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ICOM HAS ALL YOUR

BASES COVERED

ICOM has your winning line-up for fixed, portable,
and mobile operations on today's hottest amateur bands.
Slide into the winner’s circle with ICOM’s deluxe “75”
series transceivers, with a team committed to excellence
from VHF to UHF communications. Each compact all-
mode unit delivers maximum performance, reliability,
and ease of operation. It's a champmnshlﬁd ine-up!

All “75” series transceivers are an FMer’s dream

with 99 tunable memories, four scan modes, odd
offsets, packet compatibility, scanning mic and DDS
system for data input. SSB/OSCAR delights
include dual VFOs, PBT, crystal-resonant
[F notch, noise blanker, and semi/full
CW break-in. The glamﬂmus ‘D"
units provide ultimate
mobiling flexibility.

SUPER SCANNING

Monitor all of today’s
action with four scan-
ning modes: spectrum,
programmable, mode,
and memory. Scans 99

memories in five seconds!

2 METERS. 1COM’s 25-watt

IC-275A VHF leader receives
138.0-174.0MHz including the Eublic
service, marine, and weather bands,
and transmits 140.1-150.0MHz. In-
cludes AC supply. The IC-275H 1s 12-
volt DC-powered, produces 100 watts output,
and will operate with external AC supply.
Two of ICOM’s heavy hitters!

IC-475AH &
440MHz Transceivers g

IC-575A
6 Meter/10Meter Transceiver

220MHz. The 25-watt output IC-375A receives 216.0
236.0MHz, transmits 220.0-225.0MHz, and includes AC
supply. A genuine masterpiece!

A40MHz. Enjoy top-notch 430.0-450.0MHz operation wi

the 25-watt I -47 5A featuring AC supply, or go high

power usmg the 75-watt, AC/DC-powered IC-475
super rig.

6 METERS/ 10 METERS. join the fun of sunspot

cycle 22 openings with the superb 10-watt IC-5754
It receives 26-56 MHz, transmits 28-29.7MHz, an
50-54MHz, and includes AC supply. The
IC-575A, a true superstar!

ICOM HAS ALL YOUR
BASES COVERED! Mec

the unbeatable line-up
of ICOM equipment at
your local ICOM

W dealer
&5 e

220MHz Transceiver I C O M

ICOM America, Inc.

2380-116th Ave. N.E., Bellevue, WA 98004
Customer Service Hotline (206) 454-7619

3150 Premier Drive, Suite 126, Irving, TX 75063
1777 Phoenix Parkway, Suite 201, Atlanta, GA 3034
ICOM CANADA, A Division of ICOM America, Inc.,
3071 - #5 Road, Unit 9, Richmond, B.C. VX 2T4

All stated specifications are ximate and subject 1o chan
without notice or obligation, All ICOM radios significantty
exceed FCC regulations limiting spurious emissions. BA1187

IC-275A/H
2 Meter Transceivers



FOUR user selectable operating modes and
a 90 number autodialer make Private Patch V

the ONLY choice! gj\“
s e

Private Patch YV

MULTI-MODE INTERCONNECT

s T
7 L 7 CONNECY SYSTEMS INC

SELECT AN OPERATING MODE
USING THE BUILT-IN KEYBOARD. . .

1. SIMPLEX SAMPLING PATCH

Private Patch V achieves a level of sampling patch performance
unobtainable in any other product. Crucial to performance is
the noise squelch filter. Compare our five pole filter to the
competition’s two pole filter. Advanced software algorithms
perform noise correlation tests which result in greater useable
range than the competition. Nine selectable VOX enhancement
ratios allow you to vary performance from straight sampling to
highly VOX enhanced. (sampling rate decreased while the land
party is speaking). The mobile is in full control and can break-
in at any time.

2. SIMPLEX VOX PATCH

VOX mode offers superb simplex operation with any radio,
including synthesized and relay switched models. VOX mode
has other advantages too. 1. A linear amplifier can be used to
extend straight simplex range. 2. You can operate through any
remotely located repeater to greatly extend range. 3. If desired
you can connect Private Patch V to the MIC and speaker jack
of your radio. NO INTERNAL CONNECTIONS ARE REQUIRED.
Control is maintained automatically with built-in dial tone
detection, busy signal detection and fully programmable activity
and time out timers. An optional electronic voice delay board
eliminates first word clipping with slow switching radios.

3. DUPLEX PATCH

Select duplex mode when connecting Private Patch V to your
existing repeater or duplex base station. Many features including
semi-duplex privacy mode are user programmable. The mobile
is in full control at all times.

4. REPEATER CONTROLLER

Private Patch V will convert any receiver and transmitter into
an outstanding performing repeater with duplex autopatch.
Features such as repeater on/off code, hangtime, activity timer
time, CW ID interval etc. are fully user programmable. Private
Patch V is the right choice for your club system.

Private Patch V is a totally new concept in automatic
phone patches. A built-in keyboard and menu driven
display allow you to customize all modes, features,
and functions specifically to your application.

Private Patch V can be a sampling patch today. A VOX
patch tomorrow. And a repeater controller next year!

You may never need another patch again.

COMPARE THESE FEATURES. ..

* 90 phone number autodialer
* |Last number redial
* Regenerated tone/pulse dialing

* Toll restrict: 1st and 2nd digit restrict, prefix lockout
and digit counting

e 1.5 digit connect/disconnect code

e 2-5 digit secret toll override code

* User programmable CW ID

* Remote hook flash

* Auto disconnect on dialtone/busy signals
e Telephone remote base

* Remote controlled relay (relay optional)

¢ Lightning protected

Call or write today for your FREE brochure.
CONNECT SYSTEMS INC.

23731 Madison St. Torrance, CA 90505
Phone: (213) 373-6803

AMATEUR ELECTRONIC SUPPLY: Milwaukes Wi, Wickiitle OH, Orando FL Clearwaler FL Las
Vegas NV = BARRY ELECTRONICS CORP: New York NY = ERICKSON COMMUNICATIONS:
Chicago IL = HAM RADIO DUTLET: Anahesm CA. Burlingame CA, Oakland CA. Phoena AZ
San Dego CA. Van Nuys CA, Atlanta GA » HENRY RADID: Los Angeles CA » INTERNATIOMNAL
RADID SYSTEMS: Miarm FL = JUNS ELECTRONICS: Culver City CA » MADISON ELECTRONICS
SUPPLY: Houston TX = MIAMI RADIO CENTER CORP.: Miami FL = MIKES ELECTRONICS:
Ft Lauderdale, FL » N&G DISTRIBUTING CORP: Miami FL = OMNI ELECTRONICS:
Laredo TX = PACE ENGINEERING: Tucson AZ = THE HAM STATION: Evanavilie IN » VALLEY
RADIO CENTER: Harlingen TX « CANADA—COM-WEST RADIO SYSTEMS, LTD.: Vancouver BC

CSl is a registered trademark of Connect Systems, Inc.
CIRCLE 12 ON READER SERVICE CARD



] TUNERS

MFJ's Best 300 Watt Tuner gives you minimum SWR from 1.8-30 MHz ...
plus you get MFJ’s new peak and average reading Cross-Needle SWR/
Wattmeter, dummy load, 4:1 balun, antenna switch and more ... $149.95

]\

The MFJ-9490D gives you more
precise matches and lower SWR than
any tuner that uses two tapped
inductors. Why? Because you get two
continuously variable capacitors that
give you infinitely more positions than
the limited number on switched coils.

This gives you the precise control
you need to get your SWR down to a
minimum. After all, isn’t that why
you need a tuner? Covers 1.8-30 MHz.

You get MFJ's new lighted 2-color peak and average
reading Cross-Needle SWR/Wattmeter that shows you SWR,
forward and reflected power - all at a single glance.
lamp uses 12 VDC or 110 VAC with MFJ-1312, $9.95.

2-knob Differential-T™ Tuner

MFJ-986 The new MFJ-986 Differential-T™

‘269‘! 2-knob Tuner uses a differential

capacitor to make tuning foolprood
and easier than ever. It ends constant re-tuning with
broadband coverage and gives you minimum SWR
at only one best setting. Covers 1.8-30 MHz

The roller inductor lets you tune your SWR down
to absolute minimum. 3-digits turns counter lets you
quickly retumn to your favonte frequency.

You get MFJ's new peak and average reading
Cross-Needle SWR/Wattmeter with a new directional
coupler for more accurate readings over a wider
frequency range. It reads forward/reflected power in
200/50 and 2000/500 watt ranges. Meter lamp
uses 12 VDC or 110 VAC with MFJ-1312, $9.95.

A new current balun for balanced lines reduces
feedline radiation and forces equal currents into
antenna halves that are not perfectly balanced for a
more concentrated, stronger signal. Add $10 s/h.

MFJ’s Fastest Selling Tuner

The MFJ-9410 is MFJ's fastest selling

MFJ-9410 300 watt PEP antenna tuner, Why?

$4 09O ?5 Because it has more features than
tuners costing much more and it

matches everything continuously from 1.8-30 MHz

it matches dipoles, vees, verticals, mobile whips,
random wires, banlanced and coax lines.

SWR/Wattmeter reads foward/reflected power in
30 and 300 watt ranges. Antenna switch selects 2
coax lines, direct or through tuner, random wire,
balanced line or tuner bypass. Efficient airwound
inductor gives lower losses and more watts out.
Has 4:1 balun. 1000 V capacitors. 10x3x7 inches.

MFJ’s Random Wire Tuner
MFs-16010 33 995

You can operate all
bands anywhere with any
transceiver when you let
the MFJ-16010 turn any random wire into a
transmitting antenna. Great for apartment, motel,
camping operation. Install a wire anywhere! Tunes
1.8-30 MHz. 200 watts PEP, Ultra small 2x3x4 in.

MFJ-949D
149"

MFJ’s Very Best Tuner

WY VENda TLNIE ¥ 1
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Meter

1349 investment you get the finest 3 KW PEP
tuner money can buy - one that takes the fear out ol
high power operation and one that lets you get your
SWR down to absolute minimum. Covers 1.8-30 MHz.

The MFJ-989C is a compact 3 KW PEP roller
inductor tuner with a new peak reading Cross-
Needle SWR/Wattmeter with a new, more accurate
directional coupler. Meter lamp uses 12 VDC or 110
VAC with MFJ-1312, $9.95. With three continuoualy
variable components you get precise control over
SWR and the widest matching range possible.

You get a two core balun wound with teflon wire
for balanced lines a 6-position antenna switch,

10%4x4 %15 inch cabinetin your station. Dummy
load, tilt stand, turns counter, Add $10 s/h.

MFJ’s Mobile Tuner MFJ-945(
$8 Q95

Don’t leave
home without
this mobile
tuner! Have an uninterrupted trip as the MFJ-945C
extends your antenna bandwidth and eliminates the
need to stop, go out and adjust your mobile whip.

You can operate anywhere in a band and get low
SWR. You'll get maximum power out of your solid
state or tube rig and it'll run cooler and last longer.

Small Bx2x6 inches uses little room. SWR/ Watt-
meter and convenient placement of controls make
tuning fast and easy while in motion. 300 watts
PEP output, efficient airwound inductor, 1000 volt
capacitors. Mobile mount, MFJ-20, $3.00.

144/220 MHz VHF Tuners

wr-921 69 %S s

MFJ's new VHF
tuners cover both .
2 Meters and the 220 MHz bands. They handle 300
watts PEP and match a wide range of impedances
for coax fed antennas. SWR/Wattmeter. Bx21/2x3 in.
MFJ-920, $49.95. No meter. 4'/2x2/2x3 inches.

ME)

MFJ ENTERPRISES, INC.
Box 494, Miss. State, MS 39762
(601) 323-5869; TELEX: 53 4590 MFJSTKY

MFJ ... making quality affordable

You get 2 4:1 balun for balanced
lines and 2 50 ohm 300 watt
dummy load for tuning your exciter.

You get a 6-position antenna
switch for selecting 2 coax lines
(direct or through tuner), random
wire, balanced line or dummy load.

You get a beautiful black all
aluminum cabinet that matches
your rig. Its compact size (10x3x7
in.) fits right into your station.

With MFJ's best 300 watt PEP tuner you get an MFJ
tuner that has earned a reputation for being able to match
just about anything - one that is highly perfected and has
vears of proven reliablity. Order yours today!

MFJ’s Artificial RF Ground

$TO°5 mrs931

You can
create an
artificial RF
ground and
eliminate
RF “bites”,
feedback, TVI and RFl when you let the MFJ-931
resonate a random length of wire and tum it into a
tuned counterpoise. The MFJ-931 also lets you
electrically place a far away RF ground directly at
your rig -- no matter how far away it is -- by tuning
out the reactance of your ground connection wire.

Barefoot/1.5 KW Linear Tuner

MFJ-962C For a few Extra dollars, the MFJ-

,22 gnu 962C lets you use your barefoot rig
now and have the capacity to add a
1.5 KW PEP linear amplifier later. Covers 1.8-30 MHz.

You get two husky continuously variable capacitors
for maximum power and minimum SWR. And lots of
inductance gives you a wide matching range.

You get MFJ's new peak and average reading
Cross-Needle SWR/Wattmeter with a new directional
coupler for more accurate readings over a wider
frequency range. It reads forward/reflected power in
200/50 and 2000/500 watt ranges. Meter lamp uses
12 VDC or 110 VAC with MFJ-1312, $9.95.

Has 6-position antenna switch and a teflon wound
balun with ceramic feedthru insulators for balanced
lines. 10%x4"/2x14 7/8 inches. Add $10.00 s/h.

MFJ’s smallest Versa Tuner
MFJ-901B

35915

The MFJ-
0018 is our
smallest --
5%2x6 inches -- (and most affordable) 200 watt PEP
tuner --when both space and your budget is limited.
Good for matching solid state rigs to linears.

It matches whips, dipoles, vees, random wires,
verticals, beams, balanced and coax lines from
1.8-30 MHz. Efficient airwound inductor. 4:1 balun.

FOR YOUR NEAREST DEALER OR TO ORDER

800-647-1800

* 1 year unconditional guarantee * 30 day money
back guarantee (less s/h) on orders from MFJ »
Free catalog » Add $5.00 s/h (except as noted)

CIRCLE 258 ON READER SERVICE CARD
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A HANDFUL OF OPTIONS

ICOM’s incredibly rugged and rehable hand-
helds are designed to fit your lifestyle with a

full array of interchangeable accessories. They

size up/down in operating time and output
power with optional battery packs, and their

rapid desktop chargers keep you talking longer.

ICOM speaker mics clip on to belts or lapels,
and headsets with VOX deliver hands-free
operation. Exercise your options with ICOM!

afe
Field-Proven Dependability
ICOM handhelds have trekked the frozen
arctic, traveled cross-country in bicycle
races, been dropped from towers and run
over by vehicles, yet continue operating
with amazing dependability!

2-Meters

Enjoy incomparable Jp_erfunnance with
[COM’s seven watt IC-2GAT, professional
quahty IC-02AT, pocket-size IC-u2AT and
rugged IC-2AT. All units sport expanded
frequency coverage for MARS and CAP

operations and exceptionally selective
receivers for high intermod immunity. The
[C-2GAT and IC-u2AT include reception
from 139 to 163MHz and NOAA weather copy.

440MHz

[COM’s six watt IC-4GAT and ultra com-
pact IC-u4AT are front-line winners covering
440.0-449.9MHz with phenomenal quality
and reliability. They represent 70cm operation
at 1ts best!

