK (figure 3).

Many different modu lation formats
have been developed for modern digital
communications systems, each with their

Figure 1. The simplified block diagram ofa D-STAR modulation system.
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Figure 2. Example waveforms for MSK modulation, with a
digital input signal and the resulting MSK signal.

own advantages and disadvantages. GMSK has some attractive
properties that make it a good choice for mobile radio, inc lud­
ing D-STAR. Compared to other digi tal modulation schemes,
GMSK is relati vely simple, resulting in a lower system cost.
GMSK signals have con stant amplitude, whi ch means that
GMSK is insensitive to amplifier nonlinearities . Higher effi­
cienc y Class-C amplifiers can be used to boost the signal with­
out degradin g the modulation format. (This is not true of some
other digital modulation techniques.) GMSK also has good spec­
tral efficiency, which is to say it packs a large chunk of digital

. information into a small bandwidth. The most common digital
cell-phone format in use toda y (GSM) also uses GMSK.

It turn s out that GMSK has quite a bit in common with good
old analog FM. Both modulation formats produce a con stant­
amplitude signal, which makes them less susceptible to ampli­
tude variations, including noise. All of the modulating infor­
mation exi sts in the form offrequency/phase, and they both can
use Class-C amplification.

Digital J
Signal

MSK
Signal

1 1 o 1

GMSK
Signal

FM
Modulator~'----------'---

Index =0.5

Gaussian
Lowpass
Filter

Digital
Input

JU1.Jl

Figure 3. Simplified block diagram of the GMSK modulator.

Codec
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D toA

set-up and
Control

Communication
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Figure 4. Block diagram of the AMBE-2020™ Vocoder. (Courtesy ofDVSI, used with permission)
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Figure 5. The /C-9/AD is a dualband D­
STAR handheld transceiver from /COM.

(Photo courtesy of rigpix.com)

One might be tempted to think that
GMSK signals cou ld pass through a con­
ventional FM repeater, but in most cases
this is unlikely. Conventional repeaters are
set up for analog signals, rolling off the
low-frequency response as they pass
through the repeater, which distorts the D­
STAR waveform. Some hams have been
successful tweaking the frequency
response of their repeater receiver-to­
transmitter path for the express purposes
of passing D-STAR signals, but your nor­
mal FM repeater will mostly likely not pass
D-STAR. (The repeater may key up if car­
rier access is in use .) Just to be clear, D­
STA R signa ls cannot be demodulated by
conventional FM radios. D-ST AR sounds
like white noise on an FM receiver.

Vocoder
The previous discussion describes how

dig ital bits ge t modulated onto the RF sig­
nal, but we also need to pay attention to
the number ofbits per second we feed into
the GMSK modulator. This has been one
of the major challenges of radio commu­
nications using digital modulation-to
keep the bit rate low enough to travel
down a narrowband channel while still
maintaining voice quality. The nominal

bandwidth for the DV form of D-STAR
is 6 kHz wide and the AID converter sam­
ples at 8 kHz. It is the job of the vocoder
to cram 8 kHz worth of samples into this
6-kHz bandwidth. The vocoder takes the
digitized analog signal and compresses it
into the minimum number ofbits required
to keep it intelligible.

D-STAR uses the AMBE-2020™ Vo­
coder from Digital Voice Systems, Inc
(DVSI); see figure 4. This vocoder uses
a proprietary algorithm (Advanced
Multi-Band Excitation, or AMBE®) to
convert the 8-kHz sampled audio into a
3600-bps bit stream for D-STAR voice.
This stream is combined with the 1200­
bps data stream to produce the combined
voice + data DV signal at 4800 bps . (We
won 't go into much detail here about the
1200-bps data stream other than to say
that it can support a low-speed data con­
nection simultaneously with the digital
voice tran smission.) In general , vocoders
use the characteristics of human speech
to create advanced compression algo­
rithms to produce an intelligible and rec­
ognizable voice signal at the other end of
the channel.

Like all vocoders, the AMBE-2020 has
a noticeable "digital" sound to it, similar

•••

I To the IC-91AD audio system

.............................~
~AD7m1 ~~'S : I Microphone audio

From IC-91AD receiver-----.

To IC-91ADtransmitter
+-

5Y

••
02llI2:~ •

IC3OI:N.AoIZ"S •

••X20Clt aH:21.
• •
• UT-121 (Optional Product ; CODEC U IT for 1e-91AD) •
• ••••••••••••••••••••••••••••••••1

CPU Control Lines

Figure 6. Block diagram ofthe UT- /2/, the D-STAR board used in the /COM /C-9/AD. (Copyright /COM, used with permission)
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to a typical digital mobile phone . To my
ear , the sound quality is plenty good
enough, although I agree that it doesn't
sound quite as good as analog FM. These
are not high-fidelity coding systems and
are not very effective at handling any­
thing but speech signals. Vocoders usu­
ally include special modes for capturing
common signaling tones such as DTMF
signals. The Utah VHF Society recently
published some test results from trans­
mitting non-voice signals over D-STAR,
in an attempt to educate the amateur radio
community about the characteristics of
vocoders. (See the Utah VHF Society
website listed in the References box.)

The AMBE-2020 implements For­
ward Error Correction (FEC) , which
inserts redundant bits into the data stream
so that errors introduced in the channel
can be corrected. This is a common tech­
nique used in digital communications
that allows the communication system to
tolerate and correct low levels of errors
in the digital transmission. Low levels of
Bit Error Rate (BER) can cause a slight
twang in the vocoder algorithm, but as the
Bit Error Rate (BER) increases, the FEC
will struggle to compensate, eventually
falling apart . This gives us the experience
of "going digital" when the audio breaks
into a wacky, digitally-distorted noise .

Some hams have criticized the use of
a proprietary vocoder in an amateur radio
system. They argue that the spirit of ama­
teur radio is experimentation and the
choice of this vocoder gets in the way of
that objective. For example, it would be
really useful to implement the AMBE
algorithm in software so that it can be
deployed on a PC. Since the algorithm is
protected by DVSI patents, the only legal
choice is to buy the chip from DVSI.
Some people have claimed that the chip
is unaffordable, but they are available for
approximately $20 each, a reasonable
price for an IC of this complexity.

Typical D-STAR Design
Let's take a look a typical D-ST AR

design , the ICOM UT-121, which is the
D-STAR board used in the IC-91AD (fig­
ure 5). (This board is also the option that
adds D-STAR to the IC-91A transceiver.)
The block diagram ofthe UT-121 is shown
in figure 6. At the top of the diagram, we
have the Analog Devices AD73311,
labeled "Linear Codec," which is a gen­
eral-purpose mixed-signal interface cir­
cuit. It contains the AID converter used to
digitize the microphone audio, and the

D/A converter for converting the received
bits back into analog form to drive the
speaker. Our discussion of figure I was
about the transmitter path only, but there
is an equivalent signal-processing chain
that operates in the opposite direction­
decoding the GMSK signal and extracting
the original transmitted analog voice sig­
nal. The UT-121 has both of these signal­
processing chains , with the major chips
supplying functionality for both transmit
and receive .

Near the left center of the diagram we
see the "DSP Codec," which is the
AMBE-2020 vocoder. The digitized
audio from the AD7331 I is fed to the
vocoder to be digitally compressed and
passed along to the GMSK modem chip
below. The AMBE-2020 also decom­
presses the received bit stream and pass­
es it along to the AD73311 to be con­
verted back to analog form. The GMSK
modem chip, the CMX589, is labeled
"Modem" in figure 6. This chip provides

the GMSK transmit modulation and
receive demodulation functions and
interfaces to the RF sections of the trans­
ceiver. The other circuits shown in figure
6 are system clocks and power supplies
required to support the ICs on the D­
STAR board.

Summary
This article provides a basic look at the

modulation scheme used by D-STAR and
the key circuits that make it work. My
thanks goes to the many hams who are
experimenting with the D-ST AR mode
and sharing their knowledge. One gather­
ing point for these hams is the dstardig­
ital Yahoo! Group.

Thanks for taking the time to read
another one of my columns on the Utility
Mode. I always enjoy hearing from read­
ers, so stop by my blog at <http://www.
kOnr.com/blog> or send me an e-mail.

73, Bob K0NR
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By Rich Arland,* K7SZ

BEGINNER'S GUIDE
All you need to know but were afraid to ask

An Exciting Time in Amateur Radio
The Basics of 2 meters and the FM Mode

Welcome to the new "Beginner's
Guide" column in CQ VHF. My
name is Rich Arland , callsign

K7SZ, and I have been playing this ham
radio game for over 45 years. However,
that doesn' t mean I know everything! As
a matter of fact, there isn' t a day that goes
by when I don 't learn something new
about radio, the hobby, and/or computers
and IT technology.

What an exciting time to be a radio ama­
teur! Technology is growing exponential­
ly and our hobby is changing daily. The
days of stringing up an end-fed wire and
working CW contacts has been enhanced
by the technological explosion associated
with our hobby. Don' t get me wrong, as I
have had (and continue to have) a lot of
fun on the HF bands using QRP (less than
5 watts output power) and simple anten­
nas to work some fantastic OX. However,
there is real excitement on the VHFIUHF
bands and the assoc iated "magic black
boxes" that have opened a vast new world
of communications that could only have
been dreamed about a brief 10-15 years
ago. Back in the late 1960s and early ' 70s,
how many of us could have envisioned
Star Trek type "communicators" that look
very much like our present-day cell
phones? Ditto with our PCs and wireless
networks that literally are everywhere!
Technology is the name of the game in
today' s radio hobby.

Technology can be formidable and
quite intimidating, especia lly for a new­
comer to our hobby. It can also be quite
a challenge for us old timers, who grew
up on vacuum-tube theory and power
supplies that could kill you! My job, as
editorofthis column, is to help radio ama­
teurs who arejust starting out in the hobby
or transitioning from HF to the VHF/
UHF bands better understand the current
trend s and techn ologies that make the
VHF+ arena such a great place to be.

*25 Amherst Ave., Wilkes Barre, PA 18702
e-mail: <k7sz@arrl.ne t>

Above all, this is your column. I wel­
come input on the content and direc tion
of the column from you, the reader. My
e-mail address is <k7sz@arrl.net>.so
feel free to write to me and let me know
what you want me to cover in future
issues of CQ VHF.

