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and 2004-A for 440 MHz,

Now a veritable cornucopia of superb amplifiers.

Just make vour choice!

2K Classic...the culmination of more than tifteen years of developing the 2K series inta the world
famous (ime that sets the standards for top quahty BF hinears. A true"workhorse”, built to loatalong at
full legal power, trouble fres, for vears of hard service. Operates on all amateLr bands, 80 through 15

meters (export modeis inciude 10 meter),

2K Classic “X",.We can't think of any way to make this magmitficent
2000 watt amplifier better. Rugged.. durable.. the last amplifier you
may ever need to buy.

2KD Classic...a <desk
model dasigned to
operate at 2000 watts
vifartiessly, using two
Eimac 3-500Z glass
envelope triades, a
Pi-L plate cireuit and a
rotary  silver plated
tank coil. We challenge
vou 1o find a hetter desk madel for even a thousand dollars maore

3K Clagsic Mkll...uses the superb Eimac 3CX1200A7 tube. More
than 13db gain. We helieve the 3K to he the finest amateur linear
available anywhere...the amplifier of every amateur’s dreams.

Take vour choice. The world famous 2K Desk
Classic, 2K Console Classic and 3K Console
Classic HF amplifiers speak for themselves. Now
to complete your range of choice, the superb new
3002-A and 2002-A for 146 MHz and the 3004-A

Henry amateur amphfiers are available tfrom selact dealers
thraughout the 1).8, and are being exported to amateurs all over the
world. Henry Radio also offers a broad line of commercial FCC type
accepted armphhers tor two way FM communications to 500 MHz, as
well as special RF power generators for industrial and scientifie
users, Call or write Ted Shannon or Mary Silva for full information.

2002-A...a bright new
tework of our popular
2002 & materamplifier.
Llses the new Eimac
SCXROQAT. The RF
chassls Uses 4 "+ wave
length strip ine design
for extremely reliable
approach. It provides
2000 watts (nput tor

SEB and 1000 watts
Input for CW. Because :
this tube is rated at an unheard of 15d8 gain, only ahout 28 watts
drive s required for full output.

2004-A The 400 MHz version of 2002-A. Write for full specifications.
3002-A A superb new 2 meter full power amplifier using the 8877 for
1500 watts output. You can’t buy a better VHF amplitier.

3004-A |dentical to the 3002-A except re-designed for UHF 1000 watts
autput...430-450 MHz,

Wa stock these plus many other fing names:

AEA S ARCD « ARRL » ASTRON= B A KB & We BIRD » CDE « CONNECGT-
SYSTEMS » CUSHCHAFT » EIMAC » HAL + HUSTLER » HY-GAIN « 1GOM
* KENWOOD » LARSEN « NYE « TEMPQ » VIBROPLEX ¢ YAESU

Butler. Missaur 647:30

2050 5 Bundy Dr.. Los Angeles, GA SU025  «213) 820-1234
816 67/9-3127



The TS-711A 2 meter and the TS-S11A
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 siable dual digital VFQs.
The 10 Hz step, dual digital VFOs offer
excellent stability through the use of a
TCAC (Temperature Compensaied
Crystal Cscillator).

& Large fluorescent multi-funciion
dispiay.
Shows frequency, RIT shift, VFO A/B,
SPLIT, ALERT, repeater offset, digital
code, and memary channel,

2 40 multi-function memories.
Stores frequency, mode, regeatar off-
set, and CTCSS tone. Memories are
backed up with a buiit-in iithium baitery.

| TOME  SELECT OrESES

E- 0

| WoneL TSATRIA 1 ee e
| HAMHE TRANSCEIVER |

Ciptional accessories.
2 [F-10A computer interface
& |F-232C level translator
e GD-10 call sign display
®= 3P-430 external speaker
& V3-1 voice synthesizer
5 TU-5 CTCSS tone unit
e MB-430 maohile mount
& MC-60A. MC-80, MC-85
deluxe desk top microphones

= Versatile scanning functions.
Programmable band and memary scan
fwith channel lock-out, "Center-stop”
tuning on FM. An “alert” function lets
you listen for activity on your priority
channe! while listening cn another
frequency. A Kenwood exclusive!

e RF power output controt.
Coenttnuously adjustable from 2 to
25 walts.

ONAIN  REVA(OGK

& MC-48B 16-key DTMF, MC-438 UP/
DOWN mobile hand microphones

e SW-200A/B SWR/power meters:
SW-200A 1.8-150 MHz
SW-200B 140-450 MHz

e SWT-1 Z-m antenna tuner

# SWT-2 70-cm antenna tuner

& PG-2U) DC power cable

Compiete sepvice manyals are avarlable for aif Trio-Kehwood ransceivers and most gceessones
Speciticatons and pnces are siivedt o charge withaut natice or abigation,

s Automadtic mode selection '
You may selact the mode manually
using the frent panel mode kays.
Manual mode setection is verified in
International Maorse Code,

& &ll-mode squeich.

= High perfermance noise blanker.

= Zpeech processor.

For maximum efiiciency on SSB
and FM.

« [F shiit.

2 “Quick-Step” tuning.

Vary the tuning characteristics from
“conventional VRO feel” io a stepping
action.

s Built-in AC power supply.
Cperation on 12 volis DC is also
passible.

& Bemi break-in CW, with side tone.

& ¥8-1 voice synthesizer (optionat)
More TS-711A/811A information is
available from authorized Kenwood
dealers.

KENWOOD

TRIG-KENWQOD COMMUNICATIONS
1111 West Walnut Straet
Camptan, Galdornia 90220
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ICOM MICRO

ONLY ICOM COULD BUILD IT!

A new micro-sized 2-meter hand-

ICOM!

The ICOM Micro. A breakthrough
that ends every amateur radio opera-
tor's quest for that one true, do-any-
thing, go-anywhere 2-meter handheld.

Minlaturization. The Micro gives

you all the advantages and performance =

of a larger handheld, in a package so

small, so refined, so well built that only

ICOM could build it like this.
Measuring only 4.6" high by 2.3~
wide, by 1.1” deep, the Micro fits in

your pocket or purse as easily as a cas-
sette tape. This miniaturization doesn't

mmpromlse ICOM quality. [t's exactly
what you'd expect from ICOM: high
performance in a micro package.

Full Featured. And i(COM hasn't
compromised features for size. The
{C-U2AT DTMF version includes ten

programmahble memories with odd off-
held with all the performance and reli- set capablllty an LCD readout on the
ability you've come to expect from an

top panel for easy readability, up to
three watts of output (optional), 32
built-in subaudible tones AND wide-
band receive coverage from 138 to
166.995MHz in SkHz steps for
MARS/CAP operation and weather
broadcasts. There's also a simple to
use digital TouchStep Tuning System
for fast shirt~-pocket frequency adjust-

ments. An [C-u2A version Is also avail-

able without DTMF.

Accessories. The Micro utilizes
existing ICOM handheld accessories
plus it hosts a new line of battery packs,
long life to alkaline battery cases.

ICOM CANADA, A Division of ICOM America, nc., 3071-#5 Road, Unit 9, Richmond, B.C. VSX " Canada
"t All stated specifications are approximate and subject 1o change without natice or obligation. Al ICOM radios significantly exceed FCC regulations imting spurious smissions. ;EAT1 DEB-RH
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Radio entered the eg:ace age via a tiny, odd-
shapecl box called QSCAR . A two-part article
heginning on page 15 of this issue explores the
QOSCAR program and the vital decisions that must
be made soen about a new generation of amateur
spacecraft, (cover art by Jim Massara, N2EST//4}
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Or This Inexpensive

It Really Shouldn’t Be This Easy

Remember just a few vyears
ago, how it took a roomful of
equipment just to work RTTY.
And if you wanted more than one
mode it took a dedicated com-
puter system costing thousands
of dollars. The new AEA Pakratts
are proving it doesn’t take lots of
equipment or money 1o enjoy
working all bands in five different
modes.

First, A Good Idea

The idea behind the Pakrait is
very simple. One controller that
does Morse, Baudot, ASCIl, AM-
TOR, and Packet, and works both
HF and VHF bands. Of course the
decoding, protocol, and signal
processing software must be in-
cluded in the unit, and connec-
tion to the computer and
transceiver have to be easy. The
unit also has to be small and re-
quire only 12 volts, so it will work
both in the shack and on the road.

Second, Computer Compatible

It doesn’t matter what kind of
computer you have, we have a
Pakratt for you. The PK-84 works
with the popular Commodore 64
or 128, and the PK-232 works with
any other computer or terminal
that has an RS-232 serial port.
The PK-64 doesn’t require any ad-
ditional programs. Simply con-
nect to the computer and
transceiver and you're on the air.
The PK-232 needs a terminal or
modem program for your com-
puter. The one you're using with
your telephons modem will work
iust fine.

Fourth, AEA Quality and Price

PAKRATT™ Model PK-64

PAKRATT ™ Model PK-232

Third, Performance and Features

The real measure of any data conirolier is what kind of on-air perfor-
mance it gives. While the PK-64 and PK-232 usz different types of
modems, both give excellent performance on VHF. The optional HF
modem of the PK-64 uses independent four-pole Chebyshev filters for
both Mark and Space iones, and A.M. detection. The HF option can be
factory or field installed.

The PK-232 uses an eight-pole bandpass filter followed by a limiter
discriminator with automatic threshold correction. The internal
modem automatically selects the filter parameters, CW Fc =800 Hz,
BW =200 Hz; HF Fc=2210 Hz, BW=450 Hz; VHF Fc=1700 Mz,
BW = 2600 Hz.

The PK-64 uses on screen indicators to show status, mode, and
DCD {Data Carrier Detect) while the PK-232 uses front panel in-
dicators. Both units use discriminator style tuning for HF aperation.
And that’s just the tip of the iceberg. Features like muitiple connects
on packet, hardware HDLC, CW speed tracking, and other standard
AEA software features are included in both the PK-64 and PK-232.

Not many manufacturers like to discuss quality and price at the same time. AEA thinks you want high
quality and low price in any product you buy, so that's what you get with the Pakratts. Ask any friend who
owns AEA gear about our quality. The people who buy our products are our best salespeople. As for price,
the PK-64 costs $219.95, or $319.95 with the HF option. The PK-64A, an enhanced software unit with & longer
flexible computer cable, costs $269.95 or $369.95 with the HF option. The PK-232 costs $319.95 with the HF
modem included. All prices are Amateur Net and available from your favorite amateur radio dealer. For more
information contact your local deaier or AEA,

Prices and specifications subject to change without notice or obligation.

Advanced Electronic Applications, Inc.
P.O. Box C-2160, Lynnwood, WA 98036-0918
206-775-7373 Telex 6872496 AEA INTL UW
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git, antenna range
%, and on-the-air contesting
e been combined to produce
¢ 4218XL’s higher gain and
“cleaner pattern. This antenna
is designed to survive, [t
features step tapered boom,
tubular support braces and all
stainless steel hardware, The
- new 4218XL is the only

"meter activity
ssful and satisfying.

SPECIFICATIONS

frequency range 144-145 MHz,

ANT FACTS

PREINSTALLATION
SWR CHECK

Checking SWR before
installation is easy. Find
an open area and stand
your antenna with the
hoom vertical, reflector
end down. Support the
antenna with the reflec-
tor a few feet off the
ground. The antenna can
be held in place with
Hght rope. STAY AWAY
FROM POWER LINES.
This process reduces
the ground effects. You
can make tentative SWR
checks here, The SWR
may be alightly different
when the antenna is
moved to it permanent
position. It is likely that
the variation will not be
significant. When you
have completed the
SWR check, make sure
that all fasteners and
connectioms have been

SR pmperly tightenied.
ke

s U T N A T O A A

ol

18 elements, boomlength 28.8 ft
typical SWR 1.2:1, 500 T-match
beamwidth 2 x 13° 5

turn radius 16 7'

P.0.BOX 4880 48 Perimeter Road, Manchester, NH 03108 USA + Telephone: 603-627-7877
Telex: 4949472 Cushsig Man

December 1986 5




...pacesetier in Amateur radio

“DX-citing!”

- - @5 4;@ @% Compact high performance HF transceiver

== with generai coverage receiver

Kenwood's advanced digital know-how
brings Amateurs world-wide “big-rig”
performance in a compact package. We
call it “Digital DX-citement”—that special
feeling you get every time you turn the
power on!
@ Covers All Amateur bands
General coverage recaiver iunes fram
100 kMHz—30 MHz. Easily modified tor
HF MARS operation.
e Direct keybhoard eniry of frequency
= Ali modes buiit-in

s Buperior receiver dynamic range
Kenwood DynaMix™ high sensitivity direct
mixing svstem ensures true {02 dB receiver
dynamic range. (500 Hz bandwidthon 20m)

= 100% duiy cycle transmitter
Super efficient cooling permits continuous
key-down for periods exceeding ona hour,
RF input power is rated at 200 W PEF on
558, 200 W DC on CW, AFSK, FM, and 110
W DC AM. (The PS-50 power supply is

needed for continuous duty.)

@ fdjustabie dial torque

=100 memory channeis
Fraquency and mode may be stored in
10 groups of 10 channels each. Spiit fre-
quencies may be stored in 10 channels
tor rapeater operation.

)-8 CTCSS unit (optional)
Subtone is memorized when TU-8 is installed.

= Huperb interference reduction
iF shitt, tuneabie noteh filter, noise blanker,
ail-mode syuslich, RF attermsator, RITAXIT,
and opticnal filters fight QRM.

¢ MC-438 UP/DOWN mic. included

& omputer interface port

@ & |F tilter functions

tISB, LSB, CW, AM, FM.
and AFSK. Mode
sefection is verified in
Morse Code,

¢ Built-in automatic
antenna tuner
{optional)
Covers 80-10 meters.

¢ ¥8-i voice synihe-
sizer {optional)

[
r

4

riﬂbrlf

Optional accessories:
o AT-440 intarnal auto. antenna funer (80 m—10m)

8 AT-250 external auto. tiner (160 m—10m)

© A1-130 compact mobile antenna wine (160 m—

10 m) o F-232C/C-10 level translator and modeam

IC kit ® P3-50 heavy duty power supply e PS-230¢
PS-30 0C power supply « SP-430 external

speaker ¢ MB-430 mobile mournting bracket

o YK-BEC/BBCN 500 Hz/270 Hz CW fillers « YK-885/
885N 2.4 kHz/M.8 kHz S58 filters « MC-50A/80/85
desk microphones e MC-55 (8P mobile micro-
phone & HS-5/6/1 heatdphanes » SP-40/508

mobile speakers  MA-5/VP-1 HF 5 band mohile
helical antenna and bumper mount » TL-8224, T
2 iew PEP Linear amplifter » 5M-220 station monitor
8 YS-1 yojce synthesizer @ SW-1004/200A/2000
SWR/power maters « T11-8 CTCSS tone unit

e P(3-25 extra DC cable.

6 05T

Kenwood takes you
from HF to OSCAR!

L it

Cornplete service manuals are avaflabie for aif
no-Kenwood transcenvers and most accessarias
Speciicatians and prices are subject 1o cnange witholt
rotice or ohigation,

KENWOOD

TRIQ-KENWOQOD COMMUNICATIONS

« Dual SSB IF filtering
Abuilt-in SSBfilter s
standard. When an
optionai S8 filter
(YK-BBS or YK-888N) is
installed, dual filtertng
is provided.
VOX, full or semi
break-in CW

* AMTOR compatible

1111 West Walnut Street

Compton, Califarnia 90220



...pacesetter in Amateur radio

The new TS-9408 is a serious radio
for the serious operator. Superb
interference reduction circuits and
high dynamic range receiver com-
bine with superior transmitter
design to give you no-nonsense, no
compromise performance that gets
your signals through! The exclusive
multi-function L.CD sub display
graphically illustrates VBT, SSB
slope, and other features.

2 100% duiy cycle transmitier.
Super efficient cooling system using
special air ducting works with the inter-
nal heavy-duty power supply to allow
continuous transmission at full power
output for periods exceeding one hour.

@ High stability, ciual digital VFOs.
An optical encoder and the flywheel
VFO knob give the TS-9408 a positive
funing "feetl’

e Graphic display of operating
features.
£xclusive multi-function LCD sub-

HMER

POWER

- YON OFULL MONI O

M MAIN  SEMD OFF  NOR

e NS HF TRANSCEIVER ' 559408

NB LIVEL
miOKREE Yt 0

STy

~
e

display panel shows CW VET, 358
slope luning, as well as frequency,
time, and AT- 940 anienna tuner staius.
¢ Low distortion fransmitter.
Kenwood's unigue transmitter design
delivers top *quality Kenwood” sound.

e Kevboard entry frequency seiection.

Operaling frequencies may be directly
entered into the TS-9408 without using
the VFO knoh.