Dual Band Triumph

The amazing 1C-32AT operates full duplex
on 140-150MHz and 440-450MHz with five
watts output on both hands. Also receives
139-174MHz and stores any Tx and subau-
dible tone offset in 20 memories. Truly an
FM'ers dream rig!

1.2GHz
ICOM’s unique IC-12GAT sets the pace
with full featured operations from 1260.0

to 1299.0MHz in today's most revolutionary
handheld.

Customize Your Handheld

with ICOMs full line of versatile accessories
and options. Visit your dealer or request
ICOM’s ham catalog for the full picture.

O
ICOM

First in Communications

2380-116th Ave. N.E., Bellevue, WA 98004

Customer Service Hotline (206) 454-7619

3150 Premier Drive, Suite 128, Irving, TX 75063

1777 Phoenix Parkway, Suite 201, Atlanta, GA 30349
ICOM CANADA, A Division of ICOM America, Inc.,
3071 - #5 Road, Unit 9, Richmond, B.C. V6X 2T4 Canada

All stated specihcalions are approximate and subject o
change without notice or obligation. All ICOM radios signibcantly
exceed FCC regulations limiting spurious emissions
HANDHELDS2H9,
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Mumber 1 on your Feedback card

Welcome, Newcomers!

You are about to embark on a journey into
the fascinating hi-tech world of satellite com-
munications. It won’t cost thousands of dol-
lars, and you don’t even need a satellite TV
dish. Just bring an open mind and an active
Curiosity.

The space age began on October 4, 1957,
when Sputnik | achieved orbit and became
the world’s first artificial satellite. Interna-
tional tensions rose, but so did the excitement
as scientists and engineers speculated on the
potential of this man-made orbiting device.
This was a radio in space. Hams took note.

A year and a half later, Don Stoner
W6TNS mentioned a solid-state six-to-two
meter repeater with solar power in his
“*Semiconductors’’ column in the April 1959
issue of CQ Magazine. The repeater was to be
lofted by balloon over the Southwest, Don
wrote, somewhat tongue-in-cheek: ‘‘Can
anyone come up with a spare rocket for orbit-
ing purposes?’’

On the morning of December 12, 1961,
OSCAR-1, amateur radio’s first ‘*hamsat,”’
began transmitting from space. That was 27
years ago.

Today we have several hamsats. All have
telemetry output, and many have transpon-
ders for communications. Earth stations
range from shortwave to UHF and mi-
crowave systems. These stations have been
built by amateur radio enthusiasts all over the
world: UoSAT's from Great Britain; Fuji
from Japan; RS units from the USSR; OS-
CARs by the U.S., West Germany, and oth-
ers. They are in orbit now, just waiting for
you to join the fun and use them.

In this special satellite issue you will find
construction articles, tracking software and
equipment reviews, satellite profiles, and in-
formational topics on all facets of the ama-
teur satellite program. Details of the pro-
gram’s history can be found in the ARRL
Handbook and The Satellite Experimenter’s
Handbook . Our purpose is to show you how
to get on the satellites today, and what to
eXpect tomorrow.

Several new satellites are being readied for
launch this year. Packet radio from space,
digitized TV pictures from low-earth orbit,
voice synthesizers with two meter FM down-
link operation, and other modes, will make
1989 a banner year for AMSAT and its inter-
nationally affiliated organizations.

Care to know more? Read this issue! It’s all
here. You may find that your shack already
has all the equipment needed for full-duplex
amateur radio satellite activity. Join the fun in
using the highest repeaters around. Make
your next contact an OSCAR contact.

...de WASZIB

4 73 Amateur Radio » May, 1989

GLOSSARY

AMSAT—The Radio Amateur Satellite Corporation, whose purposes include satellite
construction and education as a non-profit, membership-funded entity. For details call
(301) 589-6062, or write to P.O. Box 27, Washington DC 20044

AOS—Acquisition of Signal. When the satellite has appeared above your horizon for a
pass.

A-O0-10—AMSAT-OSCAR-10. The first amateur high-orbit communications satellite,
launched in 1983. 7

A-0-13—AMSAT-OSCAR-13. Our newest and most complex amateur high-orbit commu-
nications satellite, launched in 1988.

Apogee—A satellite’s position when it is furthest from the earth’s surface.

Doppler Shift—The apparent frequency shift of signals as retransmitted through a
satellite transponder.

Downlink—The space-to-earth signals coming from a satellite.

F-0-12—Fuji-OSCAR-12. An amateur radio satellite built by hams in Japan and launched
in 1986 on a Japanese rocket.

Full Duplex—The ability to listen to your own signals as retransmitted via satellite.
Hamsat—Another name for an amateur radio satellite.

Keplerian Elements—A set of numbers used to define a satellite’s orbit. Most tracking
software requires input of these numbers to determine satellite availability.

LOS—Loss of Signal. When the satellite has completed its pass and has fallen below your
horizon.

Mode—A letter description of a particular uplink/downlink frequency combination for a

satellite transponder. For example: Mode A" defines a two meter uplink and ten meter
downlink operation.

OSCAR—Orbiting Satellite Carrying Amateur Radio.
Perigee—A satellite’s position when it is closest to the Earth.

RS-10/11—The newest Soviet hamsat offering. These two devices are a part of the
navigation satellite COSMOS 1861. They are a continuation of the 'Radio’’ series begun
in 1978 with RS-1 and RS-2.

Telemetry—Data transmitted by the satellite describing the health of the onboard Sys-
tems. The format can be CW, RTTY, ASCII, PSK, or even synthesized voice.

Transponder—A linear "repeater’’ on a satellite that retransmits signals from one band to

another. For example: An RS Mode “A’” transponder takes a 40 kHz portion of two meters
and translates it to a 40 KHz portion of 10 meters.

TVRO—TeleVision Receive Only. Television from space using microwave frequencies.
Great fun to watch!

U-0-9—UoSAT-OSCAR-9. Built by hams at the University of Surrey in England, this
low-orbit educational satellite transmits telemetry on many frequencies with a primary
downlink on two meter FM. Launched in 1981, it is the oldest fully-functional hamsat.

U-O-11—UoSAT-OSCAR-11. The second University of Surrey hamsat was designed,
built, and launched in six months. Launched in 1984, this hamsat continues the tradition of
U-0O-9 with several enhancements.

Uplink—The earth-to-space signals sent to a satellite.
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NEVER saY DIE

Wayne Green W2NSD/1

Legacy

As | look over the ominously growing
Silent Keys list every month, often upto
a full page these days, checking off old
friends, | wonder what legacy all these
hams have left to show for their exis-
tence. They've used our bands and en-
joyed them, but what have they done in
return?

Many that | have known well have
contributed much to amateur radio.
Most are like Bill Bennett W7PHO, who
was commemaorated at Dayton. . . after
his death, naturally. Recently we lost
Bill Hoisington K1CLL, who helped a
whole generation of hams enjoy home
building with his many articles in 73,
He took us from 160 meters up through
2,300 MHz with stuff any of us could
build on our kitchen table—and with
easy-l0-get inexpensive parts. And
that even included making the needed
tes! equipment,

Bandel Linn (Pappy) K4PP enter-
lained us with wonderfully creative,
professionally drawn ham cartoons for
over thirty years, Fortunately we had a
bunch still in stock when Pappy had a
stroke, so we were able to continue
them in 73.

No one who ever knew Sam Harris
W1FZJ will ever forget him. In addi-
tion to being a major power behind
ham moonbounce experimenting, he

also developed the first parametric
amplifier.

I've written about these chaps be-
fore, but | wanted you to remember
them so you could think in terms of
what legacy you will leave behind when
you get that final mention in QST. Will
you be remembered for anything? Or
are you merely going to be one tiny
increment in the number of hams who
died in a particular year?

Will your going be lamented? Will
you go knowing you helped amateur
radio in some way—paid your dues?
Or will you be remembered for your
repeater jamming? The Colvins have
given us hundreds of thousands of
rare DX contacts over the last 30
years, while another well-known DXer
lied and cheated, the epitome of the
ugly American. He used fake calls,
forged documents, even operaled over
10,000 miles from his stated location!

Maybe being an all-time scoundrel is
something—perhaps better than being
a nothing. Ask any old-timers aboul
W20Y, who was nationally known for
his endless jamming and bad-mouth-
ing of early SSB pioneers. Or Max
Myers W2BIB, who jammed medical
and State Department traffic from
Africa. How about you? Have you ever
been the president of your radio club
and made it really work? How many
new hams have you helped get into the

ZONE 25 JAPAN

/

Drawipg by C '....'m.;uYu Eranhi

QSL OF THE MONTH

To enter your QSL, mail it in an envelope to 73, WGE Center, Forest
Hoad, Hancock, NH 03449, Attn: QSL of the Month. Winners receive a
one-year subscription (or extension) to 73. Entries not in envelopes

cannot be accepted.
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hobby? How many service nets have
you helped? How many times have you
helped with phone patch traffic? How
many articles have you contributed to
the ham magazines? What pioneering
have you done?

You don’t even have to be an inven-
tor or engineer to help a new technolo-
gy get going. | got started in publishing
when | discovered radioteletype back
in 1948. Wow! | built and experimented
and then built more. By 1951 | was
desperate to find out what everyone
else in RTTY was doing, so | started a
newsletter. That quickly became a
small magazine—Amateur Radio
Frontiers—and that led to a RTTY
column in CQ—which led to my be-
coming the editor.

| got involved with pioneering even
eariier. When Jack Babkes W2GDG
started experimenting with narrow-
band FM in 1946, | quickly built an NFM
modulator into my Meissner Signal
Shifter and turned off my 500 Watt
modulator. At that time NFM was con-
signed to the top half of the 20m phone
band, 14,250-14,300. Since virtually
all phone was AM, the DX ops rarely
ever operated in the kilowatt-packed,
QRM-filled American phone band,
Most of 'em operated below 14,200
and then listened from 14,200 on up for
calls. Only a few ventured into the sel-
dom-used 14,300-14,350 DX band, so
DX contacts were hard to come by for
us NFM pioneers.

If the receiver manufacturers had
gone to the trouble of building in NFM
detectors, we'd have expanded faster.
You could copy the FM with an AM
detector, but QRAM from AM signals
was serious. By 1957 the SSB hand-
wriling was on the wall, so NFM moved
up to the VHF bands, where il’s the rule
today.

If you're an engineer, technician, or
scientist, you may be interested in
working with the incredible potential of
digital communications. If you're main-
ly a rag-chewer, you could do worse
than get busy on packet radio and then
get set up for satellite work,

Alas, I've known hundreds of hams
who have passed on without having
contributed anything whatever to ama-
teur radio or the world, It's a pity to
have such a powerful tool right there in
your hands and then never think to re-
ally use it.

What have you done? Have you
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.pacesetter in Amateur Radio

Matching Pair

TS_71 1A/81 1A VHF/UHF all-mode base stations

The TS-711A 2 meter and the TS-811A
70 centimeter all mode transceivers
are the perfect rigs for your VHF and
UHF operations. Both rigs feature
Kenwood’s new Digital Code Squelch
(DCS) signaling system. Together,
they form the perfect “matching pair”
for satellite operation.

* Highly stable dual digital VFOs.
The 10 Hz step, dual digital VFOs offer
excellent stability through the use of a
TCXO (Temperature Compensated
Crystal Oscillator).

¢ Automatic mode selection.
You may select the mode manually
using the front panel mode keys.
Manual mode selection is venfied in
International Morse Code.

* All-mode squeich.

¢ High performance noise blanker.

e Speech processor.
For maximum efficiency on SSB
and FM.

¢ |F shift.

¢ “Quick-Step” tuning.
Vary the tuning characteristics from

e Large fluorescent multi-function e Versatile scanning functions. “conventional VIO feel” to a stepping
display. Programmable band and memory scan action.
Shows frequency, RIT shift, VFO A/B, (with channel lock-out). “Center-stop” e Built-in AC power supply.
SPLIT, ALERI, repeater offset, aigital tuning on FM. An “alert” function lets Operation on 12 volts DC is also
code, and memory channel. you listen for activity on your priority possible. o A

¢ 40 multi-function memories. channel while listening on another e Semi break-in CW, with side tone.
Stores frequency, mode, repeater off- frequency. A Kenwood exclusive! * VS-1 voice synthesizer (optional)
set, and CTCSS tone. Memories are e RF power output control. More TS-711A/811A information is
backed up with a built-in lithium battery.  Continuously adjustable from 2 to avallable from authorized Kenwood

25 watts, dealers,

MIC-=-RF PWR SOQL-S-IF SHIFT |

":: *""H -"'rl : | .. —_
#""'-u-t."; - = .-e" ~
v 10 / \

o7

mm -HIT-

m BEn e N8B  voice

PUSH ON

Optional accessories.

e |F-10A computer interface » MC-48B 16-key DTMF, MC-43S UP/
* IF-232C level transiator DOWN mobile hand microphones
* (D-10 call sign aisplay * SW-200A/B SWR/power meters:

 SP-430 external speaker SW-200A 1.8-150 MHz 4
e VS-1 voice synthesizer SW-200B 140-450 MHz
e TU-5 CTCSS tone unit

e SWT-1 2-m antenna tuner

e MB—iSU mobile mount e SWT-2 70-cm antenna tuner KENWOOD U.S.A. CORPORATION
* MC-60A, MC-80, MC-85 e PG-2U DC power cable 2201E. Dominguez St., Long Beach, CA 90810
deluxe desk top micropnones PO. Box 22745, Long Beach, CA 90801-5745
':-.'J-"-"?L-!";":'f_' saervice manuals are available for all Kenwood ransceivers and most accessornes
5,.':'1-_'-._ ations and prices are subject o change without nolice or ob ganon
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TM-701A

Dual Bander

The TM-701A combines two radios
into one compact package. You get
25 watts on 2 meters and 70cm, 20
memory channels, tone encoder
built-in, multiple scanning, auto

repeateroffset selection on 2 meters,

and a host of additional features!

e 20 multi-function memory channels.
20 memory channeis allow storage of fre-
quency, repeater offset, CTCSS frequency,
frequency step, and Tone On/Off status,
CTCSS and REV, providing quick and easy
access dunng mobile operation.

« 25Won 2m and 70cm.
¢ Selectable full duplex-cross band
( Telephone style) operation.
e Easy-to-operate front panel layout.