On a personal note, I am all for taki ng
the least expensive road to meet a partic­
ular communica tions task. That means
buying used gear, scro unging parts
(along with "dead" gea r) for simple (and
sometimes complex) homebrew projects
for the shack . This includes recyc ling old
TV antennas, computer equipment, and
even TV antenna rotors! Not only does
this tack save you money (and with the
current state of our economy that is a very
attractive idea), but it gets you, the new­
comer to VHF+, to take a proactive part
in your pursuit of the hobby. After all,
ham radio is a technical hobby, so don't
be afraid to become fully immersed in
building accessory projects for your sta­
tion. The QRP crow d that I still hang out
with is positively overcrowded with avid
homebrewers, provi ng that the art and
science of "ro lling your own" gear is not
a lost art! The same can be said of the
VHF+ operators. As a matter of fact, it
seems that the higher in frequency you
go, the more you encounter a whole group
of homebrew afic ionados. Don 't worry if
you can' t tell the difference between the
ends of a soldering iron. We' ll address
that, too, in this column!

With the FCC's doing away with the
CW requi rement for obtaining a ham tick­
et, the pathway to ham radio has become
much easier over the last several years.
Whil e I do not agree with those who
believe that CW is an archaic method of
communications, I do respect their opin­
ion. In reality, using CW is an art in itself,
and while not necessary to obtain a
license, it is a good thing to master, since
there are times when voice and data
modes are not reliable, but CW will still
get the message through.

The influx of new Tec hnic ian cla ss
license holders to the VHF/UHF spec­
trum has been astounding. New FM
repeaters are poppi ng up all over. The
"challenge" to becoming operational on
the 2-meter FM band is direc tly related to
the size of your bank account. A 2-meter
handheld costs about $ 125 and allows the
user to access simplex and loca l repea ter
channels with very little outlay of cas h
and virtually no commitmen t to external
antennas, feedline s, etc . On the other end
of the spectrum is the serious VHF/U HF
DXer/contester who has a ton of money
invested in top-of-the-line transceivers,
mast-mounted receiver prea mplifiers,
high-power RF linear amp lifiers , hard­
line coax ial transmi ssion line, tall towers,
and stacked arrays of antennas. You and
I are most likely somewhere in the mid­
dle of these two extremes.

Often we tend to trivia lize 2-meter FM
operations. My first exposure to 2-meter
FM was during college in the late 1960s.
I picked up a converted Motorola " lug­
gable" transceiver that, with a full set of
batteries, weighed in at aro und 15
pounds! It was a single-channel radio set
but it was a Motorola! The thing ate bat­
teries like mad-two 45-vo lt B+ batter­
ies plus several 0 cells for filame nts and
bias supply. All in all, it was an "adven­
ture" to lug around that old Motorola. My
mobi le rig at that time was a converted
RCA dua l-channel com mercial FM set
that came out of service on the loca l taxi
company freq uencies. Today, when I
look at my little Yaesu VX-150 2-me ter
synthesize d HT, I fond ly think back to my
early days in FM. We have come a long
way, that' s for sure .

It took quite a few years for 2-meter
FM to beco me popular. Autopatch re­
peaters became fashionab le duri ng the
mid-1970s, and making telephone calls
via the repeater from your mobi le was
ultra-cool! Today, 2-meter FM opera­
tions are the backbone of ham radio,
especially in the ARES (Amateur Radio
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Emergency Service) and RACES (Radio
Amateur Civil Emergency Service) are­
nas. The fac t that ham s can provide
mobil e/portable communications to aid
in the mitigation of natural and/or man ­
made disasters is something we all can
take pride in. With out 2-meter FM , that
face t ofour hobb y would be hard-pressed
to provide top -notch emerge ncy co m­
mun ications for the Red Cross, the
Salvatio n Army, and local and regional
EOCs (Emergency Operations Centers),
not to ment ion the Department of
Homeland Sec urity.

CQ VHF has a long history of provid­
ing coverage in the radio hobby press of
VHF FM communications with a special
emphasis on EmComm (emergency com­
munications). Since this is a beginners'
column, let' s begin with the ham radio
version of the old country "Party Line"
from the early days of the teleph one.

Two-meter FM literall y is found in
almost every ham shack on the planet. If
you want to get an idea of the prolifera­
tion of VHF/U HF repea ters that are
active in the U.S. and Canada, procure a
copy of the ARRL's "Travel Plu s for
Repeaters" and compile a list of active
repeaters within a 50- mile radiu s of your
home. It is staggering ... down right
frightening at times! Many of these
"machines" have backup power along
with ex tensive features gea red spec ifi­
ca lly toward the EmCo mm mission .
APRS (Automatic Posit ion Rep ort ing
System) repeaters have blossomed all
over the co untry, allow ing hams runnin g
APRS software to keep tabs on stations
as they move across the country and in
outer space! Yup, the ISS (International
Space Station) h as been tracked by ter­
restrial APRS statio ns in real time.

D-Sta r, the newest digital FM radi o
system to co me from Japan, offers
EmCo mm operators the advantage of a
digit al radio sys tem for passing emer ­
gency traffic and data that would be labo­
rious using standard analog FM sys tems.

Those areas of the country that suffer
recurring large-scale disaster s, such as
the floods in the Mid west and the
Califo rnia wild fires eac h year, have
extremely active ARES/RACE S gro ups.
If you are interested , and I hope you are,
co ntact the ARRL, 225 Main Stree t,
Newi ngton, CT 061 II , for information
about ARES/RACES EmComm support
gro ups in your part icular area.

Recently, my wife Patricia, KB3MCT,
and I relocated from northeastern Penn­
sylvania to Dacula, Georgia, in Gwinnett

www.cq-vhf.com

Co unty. Both of us were active in the
Luzerne County ARES group in our for­
mer area, and when we arri ved in Dacula,
we immediately set out to find the local
EmComm group and volunteer our ser­
vices. It turns out that the local 2-meter
repeater, 147.075 (+600 kHz, PL: 82.5
Hz) is the place to be on Monday eve­
nings. The Gwinnett Amateur Radio
Society has a club net at 2000 hours local
time followed by an ARES net at 2 100
hours local. The thing that immediately
struc k both of us was the total profes­
siona lism displ ayed by the net control
stations, or NCS (they use two, one the
prim ary NCS and a backup NCS fortrain­
ing purposes), and the peopl e checking
into both of these nets. Later I found out
that the Gwinnett ARES group is the
largest in the state and has an extensive
trainin g program for aspirin g emergency
co mmunicators bef ore they can be de­
ployed in support ofa local served age ncy
during an emergency . In a word , the
Gwinnett ARES group takes EmC omm
very seriously !

Gwinnett County has been divided into
several sec tions, with Gwinnett ARES
members ass igned to one of these sec­
tions. In the event of a real-world emer­
ge ncy or disaster , this method assures
that the right , properly train ed peop le are
in place at the right time and in the prop ­
er location to be of maximum usefulness
to the professional disaster response
team s. Th ere are even two spec ialized
teams, one that deploys to the Gwinnett
Co unty EOC and one that handl es the
mobil e ARES comm facilities .

Tri viali ze 2-meter FM ops all you
want, but this type of emergency readi ­
ness is something to be proud of. Histor­
ically this group of EmComm operators
has an out standing profe ssional relation­
ship with their served agenc ies and has
become an integral part of the Gwinnett
County disaster mitigation plans.

OK, so what have we learned so far?
First, the exposure that the majorit y of
new radio amateurs have to VHF+ is rel­
ega ted to 2-meter FM operati ons. Thi s
band and the assoc iated equipment to
become operational are well within the
confines of the most frugal of budgets.
New 2-meter FM gear costs around $ 125
upwards, depending upon power and fea­
tures of the radio gear. Antennas are man­
ageable and, in a pinch, a 2-meter ground­
plane antenna can be made from coat
hangers (talk about dirt cheap !).

Two meters is the modern-day version
of the old-s tyle part y-lin e telephone.

Many non-hams have the local simplex
and repeater frequencies plu gged into
their sca nner recei vers, so und erstand
that what you say on 2 meters FM has an
enormous audience.

The fact that 2 meters is so vastly pop­
ulated by radio amateurs and the fre­
quencies are similar (propagation wise)
to EMS/fire/police frequencies makes 2
meters FM the band for ham radio emer­
ge ncy communications. Additionally,
part of your licensing requirement s dic­
tate that you are supposed to pro vide
eme rge ncy communicati ons whe n and
where need ed . Therefore, becoming
properl y train ed in net operations and
EmC omm procedures is param ount to
becoming acti ve with a local ARES/
RACES group. Here again, the ARRL
has stepped in and offe rs on-line emer­
gency communications certification, so
there is no reason not to be train ed and
participate when needed . Check the web­
site <www.arrl. org> and follow the links
to the League' s EmCo mm courses .

Setting aside the EmCo mm aspect of 2­
meter FM operations for a mome nt, let' s
explore one of the more amazing things
you can engage in on 2 meters. Did you
realiz e that you can contact the
International Space Station or work 2­
meter FM OX via AMSA T-OSCAR 51, a
LEO (low Earth orbit ) amateur radio satel­
lite, using nothing more complicated than
a dual -band VHF/UHF handheld radio
along with a manually pointed Yagi anten­
na? Literally, for well under $300 you can
assemble a very simple VHF/ UHF dual­
band SatCom (satellite communications)
Earth station! You can eve n do it much
cheaper than that if you can scro unge or
buy a used VHF/UHF HT and make the
antenna yourself ! That should hammer
home the idea that 2 meters FM isn 't ju st
for ragchewin g anymore !

OK, ga ng that wraps it up for this
installment. I hope that you newcomers
to the VHF+ arena are ready to get inti­
mately familiar with this aspect of the
radi o hobb y. We barely covered the
basics of the 2-meter band and the FM
mode of communications. In addition to
FM , there is VHF/UHF wea k-signa l
work and satellite communications using
SSB/CW, and digital modes using FSK.
Then there is the digital radio explos ion,
APRS (Automatic Positi on Reporting
System), and a whole host of other inge­
niou s operating modes to ex plore. So
tighten your seat belt , 'cuz we' re gonna
have some fun !

73, Rich, K7SZ
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By Miguel Enriquez, KD7RPP

ATV
Amateur Television for Fun and Education

ATV Gives Impetus
To New Math/Science Curriculum

Edith spell checks her math problem on the whiteboard before instructing how to
easily compute the height ofan antenna using shadows.