& QQRM-fighting features.
Remove “rotten QRM" with the 558
slope tuning, CW VBT, notch filter, AF
tune, and CW pitch controis.

= Built-in FM, pius 858, CW, AM, FSK.

2 Bemi or full break-in (GSK) CW.

& 40 memory channeis.
Mode and frequency may be stored in
4 groups of 10 channels gach.

® Programmable scaining.

s Gieneral coverage receiver.
Tunes from 150 kHz to 30 MHz.

e 1 yr. limited warranty.
Anather Kenwoad First!
Oplional accessories;
« AT-940 full range {(160-10m) auto-
matic antenna tuner & SP-940 exlemal

Complete service manuals are svailable
tor all Trfo-Kenwood transceivers and
mast aCCessories

Specmcations and prices are subject o
shange without notice or ebligation.

“DX-cellence!”

Interface IF-232C/IF-108

speaker with audio filtering e YG-455C-1
(500 Hz), YG-455CN-1 (250 Hz),
YK-88C-1 (500 +Hz) CW filters; YK-88A-1
{6 kKHz) AM filter @ VS-1 voice synthesizer
= 50-1 temperature compensated
crystal oscillator = MC-43S UP/DOWN
hand mic. ® MC-60A, MC-80, MC-85
deluxe base station mics. = PC-1A phone
patch e TL- 922A linear amplifier

e SM-220 siation monitor « BS-8 pan
display = 5W-200A and SW-2000 SWR
and power meters.

More TS,»QAOS- inforrhation is available
trom authorized Kenwood dealers.

KENWOOD

TRIO-KENWCOD COMMUNICATIONS
1111 West Walnut Street
Compton, California 90220
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BODNEY 4. STAFFORD, KB6ZV, 5155 Shadow
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133 Sylvan Ave, San Maten, LA 94403
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GAY E. MILIUS, JR, W4UG,
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LYS J. CAREY, KAPGM, 13495 West Center Dr,
Lakewood, CO 80228 (303-986-5420)
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BAYMOND B, WANGLER, W5EDZ, 642 Beryl Dr,
San Antonio, TX 78213 (512-733-9632 home,
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Vice Director: Thomas W. Comstock, NSTC,

1700 Dominik,. College Station, TX 77840
{409-692-1181)

*Executive Committee Member

8 O5T=

Section Managers of the ARRL

Reports Invited: The ARRL Board of Directors (see list at left}) determines the policies of ARRL.
The 16 divisions of the League are further arranged into 73 administrative “sections,” each
headed by an efected Section Manager. Your SM welcomes reports of ¢club and individual activity.
ARRL Field Organization appointments are available covering a wide range of Amateur Radio
volunteer interests. Whatever your license class, your SM has an appointment available. Check
with your SM (beiow) for further information.
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THE AMERICAN RADIO
RELAY LEAGUE, INC

The American Radic Relay League, Inc, is a
noncommerrial asseclation of radio amateurs,
organized for she promotion of interest in Ama-

teur Radio communication and expertmentation, for the
establishment of netwarks to provide communications in
the event of disasters or other emergencies, for the
advancement of the radio art and of the public welfare,
for the representation of the radio emateur in legistative
matters, and for the maintenance of fraternalism and a
high standard of conduct.

RAL is an incorporated association without capital
stack chartered under the taws of the State of Gannec-
ticut, and is an sxempt organization urder Section
501(c)(3) of the Internal Revenue Caode of 1954, Its affairs
arg governed br a Board of Directors, whose voting
members are elected avery twa years by the ganeral
membersh%p. The officers are elected or appointed by the
Cirectors, The League is noncommercial, and no one who
could gain financially from the shaping of its affairs is
eligible for membership on its Board.

“Of, by, and for the radio ‘amateur,” ARRL numbers
within its ranks the vast majority of active amateurs in the
nation and has a proud history af achievement as the
standard-bearer in amateur affars.

A hona fide interest in Amateur Radio is the anly essen-
tial qualitication of memhership: an Amateur Hadio license
is not a prarequisite, although ful! voting membership is
granted only to licensed amateurs in the US and Canada

Membership inquities and general carrespondence
should be addressed to the administrative headquarters at
225 Main Sireet, Newington, CT 06111 USA
Telephone: 203-666-1541 Telex: 650215-5052 MCI.

MC! MAIL (electronic mail system} ID; 215-5052

Canadian membershi%inquiries and cotregpondence
should be directed to CRRL Headquarters, Box 7009,
Station &, London, DN N5Y 4J9, tel 519-225-2188.
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“It Seems to Us ...”

A Quarter-Century in Space

One of the many astounding facts
about radiccommunication is that its
entire history, from the transmission of
the first message to the present day,
spans but a single human lifetime.
Measured against all of man’s time on
this planet, people have been using radio
for barely the blink of an eye.

But, as new as radiocommunication is
to the human experience, it is old and
familiar compared to our use of space.
Most League members had already
graduated from school when the first
manmade object achieved earth orbit, in
1957. Those of us who were in school at
the time found our educations pro-
foundly affected because the object was
Russian, not American, in origin. Space
launches hold a special magic for us
because we can remember when space
travel was the stuff of dreams and
science fiction.

The story of the ‘‘space race’’ that
closed out the decade of the Fifties is a
story of high technology, concerns about
national defense and big budgets. But it
is also the story of a small group of
California dreamers without a big
budget—in fact, without any budget at
all—who thought Amateur Radio
deserved a place in space, and who set
about to make it happen. Recognizing
that a project is only as good as its
acronym, they formed the Project
OSCAR Association—for “‘Orbital
Satellite Carrying Amateur Radio.”’ The
launch of OSCAR 1 on December 12,
1961, was the climax of more than two
vears of effort, not only to design and
build the satellite, but to subject it to
rigorous testing and navigate the
uncharted waters of hitching a ride into
space for the world’s first nongovern-
mental communications satellite. On the
25th anniversary of this memorable day,
we salute the pioneers whose vision and
energy made it possible.

Would even the founders of Project
OSCAR have dared to imagine that on
the silver anniversary of their achieve-
ment, the score card would show launch
of fwenty-two amateur satellites from
sites in four countries? Could they have
envisioned the global cooperation that

has so indelibly marked our amateur
space effort? The leaders to whom the
torch has been passed, particularly
within AMSAT, deserve our thanks as
well.

And what of the future? Even as we
become familiar with Japan's new Fuji---
OSCAR 12, mourn the passing of
OSCAR 10, and get ready for next year’s
launch of Phase 3C, our thoughts leap
ahead to the Nineties.

AMSAT, ARRL and others in the
amateur community already are study-
ing two possible space projects for the
coming decade. Elsewhere in this issue
you will read about the Phase 4 sateilite,
which is envisioned as a geosynchronous
spacecraft carrying several transponders
with a variety of missions. Phase 4 is the
logical next step in amateur-satellite
development, eliminating the problems
of antenna tracking and everchanging
eoverage and providing a full-time com-
munications tool. Phase 4 is an ambi-
tious concept that will require more
financial support and other resources
than previous efforts, particularly in
light of the launch uncertainties that
plague the space program today.

The second project, equally ambitious
in its own way, is to place a permanent
Amateur Radio station on board the
Space Station when it is commissioned
in 1994-95, The Space Shuitle operations
by Owen Garriott, W5LFL, and Tony
England, WGORE, have demonstrated
the feasibility of direct communication
between small earth stations and manned
stations in orbit. What better link with
earth could there be for Space Station
crews in their off-duty hours? When not
being used for two-way communication
by the crew members, the equipment
could provide store-and-forward and
other capabilities for earthbound hams.

The Amateur-Satellite Service exists
today because a handful of people dared
to dream—and more, because they
worked to make the dream come true.
The record of what we build on the
foundations they laid has only begun to
be written. Therein lies the challenge,
and the opportunity, for the dreamers
among us today.— David Sumner, KI1ZZ

December 1986 9



ALl MODF TAANSSENVER FT=7874

Listen for Yaesu's FT-7T67GX every-
where you might hear it: HE 6 meters
2 meters and 70 e B

You'll hear operators calli
ideal HF/VHF/UHF hase st,
small ham shacks and apartment

~And theyll rave about it
featured performance and mghly
attractive price.

You see, the FT-7T67GX ¢ ommues
the price/performance tradition of -

~ " more feaiures.
. When you're ready to expand
* “beyond HF coverage, just plug in

~ optional modules for 8-meter, 2- meter, o

~ and T0-cm operation,

- As standard equipment, you getd ' B
“built-in HF automatic antenna tuner, -

< AC power. supply, digital SWR meter, -

~keyer, and CW filter.

-"And operation is smooth and intui-
five with keyboard frequency entry,
Dual VFOs that tune in 10-Hz steps.

_ Adigital display in 10-Hz steps. And

" ten memories that store mode, fre-

-~ _quency, and CTCSS tone information.
< The PT-T67GX is ready to operate
. ful duty wcle at full rated power

-~ - opur popular FT-757GX. But with even

- digital power output meter, electromc -

really complete

, our patented

ofch filter, a
ker, VO

Yaesu

dealer today,

" Vassu's FTT87GX. The Mool
~ way to be heard on HE, VHF and UHFE

YAESU

Our 30th Anniversary.

USA

17210 Edwards Hoad, Lemtos (A B0701

(213) 4044700

Customer Serviee: (213) 404-4884

Parts: (213) 404-4847

Yaesu Cineinnati Service Center

9070 Gold Park Drive, Hamilton, OH 45011
(513) 874 -310

Prices and specifications subject to change
without nutice.
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Shine On: When the Mions of Islip Terrace, Long
Island, New York prepared for their Christmas party
last year, they decorated not only their house, but the
tower as well. Roger, WA2UMD, and Marie, KAZJKW,
had good reason for their abundant good spirits; Their
tower is one of but a few 100-foot towers in a highly
regulated suburb that have won approval for a permit.
It took them nearly 12 years of haggling with [acal
zoning officials, but the Mions persevered. The
colored lights at the top of the tower were the brain-
child and handiwork of Marie's son, Bruce Noll (no
call). You can bet the tower will be decorated again
this Christmas season! (tnx WB2HID)

PROJECT
OSCAR

Happy 25th, OSCAR! It was on December 12, 1961
that the successful launch of this nation’s first non-
governmental satellite, OSCAR 1, inspired amateurs
worldwide to take their first steps into a vast, new
frontier—space. (QSLs like this one were issued to
countless amateurs who copied OSCAR I's Morse code
signal, “HL'" Now, 25 years after that historic event,
the Amateur Satellite Program is looking to take
another big step in space communications, this time
with the development of a new generation of satellites,
Phase 4. This month and next, in celebration of
OSCAR’s Silver Anniversary, we'll be looking at the
past and future of the Amateur Satellite Program with
a two-part article. Won't you join us?

ARRL to FCC: Keep Question Pools

The only way to ensure reverse its decision to turn
standardization of volunteer over question-pool main-
exams is for the FCC to tenance to Volunteer
maintain the question Examiner Coordinators.
pools. So argues the ARRL  See this month’s

in its petition requesting Happenings for details.
that the Commission

Marconi Remembered: The 12th of this month marks
85 years since Marconi received the first transatlantic
signal, a major communications breakthrough. To
commemorate the event, members of the Society of
Newfoundland Radio Amateurs will return to the
original site, Cabot Tower on Signal Hill in St John's,
Newfoundland, to operate special-event station
VOTAA/. It was on December 12, 1901 that Marconi
received the letter “S,”" transmitted from a station

in Pothdu, England. [n true amateur fashion, Marconi
copied the signal using a primitive receiver fed

by a long-wire antenna suspended from a kite. Watch
for VO1AA/M on 3.785, 7.085, 14.025, 14.140 and

21.250 MHz, beginning at 1200Z. (photo courtesy
VOTHO)
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Ham’'s Best Friend: Having difficulty keeping track
of the myriad changes in Part 977 Then, the latest
edition of The FCC Rule Book is just what you need
to keep vour knowledge of the rules and regs state
of the art. Not just a rehash of the FCC Rules, this
book contains the latest answers to hundreds of
commonly asked questions, in an easy-to-
understand style. No ham shack should be without
a copy. See page 166, this issue, for ordering
information.

What a View! Walt Stoll, KABCLP {right), of Clinton,
Ohio, got quite an eyeful as well as an earful during
this amateur operation. Walt had been invited by
Ralph Schoener, K8ZBY (partially shown, lower right),
to tag along on a guest ride aboard the Goodyear
blimp America when it made a stop in Akron. What
would any amateur do in a similar situation? Bring
along a hand-held, of course! The two hams got
permission to operate, and drew an instant pileup
when they signed "“aeronautical mobile from the
Goodyear blimp” aiter the first Q50, with Ralph’s
father, WBTPS, Although the half-hour flight “ended all
too quickly,” Ralph and Walt enjoyed about 25 two-
ways on 2 meters. (Nancy Baker photo)

Author, Author: E. R. “Chip” Angle, N6CA {(center),

of Lomita, California, has the write stuff: He’s the
winner of the Technical Excellence Award for 1985.
The coveted Pewter Cup is awarded annually by the
Board of Directors to the author of the best QST
article for that year. Chip's winning article, A
Quarter-Kilowatt 23-cm Amplifier,” appears in March
and April 1985. QST Editor Paul Rinaldo, W4RI (left),
and Southwestern Division Director Fried Heyn,
WABWZO, are shown making the presentation at
the ARRL National Convention in San Diego in
September. (N6EGY photo)

§!-..L" L'r’dL
lm'ERNA'ﬂ

WAKFC Honored: The 1985 ARRL International
Humanitarian Award has been awarded posthumously
to Victor C. Clark, W4KFC. In making the choice, the
ARRL Board cited Vic's lifelong commitment fo the
furtherance of international brotherhood and peace
through Amateur Radio. Vic, who became a Silent Key
in 1983 while in office as ARRL President, was a respec-
ted friend to thousands of radio amateurs throughout
the world. From his youth, he was an active participant
in the ARRL, serving in many capacities, including Sec-
tion Communications Manager, Director and President.
In 1936, already a renowned radio amateur as WEKFC at
the age of 19, Vic was selected as the first recipient of
the Hiram Percy Maxim Memorial Award,




Ham Radic Takes tt the Screen: The Fairfield
Amateur Radio Association found a great way to get
publicity for their club and for Amateur Radio in
general. FARA teamed up with Connecticut Public
Television to produce a program on what they do
best—ham radio. Featured in the half-hour program are
scenes of amateurs in action during the 1985 Mexico
City earthquake, an emergency-preparedness drill, the
Shuttle Amateur Radio Experiment (SAREX), the Mayor
of Fairfield explaining how amateurs helped state
officials during Hurricane Gloria, and information on
how to, get started in Amateur Radio, The scene above
shows FARA member John Ronan, K3Z]J (who is also
an ARRL Section Manager), operating FARA club
station WB1CQQ. The program can be seen by
Connecticut viewers on December 7 at 1 PM on CPTV.

Trivia Quiz Answer

Last month, we asked you
who were (1) the founding
Secretary and (2) the first
full-time paid manager of
the ARRL. The answer to
the first part is Clarence
Tuska (1WD, 1ZT), co-

founder of the ARRL with
Hiram Percy Maxim. The
second answer is Kenneth
Bryant Warner, W1EH.

K. B. Warner was hired as
Editor and Managing
Secretary in May 1919,

Solid Advice: Success in building solid-state devices
need not be out of the reach of radio amateurs.
Through the pages of ARRL’s Sofid State Design for
the Radio Amateur, you can have at your fingertips
the basics of circuit designs and their practical
applications for a multitude of projects, including
transmitter and receiver design, power amplifiers,
transistor modeling and test equipment. See page 124,
this issue, for ordering information.

A Royal Response: Some special events are more
special than others. That's the conclusion members of
the Raleigh Amateur Radic Society came to after their
special-event operation to commemorate the 400th
anniversary of English explorer Sir Francis Drake's
arrival on the North Carolina coast June 10, 1585,
Although W4DW operators netted many enjoyabie
QS0s and provided great exposure for Amateur Radio
during the operation, the highlight was a “two-way”
via Amateur Radio with Princess Anne, England’s
official representative to the 400th anniversary cele-
bration. With help from many, including the State of
North Carolina, the British Consulate and members of
the Radio Society of Great Britain and the IBM Radio
Club in Llondon, third-party regulations were waived
and a message was duly delivered and a reply from
Princess Anne received. Here, RARS members operate
the three stations used during the W4DW operation
on Hatteras Island, North Carolina. In the background
is the Elizabeth I, a composite of 16th Century English
ships. {tnx Bob Dean and N4IQA; N4IZE photo)
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League Lines

The Ninth General Assembly of IARU Region 2, the regional organization for IARU member-societies in North
and South America, was held in Buenos Aires, Argentina, October 20-24. Such regional conferences are held
every three years, and permit coordination and the development of closer ties between the national Amateur
Radio organizations of the hemisphere. ARRL and CRRL were among 17 member-societies that sent delegations
to Buenos Aires. Cuba was among the countries represented for the first time at a Region 2 conference. The next
Region 2 conference will be held in the US during 1989, the 75th anniversary year of ARRL. A report on
conference actions taken in Buenos Aires is in preparation for an early issue of QST.