¢ Multi-function DTMF mic. supplied.
Controls are provided on the microphone
for CALL (Call Channel), VFO, MR (Memory
Call or to change the memaory channel) and
a programmable function key. The program-

mable key can be used to control one of the

following functions on the radio: MHz, T. ALT,
[TONE, REV, BAND, or LOW power,

e Easy-to-operate illuminated keys.
A functionally designed control panel with
individually backlit keys increases the con-
venience and ease of operation during
nignt-time use,

teur Radio

RC-20

MOBILE TRANSCEIVERS AND REMOTE CONTROLLER

KENWOOQOD

.DLLLE‘E'-L:'TLF I "—'-'—"-"-

M ROFONE

TRANBCEIVER

e Optional full-function remote
controller (RC-20).
A full-function remote controller using the
Kenwood bus line may be easily connected
to the TM-701A and mounted in any con-
venient location. The new controller is cap-
able of operating all front panel functions.

e Built-in dual digital VFO's.
a) Frequency step selection (5,10, 15,
20,12.5, 25kHz)
b) Programmable VFO
The user fnendly programmable VFOs allow
the operator to select and program variable
tuning ranges in 1 MHz band increments

¢ Programmable call channel function.
The call channel key allows instant recall of
your most commonly used frequency data.
* Programmable tone encoder built-in.
* Tone alert system—for true quiet
monitoring.
When activated this function will cause a
distinct beeper tone to be emitted from the
transceiver for approximately 10 seconds to
signal the presence of an incoming signal.
e Easy-to-operate multi-mode scanning.
a) VFO scan
Band scan, Programmable band scan.
b) Memory scan plus programmable
memory channel lock-out
c) Dual scan
Dual call channel scan
Dual memory scan
Dual VFO scan
d) Scan stop modes
Time operated scan (TO)
Carrier operated scan (CO)

speciications and prices subject to change without notice or obhgahion

Complete servi

Ce manuals are avalable for all Kenwood transceivers and most accessornes

REMOTE CONTROLLER 111_1‘

rmmn

O %mmm

e) Scan direction
i) Alert
When the AL switch Is depressed memory
channel 1is scanned for activity at approxi-
mately 5 second intervals.

* MHz switch.

e Lock function.

* Hepeater reverse switch.

Optional Accessories

* RC-20 Full-function remote controller

¢ RC-10 Multi-function remote controller

e |[F-20 Interface unit handset « MC-44 Multi-
function hand mic.« MC-44DM Multi-function
nand mic. with auto-patch « MC-48B 16-key
DIMF hand mic. « MC-55 B-pin mobile mic.
* MC-60A/80/85 Desk-top mics. « MA-700
Dual band (2m/70cm) mobile antenna (mount
not supplied) « SP-41 Compact mobile
speaker « SP-50B Mobile speaker » PS-430
Power supply « PS-50 Heavy-duty power
supply = MB-201 Mobile mount = PG-2N
Power cable « PG-3B DC line noise filter

* PG-4H Interface connecting cable = PG-4J
Extension cable kit « TSU-6 CTCSS unit

KENWOOD

KENWOOD U.S.A. CORPORATION
COMMUNICATIONS & TEST EQUIPMENT GROUP
P.O.BOX 22745, 2201 E. Dominguez Street

Long Beach, CA 90801-5745

KENWOOD ELECTRONICS CANADA INC.
P.O.BOX 1075, 958 Gana Court

Mississauga, Ontario, Canada L4T 4C2
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EDITED BY BRYAN HASTINGS NS1B

Goldwater
Endorses No-Code!

One of Amateur Radio’s elder statesmen,
Barry Goldwater K7UGA, recently came out
in favor of establishing a no-code amateur
radio license. "'| think we can swell our ranks
by at least 200,000 if we just allow young
would-be amateurs to come in as licensed
amateurs without having gone through the
process of learning Morse Code!"”’ Senator
Goldwater made this comment among many
on the subject in a videotaped interview
record at his Scottsdale Arizona ranch on Sat-
urday February 25, to newsman Roy Neal
K6DUE, producer Frosty Oden N6ENV, and
Newsline Radio's Bill Pasternak WABITF.

Look for the complete story on this an-
nouncement in an upcoming “‘Looking West”’
column.

Well Done, Andy

The staff of 73 Magazine extends their
thanks to Andy MacAllister WASZIB for co-
ordinating the editorial material for this issue.
Those who think this is an easy job have no
idea of the vast amounts of time one spends in
bookkeeping and follow-up. Even through the
more drudge-filled moments, Andy never lost
his cheerfulness and enthusi-

vanced, or Extra-Class operations were al-
lowed access to the 18 MHz band as of 0001
UTC 31 January 1989—1 minute after 7 pm
EST Monday, 30 January 1989. A1A emis-
sions are allowed in the whole band from
18.068 to 18.168 MHz. Digital emission F1B,
for direct printing, telemetry, telecommand,
and computer communications, is permitted
below 18.110 MHz; and analog emissions,
such as FAX, SSTV, and phone, may be used
on 18.110 MHz and up. Maximum power limit
is 1500 Watts, but amateur operations must
not cause harmful interference to US Govern-
ment fixed service operations. The authoriza-
tion is contained in a report and order in PR
Docket 88-467. Under its terms and those of
WARC-79, the band goes exclusively to the
Amateur Radio Service on 1 July 1989.

Suspend
and Revoke

The FCC has acted in last year’s Puerto
Rico amateur examination fraud case by
revoking the licenses of six hams and sus-
pending the licenses of three others for six
months. Losing their tickets are NP4H,
KP4KB, WP4FOF, WP4FOG, NP4E, and
NP4ZM. It has also been learned that
WP4FOF and WP4FOG were 9 and 12 year
old children when the phony exams were

given. The six month suspensions went to
WP4U, KP4FW, and KP4IN. Two other hams,
NP4ZN and WP4GAW, returned their licenses
to the FCC for cancellation to avoid getting
involved in the investigation.

Canada: 220 MHz
Under Siege

The entire 1-%4 meter band is now under
siege in Canada. According to a bulletin from
the Canadian Amateur Radio Federation, the
Ontario Ministry of Government Services
wants 220-225 MHz withdrawn from amateur
service across Canada and reassigned for
exclusive government use. This threat to the
entire 1-Ya meter band is one of the biggest
ever faced by Canadian amateurs.

It's not only the government, however,
that’'s going after it. Golden West Broadcast-
ing of Manitoba wants the band made avail-
able for stereo and monaural point-to-point
broadcast remote pick-up use. The Lapp Han-
cock Company has filed for it to become an-
other personal and business radio band. Ra-
dio Atlantic noted that the 220 to 225 MHz
band is lightly loaded in Canada and suggests
reducing it by two MHz and implementing a
personal communications service. It's the
stand, however, of the very powerful Canadi-
an Electrical and Electronic Manufacturers

Association that could cause the

asm—and we dare say he was key
to putting together one of the
finest issues on hamsats to ap-
pear in print.

Home-brew
Contest
Deadline

You haven't yet gotten
around to writing up your home-
brew project to submit to our
Home-brew IV contest? Now
you have a reprieve—we have
moved forward the deadline for ar-
ticle submissions for this contest
by two months. Please note that
the new deadline is July 1, 1989.
(See announcement in box.) Ham
fame and fortune still await you—
but not much longer!

18 MHz/
17 Meters

The FCC has opened the 18
MHz band for amateur opera-
tion. Stations with General, Ad-

$3 HOME-BREW IV 5%

73 Magazine again invites all home-brewers to turn their hot solder into
cold cash and prizes, and to get their name in print to boot. All projects
have a chance to appear in the magazine, and we will handsomely reward
the authors of the best of these.

Now for the bounty. Ramsey Electronics sweetened the pot from their
line of frequency counters. First prize is $300, a 10-year subscription to 73,
and a CT-125 1.25 GHz frequency counter. Second prize is $150, a
two-year sub, and a CT-90 600 MHz frequency counter. Third prize is $75,
a two-year sub, and a CT-70 525 MHz frequency counter. All this is in
addition to the payment every author receives for publishing in 73.

Contest Rules

1. Entries must be received by 1 July 1989,

2. To enter, write an article describing your best home-brew construc-
tion project and submititto 73. If you've never written for 73, send an
SASE for a copy of our Writer's Guide, or download it from Compu-
Serve (Hamnet forum, Library @., filename ""T3WRIT"'). Be sure lo
state on the submission that it is for the Home-brew IV contest.

3. Here's the real challenge: The total cost of your project must be under
£73, even if all the parts were bought new. Be sure to include a
detailed parts list with prices and sources.

4. Our technical staff will evaluate each project on the basis of originali-
ty, usefulness, reproducibility, economy of design, and clarity of
presentation. The decision of the judges is final.

5. All projects must be original. That is, they must not be published
elsewhere. There is no limit to the number of projects you may enter.

6. All purchased articles become the property of 73 Magazine.

8. Mail your entries to:

73 Magazine
WGE Center
Forest Rd.
Hancock NH 03448
Attn; Home-Brew IV

real problem for amateurs on both
sides of the border. They have tak-
en note of the re-evaluation taken
by the American FCC and say that
the Canadian government should
consider joint implementation of
any new services between 220
and 225 MHz with the United
States! If this does not occur and
Canada proceeds on its own, it
will mean that another line-A pro-
tection zone will have to be estab-
lished, one that will bar American
hams in the northern tier of the
United States from using the
band.

Communications Canada is ex-
pected to issue a spectrum utiliza-
tion study on the future use of all
bands from 30 to 890 MHz during
the summer.

AF Doomsday
System

The Air Force quietly ap-
proved the final construction
phase for a nuclear ‘‘dooms-
day’’ radio network. They con-
cluded that the project can be ex-
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panded without harming the environment.

The decision to expand the so-called
GWEN network of radio relay towers across
the nation was made by Air Force Deputy
Assistant Secretary James F. Boatright,
said Kevin Gilmartin, a spokesman for the
Air Force Electronic Systems Division at
Hanscom Air Force Base in Massachusetts.

Approval of the final construction phase
means the GWEN network ultimately will grow
from 56 radio towers linking 38 terminals at
military bases to 96 towers linking 49 termi-
nals, the spokesman said.

GWEN, an acronym for Ground Wave
Emergency Network, is a system of low-
powered radio antennas and transmitters
designed to ensure adequate communica-
tions links for US military forces follow-
ing a nuclear attack. The Air Force says
the network is needed to ensure that the
President can give launch orders to Strategic
Air Command bombers. The service aims
to complete the expanded system by Jan-
uary 1992

A typical GWEN station consists of a thin,
300-foot tower and three small shelters sur-
rounded by a fence. The shelters house elec-
tronic equipment and an emergency genera-
tor and fuel. The stations normally require a
700 square foot parcel of land. The output of a
GWEN station is less than 2,000 Watts.

The Air Force currently is completing con-
struction of what it calls the “'thin line"" system
of 56 GWEN towers. Fifty of those 56 towers
are already operating, receiving, and relaying
brief test messages every 20 minutes.

The initial system construction sparked
public controversy, with citizens' groups in
Massachusetts, Oregon, Pennsylvania, and
California banding together to fight GWEN on
the grounds the towers increase the likelihood
of their towns becoming nuclear targets. The
Air Force repeatedly dismissed those argu-
ments, asserting that the isolated towers were
not worth that type of targeting attention by the
Soviet Union.

Don’t Touch
That Dial!

Kevin Mitnick N6NHG is back in the news.
This computer-hacking ham pleaded not
guilty on Friday, February 3, to an expanded
indictment alleging illegal use of MCI phone
codes. Kevin N6BNHG of Panorama City, Cali-
fornia, is also charged with infiltrating comput-
er systems in the United States and England.

Mitnick remains housed at the Metropolitan
Detention Center in Los Angeles, where he is
forbidden to dial a telephone. Judge Ptaelzer
earlier declared that Mitnick posed a very
greal danger to the community, and ordered
him held away from direct personal lelephone
access and without bail shortly after his arrest.
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Farscholar

The Foundation for Amateur Radio plans
to award thirty-two scholarships for the
1989-1990 academic year. Licensed ama-
teurs may compete for these awards if they
plan to pursue a full ime course of studies
beyond high school and are enrolled in or
have been accepted to enrollment in an ac-
credited university, college or technical
school. Some of the scholarships require the
holding of at least an FCC General Class li-
cense or equivalent. Request additional infor-
mation and an application from: The Founda-
tion For Amateur Radio, FAR Scholarships,
6903 Rhode Island Avenue, College Park MD,
20740.

New UHF Amp

A new amplifying device can operate at
much higher frequencies, and with lower
noise, than traditional field-effect transis-
tors. The High Electron Mobility Transistor
(HEMT) device uses a new material system.
Pioneered and developed by Hughes, the
HEMT device uses indium phosphide as a
substrate with gallium indium arsenide and
aluminum indium arsenide grown onto it, one
layer at a time, using a process known as
molecular beam epitaxy.

Ina HEMT device, the semiconductor mate-
rial containing the impurities is separated
from the region of charge-carrying electrons,
allowing the electrons to move much faster,
Potential uses include ultra-high frequency
communication systems, high-speed radar
signal processing equipment, and high-power
millimeter-wave circuits.

Truly Turbo

der nearly any commeon tube. And they car-
ry a guarantee.

The recent catalog from Star-Tonics lists
the following tubes available “‘new, most
boxed" at prices from $1.00 to $3.00: 5Y3,
6AKS, 6AUBA, 6B8G, 6BZ7, 6BZ8, 6C6,
6CB6, 6CL6, 6CWS5, 6DZ7, 6F8G, 6GUS,
6JUBA, 12AH7, 12AT7, 12AU7, 12AX7,
12BY7.

For further info, write to them at PO Box
683, McMinnville OR 97127.

South Africa

Radio RSA, the Voice of South Africa,
has extended its amateur radio news cover-
age. Amateur Radio Spectrum, presented by
Hans van de Gronendaal ZS6AKV, is a pro-
gram dedicated to amateur radio and satellite
communications. North America can hear the
program, given good propagation conditions,
during the week from 14:52-15:00 UTC on
26,790 MHz, and on Sunday at 02:45-02:59
UTC on 11.760 MHz, 9.615 MHz, and 9.589
MHz. Reception reports are welcome and will
be confirmed by QSL card. Send reports to
Radio RSA, PO Box 4559, Johannesburg,
2000, South Africa.

USSR DX

Victor UATMU, who conducts a DX net for
Arctic stations, Saturdays and Sundays at
0800 GMT on 14.150 MHz at 0800 GMT,
invites stations worldwide to come on frequen-
cy and work some very rare DX for IOTA and
various Soviet awards. KL7 stations are espe-
cially welcome.

Errata

The British are working on a neural
network computer, a device whose mem-
ory is organized in much the same way
as a human brain. US DARPA has estimated
that the human brain contains 10" neurons,
each having roughly 1000 dendrites, giving
the brain a storage potential of 10'* inter-
connects. Since nerves fire at 100 Hz, the
human brain thus has the potential to make
10'¢ interconnects per second. This is far, far
greater than the CRAY XMP1-2 supercomput-
er with its potential of 50 x 10% interconnects
per second. It's estimated that even a fly's
brain can manage some 10? interconnects per
second!

Tubes ‘R’ U

—

There are still many of us who use equip-
ment with tubes. Radio Shack can still or-

Please take note of the following correc-
tions in the March 1989 issue:

1) Heath HK-21 Review, p. 39, Figure 2. The
black lead from the HK-21 is incorrectly shown
wired lo the tip of the miniature stereo plug. It
should instead be wired to the plug shield
(contact closest to the plug base).

2) QRX column, ““Ham Radio Based Cur-
riculum.” Al Misunas' call is WB2RLO.

Thanks

To all who contributed to this month's
QRX column. They are Westlink, Indianapolis
Star News, Worldradio, Modern Maturity
Magazine, ARRL, GBAUU, AMSAT-NA, Art
Unwin KBOMZ, KD5RO, N6BVU, K5ZMS,
G3VA, and NT2X. Keep your news items and
photos rolling in to 73, Forest Rd., Hancock
NH 03449, Attn: QRX




I‘. L
L

LN
""'.. \

... pacesetter in Amateur Radio

Stacked in You

TM-231A/431a/531A

FM Mobile Transceiver
Looking for a compact transceiver
for your mobile VHF and UHF opera-
tions? KENWOOD has a compact rig

for each of the most popular VHF/
UHF bands.