Edith, Sara, and Jose Velasco review ham-radio/math-lesson presentation material
prior to videotaping .
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*c/o Pueblo Magnet High School Amateur
Radio Club, 3500 S. 12th Ave., Tucson, AZ
85713
e-mail: <enriquezma@cox.net>

e successes that the Pueblo Ama­
teur Radio and Underwater Robot­
ics Club have had in past two years

using ATV in the class room provided
some recent interesting developments for
the way we teach math here at Pueblo
Magnet High School in Tucson, Arizona.
I had been approached earlier in the
school year by Tucson Unified School
Administrators who wanted to explore
the possibility of designing a curriculum
that would employ ham radio and other
wireless technologies to teach math and
science. What the administrators had in
mind when they first proposed this new
venture was extending to the general pop­
ulation the fun and advancements in math
test scores the Pueblo ARC students were
experiencing.

My initial reaction to their request was
"I' m not sure how that would work."
However, as I thought about the possi­
bilities, I realized that their request was
not one ofadding electro nics to the exis t­
ing math and scie nce curriculum, but
rather the request was for the creation of
an entirely new curric ulum. My first
thought was to run to the internet to see
if such a curriculum with specific refer­
ences to state standards exis ted. There
was none.

My seco nd thought was to unashamed­
ly copy someone else's model; I found
none. The best I came up with was a cur­
riculum Mark Spe ncer, WA8SME,
ARRL Education and Technology Co­
ord inator , had written . That was very
useful to me but lacked refere nces to state
standards. I next looked to see if anyone
was making headway with the meld ing
of ham radio with state standards. I had
recently received an e-mail from a fel­
low ARRL Education and Technology
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The Vertical Antenna
Handbook

by Paul Lee, N6PL
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antennas, even a complete working HF
stat ion you can build for $100 . Also includ es pract i­
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Program Instru ctor, Nath an McCray,
(K9C PO, in which he reported success
with a proposal he had mad e to his own
schoo l district for the use of ham radio
in the classroom. Nathan, an assistant
principal with the Vion School District
#6 in Wisconsin , had painstakin gly j ux­
tapose d ama teur radio act iviti es to
Wisconsin State Standards in such a way
that it made sense to a member of his
schoo l board.

I then set about copying as much of
Nathan's proposal as was relevant to
Arizona Sta te Standards. The go ing was
easier than I bel ieved it would be. My ini­
tial presentation to the TUSD adminis­
trators who had first contacted me was
met with "This is good. Th is we can do."
For the followi ng six weeks I used every
spare moment I could find refining that
curriculum proposal.

The upshot was that the one class I had
been asked to teach on a trial basis has
now become a full-time job for me this
year. The goo d news is that the school
will now support our ham radio and ATV
activities with resources and support
from techn ology education funding
sources , where before we relied solely on
donat ions to the Pueblo ARC for operat­
ing expenses. The good news is that we
are now also planning to offer a ham radio
course durin g summer school this yea r
for students co ming to Pueblo Magnet
High School in August 2009 .

And the best news is that we will have
a laboratory setting, of sorts, this year
where we can demonstrate to the gener­
al publ ic what we ham s have known for
ove r a hund red years-that ham radio is
not only fun and practical and relevant ,
but that it can be used to help our stu­
dents perform better in schoo l by mak­
ing thei r education more relevant and
practical.

A lot of work still remains to be done,
and I have until August of 2009 to fine­
tune the new ham radio and wireless tech­
nologies curr iculum before we start using
it. However, in the meantime we will con­
tinue having fun with ham radio while
adding more ATV activities to our dail y
classroom lesson delivery.

What I failed to ment ion earlier was
that the reason I was approached in the
first place to write such a curriculum was
because the local community in TUSD is
awa re of the exc iting activities our ATV
station is providing for our students and
had noted the significant improvements
those students are demon strating.

73, Miguel, KD7RPP

www.cq-vhf.com Winter 2009. CO VHF • 69



By Mark Thompson, WB9QZB

DIGITAL RADIO
Digital Technology on VH~ UH~ and Microwaves

Hosting a Digital Conference

nose of you who read CQ VHF
Editor Joe Lynch , N6CL's "Line of
Sight" editorial will have notic ed in

the Fall 2008 issue that Joe covered the
ARRLffAPR DCC (Digital Communi­
cations Co nference) in Chicago. I was the
local co-hos t of the 2008 DCC in Chicago
along with Kermit Carlson , W9XA. In
this issue I will discuss planning and or­
ganizing a digital conference.

History
In the mid-1980s I became involved

and active in packet radio. Packet radio
grew dramatically from the mid -1980s
through the mid -1990s. In many areas
local packet clubs were es tablished. In
the Chicago area CA PRA (Chicago Area
Packet Radio Association) was estab­
lished to educate hams about pack et and
build backb one link s. CAPRA grew quite
qui ckl y, like packet radio, and had
monthly meetin gs.

Because packet was a new technology,
many hams were very interested in learn ­
ing abo ut it. CA PRA hosted packet
forums at local hamfests, and in 1990
CAPR A sponsored a packet radio day on
a Sunday in October. We invited Kan­
tronics to present at the eve nt. A CAPRA
memb er, Geo rge Dorner, W9ZSJ, was a
dean at a local community college and
arra nged for the club to use an auditori­
um for the eve nt. We didn 't require reg­
istra tion in adva nce and were astounded
when 200 hams part icipated in the eve nt.
In 1992 and 1994 we hosted the event
again in conjunctio n with Kantronics.

Th e firs t TAPR annual meetin g was
held in 1995 in St. Loui s. In 1996 TAPR
and the ARRLjointly organ ized the first
annual DCC in Seattl e.

In 1997 we submitted a prop osal to
TAPR to host the 1998 DCC. Wh ile we
had never hosted a national eve nt before,
we did have some ex perience with host­
ing the well-a ttended Kantronics packet

*P.O. Box 457, Palatine, IL 60078
e-mail: <wb9qzb@yallOo.com>
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days a few years earlier. Ca rl Bergstedt ,
K9VXW, and I were the local co- hos ts.

Th e first task was to find a hotel at
which to hold the DCC . We worked with
TAPR to determine the hotel require­
ments for a DCC. One critica l objective
was to keep the hotel cost affor dable for
both the TAPR orga nization and the
attendees. Th e annua l W9D XCC DX
conference held their eve nt at a Holid ay
Inn in northwest suburban Chicago. We
visited the hotel and met with its confer­
ence representative. Th e hotel see med to
meet TAPR' s requirements and we rec­
ommended the hotel to TAPR.

At that point , TAPR took responsibil­
ity for negotiating the contract with the
hotel. As local co- hos ts, we worked with
TAPR to assist in logi stics. The DCC was
well attended, with the the ARRL, FCC ,
and major manu facturers present. In fact,
Kenwood debut ed its first prototype of a
packet!APRS HT at the seco nd annual
APRS national sympos ium at the DCC.
The agend a and presentation audio of the
1998 DCC are ava ilable at <ht tp://www.
tapr. org/conf' dcc I998 .html>.

After the 1998 DCC conference, pack­
et radio and packet club s in most areas
began to decl ine. However, new digital
technologies such as PSK31 were devel­
oped and introduced at subsequent DCCs.

In early 2007 we decided it was time to
bring the DCC back to Chicago . Although
the local CAPR A club was no longer
active, Kermit Carlson, W9XA, agreed to
be a local co-host with me. We submitted
a proposal to TAPR to host a future DCC,
and the TAPR board decided we could
host the 2008 DCC. We reviewed with
TAPR the 2006 and 2007 DCCs to better
understand their requi rements.

Kermit had ex perience with the local
W9DXCC DX conference . A few years
earlier, W9D XCC had moved to a dif­
ferent Holid ay Inn a few miles closer to
O 'Hare Airport, and this included a free
airport shuttle. I visited the hotel and met
with the conferen ce representative. It was
obvious the hotel met TAPR's require­
ments for a DCC, including the cos t
objectives. I co nnec ted TAPR Vice

Presiden t Steve Bible, N7 HP R, wit h the
hotel to negotiate the co ntract.

At previou s DCCs the local host typi­
ca lly hand ed off the remai nder of the
planni ng and organizi ng to TAPR. How­
ever, Kermit and I decided we wanted to
make this DCC one of the best ever.
Th erefore, we took a more active ro le in
terms of promotio n, local logistics, and
planning the technical and introductory
sessions. Kermit's par ticipation in the
W9DXCC conference inclu ded arra ng­
ing the audio-visual eq uip me nt. Ron
Stei nberg, K9IKZ, owns an AN busi­
ness and annually deploys an outsta nd­
ing array of A/V eq uipme nt at the
W9DXCC co nference.

Th e DCC was scheduled after
W9D XCC in order to not con flic t wi th it
or any local hamfest. Kermit worked wi th
Ron to store the A/V equipment at the
hotel after W9 DXCC and redeploy it at
the DCC the followi ng weekend. Not
only did his save both the W9 DXCC and
the DCC co nfere nces money, but it pro­
vided the DCC wit h a level of profes­
sio nal AIV equipment not used at previ­
ous DCCs. Kermit and Ron ' s executio n
of the A/V equipment was flaw less, and
both the TAPR Board of Directors and
atte ndees ag reed it was the bes t ever A/V
presentation at a DCC.

I wor ked to promote the DCC both
na tiona lly and locall y. We active ly
solicited hams to submit papers for inclu­
sio n in the confere nce Proceedings and
to presen t them at the DCC. A number of
firsts occurred at the 2008 DCC: The new
mode WINMOR was deb uted, and the
firs t D-STAR Friday Night Ge t Together
was held. Some of the most significant
innovators in D-STAR technology pre­
sented at the DCC and the Friday night
eve nt. Prior to the DCC, Kermi t and
TAPR President Dave Tot h, VE3GYQ,
configured the D-STAR repeater equip­
ment donated by ICOM and go t the inter­
net gateway up and running so hams in
the hotel co uld make wo rldw ide D­
STAR contacts.

I believe that it is important for hams
of all levels ofdigital experience to atte nd
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those who cannot travel to the DCC to be
able to see a DCC in real time. Even so,
it should be stresse d that one of the major
benefits of the DCC is to actually attend
and talk with other attendees.