Repeater owners/trustees: To make sure your information is correct in the 1987-88 Repeater Directory, you must
be sure that your Frequency Coordinator has been kept up to date. All information for the next edition of the
Repeater Directory will now be coming through vour Coordinator. Registration forms and a list of Coordinators
can be found in the 1986-87 Repeater Directory. Registration forms may also be obtained by sending an SASE to
ARRL HQ to the attention of the Repeater Directory Editor.

Is your club holding a Novice or upgrade course this winter? Register the course with the ARRL Club Services
Department now, and we'll be sure to put you in our computerized listing of classes. This will help us direct
prospective hams to your club! ‘

HQ is developing a list of clubs that have solid connections in college or graduate school video production
facilities. If you can help us with some video production projects, contact Curt Holsopple, CSD Manager, at
Headquarters.

The US Environmental Protection Agency has extended the time for filing comments in its proposal to limit
public exposure to RF radiation. The new date is December 15, 1986, See the Happenings column in August QST
for more details concerning the various guidelines proposed by the EPA. These guidelines would directly affect
only government entities. Separate action by the FCC would still be necessary to impose the standard on FCC
licensees after it is adopted.

As the 1986 tax year draws to a close, consider the good works that your rax deductible coniribution to the ARRL
Foundation will support. You can even earmark your gift to any of the Foundation’s scholarships (Goldwater,
Hadlock, Grauer, **You Have a Friend in Pennsylvania™), the **Victor C, Clark Youth Incentive Program,” the
Amateur Radio Satellite Program or the ARRL Foundation General Fund, depending on your interests.
Contributions made before December 31, 1986 can be deducted on your 1986 tax return. For further information,
write or call the ARRL Foundation office at League Headquarters.

Attention educators! Here’s your chance to view a live satellite closed-circuit conference about Amateur Radio. If
your home or school is equipped with a satellite TV reception dish, you can tune in on Saturday, December 6,
1986, from 2 to 3:30 PM Eastern Standard Time. This ARRL production is one installment in a series entitled
““The Shoulders of Giants,’” an in-service training course produced by the Talcott Mountain Science Center
{Avon, Connecticut) under contract with the University of Hartford. Live phone-in audience participation is a
part of the special satellite hookup. If you just want to watch, the program will be on Westar IV, transponder 10
direct, channet 19. Contact ARRL HQ, Club Services Department, for more information.

The Amateur Satellite Communications column will not appear this month or next, but will resume its usual
schedule in February. In its place we're pleased to run an extensive article on *“OSCAR at 25.”

Attention Field appointees: Seven new Participating Badge Engravers have signed up to supply you with your
official ARRL Field Organization Badge (see July 1986 (ST for information on the ARRL Official Call Sign
Badge Program). They are: House of Eades, 1989 Harrodsburg Rd, Lexington, KY 40503 $5.75; Florida

Custom Plastics, 9900 Ulmerton Rd, Lot -56, Largo, FL 33541 $7; Omaha Rubber Stamp Co, 8104 Maple St,
Omaha, NE 68134 $5.95; Accurate Engraving Service, 1816 SE 20th Ave, Portland, OR 97214 $5.50; Curley’s
Engraving, 1223 SE 32nd P, Portland, OR 97214 $5.50; The Sign Man 1II, 1146 Cross Creek Dr, Franklin, TN
37064 $5.80 (TN residents add 7%); and The Badgemakers, 613 W Yakima Ave, Yakima, WA 98902 $4.50. These
join the three firms listed in October League Lines.
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mosie. i gl The Amateur
Sl R o] sl ®omes of Age

Twenty-five years ago
this month, OSCAR |
successfully achieved
orbit around earth—and
amateurs took their first
steps into an exciting,
new frontier, space
communications.

By Jan King, W3GEY, AMSAT VP, Engineering
Vern Riportella, WA2LQQ, AMSAT President
Ralph Walllo, WORPK, AMSAT VP, Operations
AMSAT, PO Box 27, Washington, DC 20044

events that mark transitions from one

era to another. In aviation, Lindbergh’s
1927 solo flight from New York to Paris was
such an event, Suddenly, the continents were
days closer. Similarly, the 1957 launch of
Sputnik partitions history to the pre-Space
Age and the Space Age.

In Amateur Radio, the watershed date
is December 12, 1961. On that day,
OSCAR I was launched. (OSCAR is an
acronym for Orbiting Satellite Carrying
Amateur Radio.) We predict that in the last
decade of this millennium, the significance
of that date will come more clearly into
focus. It was then, historians of Amateur
Radio will note, that the hobby fook a
sharp turn toward its future: space com-
munications. It was then that ham radio got
on track for its major theme in the 21st
Century; proliferaied networks of hams
communicating via muitiple media with

_satellites carrying the bulk of the mostly
digital traffic (digitized voice, data and

I n many fields, there are watershed

video as a minimum over the amateur
equivalent of the Integrated Services Digital
Network, ISDN).

On the eve of a quarter century of
OSCARs, then, we thought it an appro-
priate juncture to step back and take the
long view. How did we get here? Where are
we? Where are we going? And how fast are
we getting there?

One way to see where we are going is to
chart trends. Mark a few points along a
path and soon enough a trend can be dis-
cerned. For example, we can classify
OSCAR mission complexity and operating
environment into three, spon to be four,
phases:

Phase [-~Short-lived beacon and/or
transponder-equipped spacecraft, from
OSCAR 1 through OSCAR 5, and the
recent Russian ISKRA series, which were
manually deployed from the Salyut space
station.

Phase 2--Longer-lived, multitransponder

or scientific spacecraft in low earth
orbits, including OSCARs 6, 7 and B,
UoSAT-OSCARs 9 and 11, Fuji-OSCAR
12 and RS-1 through RS-8. (Many new
satellites will be added in this class in the
future since the Iow altitude often means
strong signals.)

Phase 3—Longer-lived, multitransponder
spacecraft in elliptical orbits, including
OSCAR 10, Phase 3C (to be launched in
1987) and perhaps Phase 3D in 1990.
Benefits of long duration of visibility are
offset by complex tracking task.

Phase 4-—Very-long-lived multitrans-
ponder, multimission geosynchronous
spacecraft serving large regions of the
earth. Currently undergoing serious
study aimed at commencing general use
in less than five vears.

However, these coarse classifications
don’t speak to advancements in many
engineering and operational areas that have
gradually built on the past to produce the
capabilities we enjoy today and will enjoy
tomorrow. Improvements in power
svstems, function control, attitude control,
telemetry systems and transponder opera-
ting frequencies and bandwidth all point
toward an astonishing capacity in tomor-
row’s Phase 4 program. (Refer to Table 1.)

OSCARs I-IV were built by Project

OSCAR of California. Australis-OSCAR -
5 was built by students in Australia and was
launched by NASA on a “‘ride” arranged
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Table 1
Capabifities Growth Comparison of OSCAR
OSCAR Power Function  Atfftude Telemstry Beacon
Control Controf Transponder
| Mercury None None 1-channel 2-m beacon
battery CW rate
] Mercury None None 1-channel 2-m beacon
battery CW rate
m Silver-zinc None Nona 3-channet 2-mf2-m transponder
battery CW rate and (50 kHz)
(transpander) pulse width  2-m beacon
solar cells
2.5 W & battery
(beacon}
v Solar cells None Spin None 2-mi70-cm transponder
10 W & battery (10 kHz)
70-cm beacon
5 Manganese 1ground Spin& 7-channels 10-m, 2-m beacons
alkaline command; passive pulse width
battery beacon rmagnets modulation
on-off
& Solar cells 21 ground Spin & 24channel  2-m/10-m transponder
5.5-W NiCd commands passive CW (100 kHz)
battery magnets 10-m beacon
7 Solar calls 70 ground Spin &  24-channel  2-mf10-m transponder
15-W NiCd commands passive CW, 60- 70-cm/2-m transponder
battery magnets channel {150 kHz) 10-m, 2-m,
Baudot 70-cm, 13-cm beacons
8 Solar cells 5ground Spin & 6-channel 2-m/10-m transponder
15-W NiCd commands passive CW 2-mf70-ctn transponder
battery magnets (200 kHz)
10-m, 2-m beacons
9 Solar cells Onboard  Gravlty- 105 channels 2-m, 70-cm, 13-cm, 10-GHz,
17-W NiCd computer gradient ASCIH Baudot 7, 14, 21, 286-MHz
battery & ground  boom synth-voice  beacons
command digital video
Ccw
10 Solar cells Onboard  Spin & 64channel  70-cm/2-m transponder
50-W dual computer active  ASCI Baudot 24 cm-70 cm
NiCd batteries & ground magnets (850 kHz)
command 2-m, 70-cm beacons
1 Solar cells Onboard  Gravity- 158-channel 2-m1, 70-cm, 13-cm beacons
25-W NiCd computer gradient ASCI Baudot
battery & ground boom & synth-voice
command active  digital video
magnets CW
12 Solar cells Onboard Spin & 52<channel  2.m/70-cm transponders
8.5-W NiCd computer passive 68channel analog and digital
battery & ground magnets CW {100 kHz)
command PSK 70-m beacon
P3C  Solar cells Onboard Spin & 64channel  70-cm/2-m transponder
50-W dual computer  active ASCIl Baudot 24-cmf70-cm transponder
MNiCd batteries & ground magnets
[Watts TBS] command 2-mi70-cm transponder

70-cmf13-cm transponder
digital transponder

{500 kHz)}

2-m, 70-cm, 13-cm beacons

by AMSAT. AMSAT buili AMSAT-
OSCARs 6, 7, 8 and 10 with its affiliated
organizations and help from the ARRL {on
OSCAR 8). UoSAT-OSCARs 9and 11 are
the products of the University of Surrey,
England. Fufi-<OSCAR 12 was a joint
project of the Japan Amateur Radio Satel-
lite Corporation (JAMSAT), the Japan
Amateur Radio League (JARL), the
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Nippon Electric Company (NEC) and
Japan’s National Space Agency (NASDA).
More on the history of the Amateur
Satellite Program can be found in The
Satellite Experimenter’s Handbook (avail-
able from ARRL). Additional reading on
FO-12 appears in the Oct and Nov 1986
installments of the Amateur Satellite
Communications column and in the June,

Aug and Oct 1986 issues of QEX (available
from ARRL).

Power Systems

The application of solar-cell-driven
battery recharging has been the single
greatest improvement in OSCAR power-
system design. Early projects predated
usable solar-cell technology in terms of
output, cost and reliability. While
OSCAR IIPs solar cells and associated
secondary battery powered the totally
separate 2-in beacon for several months,
the primary battery powering the trans-
ponder was depleted in 16 days. The first
application of solar-cell technology that
resulted in an extended working life was
aboard OSCAR 6, whose Mode A trans-
ponder provided service to the Amateur
Radio community for 414 years, beginning
October 1972.

The ultimate demise of every OSCAR
project until AOQ-10 has been battery
failure. Consequently, the baseline Phase
3 design includes an auxiliary battery,
battery-charge regulator and a reliable
means of switching between the two. This
redundancy has not as vet been required
aboard OSCAR 10, but continues as a vital
insurance measure in Phase 3C, which is
scheduled to fly in 1987,

Functional Control

The first application of ground-
command capabilities for tuning the
beacon transmitters on and off, flew
aboard OSCAR 5. From this beginning,
necessary to demonstrate remote-control
capabilities to the FCC, hardwired func-
tional conirol systems grew to accept as
many as 70 different ground commands
aboard OSCAR 7.

However, the big breakthrough was the
successful application of software-driven
onboard controllers, which have come to
be known as Internal Housekeeping Units
(IHU), beginping with OSCAR 9 and as
flown on all OSCAR missions since. The
THU concept allows for at least two long-
term benefits:

1) The ability to make decisions aboard
the spacecraft, independent of ground con-
trol; and

2) The ability to upload new software
representing better ideas designed after the
bird is in orbit.

Attitude Control

The attitude of the spacecraft relative
to the earth is important to ensure the best
use of onboard antenna patterns and for
thermal dynamics. Although spin stabili-
zation was to be a feature of the ill-fated
OSCAR IV mission, the OSCAR 5 project
was the first to use both spin stabilization
and passive magnets successfully. These
attitude-control methods were entirely ade-
quate for all transponder-equipped mis-
sions until the Phase 3 design. The
scientific-studies payloads aboard OSCARs
9 and 11 require a completely different



stabilization technique. A gravity-gradient
boom is used for UoSATs.

The tri-star Phase 3 design requires active
attitude control to respond to changing sun
angles. This control is provided in the form
of IHU-controlled electromagnets that are
pulsed by navigational software as neces-
sary to maneuver spacecraft attitude. At-
titude is determined by sun and earth
sensors and is processed by the JHU.

Telemetry

The encoding and transmitting of vital
spacecraft operating parameters and con-
ditions has evolved from methods undeci-
pherable by anyone but the primary
engineering team (as with OSCARs I, IT
and I1) to transmission of telemetry units
in CW, Baudot and ASCII codes with con-
version tables available to anyone. In the
future, we can look forward to transmis-
sion of actual engineering values in plain
language, which will be especially useful for
elementary and secondary educational
purposes.

The quantities of parameters has evolved
from just one, the internal temperature of
OSCARs I and 1, to as many as 156, as
transmitted by OSCAR 11.

Beacons and Transponders

Amateur bands used for OSCAR
missions have moved steadily higher in
frequency as allowed by advances in tech-

T b D s SR E nology and as the lower frequencies became
An Air Force Technical Sergeant admires the handiwork that went into designing and more crowded with terrestrial operations.

building the world’s first nongovernmental communications satellite, OSCAR |. While Through the years, both transponder ef-
circling earth, the 10-pound satellite transmitted the word “HI” in Morse code. ficiency and available bandwidth increased

dramatically, OSCAR 10's 950 kHz of
transponder bandwidth is more than equal

to all preceding OSCAR missions
combined,

Transition to the Next-Generation Satellites

Development and mastery of all of these
areas has been necessary to bring us to the
brink of the Phase 4 era. Without the
successes achieved in power systems,
functional control, attitude control,
telemetry systems and transponders, we
would not now be in the position to bring
the advantages of satellite-borne trans-
ponder communications from the domain
of the experimenter to the routine use by
amateurs in many other facets of ham
radio.

As is apparent, growth in OSCAR com-
plexity and capability has been impressive
since the humble beginnings in 1961,
Despite the often-dramatic performance
improvements between satellites within a
generation, and even more so between
satellite generations, working OSCAR has
remained more or less an esoteric art; only
about 3% of active 1S amateurs consider
themselves *“OSCAR-active.”

_ e » A surprisingly high number of active US
OSCAR I was the brainchild of Project OSGAR, a group of California hams. The members 120 have tried OSCAR at least a couple
shown here ara (1) Gail Gangwisch, Nick Marshall, WSOLO, Don Stoner, WETNS, Chuck ~ ©f times. For one reason or another, they
Towns, KBLFH, and Fred Hicks, WEEJU. Project OSCAR also was involved in later found it did not retain their interest; at least
amateur satellites. not in terms of the effort required to effect
December 1986 17
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Building today’s amateur satellites requires an outstanding range of skills, Here, Dick

Daniels, W4PUJ (right), and Wolfgang Mueiier (from the German rocket manufacturer,
MBB) wear special suits while loading potentially explosive, highly toxlc propellant into

AMSAT-OSCAR 10 prior to its launch in 1983,

a QSO. And that seems to be a major
theme with persons we've interviewed
regarding their experiences with OSCARs.
We’ve found that about 15% of all current
hams have had at least one OSCAR QSO
in their ham career. Why this group should
outnumber the *‘regulars™ by about 5 to
1 has been the source of protracted soul
searching among our future-system archi-
tects. ““Why,”” they justifiably ask, *‘is
something so inherently interesting (space
communication) such a disappointment in
terms of obtaining and maintaining the
interest of a large proportion of the
amateur population?”’

The question is significant in light of
plans for our next generation of satellites,
Phase 4. For, although the trend lines of
past evolutionary growth in satellite
capacity and functionality point to several
potential growth areas, the consensus
among AMSAT long-range planners is that
it may be time for revolutionary growth
instead of evolutionary growth in satellite-
system architecture. It may be time for a
change in the way we look at satellite
systems and how they interact with the
general Amateur Radio community.