¢ 20 multi-function memory channels.
20 memory channels allow storage of fre-
quency, repeater offset, CTCSS frequency,
frequency step, Tone On/Off status, CTCSS
and REV.

¢ High performance—high power!
S50W (TM-231A), 35W (TM-431A) with
a 3 position power switch (high,
medium, iow)

e Optional full-function remote
controller (RC-20).
A full-function remote controller using the
Kenwood bus line, model RC-20, may be
easily connected to the TM-231A/431A/531A
and can be mounted in any convenient
location. Using the IF-20 interface
the RC-20 may be connected to
four mobile transceivers.
(TM-231A/431A/531A or the
TM-701A)

VIFD MR

Optional Accessories

s RC-20 Full-function remote controller

« RC-10 Multi-function remote controller

e IF-20 Interface unit handset « DRU-1 Digi-
tal recording unit « MC-44 Multi-function
hand mic. = MC-44DM Multi-function hand
mic. with auto-patch « MC-48B 16-key DTMF
hand mic. « MC-55 8-pin mobile mic.

* MC-60A/80/85 Desk-top mics. « MA-700

* Multi-function DTMF mic. supplied.
Controls are provided on the microphone
for CALL (Call Channel), VFO, MR (Memory
Call or to change the memaory channel) and
a programmable function key. The program-
mable key can be used to control ane of the
following on the radio: MHz, T. ALT. TONE,
REV, DRS, LOW or MONITOR.

® Easy-to-operate illuminated keys.

A functionally designed control panel with
backlit keys increases the convenience and
ease of operation during night-time use.

e Auto repeater offset on 144 and
220 MHz.

o Buillt-in digital VFO.

a) Selection of the frequency step (5,
10,15, 20,12.5, 25kHz)
*TM-531A: 10, 20, 12.5 25kHz
b) Programmable VFO
The user friendly programmable VFO allows
the operator to select and program variable
tuning ranges in 1 MHz band increments.

r Favor!

n/
v,
%,

»

* Programmable call channel function.
The call channel key allows instant recall of
your most commonly used frequency data.

e Selectable CTCSS tone built-in.

e Tone alert system—for true “quiet
monitoring™!

When activated this function will cause a

distinct beeper tone to be emitted from the
transceiver for approximately 10 seconds to
signal the presence of an incoming signal.

e Easy-to-operate multi-mode scanning.
Band scan, Program band scan, Memory
scan plus programmable memory channel
lock-out, with time operated or carrier oper-
ated stop.

e Priority alert.

e DRS (Digital recording system).

The optional DRU-1 can store received and
transmitted messages for up to 32 seconds,
allowing the operator to quickly check or
return any call using the tone alert system.

e Automatic lock tuning function
(TM-531A).

e Repeater reverse switch.

MOBILE TRANSCEIVERS AND REMOTE CONTROLLER.

P 3

Dual band (Z2m/70cm) mobile antenna (mount
not supplied) = SP-41 Compact mobile
speaker « SP-50B Mobile speaker = PS-430
Power supply = PS-50 Heavy-dutly power
supply = MB-201 Mobile mount » PG-2N
Power cable = PG-3B DC line noise filter

*» PG-4H Interface connecting cable =« PG-44J
Extension cable kit « TSU-6 CTCSS unit

Specifications and prices subject to change withouw! notice or obligation.
Complete service manuals are available for all Kenwood transceivers and most accessories.

KENWOOD

KENWOOD U.S.A. CORPORATION
COMMUNICATIONS & TEST EQUIPMENT GROUP
PO.BOX 22745, 2201 E. Dominguez Street

Long Beach, CA 90801-5745
KENWOOD ELECTRONICS CANADA INC.

P.O. BOX 1075, 959 Gana Court
Mississauga, Ontario, Canada L4T 4C?2
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Silicon Ephemeris Tracker

Version 3.0 Satellite Tracking Program

Silicon Solutions, Inc.

P.O. Box 742546

Houston TX 77274-2546

Tel.: (713) 777-3057

Price Class: To Be Announced

mateur radio pioneers esta-

blished the Amateur Radio
Satellite Corporation (AMSAT) to
stimulate the development of
knowledge, tools, and equipment
which would bring satellite commu-
nications to the average amateur.
Former AMSAT president, Tom §
Clark W3IWI, made perhaps the ?.
most important contribution, with %%
his BASIC tracking program which
was released in the late '70s.

This program used a very mod-
est formulation. Itincluded only the
most significant factors which gov-
ern a satellite's orbital motion, and
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faces are now considered basic re-
quirements.

Among the numerous offerings
of tracking software available to-
day, there is one which has been
consistently considered by most
amateur and commercial satellite
users to be top of the line in abun-
dance of features and ease of
use. It is the GrafTrak ll/Silicon
Ephemeris package created by
Joe Bijou WB5CCJ and Richard
Allen W5SXD of Silicon Solutions,
Inc.

Version 1.0 was first introduced
in August 1985, following several

it produced results quite adequate
for amateur use. Its universal de-
sign and minimum size made it
easily adaptable to most of the
small computers available in the
newly emerging PC market. The amateur
satellite enthusiast had finally found freedom
from tedious pencil and paper tracking calcu-
lations, and he retired his OSCAR locator aids
to a bottom desk drawer.

Yesterday's Frills are Today’s Basics

The rapid development in technology dur-
ing the '80s has brought more affordable and
powerful personal computing within the reach
of the majority of hams. The most popular use
of computers in the ham shack has long been

2L 520 e R

4 FRQ -289.5933

+ DOP -1331 Hz

210 ns

+ ORBIT
+ DRF 79 Hzm

Figure 1. The world map with the satellite’s current position and access
area, or zero elevation contour.

satellite tracking; today, that distinction is per-
haps being challenged by packet radio.

Most of the tracking software programs
presently available from AMSAT have their
roots in Tom Clark’s original formulation, with
variations in input and output features, de-
pending on the capabilities of the operating
systems and the hardware for which they are
adapted. But the computer literate ham of
modern times is no longer impressed by the
slow and cumbersome software of past years.
Color graphics, speed, and user friendly inter-

| from Oscar-13
| 30882 km over
1 36.6 n 25.6 v

4 DRF

-18 Hzm

Figure 2. If latitude and longitude inputs define the satellite’s orienta-

tion, the orbit number will be replaced with the antenna off-pointing
(squint) angle with respect to the observer. The arrows to the left of each
parameter indicate whether its value is increasing or decreasing.
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satellite.

+ b g2 |[§

EQI?IE',I-EB km aoross
1881 GrafTrak II

years of development and verifica-
tion. It is the first of a new genera-
tion of tracking software which us-
es the modern and powerful C
programming language, and is not
related to the IWI family. The version 2.0 up-
grade in April 1987 added antenna and receiv-
er control, as well as groundtrack plotting and
automatic switching modes. It was difficult to
imagine any additional tracking needs which
version 2.0 would not fill, but the recently re-
leased version 3.0 offers many valuable en-
hancements to this already mature software.

System Requirements

GrafTrak Il is the graphics-oriented pro-
gram and Silicon Ephemeris is its tabular out-

| 1989 April 18 83:57 GoABE

Figure 3. Press the *"3" key to replace the track mode display with a
three-dimensional perspective of the Earth as seen from the primary



800-882-1343 __ GET YOUR BEARINGS STRAIGHT

HF Equipment 1C-7 List JUN's
ICOM
IC-781 New Deluxe HF Rig $5005 Call §
IC-761 Loaded with Extras 2699 Call §
IC-735 Gen. Cvg Xcvr 1099 Call §
. IC-751A Gen. Cvg Xcwr 1699 Call $
Receivers
. IC-R7000 25-1300% MHz Rcwr 1199 Call §
IC-A7T1A 100 kHz-30 MHz Rcvr 999 Call §
VHF
IC-228A/M S09/539 Call $
IC-28A/H FM Mobile 25w/45w 469/499 Call §
IC-02AT FM HT 409.95 Call § |
IC-2GAT 2m 7w HT 429 95 Call §
| 1C-900 Six Band Mabile 639 Call § |
UHF A last! A map dedicated to the radio amateur. Announcing the Azimuth-Equidistant wall map from
IC-48A FM Mobile 25w 509 Call § | the Great Circle Map Co.
Ii%:ﬂg:Ti?;ngw o u?;s g:l:l: An azimuth map prm:ides infnrrn_atinn about heading and range to any place on Earth. Mo longer will
| 290 MHz - you have to guess at which way to aim your beam antenna for that rare DX,
IC-38A 25w EM Xcvr 489 Call Each map is specially drawn with your station at the exact center. The rest of the world is spread out
IC-32AT 2m/70cm HT 629.95 Call § around you. To use the map, simply find the target station and read the compass heading from the border
of the map. To find the range, count the number of rings from the center, Each ring is spaced 1000 miles
SPECIAL LIST SALE apart. Voila! You now know the true heading and range to the target station,
lc-37n s&nn a5 sznn 95 The maps are custom drawn with computer accuracy for your location and are personalized with your
. . station’s call sign at the lower right. Each map measures 35"x23", is brightly colored, and is printed on
high quality poster stock making it suitable for framing

K N WO O D To order, send $39 check or money order and your station’s call sign and location (if you live in a large
| [ , City. state which side of town) to:
Gr:ar@ir:le map o,

; Cal , DEALER
EE ;;:LDHEE}AND RCVA i » l P.O.Box 6591401 » San Antonio, TX 78269 INCKIRIES INVITED
TS-040S/AT Gen. Cvg Xowr 2449 95 Call § | CIRCLE 346 DHHEEEHSEH\!‘I@EM
TS-440S/AT Gen. Cvg Xcvr 1449 G5 Call § |

TS-1408 Compact Gen. Cvg I

| VHFIUHE e GET A BIRD’S EYE VIEW

TS-790A 2m-70cm 1.2 GHZ 1999 85 Call § ™ &
S ek AN L e one i et From GrafTrak I1™ and your IBM® PC
' TR-751A All Mode Mobile 25w 699 95 Call §
TM-231A 2m 45w 459.95  Call$ SUGARLAND - 1989 FEB 19 BE 55 1'-I»
TM-2550A FM Mobile 45w 518.95 Call § o e e e e - S R
TM-2570A FM Mobile 70w 623.85 Call § ' : ' :
TH-215A 2m HT Has It All 388.85 Call §
TH-25AT 5w Pocket HT NEW 368.85 Call $
TM721A 2miTOcm FM Mobile 728.85 Call §
TM-431A Compact FM 35w 689.95 Call §
TH-45AT Sw Pocket HT NEW Call §
220 MHz 389.95 Call§ | |
TM-3530A FM 220 MHz 25w 519.95 Call § |
TM-321A Compact 25w Mobile 469 .95 Call § |
TH-315A Full Featured 2.5w HT 41995 Call § ‘
YAESU R
YAESU .
| HF Equipment .
FT-T67 GX Gen. Cvg Xcwr 1929.00 Call
FT-757 GX |l Gen. Cvg Xcvr 1129.95 Call § A A A : e
FT-747 GX New Economical 2| =
Performer B89.95 Call § E - E EEEG Iqﬁag?egf
FL-7000 15m-160m AMP 1995.00 Call § i
VHE ql - 33296 km | DOP -294 Hz - SQUINT
FT-212RAH NEW 2m 45w 45095  Call $ q| - 37912 km 'I' DRF 4 Hzm ¢
FT-712RH 70cm 35W 499.95 Call § 3 e e
FT-260R All Mode Poriable 509.95 Call §
FT-23 R/TT Mini HT 344 .95 Call §
VHF/UHF Full Duplex GralTrak 1™ provides real-time graphic display of a flat projection map which moves under the sclected satellite(sat)/Sun/Moon/star
FT-736R. New All Mode coverage circle and updates once per second. Features include spherical projection views, graphic screen dumps to an IBM/Epson/Oki
or HP Laserlet Series |l printer, selectable latvlon grid intervals, disk command files, automatic control of antenna rotators with

full |80 degree elevation, coverage swath display for weather sats, multiple range circles, automatic sat switching, real-time ground
track display. and squint angle display

Silicon Ephemens ™ provides tabular data output 10 the screen, pnnter, or disk file for the followng operating modes: | observeriobs)
to |6 sats, 16 obs to | sat, schedule for | obs 1o | sat, window between 2 obs and | sat, nse and sct times for | sat, time ordered
rise and set imes for 16 sats, Almanac for Sun and Moon, 16 obs (0 Sen'Moon, schedule for | obs 10 Moon, window between
2 obs and Moon, schedule for | obs 10 Sun, and optical visshiity schedule

The package includes an edinor program esed o comstruct and modify sat/obs data base files. in addion, a program 1o update
data basc files from bulletin boards, complete source code for a compatible rotutor and recesver controd program and several other
utilities are incloded.

Requires an [BM PC, POXT, POAT, or truc compatible, an IBM ColorGraphics Monitor Adapior or true compatible, optional
but recommended B0x87 math coprocessor, mmimum 512K RAM, DOS 2.0 or later, and cither two 360K floppy dnves or one
J60K. Mloppy and one hard drnive; the programs are el copy protecied

The complete package is $395 [List Pnce). Call Lor guodation. Check, muoncy order, MusterCard, or VISA accepied.

Sthcon Solutions, Inc. = P.O). Box 742546 « Houston, Texas TT274-2546 = (T13) 777-3057
IBM is 0 megeened irabemank o TRM {spmaiion Gl ok 10 wind Sidicom Pphemers or wsbeniesbos ol Silson Saluions . b

3919 Sepulveda Blvd.
Culver City, CA 90230

213-390-8003
CIRCLE 272 ON READER SERVICE CARD
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put companion. The programs operate on the
IBM PC, XT, AT, PS/2, and compatibles. The
8087/80287 math co-processor was required
for previous versions, but now it is optional.
Version 3.0 software will use the co-proces-
sor, if available, for improved performance,
but it will run (significantly slower) without it.
Systems based on the 80386 processor will
provide a reasonable execution speed without
the substantial investment in the 80387; how-
ever, | recommend the co-processor for the
XT and AT compatibles unless you are
blessed with extreme patience.

The minimum RAM requirement is 384K
bytes, but you need 640K to make use of all
available features. The graphics output is IBM
320 X 200 medium resolution with all CGA or
EGA video adapters. EGA provides a much
larger color spectrum to choose from. A single
high density drive or iwo 360K floppy drives
are minimum requirements to run GrafTrak;
however, a hard disk is faster and more conve-
nient. Initial program loading time has been
significantly reduced in Version 3.0. It takes
nine seconds on my IBM XT compatible, com-
pared to 45 seconds for Version 2.0.

An excellent commercial quality illustrated
manual is provided with the programs. It de-
scribes in detail all modes of operation and
shows sample output. However, after a few
minutes of initial setup and familiarization,
you will find most of the commands to be intu-
itive single keystrokes, and with the help
menu instantly available with a press of the
“H" key, you seldom need to refer to the man-
ual.

Display Features

After the GrafTrak program and data have
been loaded, the display will show the world
map with the satellite’s current position and
access area, or zero elevation contour (see
Figure 1). This contour represents the Earth's
horizon as seen from the satellite, and all ob-
servers within it will have line of sight access.
In Version 3.0, this contour is not limited
to zero elevation, but may be set for larger
values if low-grazing passes are not of in-
terest.