Typically, every year the DCC moves
to a new location approximately from the
eastern part of the country to the Midwest
to the West Coas t. The TAPR Board of
Directors decided to do another first and
return the DCC to Chicago in 2009 . Thi s
will make the plannin g of the DCC sig­
nificantl y eas ier and let us focus on pro­
moting the DCC and soliciting papers and
presentations to make it an eve n better
DCC this year.

I encourage everyone who has an inter­
est in digital voice and data communica­
tions to attend the DCC. If you have expe­
rience using digit al technology or
innovating new digital ideas, please con­
sider submitting a paper to be included in
the Proceedings and perh aps present
your paper at the DCC. You can learn
more about the 2009 DCC at <http://
www. tapr.org/dcc.html>.

I look forward to seeing many of you
at the Dayton Hamvention® in May and
also at the DCC in Chicago in September.

73, Mark, WB9QZB

the DCC. Therefore, we scheduled a sep­
arate introd uctory track on Saturday with
several presentations cove ring HF
Digital Voice, D-STA R, and HF Digital
Data Modes .

Both ICOM and Kenwood, as well as
other participants, demonstrated their
digita l equipment at the DCC. Joe Lynch,
N6CL, provided eve ry attendee with a
copy of CQ VHF magazine, and ICOM
provided an IC-9 1AD FM/D-STAR HT
as a prize at the Saturday night banqu et.

We invited Hap Holly, KC9RP , of the
RAIN Report to attend the DCC. He
interviewed many of the presenters for
his weekly RAIN Report. You can hear
these interviews over the course of the
year at <http://www.thera inreport.com>.

We invited Gary Pearce, KN4AQ, of
Amateur Radio Video News to record the
DCC sessions. Gary recorded nearly every
session and is editing them into a set of
DVDs for release in early 2009. You can
learn more about Amateur Radio Video
News at <http://www.arvideonews.com>.

We are exp loring streaming the DCC
to the internet. Beca use there is a regis­
tration fee for those who attend the DCC,
there also would be a fee for the online
regis trants . However, it would allow
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By Keit h Pugh," W51U

SATELLITtS
Artificially Propagating Signals Through Space

The 2008 AMSAT Space Symposium
and Annual Meetine

I
n my last column I mentioned the 2008 AMSAT Space
Symposium in Atlanta, Georgia. It occurred too late to make
the last column deadline. Also, I nearly missed it this year

due to a travel commitment with members of my church, but I
managed to get there for the Saturday afternoon and evening
sessions plus Sunday morning ' s Field Ops Breakfast and other
activities.

I usually attend the Board of Directors Meeting, but it was held
before the symposium while I was still traveling with the church
group. A new slate of officers was elected by the BOD, led by a
new President, Barry Baines, WD4ASW. Barry is a long-time
BOD member and has served in various capacities over the years.
In my opinion, he is an excellent choice for the times. These are
trying times for AMSAT with a turnover in engineering person­
nel, another re-Iocation of the laboratory coming up, increasing
pressure for a High Earth Orbit (HEO) satellite, and no afford­
able launch opportunities. Barry is forming teams to tackle these
challenges and the effort is well under way.

I arri ved as Frank Bauer, KA3HDO, AMSAT V.P. for
Human Spaceflight and ARISS International Chairman was
giving his presentation on ARISS (Amateur Radio on the
Intern ational Space Station). Thi s has been a good year for
ARISS, with school contacts approaching the 400 mark since
laun ch in 1998. Work is progressing satisfac torily on SuitSat
II and other projects.

The Saturday banquet speaker was Dan Shultz, N8FGV . Dan
has worked for many years on the Hubble Telescope and gave
an absolutely fascinating account of Hubble ' s history and prepa­
rations for the Hubble repair mission next year. Dan ' s dry humor
and knowled ge kept the audience ' s attention riveted on the topic
and even kept me awake while I was suffering from a severe
case of je t lag.

The annual Field Ops Breakfast was chaired by Gould Smith,
WA4S XM, AMSAT V.P. of User Servi ces, and was well
attended. Gould outlined the progress made in 2008 and the
plans for 2009. The AMSAT Field Ops are Area Coordinators
who form the "first line" representing AMSAT at hamfests,
radio club meetings, AMSAT nets, "Elmering," and other func­
tions. It is always a challenge for field ops to present a positive
image to the amateur radio public and other s regarding amateur
satellites when the average ham thinks that satellites and satel­
lite communications are beyond their comprehension and their
pocket book. This is particularl y difficult in these times of no
affordable High Earth Orbit launches as well as no HEO satel­
lites currently operational.

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

AMSAT is always looking for additional Area Coordinators
to help in this effort. We still do not have Area Coordina tors in
severa l states, and we could use more in some of the larger met­
ropolitan areas. In some areas, we have Area Coordinators O J!]

the books who are no longer active . These Area Coordinators
need to be replaced. In case you haven't recog nized it already ,
this is a "shameless plea" for help. All that is required to become
an Area Coordinator is a love for amateur sate llites, a willing­
ness to learn and keep abreast of the topic, and some time to
devote to attending and making presentations at amateur radio
club meetings, hamfests, etc. Your reward is the satisfac tion of
a job well done and sharing your favori te avocation with your
peers. After all , AMSAT is an "Eq ual Opportunity Exploiter."

AMSAT History Lessons
AMSAT 's 40th Anniversary: The firs t amateur radi o

satellite, OSCAR-I , was launched on December 12, 1961.just
over four years after Sputnik-I on October 4, 1957 . Th e
Project OSCAR Group in California built and coordinated this
launch. By 1969 the needs of the amateur radio satellite com­
munity had outgrown this operation, and a gro up of devoted
satellite peopl e in the Washington, DC area form ed the Radio
Amateur Satellit e Corporation , or AMSA T. The yea r 2009
marks the 40th anniversary of the formation of AMSAT. To
ce lebrate this anni versary, the 2009 AMSAT Space Sym­
posium and Annual Meetin g will be held in the Washin gton,
DC and Baltimore, MD area in October 2009. Thi s should!
be a gala occas ion and worthy of your attendance . I attended
the AMSAT 30th anni versary eve nt hosted by the same gro up
in 1999 and thoroughl y enjoyed it. Please put it on yo ur
calend ar now ! Additiona l 40th anniversary act ivit ies are
being planned for the Dayton Hamvention® and other func­
tions in 2009.

At the same time and place, the ARISS broup will be host­
ing an ARISS Operat ions "Face-to-Face" meetin g. It will be
an excellent chance to meet and greet both AMSAT and
ARISS people. ARISS Operations people are the worldwi de,
day-to-day mentors, planners, and coordinators for ARISS.
They normally meet at least once a week via telecon ference
and are in constant touch by e-mail.Th is wi ll be the first "Face­
to-Face" meetin g of this group.

25th Annive rsary of Amateur Radio Human Space­
flight: In 1983, Owen Garroitt , W5LFL, tlew on the Space
Shuttl e Columbia durin g mission STS-9 and carried amateur
radio equipment with him. He made many co ntacts on this
mission , including one with King Hussein of Jordan, l Y I. l
was one of the eager participants in this operation and planned

---------------------------------------------_.~
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GearHarness
Hands free t ransport for
you r handheld and other gear.

Y
QuickZip Radio Pouch
Padded nylon fanny pack
with 3 zippered com-
part ments. Radio holster

hold s radio discreetly and safely.

HeadCase
Give you r remote radio head
total protect ion whi le in
t ransit. Perfect for any modern
mobile radio w/removable control panel.

831-427-8197 • KC6QLB
www.powerportstore.com

SATELLITE SYSTEMS
For OSCAR

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

Call, write or e-mail for details

•
. . Shipping FO B Concord MA [ VISA ]

Prices Subject To Change Without Notice _

SPECTRUM INTERNATIONAL, INC.
P.O. Box 1084, Dept. V

Concord, MA 01742 USA
Phone 978-263-2145

Fax 978-263-7008
spec tr um @spectrum- intI.com

Automate Doppler Tuning & Antenna Steerin g

Uni-Trae 2003 Multi-Trae 2001
• Automatica lly tunes your radio s, In REAL

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

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

your station equipment.
• Uses one SERIAL port or a USB port.

For WEATHER
Track sun-shine, clouds and hurri canes.

TimeStep Weather Systems
• Mea sure land & water temp in IR images
• Standard APT/GOES "starter" systems
• 1.1 KM high Resolution systems for

NOAA HRPT and Feng-Yun CHRPT

73, Keith, W5IU

Summary
The year 2008 was historic for AMSAT and ARISS. The year

2009 will be even bigger. Take part in the planned activities
and plan to make 2009 the year you become active on the "birds"
or increase your activity if you have not been very involved.

Don't forget to support AMSAT in its education and fund­
raising efforts so that we can continue to put more "birds" on
the air. In particular, support Phase IIIE, Eagle, and the Intelsat
Phase IV Ride Share projects so that we can get back into the
HEO satellite business .

'Til next time!

to make a contact as well. One of the local television stations
covered the attempt from my ham shack. Only the "big guns"
in the U.S. were successful. We learned first hand about the
FM "capture effect" on this mission, but everyone had fun any­
way. This was the start of 25 years of successful manned space­
flight operations on board the Space Shuttle, MIR, and ISS.

Just 25 years later, Owen's son Richard Garriott, W5KWQ,
flew on the ISS to celebrate this occasion. His ten days in
space created a memorable eve nt in late October 2008. He
made several hundred voice QSOs, a number of schoo l con­
tacts, several spec ial eve nt contac ts, and sent down a numb er
of SSTV pictures.

Richard ' s flight started the 25th anniversary celebration that
was being carried on throughout the end of 2008 and into
January 2009 . Spec ial modes and operations were being exer­
cised on the ISS to commemorate this event and initial reaction
has been very positive as of this writing.

If you made any kind of contact with the ISS during this event,
details of how to apply for specia l certificates can be found at
<http://www.ariss.org>.