Moreover, there is a special sense of
urgency associated with this introspection.
While technology advances have made
more OSCAR capacity available to
amateurs, it has also sharpened the appetite
of commercial interests for the very heart
of our hobby: our precious spectrum. The
same technology that is making it possible
to enhance present and future OSCARs
ironically is placing our hold on the
VHF/LJHF spectrum at risk. Spectrum that
was thought useless for commercial

18 11 28

purposes years ago is now deeply coveted
and eagerly sought by entrepreneurial
interests.

The popularity of all prior OSCARs has
been throttled by two main factors: access
and functionality.

“Access’’ really means “‘ease of access™
or, alternatively, “*convenience.” In order
to be convenient, an OSCAR needs to
appear regularly (at a given time of day),
and it needs to be enduring (stick around
for long enough for a few QS0s, at least).
While AMSAT-OSCAR 10, in its high,
elliptical orbit, has improved access in
meaningful ways, the major drawback has
been that it is not sun-synchronous. That
is, its appearance tracked neither with the
sun nor human activities (such as
work/play schedules), which are syn-
chronized with the sun. Nevertheless,
AQ-10 did provide endurance. it could be
in view often for eight- or nine-hour
periods, during which thousands of QSOs
could transpire.

“Functionality”” means, essentially,
“What can I do with it?" The conventional
wisdom holds that satellites will be truly
popular when they can do more than 20
meters can do most of the time. If satel-
lites could do what 20 meters does for less
money, that would probably accelerate the
popularization process. Well, AO-10 has
done some of the things 20 meters does and
some of the things it does not. Like 20
meters, AO-10 has provided international
coverage. Unlike 20 meters, it has not been
choked with QRM. Neither has AO-10
been tied to the sun in terms of when it's

on and when it’s off. Neither has AO-10-

been notably affected by geomagnetic

storms or sunspot cycles. Bui, whereas
when 20 meters is very good, signals can
be 40 dB over the noise, signals on AO-10
have rarely exceeded 12 dB above the noise,
And, spin modulation (QSB) is an effect
associated with satellites, not 20 meters.

The point is this: Given the traditional
equipment and experience base of the active
amateur community, there has been insuf-
ficient motivation to become satellite
regulars. *“What can | do with satellites that
I can’t do on HF?”’

Ciiven this reasonable question, then,
let’s look at revolutionary ways to provide
communications which cen’t be ac-
complished using available HF techniques.
For example, let’s provide a way for linking
the minimum Amateur Radio station, say
a 2-meter hand-held radio, with another
hand-held 10,000 miles away through a
gateway or teleport in the vicinity of the
hand-helds. Let’s look at ways of trunking
terrestrial packet networks into a global
network. Let’s consider how we might
address emergency voice bulletins to a large
portion of the Amateur community
through thousands of repeaters across the
country using an alert broadcast code and
selective addressing from the next-genera-
tion OSCARs. Let’s see what we can
achieve with the latest in digital TV and
compression techniques in a new amateur
context. Most important, however, let's
look at ways of making the next generation
of OSCARs truly justify not only them-
selves in terms of intrinsic merit, but rather
in terms of service they can provide to the
public., That spells revolution, not
evolution!

Next month, we'll take a look at the
transponders and communications possi-
bilities of the next-generation sateflite,
Phase 4. ]

B/

I would Jike to get in touch with ...

3 anyone with information on converting a
Cobra 148GTL 888 CB sct for amateur use
on 10 meters. Dave McGee, N3AFH, RD 1,
Box 79A, Hopewell, NJ 08525.

Strays

[T} anyone with a manual/schematic for a
Conar VTVM, Model-211. John Gercken,
KA9EPO, RR 1, Box 27, Bellflower, IL
61724,

{1 any hams interested in railroads and
locomotives, from HO to 027 to LGB. Ed
Lamb, Jr, WB6IBJ, 2111 Orange 5t,
Highland, CA 92346,

[J anyone with information on the origin of
the Farnsworth method of sending slow-speed
CW. Bill Fisher, W20C, 2 Barnard Rd,
Armonk, NY 10504.



Three Fine Mice—MOuUSeFET
CW Transmitters

Got a hankerin’ to build a simple CW transmitter that's a real
performer? Take your pick—one or all—for 80, 40 and 30
meters. They're VFO controlled, too!

he availability of low-cost power
I MOSFETS (they’re not really
MOuSeFETs!) creates new possibili-
ties for ‘‘homebrew"’ transmitter design.
For several years, 1 have used various RF
bipolar transistors, all priced in the $12 to
$16 range, in homebrewed C'W transmit-
ters. They performed well, but when [
found inexpensive switching MOSFETS
priced at $1 to $2, I thought: *“Why not
give them a try?”’ The low-cost devices
seerned to be a painless (to the pocketbook)
way to determine the MOSFET’s potential
and how to tame it for use at RF. Since I'd
lost a few RF bipolar transistors while
learning how to use them, I knew certainly
that a few MOSFETS would be **cooked”’
before 1 found the right circuit. [ selected
80 meters as the test band, and eventuatly
built transmitters for 30 and 40 meters.

Technical Approach

From articles | reviewed, it was apparent
that the majority of MOSFET transmitter
circuits use a 24-V, or greater, drain
potential and most use RF-characterized
device types. Because RF power MOSFETs
are priced too high for this learning
effort, my objective was to obtain at least

By Michael J. Masterson, KAZHZA

7 Hudson Rd
Budd Lake, NJ 07828

10 W output from a switching MOSFET
operating from a 12-V supply.

Different circuits
employing heavy gate
swamping, RF feedback,
drain loading and even
the common-drain
configuration were tried.

So, I did a lot of computer modeling,
experimentation and article review. Dif-
ferent circuits employing heavy gate
swamping, RF feedback, drain loading and
even the common-drain configuration were
tried. Some of these circuits Iooked
promising—for a while, But, just as a
cireuit seemed to provide sufficient gain,
the device would be destroyed by gate
breakdown, not excessive dissipation or
thermal runaway. | discovered that some
form of gate protection is required, along

with capacitive drain loading. Apart from
the final amplifier, the remainder of the
transmitter uses a proven transistor lineup
from a previous design.

Circuit Description

Fig 1 is the schematic diagram of the
transmitter. Frequency dependent parts
information is given in Tables 1 and 2. The
transmitter power chain is straightforward
and is divided between two boards. (All
transruitters use the same PC boards.) The
VFO board contains Q1, an FET VFO,
buffer Q2 and the balanced doubler
composed of Q3 and Q4. D4 provides
power-supply regulation for Q1. The
80-meter transmitter uses a Hartley VFO;
it’s a simple circuit and keeps the
inductance of L1 at a reasonable value. A
series-tuned Clapp oscillator with the
inductor wound on an air-core ceramic
form (for stability) is used in the 30- and
40-meter transmitters. Balanced doubler
Q3-Q4 gets its drive from the bifilar
winding on T1. The transistor collectors are
tapped down on T2 for optimal output. ‘12
is tuned to the operating frequency, twice
the VFQ frequency.

The VFO runs continuously. When

December 1986 19
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Fig 1—8chematic diagram of the MOuSeFET low-power transmitter. The 80-meter VFO is shown in the inset drawing. Refer to the parts
list and Tables 1 and 2 for parts values not shown on the diagram. All 0.1-4F capacitors are 25-V X7R or Z5U ceramic types. All resistors

are V- or ¥%-W, 10% telerance acceptable.
C11— 47-uF, 18-V electrolytic or tantalum.
C12— 10-4F, 16-V electrolytic or tantalum,
D1-D3, incl— 1N4148.

D4—8.2-V, 400-mW Zener diode (1N959 or

aquiv).
D5—13-V, 400-mW Zener diode (1N964 or
equiv).

spotting, the buffer and doubler stages are
keyed. The driver and final amplifier stages
are on only during transmit when +12 V
is applied at J1-E through an external TR
switch. C12 provides some keyed wave-
shaping, and Rl is an adjustment for
doubler balance. C10 ensures stability at
this stage, but it may not always be
necessary. Measured VFO-board cutput is
in the order of 60 mW. Improved keyed-
wave shaping using a time-delay circuit was
devised by Zachary Lau, KH6CP, of the
ARRL Lab, That circuit employs a general-
purpose PNP traansistor, (7, to moderate
the otherwise fast rise time of the keved
wave, This addition also allows one side of
the key to be grounded.

Q5, a 2N3053 operating class C, and Q6,
an International Rectifier IRF type
MOSFET also operating class C, comprise

20 OsT=

FB—2t no. 28 enameled wire on FB-43-101
territe bead,

J1—Amphenol 128-011 jack (or equiv).

J2—Phono jack.

P1—Amphenol 128-010 plug (or equiv) for
power cable.

1, Q2—MPF102 (see text).

Q3, Q4—2N3904 (see text).

the power-amplifier chain. QS5 delivers
about 1 W through an L network to Q6's
gate circuit.

A power MOSFET’s gate circuit is quite
different from a bipolar power amplifier’s
base circuit. D5 provides two functions:
It protects Q6 from excessive pate
voltages and acts with C11 to provide a
“‘grid-leak” action. During the negative
half-cycle, D5 conducts and charges Cl15;
during the positive half-cycle, C15%s charge
is added to the RF drive to supply a
maximum of 15 V gate potential. Power
MOSFETS have a high input resistance,
but do require drive during switching.
This is because of gate-source and gate-
drain (Miller} capacitances. Gate-loading
resistor R3, and drain-loading capacitor
C7, augment stability as verified on a
computer-aided design program. R4 limits

'Q5—2N3053 (see text).

Q6--80M, IRF 523; 40 m and 30 m,
IRF510.

Q7—2N3806 or 2N2907A.

R1—800-2, i-turn trimmer potentiometer.

RFC1—100-xH RF choke on phenclic form
{Miller 4642 or equiv).

the power dissipated in D35,

L4, C8, L5 and C9 form an L-pi output
network (a pi-L in reverse). The L section
matches the 5-ohm drain impedance of Q6
to a 100-ochm image impedance with a2 Qr,
of 4.35. A pi network with a Qp of
approximately 2 then takes the 100-ohm
image impedance down to 50 ochms. This
type of network is less critical (o tune than
a T network for a given amount of
harmonic suppression. At a nominal power
output of 16 W, the second harmonic is
45 dB down; other harmonics are at laast
60 dB. down. (This performance was
verified in the ARRL Lab.) The power level
you obtain may be somewhat greater on
80 meters and less on 30 meters.

Component Notes
Most components used in this project are
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widely available from radio component
stores, hamfests or mail-order distributors.
A & A Engineering is a one-stop source for
boards and parts for this project.! The
devices recommended for use at Q1 and Q2
are not difficult to find, and a 2N4416 or
2N3823 may also be used. Q3 and Q4
should be matched for current gain, or at
least originate from the same production
lot. A match of 50% or better (at I, =
10 mA) will suffice. A 2N2222A can be
used at Q3 and Q4, and candidates for Q5
include the 2N2102 or D42C4; good results
were obtained with the D42C4 at 80 meters.
I purchased the MOSFET {Q6) from
Frank, K2AW, at a hamfest table.2
Motorola, RCA, GE, GI and other
manufacturers make {R equivalents,

The toroidal inductors are available from
Amidon or Radiokit.}4 All coils are
wound with no. 28 enameled wire. After
the VFO is built and tested (see tune-up and
operation), hold the L1 windings in place
with a thin layer of glue, L4 and L5 are
wound with two paralleled wires to
effectively increase the wire size and reduce
copper losses. (These are not bifilar
windings! You may optionally use a larger
wire size instead.) Except where noted,
capacitors are X7R or Z5U ceramic types.
These are used for bypassing and
decoupling functions, but not in tuned
circuits. C2 and C3 are specified as NPOQ
ceramic units for excellent temperature

'Notes appear on page 24.

stability. C4 through (10, inclusive, can be
polystyrene, silver-mica or NP0 ceramics.
Do not use X7R or Z5U ceramic capacitors
here—degraded performance can result.
Polystyrene capacitors work well in this
circuit, and are compact compared to mica

or NPO ceramic types. Use caution when
soldering polystyrene capacitors because
excessive heat will melt the plastic.
Construction

The transmitter may be housed in any

Table 1
Frequency Dependent Capacitor and Resistor Values
Capacitor 80 M 40 M 30 M
Mumber
1 25-pF air var 35-pF air var 35-pF air var
C2 450 pF (9 x 50 pF N} 1000 pF P 940 pF (2 x 470 pF F)
Ca 50 pF N 470 pF P 600 pF (8 x 100 pF N/P)
C4 200 pF (2 x 100 pF NfP} 100 pF N/P 100 pF N/P
Cs 200 pF (2 » 100 pF NfP) 100 pF N/P 50 pF N/P
ce 1000 pF P 470 pF P 330 pF P
C7 3300 pF P 1000 pF P 400 pF (4 x 100 pF N/P)
C8 2700pF P 1410 pF 1000 pF
(3 x 470 pF P) {10 x 100 pF N/P)
C8 1100pF P 700 pF 400 pF
(7 x 100 pF NP) {4 x 100 pF N/P)
C10 50 pF N/P 50 pF N/P
C13  Not used 250 pF (5 x BOpF N) 250 pF (5 x 50 pF N)
Ci14  Not used 60-pF frimmer 60-pF trirmmer

N = NP0 ceramic; P = polystyrene; N/P = NPO ceramic or polystyrene, Silver-mica
capacitors can be substituted for the polystyrens types.

Resistor 80 M
Mumber
Rz 47
R3 22
R4 10

40 M 30M
68 68
a3 33
10 10
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sturdy, shielded enclosure. An 8 x § x
3-inch (LWD) cabinet provides more than
enough room; evena 7 X 5 ¥ 3-inch box,
such as the LMB 782, is of ampile size. The
two circuit boards measure about 2 x 3
inches each, the VFOQ hoard being slightly
larger than the PA board. A single-sided PC
board (or perfboard and flea clips, if
desired) is used for the VFO. This board can
be imstalled in a box to shield it from the
PA board, but no ill effects were found
without the shield. If vou elect to shield the
YFQ, C! should be installed in the VFO
box, and the larger transmitter cabinet used.
Short, stiff leads from €1 to the VFO board
are important for mechanical stability. Figs
2 through 3, inclusive, show the exterior and
interior views of two of the three prototype
transmitters. The 80-m transmitter (Figs 2
and 4) was the first unit built. Figs 3 and
§ are views of the 40-m unit.

The power amplifier PC board is double-
sided, with one side left unetched. Copper
foil or braid is used to provide low-
inductance wraparounds to ground. Solder
the foil to both sides of the board.
Alternately, plated-through holes can be
used in place of wraparounds. Solder all
other components to this board prior to
instailing Q6. Cut the leads of Q6 to a
length of 0.3 inch, and mount the transistor
at the board edge. Insulating hardware for
)6 consists of & kapton or mica insulator,
nyvlon washer and spaghetti sleeving for the
metal bolt. Heat-sink grease is thinly
applied to both sides of the insulator. (Too
much grease impairs heat transfer.) The PA
hoard and Q6 are bolted to the front panel,
which acts as a heat sink. The leads of Q6
must not be stressed, so shim the PA board
with metal washers if necessary. A small,
clip-on heat sink will help (5 dissipate heat.

Tune-Up and Check-Qut
With the exceptions of CI and C14 (if

Table 2
Frequency Dependent Inductance Values
Inductor ao M 40 M M
Number
L1 14.5 uH 4.1 uH 7 pH
60t on T50-6, 40t on 3/8-in-dia 35t on 3/8-in-dia
tap at 14t ceramic form ceramic form
L2 13t on FT-37-61 9t on FT-37-81 gt on FT-37-81
L3 19t on T50-2 12t on T50-8 gt on T50-6
{1.8 xH) {0.5 gH) (0.33 pH)
L41 15t on T50-6 {0t on T50-6 8t on T50-8
(0.8 zH) (0.43 uH) (0.3 pH)
1.51 22t on T50-2 15t on T50-2 13t on T50-6
(2.8 pH) (1.2 uH) (0.9 xzH)
L6 11t on FT-37-61 10t on FT-37-61 9t on FT-37-61
L7 11t on FT-37-61 ot on FT-37-61 6t on FT-37-61
T1 pri: 18t on FT-50-81 pri: 16t on FT-50-61 pri: 12t on FT-50-4
sec: 9 bifilar turns sec: 8 hifilar turns sec: 10 bifilar turns
T2 pri: 40t, tap at 2012 pri: 26t, tap at 1112 pri: 22t, tap at 1012

sec: 7t on T50-2

All inductors wound with no. 28 enameled wire.

seq; 5t on T50-2

sec: 4t on TH0-2

1L4 and L5 are wound with two parallel lengths of no. 28 enameled wire; this Is done to
increase the effective wire size, These are not bifilar windings.

2Tap measured from C12 side of prlmarg.
Powdered-iron toroids (T50-6 and T§

-2) and ferrite toroids (FT-37-81 and FT-50-61) are

available from A & A Engineering, Amidon Associates or Radiokit (see notes 1,3.4).