For satellites with downward (nadir) point-
ing, high-gain antennas, this coverage circle
may be chosen instead to show a region within
a nadir angle field of view as seen from the
satellite. For weather and mapping satellites
with downward pointing cameras, a swath-an-
gle field of view may be defined, which will
show a great circle arc normal to the ground-
track, indicating image width. Latitude and
longitude grid lines may be included on the
map display, if desired.

The first satellite and observer in the data
base is initially selected by default if they have
not been designated with command line to-
kens. These tokens may be included after the
data base file name, in the same manner as
batch file parameters, to set up all modes and
options for the desired configuration at start
up. To avoid the DOS command line limit of
128 characters, or just for editing ease, these
tokens may be read from an ASCII text file.
The selected primary observer and satellite
are indicated at the top of the display. The
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current date and time are
shown in UTC, as deter-
mined by the DOS clock. If
you keep your DOS clock in
local time, you must define
the number of hours to add in
the file OFFSET.GMT.

Mode

iy
Made: ]
Mode: Z
HMode 3
Mode 4
Mode &
Mode &
Hode - 7
Hode 2

Silicon Ephemeris

E-Il-m W H

The numerical information :”:“ z
at the bottom shows all perti- Hods 11 =
nentr tracking Farameters, in- Beca 1; =
cluding satellite latitude and A

Mode 20 =

longitude, height, range to
the observer, echo time de-
lay between an observer's
uplink signal and the re-
turned downlink, Doppler
shift, drift rate, the Doppler
corrected beacon frequency,
elevation and azimuth as

Vi a8
axit to Dperating Systen

one ch=arver to all satelllites
all obhbservers to one satellite

schedule for one ghserver bto one satellite
window between two observers and ope satellite

rige and set timeas for one satellite

time ordered alerts for all satellites

ohe observer o all satellites [astro)
all cbservers to one satelllite [Astrm)

schedule for one observer to one satellite [(astro]

detailed ephemeris for Sun/Mocn

all observers £o Sun/sMoon

schedulse for one observer to Moon
window between two cbservers and Moon
schedule fer ocne ohserver to Sun
SunySatellite visibility

zelect s new database Flle

Enter mode | T

Copyright. (C) Sillcon Solutians,

Ine.

Table 1. Silicon Ephemeris main processing modes.

chserver|(a):

Silicon Ephemeris

Y3.o0

HorsTon

amateur Radio passas for Houstan;

April 23

Copyright (¢} Silicon Salitions,

Inc.

obipckE{s): Akl

f h b. 1 date obrjact beacon rise tea sat alev &z
seen from the observer, orbit Sun 23Apran Fo-12 43%.7950 00:14:25 O0:26:12 00:37 49 1328
Sun 2IADrES Oscar-3 145.8250 02:00:d44 02:05;00 02:08 16 72

number* and phase angle Hun IFAprAY Oscayr-1l A5 83500 OXE 0710 02112515 02317 14 65
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. . Sun 27AprE% Oscar-11  145.8250 03:42:16 03:49:04 03:55 58 260

data base includes bahn lati- Sun 23ApreY FO-12 435.7950 O4:21:18 04:32:04 04142 22 248
. . Sun 23IApras Oecar=-11 145 . 82580 0h:25:058 O5:27:04 05225 - 27X
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e o -y & ! sun 23Aprés FO-12 435.7950 0B:26:5%3 08:40:%% 08:53 57 318
defining the satellite’s orien- Sun 2)Apre® RS-10/11  29.4070 09:48:15 09:55:55 10:03 21 86
- : - sun Z3Aprés Fo-12 £35.7950 10:31:03 10:42:34 10:r5%4 4D 234
tation, the orbit number will Sun 2IApre9 RS-10/11 29.4070 11:333:36 1l:41:13 11:49 44 379
b | d with Sun f3Aprat Fo-12 435.7950 12:38:13 12:42:%5 12:47 T 244
SUn 2IAPTrES RS=10/11 29,4070 13:26:15 13:28:122 11:30 1 298
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with respect to the observer

Elin 23AprEo
Sun EIARTES
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(so6 Figure:2). An arrow 10! | Gi3IREET Pais’ T {35 res0’ 33:iEa50 32110056 Laaten | 10 e
the left of each parameter in- Sun 23Apra9 passes = 22

dicates if its value is increas-
ing or decreasing.

The initial display is in the
real time track mode, with the
map and numerical information updating once
per second. The satellite’s position is normally
shown at the center of the screen with the
world map scrolling in the background. The
map may also be set to remain centered on a
selected longitude, if desired, with the satellite
moving instead (Figure 1). The display may be
stepped forward or backward in time by simply
using the cursor keys to move an arrow indica-
tor to the date or time item to be changed, then
bumping it up or down with the + or — keys,
respectively. An Epoch mode is provided to
allow faster selection of a specific date and
time, with the map display inhibited until re-
turn to the track mode. You may freeze the
display at any time or activate the automatic
fast forward mode. You will see an arrow to the
left of the date to remind you when the display
is not at current time. The escape key will
restore the current date and time.

Many Functions

You have a large number of commands
for pertorming special functions, such as
finding rise and set times, drawing ground-
tracks, displaying the daylight/darkness
sun line, or switching to a new satellite or
observer. You select most of these functions
with a single key stroke. By pressing the
"“H" key, you can display the multi-page help
menu of all commands. Three different zoom
magnifications are available which you may
select manually or invoke with the auto
zoom mode. This mode will automatically
choose the largest map magnification that
will show both the satellite and observer
locations on the screen at the same time.

Table 2. Result of using Mode 6 selection from Table 1. The
tracked birds are all LEOs (Low Earth Orbiters).

The auto-switch mode will determine which
satellite has the nearest upcoming acquisition
time, and select it as the primary object. While
in the auto-switch mode, an audio alarm
will sound every minute, starting at five min-
utes before the expected rise time of the se-
lected satellite. A long warble sound an-
nounces the rise and set. This alarm feature
helps prevent a pass from occurring unno-
ticed, and you may also activate it while track-
ing a single satellite. It will continue to track
the selected satellite until the satellite sets.
Then it will search for the next available satel-
lite. Time from the current satellite’s rising is
also shown on the display during auto-switch
mode.

Pressthe "'3" key to replace the track mode
display with a three-dimensional perspective
of the Earth as seen from the primary satellite
or celestial object being tracked (see Figure
3). This view may also be generated for any
extraterrestrial observation point by specify-
ing its latitude, longitude, and altitude relative
to Earth.

Perhaps the most significant new enhance-
ment in Version 3.0 is the alternate satellite
display capability. Since the auto-switch se-
lection of a high altitude satellite like OSCAR-
13 can last for several hours, opportunities for
others like FO-12 might go unnoticed if it were
not for this feature. You may include coverage
circles in the display for as many additional
satellites as you desire, with each identified by
its menu number (see Figure 2). This capabili-
ty also greatly simplifies the rather complex
task of determining multi-satellite crosslink
opportunities. Two satellites are within mutual




PLUG INTO PACKET!

Simple and Easy.

Here’s the easiest packet radio yet,
you don't even have to buya TNC
to join the digital revolution. Just
let your PC do the work. Plug a
PC Packet Adapter into any ex-
pansion slot and get on the air in
minutes, just like an expert. And
yvou'll still be able to use the PC for
other work! The complete VHF
system s only $139.95!

Sophisticated, Too.

When you've mastered the basics,
use the PC*Packet Adapter for
simultaneous dual-band HF)/
VHF, multiconnect, BBS, TCP/
IP., DXer’s PacketCluster, 2400
baud (and higher). Even use the
Developer’s Package to write your
own packet application.

Software Included.

Unlike others, DRSI includes all
the software you need. The THS
terminal package has split screen,
file save/send, binary file transfer,
print, scroll, review and more.

2400 BAUD

Many areas are upgrading their
packet nets to this higher speed.
DRSI’s M-24 modem for 2400
baud connects simply with no
modifications to your rig and lets
vou operate both 1200 and 2400
simultaneously with your present
radio. Step up to this new speed
for just $79.95, today!

Call or Write

for complete

Product Catalog

2065 Range Road
Clearwater, FL 34625
ORDERS: 1-800-999-0204

Round-trip to Europe”

on G.A.P Airwaves
for only $169.00
Introducing

THE CHALLENGER DX-V

A Unigue Multiband Antenna that Utilizes the Patented
G.A.P. Center Launch Technology

The Revolution in Antenna Design

= Dperates all fve bands
80°-40-20-15-10m

» Launches RF from an
glevated G AP

» Provides 1500 W peak
operaton

« Assembles n less
than 30 rmanutes

- Comes pre-tuned No
adustments are necessary

« Has short Radaks
Jie 25 B4 15

« |5 sefi-standing with a
drop 0 Ground Mount

« |5 only 31 Feet High

= Has a bandwidlh (less 2°1) '
B0 MTR 150 KHZ “

"-.‘| -

but has NO!!!
« Traps
« Coils
» Transformers

N

e
o,

*also Asia, South America,
North America, Australia,
Africa and Antarctica.

#D-ED-EIIS;jT“D MTR
*Theee portions of 80m ..—-—-"?’* o~

band avasabie.

Low —CF worwraly 18 =7
e — T Moy 18 SRy
T —Cr horemaly 13 S

Best of all the ENTIRE antenna is always active!!

G.AFR
ANTENNA PRODUCTS
J

60W0—Bidg
M. Old Dooe Hﬁghwuy
Vero Beoch, FL 329467

CIRCLE 373 ON READER SERVICE CARD

To Order Call—(407) 388-2905

169.00 plus shipping & hondling
Florido residents odd 6% fax

CIRCLE 239 ON READER SERVICE CARD

Simply The Finest In
Battery Charging Equipment
Quality . . . By Design

Automatically erases memaory
and rapid charges any Nicad
battery up to 15 volls

o Greatly prolongs battery life
Changing radios, simply re-
program the Charger. Never
outdated
Front panel Rotary Switch
selects up to three ditferent
USer insertable socketed pro-
gram modules

GMS 403
{3 Program Slots)

e [Full THREE Year Warranty
* Proven B Year Old Design
= Front panel Status Indicator
alerts operator if Nicad ca-
pacity s low
Rapid but cool charge cycle
Automatic Shutoff — never

GMS 403 overcharges Datlenes

(Top Inside View

* NEW PRODUCT *

Same a5 o trme proven GMS 403
except it can accommodate up 1o
14 different program modules

ATTENTION GMS 403 OWNERS

it you own a GMS 403, it can
easily be user upgraoed lo a
GMS 403A by ordenng our
Module Extension Kit

GMS 403A

14 Program Siots]

Ecnn‘tml Products Unlimited, lru::

\_ 5 Somerset Dr., Coatesville, PA 19320 (215) 3836335
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Continued from page 14

line of sight when their horizon circles are
overlapping.

Data Base Management

With GrafTrak II's editor, you can create
and edit the data files. Each file contains infor-
mation for as many as 16 satellites and 16
observer locations. The working data file is
specified on the command line when the pro-
gram is loaded, and you may change it later.
You can create as many data files as you
need. Using the editor, you may write out or
read in individual satellites or observers to
rearrange their order or to transfer data be-
tween files.

The input satellite orbital parameters are the
standard NORAD mean Keplerian elements,
which you may either enter manually or read
in from an ASCII text file in the two-line for-
mat of the NASA prediction bulletins. You may
load the editor and run it as a DOS gateway
function from GrafTrak if you have at least
640 K of memory. GrafTrak will remain loaded
during editing and retain all previously set
modes.

Accurate Orbital Information

Accurate orbital information is the most im-
portant key to successful satellite tracking.
Regularly updated elements are available
from several dial-in bulletin boards and packet
radio services. You may obtain data for the
amateur radio and weather satellites from the
weekly AMSAT bulletins at the WDOGML BBS
in St. Louis at (314) 447-3003. Silicon Solu-
tions is developing a processor which will au-
tomatically update the GrafTrak data files
from the AMSAT bulletin format. The Celestial
RCP/M BBS operated by Tom Kelso in Fair-
born, Ohio, (513) 427-0674, maintains up-to-
date two-line elements for about 60 of the
most commonly requested satellites.

| use a batch process of my own design
which, with the press of a single menu key,
automatically dials the bulletin board, down-
loads the current file of two-line elements,
hangs up, extracts the satellites | use, and
reads them into the GrafTrak data file by
preloading the keyboard buffer with the re-
quired editor keystrokes. Those who have not
yet joined the world of digital communications
may obtain the NASA prediction bulletins by
mail, free of charge, from The NASA Goddard
Space Flight Center, Code 513, Greenbelt MD
20771,

In addition to the Keplerian elements, a bea-
con frequency may also be specified for each
satellite. The tracking display will output the
Doppler shift and drift rate resulting from the
satellite’s motion relative to the observer. For
two-way operation through satellites that have
inverting transponders, like OSCAR-13, |
prefer to input the beacon frequency as the
downlink minus the uplink frequency at the
passband center. The Doppler output will then
be the correction which you add to the nominal
transponder sum.

For example, if you wish to zero beat a sta-
tion, and the Doppler shows 2.1 kHz, simply
transmit 2.1 kHz above the normal uplink fre-
guency. This will put you very near zero beat
without the typical “*VFO sweeping’’ to find
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your downlink. This method will result in a
meaningless frequency display (Figure 2), but
| have found the two-way Doppler information
more useful. If you want only the one-way
Doppler, input the nominal beacon frequency
and the display will show the Doppler-correct-
ed downlink.

Automated Rotor and Receiver Control

One of the best features is the antenna rotor
control, or auto-tracking capability, which pro-
vides serial port output of azimuth and eleva-
tion pointing commands to an external ARRL
compatible interface unit (QST, September
1986, p. 40). Automatic receiver frequency
control for downlink Doppler drift compensa-
tion is also included for external Yaesu FRG-
9600 compatible units. These modes provide
hands-off computer antenna pointing, greatly
easing the operating task, especially for low-
altitude satellites like FO-12.

When the antenna control is active, the ele-
vation and azimuth displays are modified to
show both the desired pointing angles and the
current rotor positions as read from the inter-
face (Figure 2).

Antenna and receiver controls were first
available in version 2.0, but some enhance-
ments have been made in version 3.0, such as
a FLiP option to avoid azimuth rotor hard-stop
reversals during a pass. This uses the inverse
tracking technique (when required) of pointing
the azimuth directly opposite the satellite's
direction and redefining the horizon at an ele-
vation of 180 degrees. Of course, your eleva-
tion rotor and interface unit must be capable of
180 degrees of rotation to use this feature.
Antenna pointing is normally disabled when
the display is not at current time because the
satellite will not be there, but you may activate
it for testing.

An optional software driver is available for
the Kenpro KR-010 interface, and assembly
source code is provided for a memory resident
station control program which may be cus-
tomized to meet your own interface needs. In
addition to the kit offering from A&A Engineer-
ing, which you will find in the QST article,
compatible units are also available from Mi-
rage Communications Equipment, Inc., PO
Box 1000, Morgan Hill CA 95037 and L.L.
Grace Communications Products, 41 Acadia
Drive, VVoorhees NJ 08043.