Ten Years of Operation on the ISS: As mentioned above,
the first elements of the ISS were launched in 1998, and 10
years later it is nearly complete. During this time nearly 400
school contacts have been made between students and the astro­
nauts. The 400th contact is scheduled to occur in January 2009.
In addition to the school contacts, severa l of the astronauts have
taken a specia l interes t in making many hams happy with a
space contact, and contacts have been made on all continents,
all states, and over 130 DXCC countries. The ISS has also been
used as a digipeater, a cross- band voice repeater, a launch plat­
form for other satellites (PCSAT, SuitSat, etc.), and will be used
even more in the future. Starting in 2009 the crew will be
increased from the current three to a full complement of six.
The additional crew members will have a definite impact on
amateur radio operation. This will present a challenge to the
scheduling of operat ions.

..The year 2008 was historic for AMSAT and
ARISS. The year 2009 will be even bigger. Take
part in the planned activities and plan to make
2009 the year you become active on the "birds"
or increase your activity ifyou have not been
very involved."
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By Bill Brown,* WB8ELK

UP IN THt: AIR
New Heights for Amateur Radio

Tracking Beacon

No matter how many APRS track­
ers you may have on a balloon
flight , there is always a chance

that they all will fail. In that eve nt, it' s a
good idea to have some backup. In those
situations a low-cost, low-power trans­
mitter can really save the day. Thi s cir­
cuit also makes a great hidd en-t ransmit­
ter foxhun t device.

One of my favorite gadget supply hous­
es on the interne t is ca lled Spa rkFun
Elec tro nics (www.sparkfun.co m).Al­
most eve rything needed to build this
tracking transmitter can be found on this
website. The transmitter modul e we will
be using is an 8-milliwa tt tran smitter
modul e that opera tes on 434 MHz and
current ly costs j ust $3.95 . There are only
four leads on the module: Vee, Ground,
Data (the on/off co ntro l line), and the
antenna output. It ' s a natur al for sending
a Morse Code message since you can key
it on and off with just one input line that
can be contro lled by a logic signal from
a microcont roller. The modul e is listed

*12536 T 77. Findlay, OH 45840
e-mail: <wb8elk @aol.com>

under the "Wireless" section and is ca lled
the RF Link Transmitter - 434 MHz,
order number WRL-08946. One nice fea­
ture of using this mod ule is that it' s oper­
ating at a license-free power level and can
be used as a radio-control (RIC) and
model-rocket locator.

The Arduino Controller
The brain behind the trackin g transmit­

ter is based on the Atmel AVR Mega 168
microco ntroller and is called the Ardu ino
Stamp (SparkFun #DEV-08 l64). The
Arduino is similar in appearance and size
to the classic Parallax Basic Stamp but is
programmable in the C language. This is
a very powerful system and a great way to
learn the basics of C programming. The
Arduino system puts all the low-level
items that make C programming tediou s
into the background and provides you with
loads of high-level routines for perform­
ing A-to -D conversions, timing delays,
seria l com munica tions, and digital I/O
with very simp le and easy-to-use com­
mands. The best part of the system is that
the Ard uino development software is
totally free (www.arduino .cc).

In addition, no expensive external pro­
grammer is needed, since you can pro­
gram the Arduino Stamp via a serial con­
nection (via the intern al boot loader
program in the micro controller). Keep in
mind that the Arduino Stamp has logic
level serial connections so you will have
to use a serial converter IC such as the
MAX232 to interfa ce to your computer.
However, SparkFun does carry a useful
USB module that will co nnect to the
Arduino Stamp with ju st two serial lines
and a common ground. It' s call ed the
Arduino Seri al USB Board and is
SparkFun item #D EV-08l65. Th e
Arduino website shows how to hook up
the USB converter board to the Arduino
Stamp on a prot otype board (http://
a rdu ino .cc/e n/G ui de / Ardu ino M ini ) .
Photo A shows my prototypin g setup of
the complete trackin g transmitter , whi ch
includes the USB modul e to program the
circuit. See figure I for the trackin g bea­
con schematic.

Tracking Beacon Progra m
The eas ies t way to ge nerate Morse

Code is via a lookup tabl e based on the

Photo A. Prototype boa rd of the trackin g beacon showing the USB converter, the Arduino Stamp, and the 434-MHz
transmitter module.
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Figure 1. Schematic of the tracking beacon.

ASCII value of the character you want
to send . The trick is to enter the data
for each character so it can handle a vari­
able length Morse Code output. This is
done by entering an 8-bit character so
that a I is a DIT and a a is a DAH. Then
you have to append a last I bit to be the
"end of character" flag. Since we will
be shifting out the 8-bit data associated
with each Morse Code character to the
right, we 'll have to enter the Morse Code
data from right to left. To send the Morse
character, you shift the 8-bit value one
bit at a time to the right and check to see
if the LSB (least significant bit) is a I or
a a and then send out the appropriate
DIT or DAH . For example, the number
"2" in Morse Code would be represent­
ed as 00 1000 II (hint: you have to think
right to left) . When the leftmost one-bit
gets shifted right to the least significant
bit (LSB) , the total 8-bit value now is
just I and is used as the end-of-character
flag and is not transmitted out. Once you
get past the mind-warping effect of enter­
ing Morse Code data from right to left Photo B. Flight -ready version ofthe tracking beacon.
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Ir·····································
/I CW outputfunction - keyed CW" .
voidsendcwOnt cwchar)
(
morse= morse_table[cwchar-0x201;

while(1){

if(cwchar == " ){ /I if SPACE character then delay 500 mSec between words
delay(500);
retum;

}

if (morse & Ob00000001 ){ /I compare LSB [ 1=Oit O=Oah I
digitaIWrite(cwoutPin. HIGH);
delay(100); II Oit timing - 100msec
digitaIWrite(cwoutPin. LOW);
delay(100);

}
else{

digitaIWrite(cwoutPin. HIGH);
delay(300); II Oahtiming - 300msec
digitaIWrite(cwoutPin. LOW);
delay(100);

}

morse= morse» 1; II shift right to see if Oit or Oah

if(morse == 1){ II if the value is 1 then endof CW character
delay(200);
retum;

}
} /I End of Morse while loop

} II End of SENOCW routine

Figure 2. The C routine to send keyed Morse Code. the full
program can be downloaded at <http:/www.wb8elk.com/>.

II CW output function - AM modulation version'
void sendcwOnt cwchar)
(
morse= morse_table[cwchar-Ox201;

while(1){
if(cwchar == " ){ /I if SPACE characterthen delay 500 mSec betweenwords

delay(500);
retum;

}
if (morse & Ob00000001 ){ /I Compare LSB [ 1 = Oit 0 = Oah I

for(tone=0;tone<100;tone++){1/Oit timing
digitaIWrite(cwoutPin. HIGH);
delayMicroseconds(500);
digitaIWrite(cwoutPin. LOW);
delayMicroseconds(500);

}
delay(100);

}
else{

for(tone=0;tone<300;tone++){ /I Oahtiming
digitaIWrite(cwoutPin. HIGH);
delayMicroseconds(500);
digitaIWrite(cwoutPin. LOW);
delayMicroseconds(500);

}
delay(100);

}
morse= morse» 1; II shift right to see if Oit or Oah
if(morse == 1){ II if the value is 1 then end of CW character

delay(200);
retum;

}
} II End of Morse while loop

} /I End of SENOCW routine

Figure 3. sendcw() routine modifi cation for AM modulation.

in the lookup table , this does give you an easy way of sending
variable-length characters without a lot of fuss.

Just change the call sign section to yo ur call or message,
load it into your Arduino Stamp, and you' re rea dy to go . It
will send your call sign and message along wi th the A/D value
of the LM6l temperature senso r. The entire C program for
keyed and AM modulated Morse Code complete with the
Morse Lookup table can be downl aoded from the "Projects"
section of the fo llowing website; <http;//ww w.w8elk.com/>.
The sendcw 0 routine for keyed CW is show n in figure 2.

One thing to consider is that you will have to use a multi ­
mode radio cap able of CW mode. Also, the 434-MI Iz modul e
does drift in frequency with temp erature. Using insulation will
help to control the temperature changes and therefore will slow
the frequency drift. Surprisingly, ju st three layers of small-ce ll
clear bubble-wrap will act as a greenhouse effect and will min­
imize temperature problems. Thi s techn ique also helps to keep
your tracking beacon lightweight. My last few beacons have
weighed in at under three ounces when used with a lithium 9­
volt battery.

There is one trick that can be written in software to elimi­
nate the drift prob lem. You can tum the tran smitter modul e on
and off rapidly enough to create an AM modulated audi o tone.
See figure 3 for the AM modul ation code modifi cation for the
sendcwt) routine. Thi s will allow the use of radios and scan­
ners that can recei ve AM mode. You may have to slightly retune
a bit during the flight , but the audio tone of the Morse Code
will remain the same.

Receive System
To receive on the ground, I recommend as a minimum a

three-element Yagi (such as the 70-cm Arrow). It also will
help to incl ude a 70-cm preamp (I use the Advan ced Receiver
Research P432VDG; <www.advancedreceiver.com» . Once
on the ground, I've been able to hear it out to over a mil e OIr

two away (10 miles or more when up in a tree). With the low
power output, it' s easy to home in on it via signal strength
and walk right up to it using direction-finding (DF) tech­
niques. I' ve had good recepti on out to over 100 miles down­
range during a flight.

Time to Fly
You won 't have to fly the USB converter modul e, so I just

use the breadboard prototype to program the Arduino Stamp
and then put the Arduino into the IC socket on the tracking
transmitter board with attach ed antenna for flight. (See photo
B for an example of the flight transmitt er. This version used a
PSoC microcontroller, which has a steep learn ing curve . I use
the Arduino Stamp in its place for an eas ier implement ation .)
The antenna is just a half-wave wire dipole held in place by a
small wooden-dowel rod.

You can download the code for the trackin g trasnm itter from
the "Projects" sectionof the following website: <http://w ww.
wb8elk.com/>. There you will also find variations for AM mod­
ulation, Hell schreiber mode, as well as a numb er of other track­
er circuits that include pressure altitude and GPS encoding with
RTTY , Morse Code , and MFSK modes.