Farroxcube 3/8-in 4C4 and 1/2-in 4

territe toroids may be substituted.

used}, there are no other variable capacitors
in the transmitters. All tune-up is done
by adding or removing turns on the toroidal
inductors, and by compressing or ex-
panding the windings. This may take some
time and patience, but it results in compact
construction without the need for large
trimmer capacitors. Start with one or two
extra turns on L1, the primary of T2, L3,

Fig 2—An 80-m transmitter was the first unit built. The enclosure
was salvaged from a piece of defunct test equipment.

22 N5~
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power-input jack.

1.4 and L5, and remove turns as required
during tune-up.

First, adjust the VFO tuning range by
listening to its output with a calibrated
receiver or coupling a frequency counter to
the VFO output. (If your frequency counter
is not sensitive enough, vou’ll have to use
a receiver initially.) Set RI at midrange and
apply +12 V to J1-D, with a key across

Fig 3—This 40-m unit is constructed in a readily available
aluminum box. The 5-pin connector serves as a key and



Fig 4—A close Iook at this inside view of the 80-m transmitter reveals the VFO is buitt an

perf board. Note the shielded VFO enclosure (cover removed). To the left is the driverfout-

put board. Q6 may be seen in the foreground attached to the heavy front panel.

Fig 5—An inside view of the 40-m unit. PC boards from A & A Engineering wers used in
this model.

J1-A and J1-B. Adjust L.1 for the desired
band coverage, as you vary Cl. Next, set
C1 to mid-band and adjust the primary of
T2 (80 meters) or C14 (30 and 40 meters)
for maximum output as indicated on &
sensitive power meter connected to VFQ
output. 1f C14 does not aflow you to tune

through a maximum output point within
its range, adjust the primary of T2 until it
does. Using a wave or dip meter, sense
around T2, and set R1 for minimum
fundamental feedthrongh (that is, 1.8 MHz
on 80 meters, 3.5 MHz on 40 meters and
5 MHz at 30 meters). You should notice a

setting of R1 where the fundamental nulls
out, Then, disconnect the power meter and
connect the VFO output to the PA input
using a short length of coaxial cable.
Next, connect an RF power meter to J2
and apply +12 V to J1-D and J1-E, Keying
the transmitter briefly, adjust L3, L4 and
L5 for maximum output. Go back and

. « « you should have 12
to 20 W of RF output

adjust the primary of T2 (80 m) or C14 (30
and 40 meters) to peak the output reading,

Again, adjust L3, L4 and L35 if necessary
to maximize output power. At this point,
you should have 12 to 20 W of RF output.
(With or without parts substitutions, your
results may varv from mine because of
construction or other differences. Prior RE-
circuit building experience should help you
correct any problems.) Finally, adjust R1
for minimum fundamental feedthrough as
heard on a receiver. Again, a null should
be found. Set the receiver to the trans-
mitter’s output frequency and reduce the
receiver RF gain. Key the transmitter. The
transmitted note should sound clean, with
no chirp or clicks. Check the heat
dissipation of Q6; if it is too hot to touch,
it may not be heat-sinked properly. No
stability problems were noted in my units;
however, a check-up on a spectrum
analyzer would help determine if any
excessive spurious signals exist. 1 performed
the tune-up as described here without the
use of a spectrum analyzer, but if you have
access to one, use it!

On the Air

Operation is simple. Use a Transmatch
and a resonant antenna, I recornmend that
you use a 12-V regulated power supply
capable of delivering 2.5 A. in my re-
ceiver, provision is made for off-the-air
monitoring. During receive, key the VFQ
to spot your operating frequency. External
TR switching should remove the voltage
from J1-B during receive. While trans-

No hint of thermal run-
away has been noted, and
the transmitter sustained
no damage with high
SWR loads.

mitting, monitor your off-the-air signal
instead of using a sidetone. No hint of
thermal runaway has been noted, and the
transmitter sustained no damage with high
SWR loads. With the values of C1 given,
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frequency coverage is about 100 kHz on
30 m, 60 kHz on 40 m, and all of 30 m.

Summary

The on-the-air performance of these little
rigs is quite satisfactory. Using a folded
dipole on 30 meters, TK3, IV3, G, F, FG
and North America have been worked.
Results on 80 m (using a random-length
wire antenna) are good from Southeast to
Midwest states and Canada. | have been too
busy (and having fun) building these rigs to
get on 40 m, so it is up to you to find out
how one of these MOuSeFET transmitters
will perform on that band! Though they're

&

Nao Akivama, N1CIX/JHTVRQ
Thomas Alagna

Chrissy Arel

jo-Ann Arel

Vicky Armentano

Rita Sue Armour

Bob Atkins, KA1GT"
lulie Attardo

Lee Aurick, W1SE
Richard L. Baldwin, W1RU
Leslie Bartoloth, KATM]P
jeff Bauer, WATMBK
Arline Bender, WATVMC
Charles Bender, W1WPR
Robert Benson, VE2ZVW
Mary Blake

jon Bloom, KE3Z
trances Bramon

Laird Campbell, W1CUT
loe Carcia, KATDBK
Rose Cavanaugh

Debra Chapor

Shelly Chrisjohn, WB1ENT
Jim Clary, WB9IHH
Ferne Collin

Loretta Collins

William Conwell, K2PO
Barbara Cotter

Rose Cyr

Sandi Damato

Gerry D'Ambrosio

Doug DeMaw, WIFB
Ruth Doucette

Bernice Dunn, KATKXQ
Steve Ewald, WA4ACMS
Sue Fagan

john Foss, W7KQW

Lisa Fuini

Scott Gee, WBIRRU
Sandy Cerli, ACTY

Ioan Gibson, KG1F
Sheila Gray

Bruce Hale, KB1TMW
Jerry Hall, KTTD

GERRNARER

24 OsT=

small, they pack quite a bite!
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e Under Construction

A Ham-Shack
AC-Outlet Strip
with Filtering

Part 14: Combine ac outlets, transient
suppressors and. an ac-line filter in one
package to provide-a handy radio-
room accessory. This project is great
for computer users, also.

By Boug DeMaw, W1FB
ARRL Contributing Editor

PO Box 250
Luther, Ml 49656

ave you priced quality ac-outlet
H strips recently? Ouch! The prices

range from $15 to 340, depending
on the brand and features. 1 have needed
an additional outlet strip for several
months, but owing to my refuctance for
spending dollars needlessly, 1 held back on
buying a commercial unit. While browsing
through the pages of a surplus catalog
recently, 1 found most of the components
I needed to build a nice outlet box, so 1
ordered the parts.! This article discusses
some added features | elected to include in
the box, along with the practical details of
my homemade assembly. Perhaps this is
the type of weekend project you have been
looking for. If so, read on!

Why Inciude RF Filtering?

A well-equipped shack includes an RF
ac-line filter, This circuit is commonly
called a “‘brute-force fine filter.”” What will
it do for us? Well, the filter will help
prevent RF energy (originating in the
transmitter) from flowing in the ac service,
where it can be piped into digital clocks,
hi-fi gear and TV receivers. In other words,
if we keep the RF currents out of the ac
{ine we will minimize RFI and TVI at home
and in the immediate neighborhood. There
is a reverse benefit we may enjoy: A line
filter will aid in keeping unwanted RF
energy from entering our receivers via the
ac line. Some TV-receiver energy may, for
example, be prevented from migrating into

TNotes appear on page 27.
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Fig 1—Circuit of a pi-network low-pass filter
for use in 50-ochm lines.

the station receiver along the ac line.

If you own a computer, an ac-line filter
will help to keep disruptive RF energy from
entering the computer, and it will help to
keep computer hash from entering your
receiver through the power circuit. Here we
have the same two-way street mentioned
earlier in connection with TVI and RFI.

Simple Line Filters

In basic design terms, an ac-line filter
consists of two pi-section low-pass filters.
This is illustrated in Fig 1. A pi network
is inserted in each side of the ac line, as
shown, In bygone years we amateurs
wound our filter c¢oils- on pieces of
broomstick, varnished toilet-tissue rolls, or

whatever could be dredged up for the
occasion. As 4 consequence, the coils were
pretty farge, and a substantial amount of
wire was needed to provide sufficient
inductance to ensure filtering well below the
amateur bands. A typical approach was to
use many turns of wire and randomly
chosen capacitor values, such as 0.01 uF.
The design was anything but scientific! The
penalty was often a voltage drop through
the large coils, coil heating {depending
upon the current passing through the coils)
and charred coils. Magnetic core material
can be used to obtain high-inductance coils
with only a few turns of wire. The filter in
this month's project contains ferrite rods
as cores for the inductors. Only 20 turns
of no. 14 wire are required (Y-inch 1D)
to satisfy the inductance requirements of
15.9 uH.

All filters should be terminated in their
characteristic impedances, and these filters
are designed for that terminal impedance.
If this is not done the filters will not
perform correctly, What is the ac-line
impedance? In a sense this is a rather
indefinite proposition. The impedance
depends upon the gauge of the ac-line
conductors and the center-to-center spacing
between them, as is true of any two-wire
transmission line. For the most part, house
wiring ranges from 50 to 100 ohms if you
calculate the impedance. I have chosen an
arbitrary 50-ohm characteristic for the line
when designing a filter. It seems to work
fine for me.

The filter in Fig 1 is based on an
impedance of 50 ohms. [ chose a cutoff fre-
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quency of 500 kHz and a loaded Q (Qy)
of 1. The equations for finding the
inductance and capacitance of this filter
are included in Fig 1. Our filter calls for
15.9 uH of inductance and 0.006 uF of end
capacitance for 500-kHz roll-off. These
values are not critical, provided we use
component values within plus or minus
10% of the target value. Disc-ceramic
capacitors are suitable for C1-C4, inclusive,
They should have a voitage rating of at
feast 1 kV to ensure leeway for line surges.
I used some 0.0056-uF, I-kV capacitors
that were on hand. You may obtain 1-kV
disc-ceramic capacitors from Mouser
Electronics.? Suitable values may be placed
in parallel to obtain a value that approxi-
mates 0.006 pF,

Greater effective filtering would be
possible by placing in series two of the
filters of Fig 1. For most applications this
elaboration is unnecessary, But for difficult
interference problems, it will be helpful to
use double-section filtering.

Spike Suppression

MOVs (inetal-oxide varistors} are useful
in the suppression of momentary spikes or
voltage peaks on the ac line. Such
unwanted voltage peaks may occur when
an appliance motor is switched on and off.

The collapse of the electric field in the
motor winding can cause a high-level spike
of short duration. Devices external to our
homes may also cause high peak voltages
that follow the ac line into our houses.
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Fig 2—8Schematic dlagram of the filter/outlet box. J1-J8, inclusive, are thres-terminal
female ac sockets, Three standard, dual ac outlets for home use may be substituted. This
will require a different layout than that of Fig 4. L1 and L2 are wound on Amidon Assoc
ferrite rods, no. R61-050-200, 125 . Ses text for winding information. The 0.008-uF
capacitors are 1-kV disc ceramic {see text). MOV (Z1-Z3) information is provided in the

text., 81 is a DPST toggle switch.
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Fig 3—~An Inside view of the cover/chassis on which the circuit is built. No. 14 bus wire Is
used to join the like terminals of the ac sockets. The filter network is visible at the center

of the assembly.
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Computers are especially affected by line
transients, which can erase the data in a
computer memory or cause permanent
damage to the ICs. The placement of
MOVs across the 117-V ac line will level
these momentary surges and protect the
otherwise affected equipment.

MOVs are rated for a maximum safe
sinusoidal RMS voltage, transient-energy
capacity in joules, peak puise current in
amperes and average power dissipation in
watts. [f the line-voltage peak amplitude
and the duration of the spike exceeds the
MOQYV ratings, the MOV will be destroyed.
In this project, 1 used Radio Shack
276-570B {ERZCI14DK201U) MOVs,
Similar MOVs are available from other
sources. They are rated for an applied
voltage of 130, 35 joules, 4500 A peak and
0.6 W. There are heftier, more expensive
MOVs, such as the GE VI30PAL0A, also
rated for 130 V RMS and 10 joules, but at
4000 A peak and 8 W. Equivalent MOVs
from other manufacturers are suitable,
should vour GE dealer not have the
specified unit in stock. Fig 2 shows the
MOQVs across the ac line. The internal
element of the MOV is a resistor that
changes value in accordance with the
current through it, hence the name varistor,
The higher the current through it (from a
voltage peak}, the lower the internal
resistance. This action suppresses the
momentary voltage peak.

This Month’s Project

Fig 2 contains a schematic diagram of the
outlet strip or box. There are six female
receptacles for the station equipment. A
three-wire ac-line cord (no. 18 conductors)
is used to connect the box to a wall outlet.
Note that the color coding of the line cord
is given in order to ensure that the polarized
female sockets (J1 through J6) are wired
correctly, Safety first! The green wire is the
ground connection.

Fl is a 10-A standard fuse. I prefer to
use a push-to-reset circuit breaker in lieu
of a fuse, but at the time 1 built this project
1 was unable to locate such a device. You
may wish to use a circuit breaker in place
of the fuse and fuse holder seen in Fig 3.
Note that the fuse is placed in series with
the hot (black) lead of the line cord.

Each side of the ac line is filtered by
means of L1, L2 and the four bypass
capacitors {Fig 2). The six a¢ sockets follow
the filter, FL1. You may use additional
sockets if your station requirements dictate
the use of more outlets.

Ceonstruction Details

An inner view of the outlet box is shown
in Fig 3, With the layout shown, straight
runs of no. 14 solid copper wire may be
used to join the female receptacles. I used
standard vinyl-covered house wire after
removing the insulation. The bus that joins
the ground terminals of the sockets is
soldered at one end to the PC-board face
plate. 1 used double-sided PC-board



material for the box cover/chassis. There
is no reason why an aluminum plate may
not be used instead of the PC-board chassis.

FL1 of Fig 2 is nestled between the rows
of ac sockets. L1 and L2 are supported by
a pair of three-lug terminal strips. The end
capacitors are soldered between the outer
lugs and the grounded center lug of each
terminal strip.

Be sure to observe the ac-socket polarity
when wiring the two rows of outlets in
parallel. Specifically, ensure that the wide
socket slots are joined and that the smaller
slots are common to one another. | used
shtort pieces of insulated no, 14 house wire
for joining the two rows of sockets
(insulation not remaved). One MOV is
wired from each side of the ac line (hot and
neutral) to ground, and another across the
hot and neutral leads.

The female sockets I used were pur-
chased for 50 cents each from the supplier
in note . They are snap-in receptacles that
require a I-inch-square hole. [ made the
holes with a hand nibbling tool, but you
may use a hobby saw for making the holes.
Fair warning—you may develop a blister
between your thumb and forefinger while
cutting the six holes with a nibbling tool.
i did!

A drilling-and-cutting template is pro-
vided in Fig 4. The no. 8 hole at the left
center of the sketch is for the earth-ground
connection post. I used a ¥-inch, no. 8-32
screw for this purpose. A solder Iug is held
in place by this screw on each side of the
chassis. The top (outer) lug is for the
ground connection, and the inner lug is for
the green wire of the ac-line cord. Two
V4 -inch holes are drilled to the right of the
no. § hole. These accommodate the fuse
holder and the power switch, S1. Farther
to the right are two no. 6 holes. These are
used to mount the three-lug terminal strips
on the inner surface of the box
cover/chassis.

My cover measures 5 X 6% inches to
permit its use with a surplus Bakelite®
meter case 1 obtained from the supplier in
note 1. The box height is 2'4 inches. A
variety of different enclosures are suitable.
in fact, you may construct a box from
sections of PC board. The corners of the
box cover in Fig 4 have no. 8 holes. The
meter case requires no. 6 screws at the
corners. | made the holes slightly larger than
1no. 6 in order to allow for misalignment of
the corner holes: I am not a craftsman when
it comes to accurate pattern layout!

The ac-line cord enters the box at one
end of the enclosure, near the box bottom.
A cable clamp is mounted just inside the
box where the line cord enters. This clamp
hoids the line cord firmly in place. A plastic
line-cord retainer may be used if you can
find one that has the proper inside diameter
for the cord you use. If this is done, the
metal cable clamp may be omitted.

| used gray automotive primer paint on
the outer surface of the chassis/cover,
After the two press-on decals were applied,

I sprayed the cover with clear Krylon®
lacquer. Be sure to do this before mounting
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Fig 4—Hole template (not to scale) for the chassis of the outlet box. The square ac socket

holes are for Hosfelt receptacles (see note 1),

the parts and wiring the circuit. Otherwise,
you may get lacquer inside the ac outlets,
and that would be bad news, indeed.