Astronomical Tracking Modes

The tracking calculations are not limited
to manmade Earth orbiting satellites. By
selecting the astronomical mode, tracking
information will be displayed for either the
Sun, Moon, or a Star. There is no built-in menu
of stars or planets to choose from, but you
may input the inertial right ascension and
declination of a celestial object. All satellite
functions, such as groundtrack plotting, rise
and set searches, three-dimensional Earth
views, and even antenna pointing for EME
operations are available in the astronomical
mode.

The position and pointing calculations in
astronomical mode are accurate to better
than one arc minute for any epoch within
2000 years of the current date. The time-keep-

ing functions are performed in true Julian
date, eliminating the need for annual side-
real time updates and leap year difficult-
ies which have plagued other tracking soft-
ware.

If you have an interest in visual sightings of
satellites, the GrafTrak/Silicon Ephemeris
combination is definitely the software for you.
You can make a fast check for visual opportu-
nities by selecting one hour after sunset (or,
for morning passes, before sunrise) and step-
ping the time forward in one-day increments
until the groundtrack “walks™ its way over to
your location. The Sun/Satellite visibility
mode of Silicon Ephemeris provides detailed
pointing and lighting tables for all periods
when the satellite is in sunlight above your
horizon, with the Sun elevation below the de-
sired value.

The passes with best visibility usually occur
when the sun is about 12 degrees below the
horizon; however, the brighter satellites, like
Mir and the space shuttle, can be seen in
twilight under favorable conditions.

You can save the screen images on disk as
picture files and recall them later. A utility pro-
gram called sHow can load several of these
files into RAM and display them consecutively
in a repeating animation sequence. You may
set the speed of this animation as desired. It's
especially effective in creating demonstra-
tions, such as a “'satellite’s-eye view'' of the
Earth in orbit, a perpetually spinning Earth as
seen from the moon, or the annual figure eight
analemma of the Earth’s motion as seen from
the sun.

Tracking Table Printouts

Silicon Ephemeris is the tabular output
companion to GrafTrak. It includes 18 differ-
ent modes of tracking data calculations which
will satisfy the most demanding satellite en-
thusiast or EME operator. See Table 1 which
shows the main menu of processing modes.
The multi-satellite and multi-observer modes
are very useful as real-time screen displays of
mutual access geometry, but they may also be
used to search for an event or verify an event
at a desired date or time. The schedule and
window modes fill the need for long-range pre-
dictions when printed output is required for
planning future operating times.

Use Modes 4 or 13 for communication op-
portunities, when two observers will have
simultaneous access to a satellite, or for
EME (moonbounce) operation. | have used
Mode 6 most often, since acquisition times
for all low-altitude satellites in the data base
file are output in the order in which they occur
(see Table 2), eliminating the need to cross
reference several printouts. This way you
can be sure not to miss an opportunity.
However, as a result of its fast analytical
formulation, this mode will not include the
high elliptical orbit satellites, like OSCARs
10 and 13. You may obtain tabular tracking
data for Phase 3 orbits, which may have
unusual groundtrack geometry, with Modes 3
and 5. These are slower, recursive search
modes.

You're not likely to find a more complete
satellite tracking system anywhere! &}
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Number 32 on your Feedback card

Inexpensive Mode-L

Dish Antenna

Pay little and gain much.

ith Mode-L now a reality on AMSAT

OSCAR-13, my thoughts turn to-
wards which antenna I should use. There are
a few commercially available, but none of
them are circularly polarized, and all are
more expensive than [ would have liked. A
$125 price tag is not expensive to some hams
but, on the other hand, if you have access to a
drill press, a hacksaw, and $30, you can walk
into your local hardware store and end up
with a 23.5 dB1 gain antenna that will give
you a bodacious signal through the bird.

How Big?

In theory, a parabolic dish is pretty simple.
Merely take a low gain feed antenna at the
focal point, point it at the parabolic reflector,
and Blammo! The RF energy 1s focused into a
tight, high gain beam. This antenna is no
exception, so the project can be divided into
two parts: the dish and the feed antenna.

You must first determine how much gain
you would like out of your antenna. As you
would expect, gain equals size. The bigger
the dish, the bigger the gain. A simple formu-
la that relates these factors 1s: G(dB1) = 7.5

+ 20 Log d + 20 Log F, where d = the
dlamctcr of the dish in feet, and F = the
frequency in GHz. So, for example, the gain
of a five foot dish at 1269 MHz would be 7.5
+ 13.98 + 2.07 = 23.55 dBi.

Next, you must determine the shape of the
dish. A graph of the dish can be determined
by using the formula: Y = X?/(4*f), where Y

25" -

&_?IM | /

ALL HOLES: 546 DRILL THRU [16)

Figure 1. Center hub of the Mode-L antenna.
It consists of two pieces of Ya-inch aluminum
sheet cut into an octagon shape and drilled.
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= the Y coordinate, X = the X coordinate,
and f = the focal length in inches (distance
from dish origin to the feed antenna).

[ used a simple hand calculator to plot X as
a function of Y for X values from zero to 30
inches in one-inch increments. Thus, 30 inch-
es corresponds to half of the parabolic shape
of a 60-inch (5-foot) dish. I chose an “*f"" of
24 inches. which corresponds to a focal-
length-to-diameter ratio of 0.4 (60/24). The
0.4 ratio is a good choice for the feed system
that I selected (more on that later) and is easy
1o construct.

Construction

Enough about theory. How do you build it
cheaply?

The first thing to do 1s to take the points
calculated above and turn them into some-
thing tangible. Get a piece of old 4'x 27 '4-
inch plywood (or equivalent), and mark the
full-scale X and Y coordinates on it with a
black marker pen. At zero, and then at incre-
ments of one inch, drive nails into the curve.
After 30 points, and 30 nails, you will have a
rugged template to work with.

Go to your local hardware store and
get some '2-inch electrical conduit. It's
cheap, available, and bendable. A 10-foot
piece costs less than three dollars. You will
need three of these pieces to make the
**spokes’’ of the dish. Use an ordinary hack-
saw to cut eight 32-inch spokes. Then, using
a bench vise as a conduit bender, carefully
bend the pieces to conform to the wooden
template, generating eight spokes. If you
have access to a real conduit bender, by all
means use it. Be careful not to bend the
conduit too much as it will permanently kink.
At this point, dnll two '4-inch holes com-
pletely through the conduit at 1 inch and 2

[ /g - 20 % 1 344" LGHB)
| i — WSR2 LG 8
P E
." I7 FLOGOR FLANGE (2]
BLUMINUM |
PLATE |
[SEE TEXTh—y . ;
K | | | i
— | ___,_.--"""
. ] | | § _1..—|—""'_'_F.
. |
::5::::’:; AR b e
() u‘_'n ' I/2" ELECTRICAL |
COMDLHT (8]
[ SEE TEXT)

Figure 2. Assembling the spokes on the anten-
na hub.

inches from zero to accommodate mounting.

The center hub that everything attaches to
consists of two pieces of %-inch aluminum
sheet cut into an octagon shape and drilled as
shown in Figure 1. Every 45 degrees, drill
two holes for each “*spoke’”. This hole pat-
tern also allows for a 1-inch plumbing floor
flange to be mounted to the bottom of the
bottom plate, and a % -inch floor flange to be
mounted to the top of the top plate. The 1-
inch flange may have to be redrilled to ac-
commodate the hole pattern of the hub, but
this 1s can be done easily using a drill press.
These tlanges are designed to accommodate a
piece of 1-inch pipe to act as a mounting pole
for the dish, and a J%-inch piece of pipe to
accommodate the feed antenna (more on this
later).

After assembling the hub and spokes as
shown in Figure 2, vou’ll have a five-foot,
eight-legged spider!

Adding The Screen Wire

While you’re at the hardware store, buy 20
feet of ordinary metal screen. Before the
screen wire can be added, it must have some-
thing to attach to. Drill a Y6-inch hole through
the end of each spoke so that a piece of 16
AWG wire can be strung around the outer
perimeter of the dish. The two ends of the
wire are held together and tightened by a
small screen door turnbuckle (see Figure 3).
Next, on the inside of the dish, starting about
‘4 1nch in from the outer perimeter, drill a
Yg-1nch hole every four inches along each leg.

Continued on page 91

— #16 AWG WIRE
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Figure 3. Frame of the Mode-L antenna.



THEY'LL THINK THEY'RE

HAVING FU — ”GUARAHTEED TO OUTPERFORM"”

OR YOUR MONEY BACK!
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The “"HAM 10" ten meter antenna is designed and manufactured by American
Antenna, makers of the worild famous K40 Antenna. With a power handling
capacity of 1500 watts and a band width of 1.5 mhz between 2:1 SWR points
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YOU LL KNOW
THEY'RE LEARNING

Carole Perry's (Dayton 1987 Ham of The Year)
“Introduction To Amateur Radio” package allows
children of all abilities to achieve success.

Ready-to-teach package contains: Teacher's
Manual with 26 lesson pians, Code Practice
Oscillator for Morse Code practice, Spacecode
audiocassette which follows lesson plans. $99.95

®FREE Video Tape Showing Classroom Use

[ Any motivated teacher can teach the program.

[_'Ham Radio program Is used as a motivational tool
to teach skills in other subject areas.

124 hour Hutline is available for help and
questions.
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the “HAM 10" is the perfect compliment to all single-band ten meter rigs.
The stainless steel base of the "HAM 10° Is supplied with an adjustable

trunk lip mount. Also available |s an optional adaptable heavy duty
magnamount, For a free brochure, call 1-800-323-6768 In

llinols 1-800-942-8175.
EXCLUSIVE FEATURES:

(1) HANDLES UPTO 1500 WATTS!

(2) METALPLAS CONSTRUCTION.

(3) 30° ROTATION OF BASE.

(3) STAINLESS STEEL WHIP AND BASE.

(5) MOUNTS ANYWHERE ON ANY VEHICLE!

(&) FULLY ASSEMBLED WITH 18’ 0f RG-58 COAX.
(7) COMPUTER DESIGNED ISOLATION CHAMBER.

For A Free Brochure, Call:

1 800-323-6768 IN IL. 1 800-942-8175
TLX# 6871370 K4OINTL

....[Or Write) AMERICAN ANTENNA
1500 EXECUTIVE DR. ELGIN, IL. 60123

NO TUNERS!
NO RADIALS!
NO RESISTORS!

[_High motivational activities,
reproducibles included.

homeworks, fund raisers, quizzes, &
— Media -

PO.Box 131648

Work DX with No Tower and No Amplifier,
Qﬂ” noise, cut near sigs, build DX sigs. kill QRM.
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S$2995 S3995 54995 S69.95

Coax Feed Broadside Pattern. Low Profile. Ready 1o Use

ﬁu‘t‘ NO COMPROMISE!

THREE EXCELLENT REVIEWS JUST
DON'T HAPPEN BY CHANCE.
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The Kenwood TH-25AT 2m HT offers
full size [eatures in a compact size.
Extended receive coverage (141 to 163
MHz), large easy to read LCD display,
14 memory channels, auto battery
saver circuit, memory scan and band
scan, pre-programmed automatic off-
set, 5 watts of RF output (with optional
PB-8 battery). Supplied with PB-6 ni-
cad pack, duck antenna and wall

e Only $279.99

(Plus $5 UPS)
Order #73-3062

l
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| |
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Informative Catalogs

AMATEUR CATALOG SHORTWAVE CATALOG
This 48 page catalog covers 52 pages of everything that
all major lines of ham gear is new for the SWL, includ-
including Kenwood, Icom, ing receivers, portables,
Yaesu, AEA, Kantronics, antennas, rrry & Faxdecod-
and Hustler. With prices! ers, books and accessories.

Only $1 Postpaid Only $1 Postpaid

Universal has been
serving the ham com-
munity since 1942,
We are an authorized
dealer and scrvice
center for Kenwood,
l[com and Yaesu.

Universal Radio
1280 Aida Drive Dept. 73

Reynoldsburg, OH 43068
Toll Free: 800 431-3939
In Ohio: 614 866-4267
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Number 6 on your Feedback card

Decoding OSCAR Telemetry—Part I

Learn all about the state of the birds.

by James R. Miller G3RUH

T une to 145.8-146.0 MHz SSB
at some hour any day, and
chances are you'll hear the familiar
sound of hams enjoying an
OSCAR-13 contact. But search
around on 145.812 MHz SSB, and
you'll hear something different—a
rhythmic purring sound. That’s
OSCAR telemetry, the satellite’s
signals telling us just how things
are up there.

All satellites broadcast teleme-
try. Some do nothing else. There
are four sending data now, and at

§= -
O T
— Y

T

to-audio conversion. When not in
mailbox mode, FO-12 sends its
telemetry in CW.

Two of the new MicroSats,
which AMSAT North America 1s
preparing for a late 1989 launch,
will carry AX.25 packet radio
mailbox facilities. The uplink and
downlink formats are identical to
those of FO-12. Strong received
signals on 70 ¢cm are planned. An
omni-directional antenna may be
satisfactory. A third MicroSat will
carry a TV camera and transmit its

least four more in the pipeline. This
telemetry data is available for any-
one to enjoy—now! All you need is
a little electronics, a decoder to
turn that whirring noise into digital
form, and a terminal, as with pack-
et radio, to display it.

And that’s when the fun begins.
You can read the mail, download
the bulletins, keep up-to-date on OSCAR-13
operations, decode the numerical data and
learn about the space environment, study a
spacecraft’s health, or like me, do all of
these!

In the last few years I've supplied over
2000 decoder PCBs to hams to help them
unlock the secrets of OSCAR telemetry.
Maybe you’ll be next!

In Part I, I focus on three satellites:
OSCAR-9 (UoSAT-1), OSCAR-11
(UoSAT-2), and OSCAR-13 (P3C). Look for
telemetry info, Fuji-OSCAR-12 (UoSAT-
D), and the four microsats in Part II, to ap-
pear in the June '89 issue of 73.

The Telemetry Decoder

Surprisingly, you can decode some teleme-
try with very simple equipment. UoSAT
sends very strong signals you can receiveona
regular FM HT several times a day at
145.825 MHz. To turn the audio you hear
into an RS-232 digital stream, all you need is
a simple decoder circuit consisting of two
one-shot monostables and a flip-flop. The
display system might be a 1200 baud printer
or 1200 baud computer terminal (VDU).

But simple decoders only work properly on
noise-free signals, and it wouldn’t be long
before you'd want to improve your decoder.
A proper error-resilient UoSAT decoder
would be a natural upgrade, as would a gain
antenna for stronger signals.

Once you start acquiring telemetry data,
you're soon faced with the fascinating prob-
lem of what to do with it all. The computer
comes into its own as a means of storage,
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PCB.

Photo A. 9600 baud modem for packet radio and UoSAT-D linked to
the modem disconnect header of Pac-Comm’s Tiny-2 TNC. One
EPROM contains data for a *“finite impulse response " digital filter
that precisely shapes the transmitted audio waveform for minimum
bandwidth. The other is part of a high resolution digital phase-
locked loop for clock recovery. EPROMS are supplied with the

retrieval, processing, and presentation. An
audio cassette recorder i1s invaluable when
you want to re-examine raw audio signal after
the satellite has passed.

Satellite Overview

Because the cost per Watt of spacecraft
power is enormous, satellites usually trans-
mit with only just enough power for the job.
They expect ground stations to provide good
“‘ears’’ and smart demodulators.