73, Bill , WB8ELK
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CQ's 6 Meter and Satellite WAZ Awards
(As of January 1, 2009)

By Floyd Gerald,* N5FG, CQ WAZ Award Manager

6 Meter Worked All Zones
No. Ca llsign
1 N4CH
2 N4MM
3 JII CQA
4 K5UR
5 EH7KW
6 K6EID
7 KOFF
8 JFlIRW
9 K2ZD
\0 W4VHF
1\ GOLCS
\ 2 JR2AUE
\3 K2MUB
\4 AE4RO
\5 DL3DXX
\6 W50Z1
\7 WA6pEV
\8 9A8A
\9 9A3Jl
20 Sp5EWY
2 \ W8pAT
22 K4CKS
23 HB9RUZ
24 JA3lW
25 IK1GpG
26 W1AIM
27 KI Ll'S
28 W3NZL
29 KIAE
30 IW9CER
31 IT9IpQ
32 G4BWI'
33 LZ2CC
34 K6MIO/KH6
35 K3KYR
36 YV IDlG
37 KOAZ
38 WB8XX
39 KIM S
40 ES2RJ
4 \ NW5E
42 ON4AO I

Zones needed to have all 40 confirmed
16. \7.18.19.20.21.22.23.24.25.26,28.29.34,39
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, \ 7.18,19.20.21.22,23,24.26,27,28,29,34
2,40
2.16.17.18.19.21,22,23.24,26.28.29.34
16.17.18.19.21.22.23,24.25.26,28,29,34,39
\ ,2,3.6.7,12, \8.19,22,23,25,28,30,31,32
2.18.34,40
\6.17.18.\ 9.21.22.23,24.26.28.29,34
\6.\ 7.18.19.21.22.23,24.26.28,29.34,37
18.\ 9.23,31,32
2.16,17, \8.19,20,21,22,23.24.26.28.34.39.40
3,4, \6, 17.18. \9.20.2\ ,22,23.24,26,29,34,39
\ .2,3,6,7,10, \ 2.18,19,23,31
\ .2,3,4.6.7.\0.12. \8.19.23.26.29.31,32
\ .2,3,4,6.9.10.12, \8. \9.23.26.3\ .32
16,17.18.19,20.21.22.23.24.26,28.29,30,34,39
\6, \ 7.18.19,21,22,23,24.26.28,29,34,36,39
\ .2,3.6,7,9,10.\ 8.\ 9.23.31,32
2.5,18.34,40
1.2,3.6.10.12.18.19.23,32
\6.17.18, \9.20.21.22,23.24.26,28.29,30,34
16.17.18.19.21.22.23,24.26.27,28.29.30.34.37
\7. 18.19.21.22.23,24.26.27,28.29,34
2.16,17, \8.19,21,22.23.24,25.26.28,29.30,34.36
1.2.6.18.\ 9.23.26,29,32
\ .2,3,6,18,19,23,26,29,32
\ .2.3.6.12.\ 8.\ 9.22.23,24.30,31,32
I
16.17,18,19,23,26,34,35,37,40
17.18.19,21.22.23.24,25.26,28.29,30,34
1.2,17.18,19.21,23.24,26,27,29,34,40
16,17,18,19,21,22,23,24,26,28.29,34,39
\7,18.19,21,22.23,24,26,28,29.34,37,39
2, 17, \8.19,21,22.23.24,25,26,28,29,30,34
\ .2,3,10,12,13,19,23,32,39
\7,18.19.21.22.23,24.26.27,28.29.30,34.37.39
1,18.19.23.32

43 N3DB
44 K4Z0 0
45 G3VOF
46 ES2WX
47 IW2CAM
48 OE4WII G
49 Tl5KD
50 W9RI'M
5 1 N8KOL
52 K2YOF
53 WAI ECF
54 W4TJ
55 JMISZY
56 SM6FHZ
57 N6KK
58 NH7RO
59 OK \Mp
60 W9JUV
61 K9AB
62 W2MpK
63 K3XA
64 KB4CRT
65 JH7lFR
66 KOSQ
67 W3TC
68 IKOpEA
69 W4UDH
70 VR2XMT
7 \ EH91B
72 K4MQG
73 JF6 EZY
74 VEI YX
75 OK IVBN
76 UT7QF
77 K5NA
78 14EAT
79 W3BTX
80 JHIHHC
81 pY2RO
82 W4UM
83 15KG
84 DF3CB
85 K4pI

17.\ 8, \9.2\ .22,23.24.25.26.27,28,29,30.34,36
2, \6.17. \8.\ 9.2 \ ,22,23.24.25.26.27,28,29.34
1,3, \2, \8.19.23,28,29,3\ .32
1,2.3,10.\ 2.13,19,3\ ,32.39
1.2.3.6,9.10, \ 2, 18.\ 9.22.23.27,28.29.32
1.2.3.6.7.10.\ 2.13.\ 8.19.23,28.32,40
2. 17.18, \9.2\ ,22,23,26,27,34,35,37,38.39
2, 17, 18, \9.2\ .22.23,24,26.29,34,37
17, \8.19.21,22.23,24.26,28.29.30.34.35,39
\7, \8.\ 9.21,22.23,24.25.26,28.29,30,32,34
\7.\ 8.19.21,23.24,25.26,27.28.29,30,34,36
\7, \8,19.21,22,23,24,25,26,27.28,29,34,39
2, \8 .34,40
\,2,3.6. \ 2. \8. \9.23,3 \,32
\5, \6.17, \8. \9,20,2 \ .22,23.24,34,35,37.38,40
\ .2, \7,18.\ 9,2\ ,22,23.28,34.35,37,38.39,40
\ .2,3, \0.\ 3.18.\ 9.23.28,32
2,17, \8, \9.2\ .22.23.24.26,28.29,30.34
2, \6. \7.18.19.2\ .22,23,24,26,28,29.30,34
2. \2 . \7 .18. \9 .2 \ .22.23.24.26.28.29.30.34,36
\7,18.\ 9.2\ .22.23,24.25,26.27.28.29,30.34.36
2.17, \8.19.2 1,22.23,24.26,28.29.34,36,37,39
2,5,9, \0,18,23,34,36,38,40
\6. 17. \8. 19.20.2\ .22.23.24.26.28.29,34
\7.18. \9,2 \ .22,23.24.26,28.29,30,34
\ ,2,3,6,7. 10. \8, \9,22,23.26,28.29,3\ .32
\6,17, \8.19.21.22.23,24.26,27,28.29.30,34,39
2.5.6,9. \8,23 ,40
\ .2,3,6, \0.\ 7.18.\ 9.23.27,28
17.\ 8, \9.2\ .22,23,24,25.26,28.29,30.34,39
2,4,5.6,9.19,34,35,36,40
\7. \8.\ 9.23.24.26.28.29,30,34
\ .2.3,6,7.10.\ 2.\ 8. \9.22.23.24.32,34
\ ,2,3,6. \0. \2 , \3.\ 9.24,26,30,3\
\6,17, \8,19,21,22,23,24,26,28,29,33,37,39
1.2.6,10.18,19,23.32
\7,18, \9,22,23,26.34,37,38
2,5,7.9. \8 ,34.35,37,40.
\ .2.17.\ 8.19.21,22.23,26.28,29.30,38.39,40
\8, \9.2\ ,22,23,24,26,27,28,29,34,37,39
\ ,2,3,6, \0,18, \9,23,27,29,32
1,2.\ 2.\ 8. \9.32
17, \8,19.21,22.23.24.26.28,29,30,34,37,38,39

Satellite Worked All Zones
No, Ca llsign Issu e date Zo nes Needed to ha ve

a ll 40 confirmed
I KL7GRF 8 Mar. 93 None
2 VE6LQ 31 Mar. 93 None
3 KD6PY I June 93 None
4 OH5LK 23 June 93 None
5 AA6PJ 21 July 93 None
6 K7HDK 9 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 PAOAND 17 Feb. 94 None
12 VE3NPC 16 Mar. 94 None
13 WB4MLE 31 Mar. 94 None
14 OE3JIS 28 Feb. 95 None
15 JA IBLC 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 N IHOQ 3 1 Jan. 04 10,13, 18,19,23,

24,26,27,28.29,
33.34,36,37,39

2 1 AA6NP 12 Feb. 04 None
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, I0,1 1, 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 I we "lowered the bar" from the original 40 zone
requirement to encourage participation in this very difficult
award. A Satellite WAZ certificate will indicate the number of
zones that are confirmed when the applicant first appl ies 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
processing 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 .com>.

*/ 7 Green Hollow Rd., Wiggins, MS 39577; e-mail: <n5fg@cq-amateur-radio.com>
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By Dr. H. Paul Shuch, ~ N6 TX

DR. SETI'S STARSHIP
Searching For The Ultimate DX

Beckoning Beacons, Part 2

I
n last quarter's column, we discussed
the challenges of ca librating amateur
and professional SETI receiving sta­

tions (please see box with figures A and
B). We concluded that a narrow-band sig­
nal from space, such as the S-band teleme­
try beacon aboard NASA' s Pioneer 10
spacecraft, would be ideal for this purpose.
Unfortunately, that particular beacon now
is not only beyo nd the edge of our solar
system, it is also beyond the range of
reception by even Earth's most sensitive
radio telescopes. In 200 I, the nonprofit,

*Executive Director Emeritus, The SE n
League, Inc.• <www.setileague.org>
e-mail: <1l6tx@setileague.org>

grass roots SETI League sought to create
a Pioneer 10 surrogate for use by radio
astronomers around the world.

Radio amateurs have successfully been
boun cin g microwa ve signa ls off the
rough lunar surface and detecting their
echoes back on Earth since 1960. In 200 I,
SET I League members ex ploited the
EME (Ea rth-Moon-Earth) pa th from
W2ETI, their club statio n in New Jersey,
for the benefit of radi o as tronomers
worldw ide. As see n in figure I and repor t­
ed in QSTI , W2ETI' s weak EME sig nal
on 1296 MH z, its frequency precisely ca l­
ibra ted to ato mic-clock acc uracy, was
first detected at the 20-watt level by the
Arecibo Observatory in Puerto Rico, the

world' s largest radio telescope. The bea ­
co n subsequently was copied by a hand­
ful of radio amate urs possessi ng state-of­
the-a rt statio ns, including a few reception
reports logged during ARRL EME
Co ntest s, although its low power limited
its utili ty, restricting receptio n to on ly the
best equipped station s. Clearly, more
power was needed to turn this faci lity into
a truly universal ca libration source.