Winding the Filter Coils

The inductors of Fig 2 (L1 and L2) are
wound o Amidon Assoc Y4- x 2-inch
ferrite rods. The cores are first wrapped
with two layers of Teflon® plumber’s tape
to insulate the windings from the cores. No.
14 formvar-insulated wire is used for the
coils. Center the coils on the rods, then run
a strip of epoxy cement along the coils and
rod to affix the coils in position. If you use
20 turns of wire, close wound, on each
core, the inductance will be the required
15.9 pH. The core permeability is 125,

Closing Comments

I neglected to include an on-off indicator
light for the outlet box. Should you desire
an indicator light, you may wire an LED
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QEX: THE EXPERIMENTER’S
EXCHANGE

[.] Name three methods for detecting and
correcting computer errors. What is a YIG?
If you have problems answering these
questions, then vou need QEX: The ARRL
Experimenters’ Exchange and AMSAT
Satellite Journal,

The November issue includes articles on:

* YIG Filters and Oscillators by William
R. Richardson, W3IMG

between the normally open switch contacts
where L1 and L2 connect, A 15-kf1, 2-W
resistor must be wired in series with one
side of the LED. Typical LED voltage is
1.5, and the LED current should not exceed
8-10 mA. Alternatively, vou may use an
NE-2 neon lamp with a 47-kQ resistor in
series with one side of the lamp.

A project of this iype has almost
universal use among amateurs, computer
enthusiasts and hi-fi buffs, Perhaps it will
provide you with a few hours of workshop
pleasure. At least the cost should be
modest—especially if vou’re a skilled
surplus/flea market scrounger.

Notes
"Hosfelt Electronics Inc, 2610 Sunset Bilvd,
Steubenville, OH, tel B00-524-8484; acatalog

is available.
2Mouser Electronics, 11433 Woodside Ave,

Santes, CA 92071, tel 619-449-2222; acatalog
Is available. |

¢ Error Detection and Correction Codes
by Sam Cowan, WOOAJ

* A 100-MHz Universal Frequency
Counter by Dave Kunkee, K#DI

Other features include: noise signals and
operating an automatic noise-figure meter,
information on new 1200- to 1400-MHz
transistors and new products.

QFEX is edited by Paul Rinaldo, W4RI,
and Maureen Thompson, KAIDYZ, and
is published monthly. The special sub-
scription rate for ARRL/AMSAT
members is $6 for 12 issues; for non-
members, $12. There are additional postage
surcharges for mailing outside the US;
write to Headquarters for details.
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The Flasher

Add some pizzazz to your didahs! Amaze and amuse your
shack visitors with this very sophisticated technical-display project.

By George Murphy, VE3SERP
ARRL Contributing Editor

Box 758, 275 Victoria St E
Alliston, ON LOM 1A0, Canada

f T have a visitor in the shack while I

am bashing out CW and wearing my

SuperSonic Lamb’s-Wool-Lined head-
set (so only 1 can hear-my rotten fist on the
monitor), my visitor cannot hear or see
anything happening, so he generally heads
for the refrigerator. This constant drain on
my supply of suds LED me to develop
some visual aids for my visitors. These are
flashing [.EDs that keep up with my
keying. Even if you never have any visitors,
no ham shack should be without flashing
lights that look like they’re doing some-
thing important.

The Flasher Concept

As you will see from the accompanying
highly technical and complicated sche-
matics, the Flasher is a device that can be
hooked up easily to any key or keyer, as
long as the key or keyer is designed to
ground something, which most of them
are. From there on, because the rest of the
circuit doesn't really do anything, you can
go *“*hawg wild."" Further on in this arti-
cie, I’ll suggest some interesting places {o
mount the LEDs.

Circuit Description

in the circuits shown, Vg is whatever dc
voltage vour keyer runs on, or in the case
of Fig I, whatever you happen to have
handy. The LEDs (except for the tricolor
job in Fig 5) are any typical 2.V, 20-mA
type from Radio Shack or vour local junk

A S '

; " [sE3 ]
fJ 7 qg’

<, Rl

f. {SEE TEXT)
keven < A
HINE TO HAND
EMTR KEY

T

Fig 1—8imple LED Flasher connected to a
hand key.

28 D5&

box. The values of the voltage-dropping
resistors for the LEDs can be determined
by the formula
Vig = 2

0.02

R

Using standard-value resistors, this
works out to 470 or 560 ohms at Vi, = 12,
330 or 390 ohms at ¢ V, and 180 or
220 ohms at 6 V.,

Fig 1 shows the Flasher wired to a hand
key. This is for old-timers only. Whao else
uses a hand key? Figs 2 and 3 show how
to hook up a Flasher to an electronic keyer.

N

R £

(SEE TEXT)
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HUTE 1 15 KEYING (HANSISTOR
N KEYER CAN BE NPN OR PNP

Fig 2—S8ingle-color LED Flasher connected
to an electronic keyer. G is the keying
transistor, in the keyer.

1 is the keying transistor in the keyer, but
you can ignore it. Connect your Flasher to
the ungrounded terminal of the keyed line
jack. By poking around a bit, you should
also be able to locate the terminals of the
keyer paddle—that’s where you connect the
other Flasher wires. Probably the best place
to hook into Vg is at the oN/OFF switch in
your keyer.

In Figs 1 and 2, the LED blinks along
with your keying, giving off short and long
flashes. In Fig 3 we get flashier, using two
LEDs, with one {Tashiog dots only and the
other dashes only, in this case you add Q2,
which is keyed along with the rig, turning
on whichever LED is grounded by the keyer
paddle at the time.

If you want to go hi-tech, try an X(C-3491
tricolor LED (Radio Shack 275-035), While
I have never been able to get inside one of
these to find out for sure, I suspect it is
nothing more than one red LED and one
green LED in a single package as shown in
Fig 4. It glows red on de in one direction,
and green on dc in the other direction. With
ac, it glows both colors alternately and
rapidly (60 Hz). As any artist or color
photographer will tell vou, this rapid
mixture of red and green comes up a
vellowish orange.

Fig 5 shows the Super Deluxe Version of
the Flasher, with 4 single XC-3491 LED
that flashes red un dois and green on
dashes. If your fist is fast enough (oh, say
about S00 WPM), you may even see the
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Fig 3—Flashier version of the Flasher using two (dot and dash) LEDs.
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Fig 4—Suspected inner circuitry of the
XC-5491 tricolor LED. .

third color, DS3 is the tricolor LED, Q3-Q¢
form a DPIDT switch to reverse the polarity
of the voltage to D83, Bither DS] or DS2
lights up when you hold the paddle to one
side or the other, and will remain lit as long
as the paddle stays there. DS4 and DSS
light up when you turn votur keyer on, and
then don’t do a thing except add to the
confusion and profusion of color.

Mounting the LEDs

If your keyer is “*homebrewed,” and you
are as careful a craftsman as [ am, it
probably already has a few holes drilled in
the wrong places. These will provide ready-
made mounting holes for your Flasher
LEDs. Or, you can get a hollow plastic doll
or figurine (such as a troll or gnome) that
can sit on top of your kever. Lop off its head
and mount the LEDs in its eves, then glue
the head back on. If you use the circuit of
Fig 3, mount one LED in each eye. If you
use Fig 1 or 2, mount the Flasher in one eye,
and another LED, wired in paralle! to the
oN LED in your keyer, in the other eye. If
you opt for the circuit of Fig 5, you will need
a figurine with a bellybutton for D83, and
vou might stick D84 and D85 ot the ears,
Or, vou can build a plastic model automo-
bile, paint it to look like a police car, and
mount all the LEDs across the top (Fig 6).

If all of these ideas are above your capa-
bility or beneath your dignity, then by all
means drill holes in a neat little row on the
front panel of your keyer. Mount the LEDs
and label them *“Baud Rate,” or something
equally dry and incomprehensible.

Construction Notes

There are so many possible physical
configurations for the Flasher that I have
not attempted to design any printed eircuit
boards for any of them. Unless you are a
whiz at designing PC boards, I would
suggest that you use a small perf board with
solder-ringed holes (Radio Shack 276-148)
and solder all the components, except the
LEDs, onto it. Connect the projecting leads

Jusing point-to-point wiring or the wire-
wrap method, or just a bunch of jumpers.
You can then tuck the board into your
kever and run wires from it to the LEDs,
wherever they are,

Conclusion

Dedicated, dved-in-the-woonl, dead-
serious hams will not have read past the
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Fig 5—Super flashy Flasher containing five transistors and five LEDs {seven if vou count

D83 as three colors).

;

Fig 6—Possible police car configuration for the Flasher.

opening paragraph of this article! That
leaves only us gals and guys who have a
shack full of store-bought gear we don’t
really understand, and an urge to home-
brew something simple without performing
major surgery on anything stili under war-
ranty. If vou are one of us, build a Flasher.
It will add some class to your shack, save

wear and tear on your refrigerator door,
and give you confidence to tackle some-
thing bigger, such as the All-Band Com-
puterized Automatic Orbiting Universal
Remote-Controlled Digital Packet Radio
Repeater that [ will describe in a future
issue of OST—as soon as T figure out how
to build it for $9.95 or less,
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With this user-friendly program, your home computer can
perform a variety of functions involving grid locators.

he worldwide locator system,

also known as the “*Maidenhead

Locator System,”” divides the earth’s
surface into grid fields, squares and sub-
squares, and is rapidly gaining in populari-
ty. The “QTH Locator,” not a worldwide
system, has been familiar to European VHF
operators for years, and forms the basis for
the now universally accepted locator system.,
Grid squares are exchanged for the ARRL
YHF/UHF Century Club (VUCC) award,
as well as being used as multipliers in all
ARRL VHF/UTHF contests.

The entire six-character locator can be
used for beam heading and distance calcu-
lations, and is used in the ARRL {0-GHz
contest to calculate point values for each
contact: The greater the distance, the more
peints the contact is worth. The locator
system provides a quick and easy way to
determine the distance between any two sta-
tions, even if they are half a world apart.
If you know vour own locator and the other
station’s locator, your computer can tell you
in an instant the distance between the two
stations, as well as the beam heading.

30 osT=

By Wayne Overbeck, N6NB

ARRL Southwastern Division Vice Director

900 Avenida Salvador
San Clemente, CA 92672

How do these locators (or ‘‘grid-
locators,” as they are sometimes called)
work? The system was described in 2 QST
article a few vears ago.' Briefly, the world
is divided into grid fields that are 20° of
longitude wide and 10° of latitude high.
Bach field has a two-letter identifier. Bach
grid field is then divided into squares that
are 2° wide by 1° high. Each square has
a two-number identifier. Therefore, there
is a total of 32,400 of these grid squares in
the world, each having a unique two-letter
plus two-number identifier. The first two
letters identify the grid field, the two
numbers identify a square within the field.

Bach 2°® x °grid square is then further
divided into 576 smaller units, called sub-
squares, each § minutes of longitude wide
and 2.5 minutes of latitude high. The last
two letters of the six-character locator
identify the subsquare within the square.
There are more than 18 million of these
smaller geographic units on the globe, but

1Notes appear on page 31.

the six-character locator is sufficient to pin-
point any one of them. For example, I live
at 117°16' W longitude and 33°26 ' N lati-
tude, which is designated as DMI13EK.
This sounds complicated, but when you
use 2 personal computer and a suitable pro-
gram, the complexity vanishes. This arti-
cle describes a BASIC program named
Universal Gridlocator—uuniversal because
it will run on almost any personal com-
puter. It has been fully tested on a
Commodore® 64, Apple? 11, IBM® PC,
TRS-80® Model I1II and several computers
that use the CP/M? operating system and
Microsoft® BASIC. A program listing is
available from ARRL.? If your computer
has at least 32 kbytes of RAM and you type
the program as it appears, you should be
up and running. If typing programs isn’t
your favorite pursuit, a ready-to-run pro-
gram disk is available for the Apple II
{DOS 3.3), iBM PC or Commodore 64.°

Program Features

The Universal Gridlocator program has
several features not usually found in grid-




locator programs. For one thing, this is a
menu-driven program—that is, a menu
guides you through the various features and
operating modes one step at a time. The
program does the following:

* Converts geographic latitude-longitude
coordinates to the appropriate six-character
locator;

* Converts any four- or six-character lo-
cator to the appropriate coordinates;

* Determines the proper locator for any
point on a map;

* Pinpoints a known locator on & map;

* Computes the beam heading and dis-
tance between any two locators;

® Keeps running totals of distance and
contest points as you enter the locators of
the stations that you work;

¢ Allows you to modify the built-in con-
test scoring system to accommodate the
rules of either ARRL or European contests
(including both the British ‘‘radial ring"’
scoring system and the continental raw-
distance system);*

* Allows vou to deleie, revise or add to
running contest scores to correct for
duplicate contacts and erroneous locators
that are discovered later.

Using the Program

To use the system, vou select one of two
operating modes, each of which has its own
menu. When the program is first run, the
“startup’ menu is displayed. It allows you
to use all of the program functions—or to
move to the contest mode.

At startup, you might want to determine
your own Jocator from coordinates or meas-
urements on a map. Or, you might choose
to modify the built-in contest scoring rules
before moving into the contest mode. Once
in the contest mode, you may enter a suc-
cession of station locators and see the dis-
tance and beam heading to those stations
displayed. The program also tallies the to-
tal contest points and the cumulative dis-
tance in miles and kilometers.

While in the contest mode you may call
up a second menu by entering “?*” instead
of a locator. This menu gives you
additional options such as modifying the
running scores and deleting previous
entries. Or, you may call up the map and
coordinate conversion features,

What happens if you contact someone
who doesn’t know his locator or his latitude
and longitude? This is where the map
features become most useful. If you have
a good map of your area that has one
latitude and one longitude line marked as
a reference, you can determine locators
quickly. To use the map feature, you first
enter the latitude and longitude of your
reference lines and specify a map scale.
Then vou measure the vertical and
horizontal distances (in inches} from the
references to the QTH of the station whose
locator is not known. The program will
compute both the coordinates and the six-
character locator for that QTH. If you are
careful with your measurements, the result
will be quite accurate,

An aeronautical “‘sectional’’ map with a
1:1,000,000 scale (available at many air-
ports) is good for use with the map features
of the program. A sectional map covers a
large enough area to include many of the
stations you might work during a typical
VHF contest, and vet sectional maps have
reasonably good detail, Highway maps,
however, often have latitude-longitude refer-
ences too, so an ordinary highway map may
also be used. A detailed topographic map
will provide more accurate results, but many
topographic maps may be needed to cover
the area your signal covers during a contest.

The map program also pinpoints the
location of a known locator on a map.
When you enter the locator, the program
displays the distance from the center of that
grid square to the reference lines on your
map. With four-character grid squares the
center could easily be 30 or 40 miles from
a station’s actual location, because the
27 x 17 grid squares are more than 100
miles wide at typical North American
latitudes. Using six-character locators, on
the other hand, will produce results that are
accurate within two or three miles.

The Universal Gridlocator program vields
correct coordinate/locator conversions and
beam-heading/distance calculations for any
point on the globe except the exact Morth
and South Poles {where {8 different grid
squares converge). Any worldwide geo-
graphic program mast distinguish between
north and south latitude and between east
and west longitude. This program uses posi-
tive and negative numbers to do that. To
specify north latitude or west longitude, vou
enter the coordinates directly in degrees and
minutes. To enter a south [atitude or east
longitude, you put a minus sign (—) in front
of the degrees (or in front of the minutes
if the location is at zero degrees east longi-
tude or south latitude).

The map feature also employs minus
signs to indicate south and east. A mea-
surement north or west of a reference line
is entered as a positive number in inches;
a minus sign is included if the measurement
is for a point south or east of the fine.

Notes for Programmers

Experienced computer programmers
may be interested in some of the technical
aspects of this program. There are
numerous error-trapping features to pre-
vent computer crashes as well as operator
data-entry errors.

It takes only a few lines of computer
code to compute beam headings and dis-
tances between two points, but several
times that many are needed to test for the
various combinations of data that may
causc a computer to crash. And, the grid-
locators, themselves, can sometimes cause
problems. Entering two locators that are at
exact antipodes (exactly halfway around the
world from each other) can send a program
tnto a frenzy of *‘division-by-zero’’ errors.
Entering the same locator for both stations
may also cause computational problems.
And, of course, an operator may enter an

invalid locator. To prevent these difficulties,
nearly half of the 250 lines of this program
are devoted to detecting and correcting pos-
sible operator or mathematical errors.

Hardware-specific syntax was avoided to.
keep the program compatible with the
maximum number of different computers.
Even as simple a function as clearing the
screen requires different syntax on Apple,
Commodore and IBM-compatible com-
puters. In fact, because many computers
are capable of only a 40-column display,
this program Is written in a 40-column
format. Those using 80-column formats
may wish to revise the on-screen displays.

Similarly, the program syntax required
to print a hard copy—much less store
information in a data file on disk—varies
so much between computers that such
features, though desirable, cannot be
included in a universal program such as this
one. If data files could be included in this
program, they would permit the addition
of a very desirable feature: full contest
logging and dupe-checking routines. How- -
ever, it was not possible to include all of
the code required for logging, dupe-
checking and data-file management on
several different computers.