Such is the case with OSCAR-13. To ac-
quire and decode its telemetry, you need an
SSB receiver (2 meter or 70 cm) and a rotat-
able beam antenna, preferably with elevation
control. If the coax feeder is long and loses
more than about 3 dB of signal, you’'ll need a
masthead preamplifier. A specific **AO-13
Data Demodulator’’ extracts the digital data.
Some of this can be dumped to a printer or
VDU, but in practice, the computer will need
to read, process, and display it first. Hard-
ware and software is readily available for
several machines. For the basic user, OS-
CAR-13 also sends two short Morse code
bulletins and ten minutes of 50 baud RTTY
every hour.

Fuji-OSCAR-12 carried the first space-
borne packet radio mailbox for general use. It
sends telemetry in AX.25 packet format. You
will need a 70 cm SSB receiver, gain antenna
with steering, an AX.25 packet radio TNC,
and an FO-12 PSK modem. This will let you
read down-coming mail and telemetry val-
ues. The data rate is 1200 baud. To access the
mailbox, you need an FM transmitter on 2
meters. The modem does the uplink digital-

images digitally in AX.25 packet
format.

UoSAT-D will be launched with
the MicroSats, making up a six-
satellite mission for the Ariane
rocket. UoSAT-D will carry a
Packet Communication Experi-
ment (PCE) for general use, and
transmit its packet traffic and
telemetry in AX.25 protocol frames on 70 cm
FM. The UoSAT-D data rate i1s 9.6K bits/s.
Y ou would need a 9600 baud modem with the
TNC.

UoSAT

General: There are two UoSATs, UoSAT-
I/OSCAR-9 and UoSAT-2/OSCAR-I11.
They are in similar orbits, with periods of
93.6 and 98.5 minutes. Due to their orbits,
the satellites conveniently appear around the
same time each day. For example, UoSAT-2
goes overhead southbound at about 1000
local time each day, and Northbound at
about 2100 (£+ 45 minutes). A typical pass
lasts about 12 minutes. Ideal for schools, for
example, or for anyone who wants an orga-
nized life!

Both transmit very strong signals on
145.825 MHz FM, and sometimes on
435.025 MHz FM. You can hear themona 2
meter HT,

Data Transmitted: UoSAT-2's data trans-
mission follows a regular weekly pattern and
consists of plain-text bulletins of interest to
all satellite users, telemetry data, and infor-
mation related to the special packet radio
“‘data communications experiment”’ (DCE).
The telemetry is of two kinds; either 70 quan-
tities sent repeatedly every 5 seconds, or
dwell telemetry. That's one or two specific
quantities gathered up over a whole orbit and
sent in one long burst.

Figure 1 shows an example of a plain-text
bulletin drawn at random from my log disc.
These bulletins are typically several pages
long, The news is gathered from all over the



world, and it’s the most up-to-date source of

amateur satellite information available any-

where.

Now see Figure 2. The first line shows the
date: 1989 Jan 26, Thursday, at 1028:08
UTC. Then follow 70 data groups are in the
format CCddd, where CC 1s the channel
number, 00 to 69, and ddd is the value. For
example, **37431"" means channel 37 has
value 431. You can now look up the meaning
of channel 37 from the published table (see
“*Reading’’ at the end of this article), and find
that it's the 145 MHz Beacon Temperature,
and converts as Temp = 0.2 x (480 - N).
Simply plug in N = 431 to discover that the
temperature is 9.8 degrees C.

Of course, you wouldn’t want to go
through that exercise too often, but I think
you'd agree that a computer program to dis-
sect the table and do the calculations is quite
straightforward, fun, and an ideal project for
hams and college students alike!

Telemetry Formar: UoSAT-2 sends data in
normal 11- or 12-bit serial ASCII code: one
start bit, seven data, even parity, and two or
three stop bits. It signals bits by using two
tones, or exactly two cycles of 2400 Hz for a
data “*1’’ (stop/idle), and exactly one cycle of
1200 Hz for adata ‘0"’ (start). The sine wave
tones zero-crossings are synchronized with
the data transitions. The tones are transmitted
as FM onthe 145,825 MHz carrier. (UoSAT-
| has the tones reversed).

Telemetry Demodulation: The simple sig-
naling scheme suggests that a decoder based
on timing zero-crossings would be easy to
implement, and I have seen at least six de-
signs. While they would get you going, they
are very prone to errors caused by noise
spikes. A much better method is to exploit the
information carried by two synchronous
tones in a device called a “*matched filter
decoder.™

The G3RUH UoSAT Decoder has been
available since 1983, and about 800 are in use
by hams, schools, colleges, and at the
UoSAT Spacecraft Control Station itself at
the University of Surrey, Guildford, En-
gland.

Essentially, the decoder compares incom-
ing audio with locally generated 1200 and
2400 Hz replica tones. The best similarity
determines whether the bitisa**1""ora **0."’
Resilience to noise comes about because
noise is completely unlike the tones, or *‘un-
matched. "’

The decoder then outputs ASCII data at
RS-232 voltage levels that any terminal
device or program can read.

Decoder Specifications:

Input—Typically 50 mV to 5V RMS audio
from an FM receiver.

Output—The 1200 baud serial data stream is
output in three formats: 1) RS-232¢ level,
2) regenerated two-tone audio for tape
recording, 3) 12V CMOS level plus 1200
Hz clock.

Controls—Input invert switch; UoSAT-'
switch; lock meter.

Set-up—Two preset pots: PLL frequency and
/2 voltage supply.

Power/PCB—12V @ 15 mA. Single-sided

PCB, 160 x 100 mm. Eight CMOS chips,
one op amp. 19 resistors, 12 capacitors.
Availability—You may obtain PCB from

G3RUH, AMSAT-UK (12 pounds air-

mail), and AMSAT-VK, or order it via

Project OSCAR. AMSAT-NA stocks no

satellite products, though this should

change soon. Phone and check. All ad-
dresses and phone numbers are at the end of
this article.

Associated Equipment: You can use any 2
meter FM radio to receive UoSAT on
145.825 MHz. You can take audio direct
from the external speaker socket. Some re-
ceivers will have a separate AF O/P socket on
the rear panel that bypasses the volume con-
trol. The antenna can range from the “‘rubber
duckie’’ to a fully steerable beam; results will
be in direct proportion to signal strength.
With a beam antenna without elevation con-
trol, you can follow passes that don’t rise
more than about 30 degrees. A “‘turnstile”
(crossed dipole) is a very effective, simple,
fixed omnidirectional antenna, especially for
overhead passes. You can display the data on
any 1200 baud serial device, such as a VDU,
printer, or computer terminal. If you operate
packet radio. you already have a suitable ter-
minal.

“All satellites
broadcast telemetry.”

Reading: Probably more has been written
about UoSAT than any other amateur
spacecraft, and the list below is just a
selection. The UoSAT booklet will appeal to
Novices and old-timers alike, and has the full
telemetry specifications. NSAHD’s article
shows what you can do when you're really
hooked! The UoSAT program papers by
Martin Sweeting and his team of engineers
range from the very general (no math) to the
highly scientific, and I highly recommend
them for a full understanding of the practical
realities of every aspect of spacecraft design
and operations.

Miller J.R., G3RUH, ‘‘Data Decoder for

UoSAT,’ " Wireless World, (UK), May 1983,
pp. 28-33.
“*UoSAT Spacecraft Data Booklet,"’
UoSat Unit, University of Surrey, Guildford,
England, May 1986. 41 pages. (Obtain from
AMSAT-UK, 6 pounds airmail).

Davidoff M.R., K2UBC, The Satellite Ex-
perimenter’s Handbook, ARRL 1984, ISBN:
0-87259-004-6.

Diersing R.J., NSAHD, “‘Processing
UoSat Whole-Orbit Telemetry Data,”” Pro-
ceedings of the 4th Annual AMSAT Space
Symposium, pp. 55-76. ARRL 1986.

Sweeting M.N., G3YJO, et. al.,
“UoSAT—A Cost Effective Spacecraft En-
gineering Programme,"" J. Inst. Electronic
and Radio Engineers, (UK), Supplement to
Vol. 57 No. 5, Sept/Oct 1987, 120 pages, 14
articles. ISSN 0267-1689. (Obtain from AM-
SAT-UK, 10 pounds airmail).

OSCAR-13

General: OSCAR-13 is the latest voice/
CW transponding satellite for hams,
launched by Ariane rocket on 15 June, 1988.
Its period is just under 12 hours, and its orbit
is elliptical. Most of the time its distance from
the Earth exceeds 35,000 km (22,000 miles),
which means nearly half the Earth is in view
for hours at a time, every day.

OSCAR-13 carries three transponders:
Mode B (70 cm up, 2 meters down), Mode L
(23 cm up, 70 cm down), and Mode S (70 cm
up, 13 cm down).

Telemetry transmissions are associated
with each mode. On 2 meters this 1s at
145.812 MHz, while on 70 cm it 15 435.653
MHz. Occasionally these are changed to
145.985 or 435.677 MHz for a few minutes.
Transmissions are continuous. On the hour
and half hour, there are short CW bulletins;
on the quarter hours, five minutes of 50 baud
RTTY. The rest of the time, OSCAR-13
broadcasts telemetry data.

Data Transmirted: OSCAR-13 alternately
sends two kinds of information: plain-
text message bulletins and spacecraft nu-
merical telemetry. It transmits data in 512
byte blocks, each block preceded by four
synchronization bytes and followed by a
two-byte check sum. Idle bytes space out
the blocks. Plain-text uses ASCII codes.

A byte, comprised of eight bits, is trans-
mitted serially at a rate of 400 bits/s. A block
lasts 10.24 seconds. Blocks are separated by
about 13.5 seconds. This rhythm is clearly
discernible in the audio.

Figure 3 shows two typical message
blocks. Note that the first letter of a block
is a unique block identifier. Five text
blocks use K, L, M, N, and Y, while tele-
metry data uses the letter Q.

Telemetry data (Q) blocks are hybrid. The
first 256 bytes are plain-text, and identify the
satellite. They also show the time, date, and
certain command status flags. The second
256 bytes contain 128 bytes of data about the
spacecraft’s present operation, and 128 bytes
of historic **snapshot’’ data. These data bytes
sent voltages, currents, temperatures, navi-
gation sensor, status flags, counters, timers,
and so on. You can decode them with refer-
ence to the published calibration information.
The computer’s job is to present the data in
real time.

Telemetry Format: 1 described the block
format above. Now I'll recast the bits in a
form familiar to packet radio users, NRZIL.
This means that a **1"" is represented by a
change in the bit stream (01 or 10), anda **0"’
by no change (00 or 11). Next, each bit is
exclusive-ORed with the 400 Hz bit rate lock
(Manchester coding). Finally, the transmitter
carrier is modulated the same way as SSB is
produced. Because the signal is binary, the
net result is a 180 degree reversal of the
carrier phase known as phase-shift keying
(PSK).

Yes, it's complicated because it has to
make maximum use of the precious space-
craft power. Only one Watt is transmitted,
yet a 400 bits/s data rate at 40,000 km 1is
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geostationary spacecraft.

Bulletin-060
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UoSAT Spacecraft Control Centre,
University of Surrey, England.

aa Oet, 1586

¥ Particle Wave Surveys Continue ¥

The U0-11 particle/wave experiment and the Digital Store and Readout
system have seen daily use during that last week.

¥ AMSAT FHASE-IV STUDY LAUNCHED #*k
AMSAT-NA Engineering Vice President Jan King (W3GEY) recently completed
a "Phase 4 Technical Study Plan", outlining the technical and operational
choices that must be made as Amateur Satellite community looks for more
advances satellite communications facilities.
of the engineering choices that effect selection between Molniya or
geostationary orbits, and proposes that AMSAT Phase-1V devote itself to
Members of the technical study team have been
locking at solutions to the problems that would be faced during the design
and operation of a low-cost geostationary satellite.

The document addresses all

cy and 2 voltage supply.
Power/PCB—12V @ 30 mA.
Double sided PCB plated through,
200 x 160 mm. 24 CMOS chips,
one op amp. 23 resistors, 22 ca-
pacitors.
Availability—The PCB is avail-
able from AMSAT-UK (19
pounds airmail). You can also or-
der it from AMSAT-VK and Pro-
ject OSCAR. RadioKit sells PCB
plus full kit of parts. AMSAT-NA
stocks no satellite products,
though this may change. Phone
and check. All addresses and num-
bers are at the end of this article.
Associated Equipment: You
must use a 2 meter or 70 cm SSB
radio to receive OSCAR-13 on
145.812 or 435.653 MHz. Tuning

Figure 1. A plain-text bulletin drawn at random from the G3RUH log disc.

UOSAT-2
00510 01517 02183 03408 04052
10403 11336 12000 13064 14143
20124 21207 22660 2363b 24001
30619 31090 32291
40765 41120 42635 43054 44167
b0607 51118 52682 H3280 54892

8901264102808

05039 0e0ze 07051 08045 08033
15458
25239 26192 27524 28469 Z9517Z
35271
45000 46000 474381 43491 49477
565000 56000 B7497 bH349%2 59497
651C0 66601 67700 63000 69000

33576 34000

60828 615FD 6Z01F 63FZ24 64440

16241 17588 186460 19565

36320 37431 38473 39500

Figure 2. An example of an actual telemetry frame as a printer or VDU would show it

M de DB205 & GJIRUH

AMBAT-Australia for details.

Peter DBRZOS -

Ak K AC-13 TRANSPONDER SCHEDULE (valid until March) #**
Mode-E from MA 3 wnmtal MA 100 Attitude ALON / ALAT
Mode-JL, from MA 100 until MA 150D Jan 30 178.8/ -1.4
Mode-B  from MA 150 until MA 240 Feb (& 173.9/ -2.1
OFE from MA 240 until MA 3 Peb. 1d Y720/ 2.8

Attitude gives best pointing angle arcund apogee.
Rate of change in ALON: 0.016 deg/day, ALAT: -0.1 deg/day.

N de VKHAGRE 07Jan8%9 0030 ute QST: The OSCAR-13 Operations and
Technical Handbook produced by AMSAT-UK in collaboration with
AMSAT-DL is NOW available - Contact AMBAT-UK, Project OSCAR or

Jan 30: Can vou please send tape of software to
check out IHD with 32K memory board - works OK with AO1LD
recovery software but not IPS-CZ77

Update 1984 Jan 30

73 Graham

73 Graham.

Figure 3. Two typical message blocks. The first letter of a block is a unique block identifier. Five
text blocks use K, L, M, N, and Y, while telemetry data uses the letter Q.

possible, error-free. Compare that with ter-
restrial RTTY or packet radio.

Telemetry Demodulation: Recovering the
digital data from received audio 1s also com-
plicated, similar to the encoding process just
described, but in reverse. First the audio car-
rier (about 1500 Hz) is acquired and re-
moved. Then the 400 Hz clock is acquired
and removed. Next, the bits are detected in a
“*matched filter.”” Now the NRZI i1s un-
scrambled back to regular data.

A circuit searches for the synchronizing
bytes, and when it finds them, 512 bytes are
clocked out to a parallel port. They are also
loaded into a serializer which operates at
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1200 baud and provides a stari/stop serial
stream to an RS-232 port. The G3RUH OS-
CAR-10/13 PSK Data Demodulator provides
all of the above functions and has been avail-
able since 1984. About 500 are in use at
present.