More Power Needed
Over the next two year s, the author and

statio n trustee Richard Facto r, WA2IKL,
upgraded the W2ETI beacon to automat­
ic tracki ng, remote monitoring, and unat-

Figure 1. First Light of W2ETl QRP EME Beacon, as received at Arecibo by N6UDK, March 2001.
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Figure 2. W2ETI 's QRO CW signal received at Arecibo, March 2003.

tended QRO operation, with the addition of a solid-state power
amplifier. Two years after "first light," calibrati on tests were
repeated with Arecibo at the IDO-watt level. The resulting CW
signals, depicted in figure 2, were received clearly not only at
Arecibo, but also by a host of radio amateurs, on dishes as small

as 3 meters in diameter. At the 200-watt level the beacon trans­
mitter was able to provide continu ous signals, detectable by typ­
ical amateur radio telescopes around the world, any time the
Moon was above the horizon at the station's New Jersey QTH.

Unfortunately, the reliability of the solid-state amplifier left

RSGB Books from

Practical Receivers
for Beginners
By John Case , GW4HWR
RSGB, 1996 Ed., 165 pages
Selection of easy-to-build
receiver designs suitable
for amateur bands (including

microwaves) and simple fun projects and
test equipment.

Order: RSPRN $26.50

Technical Topics
~"rmm.;;rmoI Scrapbook 1985-1989

liiii/l~~;ij by Pat Hawker, G3VA
•• RSGB, 1st Ed., 1993, 346 pages

A collection of popular 'Technical
"'-_~'---'" Topics' articles by Pat Hawker

published in RadCom magazine
during the years 1985 through 1989. A wealth of
informaton, ideas, modifications and tips for the
radio amateur.

Order: RSVUDXB $18.00

VHF/UHF Handbook
Edited by Andy Barter, GBATD
RSGB, 2nd Ed., 320 pages. "1

This second edition guides you
through the theory and practice
of VHF/UHF operating and
transmission lines. Includes
info on getting started, anten­
nas, construc ting your own
equipment, satellite ops, local
nets and specialized modes.

Order: RXVUH $30.00

Order No. RSAT

Digital Modes
for All Occasion
By Murr ay Greenman, ZL1PBPU
RSGB, 2002 Ed., 208 pages.
Simply the most "complete"
book on Digital Modes available.
Over 100 illustrations !

Order: RSDMFAC $28.50

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

RSGB 2000 Ed.,112 pgs.
Everything you will need to help
you enjoy VHF/UHF to the
fullest. Choosing the right trans­

mitter , receiver, antenna ,utilizing the correct part
of each band and more! $16 00

Orde r No. RSGVUAR •

Antenna Topics
by Pat Hawker, G3VA
RSGB. 2002 Ed. 384 pages .

A chronological collection of
selections of G3VA's words over
the years. Hundreds of areas
and subjects are covered .

$33.00

Shi ppi ng and Handling : US and Possessions $7.00 for first book ,$3.50 for the second ,and $2 for each additional book. FREE SHIPPING ON ORDERS
OVER $100.00 (merchandise only). Foreign · Shipping will be calculated by order weight and destination and will be added to your credit card charge .

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

Order Toll-Free 800-853-9797 • Fax 516-681-2926 • www.cq-amateur-radio.com
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Figure 3. Kunhe MOSFET power amplifier installed in W2ETI EME beacon.

much to be desired. The amplifier incor­
porated 16 Mitsubishi M57762 RF mod­
ules in its final stage. The se modul es
proved quite unreliabl e, especially when
used continuously 12 hours per day.
Havin g replaced several such mod ules
over the period of a year (at a cost of
roughly $ 100 U.S. each), we began study­
ing alternati ves to this particular solid­
state power amplifier.

The SETI League was spared the ex­
pense of repla cing more RF modules ibm
the spring of 2004 by a light ning strike
that damaged the fragile power ampli fi­
er beyond repair. Two years of total re­
design followed. The beacon wa s re­
turned to service in March 2006. The
completely refurbi shed beacon gained a
new l/z-kw MOSFET power amplifie r,
the MKU 13500 A (see figure 3), ordered!
from Kunhe Electronics in Germany.
WA2IKLhas addedacompletely repack­
aged exc iter, atomic and GPS frequency
standa rds, new co ntro l computers an:dl

Figure 4. W2ETI Remote Telemetry displays beacon fo rward and reverse power, cooling air temperature, and frequency fo r
the most recent hour, updated once per minute.
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Correction
In Part 1 of "Beckoning Beacons," Dr. SETI's Starship, in the Fall 2008 issue of CQ VHF, we inadvertently published incorrect figures,

figures that should have gone with Part 2 in this issue. The correct figures for Part I appear here as figures A and B. The figures that go with
Part 2 are labeled I through 4 in this column . We apologize for any confusion.
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Figure A. Drift-scan sweep of Quasar 3C2 73 about 3 dB out of the noise.

Figure B. Mars Reconnaissance Orbiter beacon received by F5PLfrom Martian orbit.

associated software, new power supplies,
and a 3-kw UPS. The resulting beaco n
appears robust and reliable, offeri ng ama­
teur radio telescopes around the world
precisely calibrated test signals emanat­
ing from a known spot in space .

An impor tant feature of the renovated
EME beacon is the use of remote moni­
toring via the internet. Any user can track
transmitter power (forward and reflect-

www.cq-vhf.com

ed), PA cooling air temperature, and fre­
quency (in real time) by logging on to
www.setileague.org/eme. As seen in fig­
ure 4, one hour of history, updating once
per minute, is displayed.

The Next Step
Plans are under way to rep lace the

existing quad helix antenna array with

eight loop Yagis from Directive Systems­
of ME. The resu lting improvement in
gain promises to make the W2ETI 1296­
MHz beacon accessible even to entry­
level SETI, satellite, and EME stations.

Note
I. Shuch , H. Paul, N6TX, 2001, "A

Moonbounce Odyssey ," QST, Vol. 85 (I I):
pp. 38-43, November 200 I.
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QUARTERL~ CALENDAR OF EVENTS

June 7

May 24

May 26
May 3l

June 22
June 23
June 28
June 29

Meteor Showers
The a -Centaurids meteor shower is expect­

ed to peak on Feb. 7 at 2300 UTC. Th e y­
Normids shower is expected to peak on Mar.
13. Other Feb. and Mar. minor showers include
the following and their possible radio peaks:
Capricornids/Sagitta rids, Feb. I , 0900 UTe;
and x -Capricornids, Feb. 13, 1000 UTe.

The Lyrids meteor shower is active Apr.
16- 25 . It is pred icted to peak around 1100
UTC on 22 Ap . Thi s is a north- south shower,
produ cing at its peak aro und 10-1 5 meteors
per hour , with the possibility up to 90 per hour.

A minor shower and its predicted peak is n­
Puppids (peak on Ap. 23, at 1600 UTC) . Other
Apr. , May, and Jun e minor showers include
the follow ing and their possible radio peaks:
Apr. Piscids, Apr. 20, 0900 UTC; D-Piscids,
Apr. 24, 0900 UTC; e-Arietids. May 9, 0800
UTC; May Arietids, May 16, 0900 UTC; and
o-Cetids, May 20, 0800 UTe. Jun e Arietids,
June7 , IIOOUTC; zeta- Perseids, June9, I IGO
UTC; and f3-Tallrids, June 28, 1000 UTe.

For more info rmatio n on the above meteor
shower predictions please see Tomas Hood,
NW7 US' s "V HF Prop agat ion" co lumn begin­
ning on page 58, as we ll as visi t the
International Meteor Organization' s website:
<http://www.imo.net>.

For more information abo ut the conference gc
to: <http :// www .svhfs .org>.

Ce ntral States VHF Society Conference
Techni cal papers are solicited for the 43 r(
annual Ce ntra l States VH F Society Con­
ference to be held in Chicago, Illin ois on July
23-26. Papers, presentations, and posters OID

all aspec ts of weak-sig nal VHF and above
amateur radio are req uested. You do not need
to attend the co nfere nce , nor present your
paper, to have it publi shed in the Proceedings.
Posters will be displayed dur ing the two days
of the conference. No n-weak signal topi cs,
such as FM, repeaters, packet radio, etc., gen­
era lly not considered acceptable. However,
there are always exceptions. Please co ntac t the
person below if you have any questions about
the suitability of a top ic. Stro ng editoria l pref­
erence will be given to those papers that are
written and form atted specifically for publi­
cation, rather than as visual prese ntation aids.

Deadlin e for submiss ions: For the Pro­
ceedings , June I; for presentat ions de livered
at the con ference, Jun e 29; and for noti fying
them that you will have a poster to be dis­
played at the co nference, also Jun e 29 . Please
brin g yo ur poster wit h you on Jul y 23/2 4.
Contact inform ation: Kermit Carlson, W9XA,
via e-ma il: <w9xa @yahoo .co m>. or snail
mail : Kermit Carlson.W9XA.11 50 McKee
St., Batavia IL 605 10. Submiss ions may be
made via the follow ing: elec tro nic formats
(preferred) ; via e-mail; uploaded to a websi te
for subsequent downloading; on media (3.5"
floppy,CD, USB stick/thumb drive ). For more
informationgo to: <http:// www.csvhfs.org>.

June 10
June 14
June IS
June 21

Quarterly Calendar
The fo llowing is a list ofimportant dates for
EME enthusiasts:
February 1 Moderate EME conditions.
February 7 Moon perigee.
February 8 Very good EME conditions.
February 9 Full Moon.
February 9 Lunar eclipse.
February IS Poor EME conditions.
February 16 Moon last quarter.
February 19 Moon apogee.
February 22 Poor EME conditions.
February 25 New Moon.
March 1 Moderate EME conditions.
March 4 Moon first quarter.
March 7 Moon perigee.
March 8 Excellent EME conditions.
March II Full Moon.
March 15 Poor EME conditions.
March 18 Moon last quarter.
March 19 Moon apogee .
March 20 Spring equinox.
March 22 Poor EME conditions.
March 26 New Moon.
March 29 Moderate EME conditions.
April 2 Moon perigee.
April 2 Moon first quarter.
April S Excellent EME conditions.
April 9 Full Moon.
April 12 Poor EME conditions.
April 16 Moon apogee.
April 17 Moon last quarter.
April 19 Poor EME conditions.
April 2 1 Lyrids meteor shower.
April 25 New Moon.
April 26 Moderate EME conditions.
April 28 Moon perigee.
May 1 Moon first quarter.
May 3 Very good EME conditions.
May 5 Eta Aquarids meteor shower.
May 9 Full Moon.
May 10 Very poor EME conditions.
May 14 Moon apogee .
May 17 Moon last quarter. Poor EME

condition s.
New Moon. Moderate EME
conditions.