Concluasion

Considerable effort went into making
this program as universal and as foolproof
as possible. It works without modification
on many different kinds of computers,
performing numerous functions related to
the worldwide locator system. As a public-
domain program, it is available for anyone
to use, modify or adapt.

I wish to thank several people for their
contributions to this program. Michael J.
Wilhelm, W4RUL, devised the original ver-
sion of the map routines for a program he
uses to process FCC applications in
his Washington, DC law practice. James
Steffen, KC6A, reviewed the entire program
and made many helpful suggestions, and
Folke Rosvall, SM5S5AGM, developed the for-
mula used to convert coordinates to locators.

Notes

TFor a more complete description of the
worldwide locator system as it anlees to North
America, se¢ J. Lindhalm,* {UHF Century
Club Awards." QST, Jan 1983, p

2A complets program listing is avallable from the
ARRL at a cost of $3. Send your remittance
and an SASE to: ARBL Technical Department,
225 Main St, Newington, CT 06111, and ask
for “QOverbeck Gridlocator.™

3/ ready to-er co y of the program for Apple Il

PC or Commodore 84 is
avallable rom tha author at no charge. Send a
formatted disk with a self-addressed, stamped
disk mailer to the author. Indicate un the disk
the typa of computer for which the disk is to be

4The Ra.dm SUCIB of Graat Britain \SRSGB) uses
a “radiaf rmg system for VHF contest
scoring. orplcally, contact spanning a
distance of 050 km is worth one point, a
50-100 km contact is warth 3 peints, 100-
150 km Is valued at 5 points, and so on. Most
cther European Amateur Radlo sccieties use
the actual distance for scoring: a 65-km con-
tact is worth 65 points, while a 150-km contact
{s worth 150 points, and so on. %]
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Digital Signal Processing—
A Modern Audio Filter

Digital electronics is invading
more and more of our analog
world. Accuracy and reproduci-
bility of circuit responses make
the use of digtal integrated
circuits very desirable. This
article will move you to the
forefront of the exciting field of
digital signal processing.

By Fred Williams
Staff Engineer
TRW LS! Products
La Jotla, CA 92038

. powerful way to get high per-
formance wherever intermediate-
and audio-frequency stages are concerned.
With extra care, DSP can even be used at
higher frequencies. Previous QST articles
introduced some of the basics, and gave a
specific application (a direct digital fre-
quency synthesizer).l-? This article digs
deeper into how and why various opera-
tions are performed to accomplish another
basic circuit function, filtering.

A Short Introduction to DSP

A digital signal processing system
handles a signal by converting it from its
traditional analog form into a sequence of
numbers, (the digital form) storing those
numbers, and performing arithmetic opera-
tions on them to get a different sequence.
The new sequence that results from the
calculations is then converted into an
analog signal. The block diagram shown in
Fig 1 illustrates the entire process.

This conversion/calculation/reconver-
sion may sound like a very strange thing
to do. Why is DSP better than just pro-
cessing the analog signal? Probably the
most important advantage is that you can
get performance better than that available
from filters made with coils, capacitors, op
amps and the like.

D igital signal processing (DSP) is a

1Notes appear on page 40,
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The first area of improved performance
is selectivity: With a digital filter it’s easy
to get roll-off rates of 2000 dB/octave,
while having a passband that is flat to
within a small fraction of a decibel. That’s
a really sharp filter! (An octave is the
frequency range from one frequency to its
second harmonic. The higher the value of
attenuation [in dB] per octave, the sharper
the filter.)

A digital filter is much more stable than
an analog one. Two times two is four, and
will always be four, regardless of the
temperature, humidity, age of the
equipment or phase of the moon, If the
filter performance comes from that sort of
unchanging result, it stands to reason that
the filter response doesn’t change either.

Mo adjustments are necessary to get a
desired response from a digital filter. The
filter will work as designed without any
tweaking. (Anyone who has tried to tune
up a 10-pole elliptic-function filter by hand
will appreciate that featurel}

Finally, if you build more than one filter,

they will all operate identically. Not just
close: identically (at least if the analog-to-
digital [A/D] and digital-to-analog [D/A]
converters are the same), This kind of
reproducibility is often necessary in such
areas as radar and data transmission. You
have to admit that it's a nice characteristic
if you build some gear as a club project,
too!

A Generic Digital Signal Processor

So what’s inside that box in Fig [ labeted
“digital signal processor’’? As a general
rule, the filter will have to store some of
the history of the incoming signal. Also,
there are numbers that determine the
response of the filter (some of those
numbers determine where the cutoff
frequencies are, for example). So, to store
both kinds of numbers, there’s a memory
section. This may be nothing much more
than two ICs: one for signal, one for
coefficients.

Next, there have to be some circuits to
perform the computer-like calculations on

A
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SIGNAL - ANALOG-TO-DIERAL
IN CONVERTER

DIGITAL SIGHAL
= PROCESSOR

DIGITALTOMNALGG || | o, SIGNAL
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Fig 1—Three basic stagas used in virtually all digital signal processing systems are the
analog-to-digital converter, the digital signal processor and the digital-to-analog converter.
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Fig 2—There are five separate functional
blocks in a typical digital signal processor.

those numbers. The design of an ‘‘arith-
metic unit”’ could be a real challenge, if it
weren’t for modern ICs. Today, the entire
arithmetic unit may be nothing more than
a multiplier-accumulator (MAC), such as
the TRW TDC1009/TMC2009 used in the
filter design presented in this article.

Finally, you need a controiler to tie all
the circuits together and make everything
happen when it is supposed to. This
controller tells the memory chips what
numbers to send to the MAC, tells the
MAC what to do with those numbers (and
any previous results it may have), and tells
the entire circuit what to do with the final
result. These pieces are shown in Fig 2.

Digital filters are often embedded rather
deeply in an entire digital signal processing
system and that system itself is often
dedicated to some special purpose. The
result is that it seems like very little specific
information about designing digital filters
has been published. However, the de-
creasing cost of the components used in a
digital signal processing system will bring
about a trend toward stand-alone circuits,
and away from embedded filters.

All filters, analog as well as digital, come
in two “*flavors.”” These are usually called
finite impulse response (FIR) and infinite
impulse response (1IR). Without going into
a lot of detail, FIR filters are easier to
understand and design, and can provide
excellent performance. They also tend not
to ring. 1IR filters are stmilar to traditional
LC filters and active filters that use op
amps.

In this article, we'll talk about a hard-
ware design for an FIR digital filter with
particularly good qualities. It is an audio
filter capable of eight different switch-
selectable responses. Table 1 gives the
target specifications for two of these filter
responses.

A Quick Overview of FIR Filter Theory

Finite impulse response filters work on
the simple principle of wave interference.
Don’t worry if you aren’t familiar with this

Table 1
Filter Response Characteristics
Fifter 1
Passhand 0-3400 Hz
Passband ripple 0.1 dB
Stop band(s) 3800-8000 Hz
Stop-band attenuation 60 dB
Sampling rate 16 kHz

Fitter 2

900-1100 Hz

0.1dB

0-800 Hz, 1200-4000 Hz
50 dB

8 kHz

principle. We'll illustrate it with a simple
example. Take a look at the block diagram
for the simplest imaginable FIR filter
(shown int Fig 3). A delayed version of an
incoming signal is added to the undelayed
signal. This filter will work whether it is

SIGMAL
N

(ANALGG DR
KsTAL)

O

ADDER

DELAY

QUT

|
SIGNAL 5
E

Fig 3—A block diagram of a simple finite
impulse response filter. Depending on the
type of delay used, the filter can be either
an analog or a digital device.

built out of coaxial cable and hybrid
couplers, or digital shift registers and
adders.

Let's look at what happens when a sine-
wave signal is applied to the filter. At low
frequencies, there is very little phase shift
introduced by the delay, and the signals
effectively add. As the input frequency
increases, it reaches a point at which the
delay is 180°. At this point, the delayed
signal is the exact opposite of the originai
signal, and they cancel each other. This
action is shown in Fig 4. As the input
frequency continues to increase, the phase
shift approaches 360°, and the signals will
add again. This kind of filter is referred to
as a “‘comb’’ filter, after the appearance
of its frequency response on a decibel scale,
as shown in Fig 3.

PASSBAND
SIGNAL .‘/—\
| ~
OELAYED l _L//_\
SIGNA. }/
SUM <
LOW FREGUENCY
{A)

STOPBAND
N

SUM !—

HIGH FREQUENCY
1:3}

Fig 4—When the original signal and the delayed signal are combined in the adder section
of the filter, the resulting signal can be very similar to the original, as shown at A {the
fitter passband), or there may be no output at all, as shown at B (the filter stopband).
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Fig 5—If the frequency response of a simple FIR filier is piotted on a linear scale, the
curve resembles a cosine function, as shown at A. If the response is plotted on a decibel
scale, it resembles the teeth on a comb, as shown at B. This explains why a filter of this

type is often called a comb filter,
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Analysis

In order to explain the design for this kind of filter, it will help
to caleulate its frequency response. That may sound like a lot
of math, but only a little trigonometry is needed for this simple
filter. All you need to do is to write down what the signals are,
and then apply a simple formula (the **sum of cosines’” identity,
for those who are interested). If the signal delay is expressed by
the Greek letter 7 (tau), then we can write:

(Eq 1)
(Eq 2)

The (t—7) term just indicates that whatever the delayed signal
is doing at a given instant, the undelayed signal already did a
time r earlier.

undelayed signal = cos (Z « 1)
defayed signal = cos Q2w f{t —7))

Adding these signal equations to obtain the output signal, we
have:

X)) = vcos@aft) + cosQ@uflt—
AN e f i f
output undelayed signal delayed signal

(Eq 3)

Plugging the values for the undelayed and delayed signals into
the sum of cosines formula gives:

() = 2cos(Valwft + 2xflt —

cos(A2 r ft -~ 2w f(t — 7)) (Eq 4)
After expanding the 2 » { {t — 7) terms, we have:
X(it) = 2cos(AZrft +2aft —2nf7)
cos(A2rft—-27ft+ 2wi7) (Eq 5}

This can be simplified by combining like terms within the
parentheses:

Xt = 2cos(a@r Ft — 2 fcos(B2af) (Eq 6}

X(£) = 2cos(2wft — wfr)cos(zfr) (Eq 7
X(t) =2 cosZwft~afn cosirfr) (Eq &)
St : ) ;oA !

output : “‘carrier” *amplitude’

‘gain® (number of signals that are added)

This equation represents the filter response in the time domain.

When we transform the equation to represent the filter response
in the frequency domain, the equation simplifies to:

H() = 2 cos(w I 7) (Eq 9

How to Get Other Responses

There are not many filter applications that require this comb-
filter frequency response. Let’s look at the block diagram for
the super-simple FIR filter in Fig 3 again to see what other types
of response we may be able to obtain.

What are the obvious things that can be done to change the
response? There is nothing that says we must have the same
amplitude for each signal entering the adder. So the first option
is to adjust the gain or weight independently for each signal
coming from the delay to the adder. Secondly, there is nothing
that restricts us to having only two signals. We could have three,
four or any arbitrary number, N, of signals. Both of these changes
are shown in Fig 6. The only drawback is that the system becomes
more complex, and this can lead to construction difficulties.
Filters used in industry usually have between 3 and 256 delay lines,
with most having between 32 and 128,

Look at the frequency response shown in Fig 5 again—
especially the linear scale. It has a very distinct form: it’s the
cosine of the frequency. Although it may not be obvious, adding
more signals just adds more cosine terms. These cosine terms have
different periods, and their amplitudes are just the gains or
weights of the ““taps” in the delay line. A sum of weighted cosines
may suggest something to those who are familiar with some
advanced mathematics: According to a century-old discovery by
the French mathematician Fourier, any possible wave shape can
be specified as a sum of weighted cosines with different periods
and perhaps with different phases.

The task of designing the filter then reduces to answering two
questions:

1) How many delayed signals (N) must be summed?

2) What weights or gains should be used for each delayed
signal?

Computer programs are usually used to answer these guestions.
An application note containing a program written in
Microsoft® BASIC is available from TRW LSI Products to
answer the first question. If you want a copy of this program,
write to TRW LS1 Products, La Jolla, CA 92038, and request
note TP-22. The IEEE has published a FORTRAN program to
answer the second question. This program is found in the IEEE
book, Programs for Digital Signal Processing.

SI(?:\IJAL DELAY 1§ i DELAY 2 fs o e i e - DELAY N - |
— WEKSHT ___ WEIGHT WEIGHT

> FACTOR FACTOR
WEIGHT FA(;TOR N =1 N
FACTCR

1
ADDER
SIGNAL QUT

Fig 6—By adding more delay sections, and by multiplying each further delayed signal by an appropriate weighting factor, you can select

a wide range of filter characteristics.
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For the convenience of the DSP circuit
designer, the delays are virtually always
made to be multiples of the sampling
interval, The weights are usually scaled to
meet one of two goals: a given amplitude
response (most commonly unity gain) at
some frequency, or the best resolution for
the coefficients.

FIR Filter Hardware

Instead of the simple filter shown in
Fig 3, the filter block diagram will actual-
ly look more like Fig 6. When signals are
processed digitally, however, the block
diagram of the actual circuit may not look
much like the signal-flow diagram, since it
is sometimes possible to use some of the
circuit elements in more than one section
of the filier,

If you want to build one of these filters,
one approach is simply to implement the
block diagram in hardware. This means
using a shift register that is a full word wide
(usually a ““word’ is somewhere between
8 and 16 bits) and N stages long, with access
to each stage. This might be done with a
large quantity of 7418374 register chips,
for example. This will make up the chain
of single-sample, time-delay stages in the
block diagram above. Each stage of the
shift register can then feed a separate
multiplier, along with the weighting factor
or coefficient required for that tap. For
short filters, this approach may not be too
bad. But if you want a very selective filter,
you might need a value for N between 32
and 256 taps. That obviously takes a lot of
hardware, so this approach can be very
expensive! It will work at high sampling
rates, though, (Remember that according
to the Nyquist criterion, you have to sample
at a rate that is at least twice the signal
bandwidth.) This design is used mostly for
processing TV signals.

Taday, the cost per bit of read/write
random-access memory (RAM) is signifi-
cantly lower than the cost per bit of shift
register memory, Since the specific filter
Fesponses that we want to design (given in
Table 1) do not need the full speed of a
multiplier or multiplier/accumulator
(MAC), we can use the accumulation
function of a single MAC by feeding it all
N coefficients and all N data points per
output sample that is desired. This means
that the data can be processed only at
around 1/N times the multiply/accumulate
rate. That reduction in rate will allow us
to simulate the action of a shift register by
the proper use of reasonably high-speed
RAM.

If the sampling is done by actually
reading data from each location and
writing it into the next location for each one
of the data points, every time one new data
point comes in, we will have to spend a lot
of time just to shift data from one memory
location to another. It’s pretty obvious that
if we keep track of what values are where
in the memory, we might not have to

DATA N GOEFE N

Nl ? t N

N -4 et | COMTROLLER | N

GATAZ

DATA 1 |t CLDEST COEFF 0
{4)

DATA N
N -1
N - &

COLFF N
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N controrLen |7 |

DATA &
DATA

|t OLDEST

B

GOERE 0
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|=— [ NEST
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©

Fig 7—It the controller steps through the
data memory and the coefficient memory in
unison, it will be able to keep track of the
order in which the data samples are
written, and select the appropriate
coefficient for each sample. All of the data
information is replaced once for every
complete sweep through the memory.

shuffle the information all around in the
RAM,

Fortumnately, that’s pretty easy to do. Fig
7 shows the basic idea. The obvious way
to calculate the products is to start with
either the oldest or the most recent input
sample and work toward the other end. It
doesn’t matter which order you choose for
calculation. Practically though, it makes
life a fot easier if you start with the most
recent signal data point and work toward
the oldest. To do this, all you need is a
counter. This counter’s job is to count
how many products have already been cal-
culated. This number tells the read-only
memory (ROM) which coefficient to send
to the MAC for each calculation. When the
product counter reaches the end of its
range, we’re ready for a new signal value.
Now, what’s needed is a way of identifying
the oldest sample. For that, we need a
second counter. This one is also incre-
mented at each calculation, but is wot reset
or incremented at the last coefficient, This
means that when the first counter is at its
last count, the second counter will point to
the oldest data location, which is the
memory address that needs to store the new
value, when it arrives.