Decoder Specifications:
Input—Typically 50 mV to 5V RMS audio
from an SSB receiver.
Outputs—Three formats: 1) RS-232 level
1200 baud, 2) eight-bit parallel, 3) 400 bits/s
raw data.
Controls—Tune Carrier, Tuning/Lock me-
ter, Meter sclect.
Set-up—Three preset pots; two PLL freguen-

rate should be 100 Hz/step or bet-
ter. You can take audio direct from the exter-
nal speaker socket. Some receivers will have
a separate AF output socket on the rear panel
that bypasses the volume control.

Receiving antennas must have at least
10 dB of gain, with little coaxial feeder loss
unless there is a masthead preamplifier.
Steering in azimuth is essential, and elevation
is highly desirable if you wish to observe all
passes.

It 1s possible to display the plain-text infor-
mation on a VDU or 1200 baud terminal
device. Problems arise with the data teleme-
try, though, because all codes from 0 to 235
will occur. These will invariably cause comic
effects on the screen, such as clearing, in-
verse video. beeps, backspacing, foreign
symbols, and in the case of printers, ejection
of large amounts of blank paper.

Software: The only practical way to handle
the telemetry data 1s with a computer, and the
RS-232 decoder output ensures that most can
be used. Software is available for several
machines, notably the IBM PC, Commodore
C-64, Acorn/BBC, Atari 800XL, Tandy
TRS-80, Sinclair Spectrum, and possibly
others. These programs are not at all compli-
cated; most of their job 1s cosmetic, 1.e.,
creating a tidy display! You can obtain
IBM-PC and CBM-64 display programs
from AMSAT-UK, AMSAT-VK, and Proj-
ect OSCAR.

Reading: The OSCAR-13 Handbook con-
tains a wealth of facts, figures, tips, and de-
scriptions of the satellite systems. It explains
the telemetry in fullest detail. Worldwide
contributors. A G3RUH PSK Decoder article
is supphed with the PCB.

OSCAR-13 Operations and Technical
Handbook, AMSAT-UK, London E12 5EQ,
England. 52 pages. (From AMSAT-UK 6
pounds airmail, AMSAT-VK, or Project
OSCAR).

Miller J.R., G3RUH, “*A PSK Telemetry
Demodulator for OSCAR-10,"" Ham Radio,
(USA), April 1985, pp. 50-62. Also pub-
lished in Wireless World (UK), Oct/Nov
1984, Radio Rivista, (Italy) May/Jun 1984 . E&]

Look for Part Il in the June ‘89 issue of 73.
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WHEN YOU ARE READY TO TRADE,
CALL MEMPHIS AMATEUR

The PARAGON. . . Performance Plus! NEW!... 961 Power Supply

The Paragon is the result of a three year engineering effort. We are proud of the Paragon and
we think it has set new standards of excellence in synthesized rigs. Check it out yourself. We

think that you will share our pride in the Paragon.

CALL
FOR
TRADE
APPRAISAL!

COMING SOON—HERCULES I AMP
Solid State, No-Tune, 550 Watts HF

1
. '1' - 1_-.1 1

MODEL 605 MODEL 604
SINGLE PADDLE KEYER DUAL PADDLE KEYER

CALLUS TOLL FREE! 800'238'61 68

MEMPHIS AMATEUR ELECTRONICS, INC.

—

ren-TEC

238
2-KW
Antenna
Tuner

1465 WELLS STATION ROAD, MEMPHIS TN 38108 OPENSTOS5,SAT.9TO 12(CENTRALTIME) PHONE 901-683-9125

CIRCLE 331 ON READER SERVICE CARD



Number 7 on your Feedback card

Build A Simple
Az-El For Mode L

Precision antenna pointing for under $100.

by John Molnar WA3ETD

t was a week before the scheduled

launch of OSCAR 13, and I had a
problem. I wanted to get on Mode L on
the first day, and the only antenna sys-
tem available that would operate on
1269 MHz was an eight foot parabolic
dish sitting in my driveway, pointed at
the horizon. | needed an alternative
antenna, one that would meet several
important requirements unigue to my

QTH: It had to be pointable in both the
azimuth and elevation planes (Az-El),
it had to be tripod-mounted on a sec-
ond story roof with limited turning
radius, it had to have enough gain to be
usable with a nominal amount of up-
link power (about 40 Watts at the
amplifier), and it had to be built with as
many ‘‘available’’ components as
possible.

What evolved is an Az-El rotor
setup, tripod-mounted, controlling a
pair of 24-element loop yagi antennas
stacked in the “*E"’ plane. This project
was intended to be a temporary mea-
sure, one that would allow me to get on
Mode L while I was working on the
““final’" solution. What really hap-
pened was that this easily-reproduca-
ble weekend project worked so well
that it is still in place on the roof as my
main Mode L array, and doubles as a
weak signal contest antenna system for
1296 work. (The dish 1s still in the
driveway, but has found use as a Mode
S downlink antenna.)

Az-El Rotor System

An Az-El rotor system has two functions. It
must support the antenna array, and allow
that array to be pointed at any point on the
horizon (like your 20 meter array) as well as
any point in the sky, because that is where the
satellites are. | have built several Az-El sys-
tems since OSCAR 7 days, and favor a sys-
tem using two separate rotors bolted together
in some manner. Both rotors should be con-
tinuously adjustable and have enough resolu-
tion to point the antenna directly at the satel-
lite in question. It is possible to use different
rotors for the Az and El functions; all that is
required i1s some means of mechanically con-
necting them together such that the honizontal
rotor turns the vertical (elevation) rotor,
which in turn supports the antenna array.

The elevation rotor typically supports the
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Most rotors will serve as the az-
imuth, or horizontal rotor. No modifi-
cation is usually required, since the
rotor is being used for turning a hori-
zontal load. Once again, a generic
hamfest CDR™-type rotor works well,
especially if it has continuous control
(not a *'stepper ). However, a U-100
or U-110 can be used with the minor
control box modification described

Photo A. The completed Mode L Az-El and stacked 24-ele-
ment loop vagis at WA3ETD. Note "‘top hat'' bucket that
protects the elevation rotor from the elements.

later in this article. Kenpro (now a
division of Yaesu) makes a fine az-
imuth rotor specifically designed for
satellite service. This rotor has a flat

Photo B. Close-up of mounting hardware. Aluminum plate
and 1wo sets of TV U-bolts form a right angle masi-to-boom
mount. The counterbalance slides on the PVC pipe, allowing
adjustment for the weight of the power divider (visible below
and to the right of the elevation rotor) and cable harness. A
short section of steel TV masit secures the El rotor mounting
plate to the Az rotor clamp. When complete, plastic end caps
seal the boom, mast, and PV C tail from moisture and insects.

antenna array boom. The boom should be
balanced to eliminate stress on the rotor, and
the easiest way to balance the boom is to stack
two antennas and place the rotor in the center
of the boom. Thus, the boom must pass
through the elevation rotor. For lightweight
satellite antennas, | have found that an old
favorite flea market special, the Alliance U-
100, or its descendant, the U-110, work per-
fectly as elevation rotors, with minimal mod-
ification. These four wire control rotors and
their clicker style box. designed for the home
television industry, can be found in working
condition at flea markets for five dollars.
They work just fine on their side for elevation
duty. I used a U-110 in this project. Howev-
er, a U-100 modified eight years ago is still
lifting antennas on my roof in the Northeast!

rotating surface, tapped for bolts in
four places. Almost anything can be
mounted to the KR-400 rotor by using
a drilled adapter plate. However,
some CDR-type rotors have remov-
able mast clamps that make them high-
ly desirable for satellite service. Try to
find one with continuous control, if
possible. I was fortunate enough to
have a Kenpro KR-400, obtained at a
“‘distress sale,”” for my project. I used
the existing mast clamp supplied with
the rotor to support the elevation rotor,

So, let’s get started! All you will
need are two suitable rotors, some ba-
sic hardware. hand tools, and a week-
end in your shop or garage.

Clamp Arrangement

Most rotors are designed to be
clamped to a vertical pipe and to turn a
vertical antenna mast. Some method
must be devised to get the rotor to turn
a horizontal mast so that the antennas
can be elevated. You must make a clamp
arrangement that will allow the rotor to be
mounted on its side. This **90 degree clamp’”’
can be easily created using common parts.

The idea 1s to mount a U-100-type eleva-
tion rotor on its side on top of a standard
azimuth rotor. This can be done in two ways.
If you have an azimuth rotor with a flat
mounting surface, all that you will need
15 a six inch square adapter plate fabricat-
ed from '4 inch aluminum plate. Or, if you
use a standard mast clamp rotor, you can
clamp the adapter plate to an eight inch
section of standard steel TV mast (avail-
able at Radio Shack™). Then, clamp the
mast section to the azimuth rotor and you will
have a quick Az-El system. I used this lauer
approach,
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A CURE WAS FOUND
FOR THESE DISEASES :

‘1. REFLECTED POWER-ITCH
KNOB-ITUS =
3. QRM-DEAFNESS =i ;

7. CROSS NEEDLE-EYES

*
THE CURE IS:

% AUTOMATIC ANTENNA MATCHER ®

FOR ALL S.5.8. RADIOS

% ONE SHOT GUARANTEED TO LAST
AT LEAST FIVE YEARS!
XX ERALEE XL T REEXERXRETEREEERTLELEER

MAXCOM, INC. BOX 502, FT. LAUD., FL.33302
S05-523-6369

* MAXCOM is a ragistered trademark and is owned by Maxcom Electronics, Ine.

— THE BOTTOM LINE: "MAXCOM WORKS"”
CIRCLE 101 ON READER SERVICE CARD

Multiband QRYV Dipole/V/Sloper

PRSI SA95” wrmo

Easy to learn, easy to use manual PRICE
PCB design package. Capable of $395
producing professional artwork for
multi-layer, through-hole boards to

32 x 32 inches. Host of powerful

editing features make efficient PCB

lay-out a breeze. Gerberand NC Drill

output.

Protel offers other fine programs: PROTEL-

SCHEMATIC, the easy to use schematic cap-
ture program, and PROTEL-AUTOTRAX, the

full-featured PCB layout program.

HARDWARE: IBM PC/AT/XT/PS2 or compatibles..... 640K RAM.....
2 floppies or a hard disk..... PC or MS-DOS greater than version 2.0

ORDER TOLL FREE, CALL: (800) 544-4186
If yvou are in CA. Hl. AK or Canada, call: (408) 437-7771 E}mmﬂﬁﬂl

PROTEL TECHNOLOGY INC.

& Member Commpany. of ' Crites Corpocation %
S —— —

(408) 437-7771

50 Airport Parkway ==
fax (408) 437-4913 |=——=—=

San Jose, CA 95110

NEW ONLINE CALL DIRECTORY

CIRCLE 378 ON READER SERVICE CARD

Ready to Use Full Legal Power

Fastest Install Tough No Lossy Traps : :

Coix Besd Flexible Low Noise Qur new HAMCALL service gives you . , TR,

2500 VInsul  Kink-Proof Never Corrodes 494,114+ Hams, via your computer. fEdSPEﬂIE:;IE in CB rﬂglgmmodlﬂcat!ﬂﬂ Efﬂns and
E}‘;’ $ 4521-1235 ?ﬁ,_‘;a$ %}2‘:';.39;155 books, plans, high-performance accessories. Over 12

Includes 51 page Tech Manual} ~ Add $5 Post & Handling. BUCKMASTER PUBLISHING years of satisfied customers! Catalog $2.

Infopack $1 by 1st class mail. HIEHHESWES'I Mineral, Virginia 23117 cBCI RNATIONAL

703: 894-5777 800: 282-5628
CIRCLE 156 ON READER SERVICE CARD

Dept 7, Provo, UT 84603-1144 P.O.BOX 31500X, PHOENIX, AZ 85046

Satellite City

12581 Central Ave., Mpls, MN 55434
Local 1-612-754-1200 State 1-800-328-8322, Ext 176

CIRCLE 332 ON READER SERVICE CARD

National 1-800-426-2891
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Referring to Photos B and C, cut a six inch
square plate of 3/16" or 4" aluminum plate.
| have successfully cut this type of plate using
a saber saw with a metal cutting blade, but
you could also use a hacksaw. Make sure 1o
clamp the main piece of aluminum in a vice,
and wear those safety goggles!

Most “‘original” U-100 rotors have four
3/16" rods threaded into the aluminum case.
These served as the rotor-to-mast clamp
guides, and should be removed. When look-
g at your U-100 or U-110, you will see an
aluminum tab protruding from the rotor
body, above the top set of holes originally
holding the mast clamp guides. This tab 1s
intended to prevent the rotor and antenna
from sliding down the mast should the clamps
become loose in TV duty. Since we intend to
lay the rotor on its side on the plate, this tab
must be removed. Do this by deeply scribing
a line in the aluminum tab where it is cast into
the rotor body. A sharp blow with a ball peen
hammer at the end of the tab will usually
break it off neatly at the scribe mark. I have
modified several of these rotors in this man-
ner, and once the tab took a piece of the rotor
case with it, exposing the guts of the machine.
No problem, a bead of RTV will seal the
crack against the rain.

Now lay the rotor on its side, centered on
the 6" plate. Mark and drill the plate for the
four posts of the rotor. Secure the rotor and
plate with 3/16" x '2" stainless hardware,
and insure that it 1s centered on the plate.

The next step depends on your choice of

azimuth rotor. If you have a flat surface on
the azimuth rotor, mark and drill the plate for
the hole pattern on your particular device.
Then secure the plate to the rotor using sever-
al washers or small spacers between the plate
and the rotor to provide clearance for the four
bolt heads holding the elevation rotor. As-
semble the basic Az-El by bolting both rotors
to the plate.

Mounting

You are now ready to assemble a mechani-
cally tough, compact unit. Refer to Photo B.
Mount the mast clamp type azimuth rotor 1o
the plate using a 8"-10" piece of TV mast.
Dnill your plate to accept two standard TV
U-bolt mast clamps, and secure the plate and
elevation rotor to the short mast section. In-
sert the other end into the azimuth rotor until
it bottoms out, then measure how much mast

Photo D. Elements of an Az-El. In this sys-
tem, the modified El rotor is united with a flea
market CDR rotor with short sections of 1"
od threaded water pipe components. The
horizontal mast is typically about 38" long.

18 between the plate and the top of the rotor,
Cut that much off the mast—the goal is to rest
the plate directly on top of the azimuth rotor.
Secure the assembly. I have found that the
slight imbalance caused by the elevation rotor
being slightly ““in front™ of the azimuth rotor
in this application causes no problems in the
final assembly.

That’s 1it! The tough part of your Mode L
array is behind you. Mount the completed
Az-El assembly on a piece of TV mast, and
use a standard 3" TV roof mount tripod to
hold it in the final position. Assuming that the
tripod will be used in the hinal roof mount
application, once again minmimize the length
of the TV mast—I try to rest the bottom clamp
of the azimuth rotor directly on the top of the
tripod.

Photo D shows another possible mounting
scheme. The Az-El rotor connection is fabri-
cated from short sections of 1" threaded iron
water pipe and a **Tee’’ section. As you can
see, many methods of coupling two rotors are
possible.

Antenna System

The following minimum system results in a
usable uplink: a single 45-element loop yagi
(about 20 dBi1 gain), transmitter power output
of 35-40 Watts, and no more than 3 dB of
feedline/connector/SWR loss. I have worked
many stations on Mode L in this class.

A pair of 45-clement loop yagis results in a
syste