Moon perigee.
Moon first quarter. Good EME
conditions.

Full Moon. Very poor EME
conditions.

Moon apogee.
Moderate EME conditions.
Moon last quarter.
Summer solstice. Moderate

EME conditions.
New Moon.
Moon perigee.
Good EME conditions.
Moon first quarter.

- EME conditions courtesy W5LUU.

tion if you plan to attend the conference and
present there or if you are submitting just for
publication. Papers and presentations will be
published in the con ference Proceedings.
Send all questions, comments, and submis­
sions to Program Chair Steve Kostro, N2CEI ,
at <svhfs2009 @downeastmicrowave.com >.

Calls for Papers
Calls for papers are issued in advance of

forthcoming con ference s either for presenters
to be speakers, or for papers to be publi shed
in the conferences' Proceedin gs, or both. For
more information, que stion s about format,
media, hardcopy, e-mail, etc., please cont act
the person listed with the announcement. The
follo wing organizations and/or conference
organizers have announced call s for papers for
their forthcoming conference s:

Southeastern VHF Society Co nfere nce :
Technical papers are solicited for the 13th
annual Southeastern VHF Society Conference
to be held in Cha rlotte, North Carolina on
April 24- 25 . Papers and presentations are
solicited on both the technical and operational
aspects of VHF, UHF, and Microwave weak­
signal amateur radio. In general , papers and
presentations on non-weak-signal topics such
as FM repeaters and packet will not be accept­
ed, but exceptions may be made if the topic is
related to weak signal. For example, a paper
or presentation on the use of APRS to track
rovers durin g con tests would be considered.

The deadline for the submission of papers
and presentation s is March 2. All submissions
should be in Micro soft Word (.doc) or alter­
natively Adob e Acrobat (.pdf) files. Pages are
8- 1/2 by II inches with a l-inch margin on the
bottom and 3/4-inch margin on the other three
sides. All text, drawings, photo s, etc. , should
be black and white only (no color). Please indi­
cate when you submit your paper or presenta-

Conference and Convention
Southeast VHF Society : The 13th annual

conference will be hosted in Charl otte , North
Carolina, April 24-25 , 2009. For information
on registering for the conference, check the
society's website: <http://www.svhfs.org/>.

Dayt on HamVention®: Th e Dayton
HamVenti on® will be held as usual at the Hara
Arena in Dayton , Ohio , May 15-17. For more
information, plea se see the web site: <http://
www.hamvention .org>.

Cur rent Contests
The European Wo r ldw ide EME Co ntest

2009: Sponsored by DUB US and REF . The
EU WW EME contest is intended to encour­
age worldwide activity on moonbounce.
Information for this contest is avail able at the
following websi te: <http://www.marsport.
org.uk/dubuslEU EM Econtest2009.pdf>.

Spring Sprints: The se short-duration (usu­
ally four hours) VHF+ contests are held on
various dates (for each band) during the
month s of April and May. Please check with
the "VHF Plus" column in CQ magazine for
a future announcement.

The 2 GHz a nd Up Wor ld Wide Club
Co ntest: Sponsored by the San Bernardino
Micro wave Society, this conte st runs the sec­
ond weekend of May. Rules are available at:
<http://www.ham-radio.com/sbms>.

___________________________________________":::J
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"Specialist in RF Connectors and Coax"
Part No. Descr iption Price
83-1SP·l0S0 UHF Male, Amphenol $2.50 ea.

(10 or more) $2.40 ea.
UHF Male Silver Teflon, Gold Pin 1.50
N Male RG·8, 213 , 214 Delta 4.00
N Male RG·8 , 213, 214 Kings 5.00
N Male Pin for 9913. 9086 , 8214
Fits UG·2 1 DIU & UG·21 B/UN's
N Male for RG·8 with 9913 Pin
N Male for RG-B with 9913 Pin
N Male to 50-239, Teflon USA

N Female to PL-259 , Teflon USA

The R.F. Connect ion
213 North Frede rick Ave., #11 CO

Gaither sburg, MD 20Sn · (301) 84O-S4n
800-783-2666

FAX 301-869-3680
www.lherfc.com

Complete Selecti on Of MIL ·SPEC Coax . RF Connectors And Relays

UG·2 1D/9913
UG·2 1B19913
UG·146NU

UG·83B1U

PL·259 /AGT
UG-21D/U
UG· 21B/U
99131PIN
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Web-based training for the
ham radio w r itten exams

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

exam or get your money back.
~ Better than random practice tests.
~ Provides additional information.
~ Presents concepts in logical order.
~ Tracks progress on each question .
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~ Better than books - question dr ill

keeps you engaged.
~ Try our free trial.
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Link Systems. Tr ansmitters ,

Receivers . Remote Base.
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• 100Ww/ auto tuner • built-inPowersupply
• DSP filters / Voicememory recorder
• 200W(FT-2000D)
· 3 Band Parametric Mic EO · 3 IFroofingfilters

Call For Low Pricing!

· 100W HF/6M • AutoTuner' uilt-in • DSP Buir
· 500 Memories • DNR, IFNr ch, IFShift

Call Now For Special Pril 19
'---

FT·450AT HF+ 6M rcva

FT·7800R

Ultra co mpac t HF, VHF. UHF

• 100w HF/6M, 50w2M, 20w UHF
• DSP included · 32 colordisplay
• 200 mems • Detachable front panel (YSK·857 req

Call for Low Price!

• 50w 2m, 40w on440mHz
• Weather Alert
· 1000+ Mems
• WIRES Capability
• Wideband Receiver (Cell Blocked)

Call Now For Your Low Price!

VX·8R
50/ 144/222/440 Handhe ld

• 5w (1W 222)
• Bluetooth optional
• waterproof/submersible3 ft 30 mins
• GPS/APRS operation optional
• u-lon Hi-capacity battery
• wide band Rx

50/2M/220/ 440 HT

• Wideband RX - 900Memories
• 5WTX(300mw 220Mhz)
• Li-Ion Battery
• Fully Submersibleto 3 ft.
• Built-in CTCSS/DCS
• Internet WIRES compatible

Now available inBlack!

VX·3R 2M/440 HT

• Ultra-Compact Dual-Band HT
w/ Wide band RX

• 1.5WRFout2m/1 w RF out440
• WiRES Compatible
· 1000 Memory channels
• AABattery compatible

w/OptionalFBA-37

Call For Low Intra Price!

VX·6R
2M/220/440HT

• wideband RX- 900 memories
• 5W21440 , 1.5W220MHz TX
• LHONBattery - EAI system
• Fully submersible to 3 ft.
• CWtrainerbuilt·in

NEW Low Price!

• 2m/440 HT
• 5W Wide-band receive
• CTCSS/DCS Built-in
• Emergency AutoID

Low Price!

FT·60R

Yaesu coupons
good through 1/31/09

• V+UN+VlU+U operation
• V+U full duplex · Cross Band repeater function
• 50W2M35WUHF
• 1000+ Memory channels
• WIRES ready

Call Now For Low Pricing!

FT·950 HF+ 6M TCVR

· 100W HF/6M
• Auto Tuner built-in
• 3 roofing filtersbuilt-in
• DMU-2000 Compatible

Call Now For Low Pricing!

• HF/6M/2MI70CM · DSP Built-in
• HF 100W(20W batte ry)
• Optional P.S. + Tuner · TCXO Built-in

Call Now For Our Low Pricing!

FT·8970 VHF/UHF/HFTransceiver

WOODBRIDGE, VA
(Near Washington D.C.)
14803 Build AmericaDr. 22191
(703) 643-1063
(800) 444-4799
Steve, W4SHG, Mgr.
Exit 161, 1·95, So. to US 1
woodbridge@hamradio.com

ATLANTA, GA
6071 Buford Hwy., 30340
(770) 263-0700
(800) 444-7927
Mark, KJ4VO, Mgr.
Doraville,1 mi. no. of 1-285
allanta@hamradio .com

NEW CASTLE, DE
(Near Philadelphia)
1509 N.Dupont Hwy., 19720
(302) 322-7092
(800) 644-4476
Jim, KJ3N, Mgr.
RT.13 1/4 mi., So. 1-295
newcaslle@hamradio.com

PORTLAND, OR
11705S.w.Pacific Hwy.
97223
(503) 598-0555
(800)854-6046
Leon, W7AD, Mgr.
Tigard-99W exit
from Hwy. 5 & 217
portland@hamradio.com

PHOENIX, AZ
1939 W.DunlapAve., 85021
(602)242·3515
(800) 444-9476
Gary, N7GJ, Mgr.
1 mi.east of 1-17
phoenix@hamradio.com

DENVER,CO
8400E. Iliff Ave. #9, 80231
(303) 745-7373
(800)444-9476
John, N5EHP, Mgr.
denver@hamradio.com

SALEM, NH
(Near Boston)
224 N.Broadway, 03079
(603) 898-3750
(800) 444-0047
Chuck, N1UC, Mgr.
sales@harnradio.com
Exit 1,1-93;
28 mi. No. of Boston
salem@hamradio.com

BURBANK,CA
1525 W. Magnolia Blvd, 91506
(81B) 842-1786
(800)854-6046
Eric, K6EJC, Mgr.
Magnolia between

S. Victory & BuenaVista
burbank@hamradio .com

OAKLAND,CA
2210 LivingstonSt., 94606
(510)534-5757
(800)854-6046
Mark, WI7YN, Mgr.
1-880 at23rd Ave. ramp
oakland@hamradio .com

SUNNYVALE,CA
510LawrenceExp. #102, 94085
(408) 736-9496
(800)854-6046
Dan, K6DN, Mgr.
So. from Hwy. 101
sunnyvale@hamradlo.com

ANAHEIM. CA
(Near Disneyland)
933 N. Euclid St., 92801
(714) 533-7373
(800)854-6046
Janet, KL7MF, Mgr.
anaheim@hamradio.com

SAN DIEGO, CA
5375Kearny Villa Rd., 92123
(85B) 560-4900
(800)854-6046
Tom, KM6K, Mgr.
Hwy. 163 & Claremont Mesa
sandiego@hamradio.com
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