The block diagram of Fig 8 is made up
of two counters that perform the data
and coefficient addressing, a RAM, an
erasable programmable read-only memory
(EPROM) for coefficient storage, and a
MAC. Some ““logic glue®® is also needed:
a clock pulse inhibitor, an output register,
some RAM read/write timing circuitry, and
a tri-state driver for allowing the digital
input. The complete circuit diagram is
shown in Fig 9,

To use this circuit, you have to determine
how many coefficients will be needed, and
set the two dual in-line package (DIP)
switches accordingly., Next, a set of
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Fig 9—Complete schematic diagram of the low-pass/band-pass digital filter described in the article.
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coefficients has to be calculated with the
IEEE FORTRAN program mentioned
earlier, using a personal or other computer.
The calculated coefficients then have to be
loaded into the EPROM with a program-
mer. If you don’t have an EPROM
programmer, many computer hobbyists
do. If nobody vou know has one, the
major electronics distributors will program
{usually for a nominal fee) the EPROMS
that vou buy from them. Please don’t ask
them to program devices that you have
purchased elsewhere, though!

Real-World Interfacing

Most people don’t just happen to have
a source of signals that are already
digitized, nor do they have a direct use for
digital signals., As I mentioned in the
introduction, most applications need an
A/D converter before the input to the digi-
tal signal processor. They also need a D/A
converter at the processor output.

Since I work for a manufacturer of these
tvpes of devices, I used parts that were
available to me when [ built the filter
described in this article. The converters that
I used are more widely applicable than
many other available devices, because of
their high speed and ease of use. This wide
applicability is expensive in amateur terms,
so if you want to try building a filter similar
to the one ! built, you might want to try
some other A/D and D/A converters.

The filter circuit is designed to controf
the operation of the A/D and D/A
converters. A timing pulse from the filter
to the A/D converter tells the converter to
send a new value to the filter. Likewise, the
filter sends a pulse to the D/A converter
to alert it that a new value is ready to be
sent. Any converters that can be controlled
in this way should work fine in this filter
circuit.

There are two other problems inherent
with using digital processing with analog
signals. The first is 2 phenomenon referred
to as afiasing. Aliasing occurs because the
filter has no way to determine that a
particular input signal is at a frequency
higher than the Nyquist sampling rate
allows. As a result, the filter will do
something that you might not expect if the
input signal is above the Nyquist rate, even
though the input signal is out of the desired
passband. The way around this problem is
to include an anti-aliasing filter at the
analog input, to prevent signals much
above the intended range of the digital filter
from being accepted for processing. This
anti-aliasing filter prevents unpleasant
surprises, if there are high-frequency
signals present.

The second problem with a digital filter
is that the filter output {after going through
the D/A converter) contains the desired
signal, plus sidebands around every
harmonic of the sampling frequency! These
harmonics are added to the desired signal,
giving it a *‘stair step”’ appearance. (The
output appears to be a series of discrete
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steps, if viewed on an oscilloscope.) Here
again, the solution is a simple analog filter,
this time placed at the output of the entire
system. This filter also corrects another side
effect of the conversion process.

At first it seems very strange that a digital
filter, which is supposed to have far
superior performance to what could be
obtained with an analog filter, must depend
on two analog filters for its proper
operation! What you have to keep in mind,
though, is that the digital filter will provide
exact filter specifications, without having
to tweak each component in a complicated
adjustment procedure. The anti-aliasing
input filter and the output filter need not
have exact cutoff frequencies nor steep
skirts. Analog filters with such inexact
characteristics are rather easy to design and
build.

The filter described in this article does
not include these two analog filters. If this
filter were actually being designed into a
piece of equipment (or as an add-on filter),
they would have to be included.

Circuit Description
The main circuit of our digital filter

consists of timing and control circuits,
digital-signal input circuitry, the RAM and
ROM sections to store the data about the
delayed signals, and the MAC. Let’s look
at each of these, to study how each one
works, and how the pieces wark together
to form the complete filter system.

Timing and Control

The first part of the timing and control
section consists of a memory-write-pulse-
timing generator. This pulse generator uses
half of 116 (a 74L874 dual flip-flop) and
three sections of U17 (a quad, 2-input
NAND gate). The RAM chips used in this
cireuit require a specific timing seqguence to

control is brought Low, and then HIGH
again. The data must be correct for a
period that straddles the rising edge of the
wR control. This timing is achieved by
dividing the input clock signal by two in
U186, (to get the main clock signal that all
the rest of the circuitry will use}, and
combining the input clock signal with the
(divided-by-two) main clock signal in U17A
to get a properly timed pulse. This pulse



is then combined with a delayed terminal-
count signal from the first counter (U7) to
enable the memory write function.

The second part of the timing and
control unit is an address counter section,
made up of two counters that count up
from zero to the number programmed into
them with the DIP switch, then reset to zero
and start counting up again. (This kind of
counter is called a “‘modulo-N*’ counter.)
Each of these counters consists of two
4-hit counters (U1/U2 and U3/U4), an
8-position DIP switch (SI-S8 for the
U1/0U2 counter and 89-516 for the U3/U4
counter), and an eight-input NAND gate
{US for the Ut/1J2 counter, and U6 for the
U3/U4 counter).

The output from a NAND gate is
normally HIGH, and goes LOw only if all of
the inputs are HIGH. In this circuit, each
NAND gate input is connecied to the + 5-V
supply through a 2.2-k{} pull-up resistor.
An 8-position DIP switch is used to wire
a switch between each resistor (on the
NAND-gate side of the resistor) and the
respective counter output. When a switch
is open, a HIGH is presented to the NAND
gate. If the switch is closed, a signal from
the counter is applied. The first time that

all inputs to the NAND gate are HIGH is
when the counter reaches the number (N}
that is set by the DIP switch.

If the counter were not reset to zero, all -

the inputs to the gate would also be HIGH
at several other times; but since the counter
is reset the first time, these states are never
reached. (In this circuit both DIP switches
must be programmed to the same value.)
The second counter will not increment
when the first counter is at its maximum
value, because flip-flop U7A disables
counter U3 when the first counter is at its
final count. U13C disables the terminal
count reset of the second counter when that
reset happens at the same time that the first
counter resets, because the reset function
of the 74L8163 is not inhibited by the
count-enable (CET) input.

Filter Input Circuit

The input circuit for the multiplier/
accumulator consists simply of two
7418373 latches, used as three-state
buffers. The A/D converter [ used has the
input latch built in. With other converters,
the latching function may be necessary. The
outputs are enabled when a new input
needs to be written into the RAM and the

MAC. This happens once per clock cycle.

Memory Section

The memory systems (RAM and ROM)
for this circuit are entirely contained on the
6116 and 2716 chips, Two of each chip are
used to get a 12-bit-wide word. The 2716
ROMSs, which store the coefficients used in
the filter, have their outputs permanentty
enabled, because they are the only chips
that are connected to_ the MAC X inputs.
The RAM chips, however, use the same
pins as input and output connections. For
this to work correctly, the output has to be
disabled before input data is placed on the
input/output lines, and then the read/write
line (WR) has to be brought LoW while the
data is held; finally, the WR line has to go
HIGH. The data must be correct until
about 15 panoseconds after the WE line
goes HIGH. The proper waveforms are
generated in the timing generator.

Multiplier/ Accumulator

The part that does all of the
computations is a TRW 12-bit MAC, the
TDCI009 (or its CMOS version, the
TMC2009). These chips are quite expensive
at this time (over $100 each), and tend to

Fig 10—The three circuit boards used for the digital filter. The A/D board, on the right, is a PC board that TRW designed for commercial
applications. The D/A board and the main filter board were wire-wrapped for this project,
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make this type of filter less attractive for
amateurs.

[Since this project was completed, TRW
has produced an even faster 16-bit MAC,
the TMC2210N3C, which sells for under
540! With a few changes to the pin
connections for the MAC, the author
believes his filter could be made to work
with the new chip.—Ed.]

In this filter, a good deal of the flexibility
of the MAC is not used. For example, all
the clock leads are connected together, and
many of the control leads are permanently
set. The only control that is actively used
is the Accumulate control. This is pulsed
Low once per ¢ycle, which has the same
effect as clearing out the accumulator
section.

Construction

This article is not intended to be a
construction project, and complete con-
struction details are not included here.
There are a few thoughts about building a
digital filter like this that I would like to
share with the readers, however.

The way a digital system is built is often
a2 shock for people more used to analog
design. Prototypes and one-time-only
projects are often built with wire-wrapping
tools, 1C sockets and connectors. This
provides rapid design and construction,
and ease of modification if changes are
desired. Only minimal care is needed to
prevent coupling between signal leads, and
shielded wire is only used for external
connections, if it is used at all. If there are
any analog signals involved with the circuit,
there will generally be two separate
grounds, connected only at the power
supplies.

The lead photo shows the completed
filter project, with the A/D and D/A
converters plugged into the main board.

Fig 10 is another picture of the project,
showing the A/D, D/A and main proces-
sor boards separately. The D/A board is
an evaluation board that | had available.
Other, less e¢spensive, converters are
available, and their performance would be
fine for this application.

Troubleshooting a Digital Circuit

After building the filter, debugging may
be necessary. This Is mostly to detect errors
in wire-wrapping. In debugging digital
circuits, you need a way to feed signals in,
and a way of looking at the resulting
signals. For this, a logic probe and pulser
are good tools. While a triggered oscil-
loscope can speed up the process dramaii-
cally, it isn’t really necessary. When you
build a new cireuit, 1 recommend building
one functional section and testing it before
continuing construction. That way, you
know that almost everything is correctly
wired and working by the time vou are
done. A good sequence fo follow for
building this filter is to first build the timing
and comtrol circuits, then the input cir-
cuitry, the RAM and ROM sections and
finally the MAC.

Should anyone choose to build a similar
filter, a good final test (betore applying
digitized audio signals) is to provide an
input sequence that has a value of 1 for
single cycle, then a long series of zeros. The
filter output should then just be the
numbers stored in the PROM for the
coefficients, followed by all zeros until
another 1 is input.

Conclusion

Digital signal processing is still a
moderately expensive technology, but one
that gives very high performance, As
production volumes increase, the prices will
decrease to the point that this kind of filter

will be attractive in amateur equipment.
This article has given an introduction to
one kind of digital filter, as well as a circuit
that can be used directly as it stands, to
perform digital filtering in the audio-
frequency range. This might be used as a
high-selectivity CW filter, or perhaps as
the filters in an RTTY demodulator, for ex-
ample. Good luck in your experimentation!

1 would like to thank Barbara jung for
building the prototype for me, and also
Bonnie Hayman and Rick Olsen, N6NR,
for constructive criticism of my writing.
{The responsibility for any mistakes is
mine, however!l)

Please note that some or all of the
circuits described in this article may be
protected by patents. No representation,
express or implied, is made as to the
existence or nonexistence of patent rights
covering these circuits.
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First licensed as @ Novice (KN3FNH) in 1964, Fred
Williams guickly moved up to Technician in 1965,
and was active for about eight years as K3FNH and
WABZXP. During college, though, ke let his license
lapse (he thought ke had no time for ham radiof)
while he was earning a BA in Physics (1973). After
graduation, he joined the Satelfite Ground Systerns
Laboratory of the Hughes Aircraft Company, where
ke worked for six years, developing aneiog and
dightal circuitry for satellite communications. While
at Hughes, he ohtained an MSEE degree from the
University of Southern California in 1978, In 1980,
he joined the L8I Products Division of TRW us an
applications engineer. Presently, he is a Staff
Engineer in the Advanced Marketing and
Technology group, concentrating on the
specification of new producis. Fred is also presently
studving for an amateur license again. We hope to
hear kim on the air soon!
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Strays oS

Next Month in OS7

STRAY HINTS

7 *“Strays’’ are those interesting fillers used
when space allows in QS7. Think you have
an item with Stray potential? Here are some
hints to help vour submission become one. (1)
Be sure the information will be of interest to
most QST readers. (2) Any photographs you
send should be good-quality black-and-white
glossy prints.

{tems submitted are normally ac-
knowledged, but that doesn’t necessarily
mean that your item will be appearing in QST
Strays are used on a space-available basis, and
usually we receive far more material than we
can find room for in each issue. Photos
become the property of ARRL and can’t be
returned.

Follow the above hints and maybe your
Stray will find a home in QST.—Paulz
McKnight, NIDNB
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¢ The Mid-Michigan Skyhook—what is it? Nope, nat a Magic Johnson basketball

shot. The answer is in January QST.

* Some Power-Supply Design Basics prescribes a cure for the common-mode hum.
* A new year, a new look for QST's club column with the debut of Club Spectrum.
‘This month, a Washington State high-school radio club goes mountaineering with

ham radio.

» Novices and Technicians—it's your turn to rule the air waves in the Novice
Roundup. Brush up on the contest rules in January QST and prepare to sizzle that

straight key.

» Attention contesters and hamfesters: Don’t miss the list of major ARRL operat-

ing events and conventions for 1987

Please note: Part 1 of the article on Amplitude-Compandored Single Sideband,
scheduled to appear in December, has been postponed. The publication date is

unknown at this time.



Product Review

Conducted By Bruce O. Williams, WASIVC
Assistant Technical Editor

Trio-Kenwood TS-440S HF Transceiver

Trio-Kenwood's latest entry into the full-
featured, compact HF transceiver market is
here—the TS-4408. Comparable with
FCOM'’s IC-735 (see Product Review, OST,
Jan 1986}, the 440 is the next step in the
development of the TS-430S transceiver.
Feature for feature, the 440 falls somewhere
in between the *430 and the *940 (Product
Review, OST, Dec 1985), incorporating traits
of both rigs.

Receiver Featares

The TS4408S receiver uses a state-of-the-
art triple-conversion scheme with IFs of
45.05 MHz, 8.83 MHz and 455 kHz. lts wide
dynamic range can be attributed to the use
of 35K73 dual-gate MOSFETs, 25KI125
JFETs and a number of multipole band-pass
filters (selected by the microprocessor) for
maximum rejection of unwanted signals
without sacrificing performance. There are
two VFOs using a common shaft encoder and
a PLL containing five loops. Either VFO
covers the frequency range of 100 kHz
through 30 MHz.

Transmitter Features

Because I’ve used rigs with vacuum tube
finals most of the time I've been a ham, I
found the user friendliness of solid-state finals
a pleasant change. The only transmitter
adjustments are the ac (microphone gain}
and CAR (carrier level) controls.

The transmitter also uses the triple-con-
version scheme. The double-sideband first {F
is generated at 455 kHz, then mixed with a
focal oscillator (8.375 MHz) to produce the
second IF at 8.83 MHz. This signal is filtered
and then fed to the RF unit where it is mixed
with a heterodyne oscillator output to result
in a 45.05-MHz third IF that is mixed again
with the VFO output to develop the desired
output frequency. This output is fed to the
power amplifier, the low-pass filter, and then
to the antenna connector on the rear panel,
or to the (optional) internal automatic
antenna tuner.

In the TUNE mode, the transmitter output
is limited to approximately 10 W to protect
the final transistors from any high SWR
conditions. In the event that the antenna tuner
cannot match the antenna impedance, a
current foldback circuit protects the finals.
Kenwood specifies that a range of 20 to
150 ohms can be matched. ¥ used it to match
both a tribander antenna and an 30/40-meter
dipole to work all bands, 10 through
80 meters. I then tried matching a 4)-meter
antenna on 80 meters and was successful
except at the very low end of the 80-meter
band. The antenna tuner’s threshold is an
SWR of about 1.3:1, and it is satisfied if it
sees that, or less. T am rather impressed with
the antenna tuner, as it apparently will match
about anything you present it with. The one

drawback is that it does not function on
160 meters.

Froni-Panel Conirols

I was intimidated when I first saw the
transceiver’s front panel, but after spending
a few minutes with the operating manual, it
all came together. In the extreme-upper-ieft
corner of the panel is the push-button
ON/OFF switch (see Fig 1), Immediately
beneath the onsove switch are three ad-
ditional push butions. The voOICE push
button causes the optional voice synthesizer
{o announce the operating frequency (in
English or Japanese), The noise blanker, NB,
can reduce a pulsating noise signal by as much
as 40 dB. The ATTenuator introduces 20 dB
of attenuation to incoming signals. The
ATTenuator is useful if operating under
extremely strong signal conditions, as it
reduces front-end overload.

The front-panel meter functions as an S
meter in all receive modes. A three-position
slide switch allows selection of three different
meter functions in transmit mode; pwr
{power output), AL level, or SWR. In the pwr
position, the meter indicates the output
power. It is a peak-reading meter, not an
average-reading meter. In the ALc position,
the meter monitors the drive level in USB,
LSB and AFSK modes. The swr meter
shows the condition of the antenna only when
the AUTO/THRU switch i$ in THRU position.
Immediately below the meter switch are the
SEND/RECeive push button, and the
AUTO/THRU and AT TUNE/QEKF switches to
control the antenna tuner.

Using the automatic antenna tuner is
easy—first push the AuTo button to enable
the system. Then (if the frequency is clear)
press the AT TUNE to put the rig in the
t