


NEW!!

...RF DECKS

SUPPLY

A long time need has been met.
Thousands of Amateurs own power

supply components, but need high
quality state-of-the-art RF modules.

Here are six new models derived from our

current amplifier line that will fill that
need. |

» 2K Ciassic "X" RF - “3.5 {o 30 MHz
¢ 3K Classic Mk il "X RF -~ “2.5 to 30 MHz
® 20024 RF - {44-148 MHz
"1t meter band deleted in U.S,
You can now have the bands you need at the price you can afford. We
provide the RF deck! You provide the power supply. Let us send you a
brochure providing complete technical information.

® 2004A RF - 420-440 MHz
® 3002A RF - i44-148 MHz
® 3004A RF - £20-440 MHz

Of course, all our present model complete amplifiers are still available.
This new group of RF modules simply strengthens and expands what was

already the best and broadest iine of Amateur power amplifiers.

Henry amateur amplifiers are available from Henry Radio and select dealers throughoutthe U.§.  We stock these plus many other fine names:

and are being exported to amateurs all over the world. In addilion 1o our Broad line of commercial ~ AEA = ARGO « ARRL « ASTRON « R & K o & & W » BIRD o
FCC type accepted amplifiers we offer special RF power generators for industrial and sclentitic  CDE » CONNECT-SYSTEMS « GUSHCRAFT » EIMAL «
users. Call or write Ted Shannon or Mary Silva for full information.

HAL « HUSTLER » HY-GAIN « ICOM « KENWOOD »
LARSEN « NYE « HOBOT « TEMPO « VIBROPLEX « YAESU

i o sk .
”g”/ I ﬂﬂl ” 2050 5. Bundy Dr., Los Angeles. CA 90025  (213) 820-1234
P2
il

: Butler, Missouri 64730 (816) 679-3127
%3 TOLL FREE ORDER NUMBER; (BD0] 4216631 For 2l states except Cabtarmia Cang residents please sall collast on our regular nusmbers




N ...pacesetter in Amateur radio

Power-Full...70 Watts!

TM '257OA/ 2550A/2530A

Sophisticated FM transceivers

Kenwood sets the pace again!

The all-new “25-Series” brings the
industry’s first compact 70-watt
2-meter FM mobile transceiver.
There is even an auto dialer which
stores 15 telephone numbers! There
are three power versions to choose
from: The TM-2570A 70-watt model,
the TM-2550A for 45-watts, and

the 25-watt TM-2530A.

s First 7C-wati FM mobile (TM-2570A)

¢ First mobile transceiver with tele-
phone number memory and auto-
dialer (up to 15 telephone numbers)

¢ Direct keyboard entry of frequency

® Automatic repeater offset selection
according to the ARRL 2-meter band
plan —a Kenwood exclusive!

s Cxtended frequency coverage
for MARS and CAP (142-149 MHz;
141-151 MHz modifiabie)

* 23 channel memory for oifset,
frequency and sub-tone

e Big multi-color LCD and back-lit
controls far excellent visibility

e Front panel programmable 38-tone
CTCSS encoder includes 97.4 Hz
{optional)

® 16-key DTMF pad, with audible monitor

® Center-stop tuning—another
Kenwood exclusive!

e Fraguency lock switch

» New 5-way adjustable mounting
system

* Unique offset microghone connector
-rglieves stress an microphone cord

s HI/LOW Power switch (adjustabie
LOW power)

[ Large heatsink with built-in cooling
fan (TM-2570A)

* Compact DIN size
Introducing...

mz Digital Channel Link

Compatible with Kenwood's DCS
{Digital Code Squelch), the DCL system
enables your rig to automatically QSY
to an apen channel. Now you can auto-
matically switch over to a simplex
channel after repeater contact! Here's
how it works;

The DCL system searches for an
opan channel, remembers it, refurns
to the original frequency and transmits
control information to another DCL-
equipped station that switches both
radios to-the open channel, Micro-
pracessor conirol assures fast and
reliable operation, The whole process
happens in an instant!

Optional Accessories

* TU-7 38-tone CTCSS encoder

® MU-1 DCL moderm unit

o VS-1 voice synthesizer

= PG-2K extra DO cable

« PG-3A DC line noise filter

& MB-10 exira mobile bracket

+ CD-10 call sign display

* P8-430 DC power supply for
TM-2550472530A

¢ PS-50 DC power supply for TM-2E70A

* MC-60A/MC-80/MC-85 dask mics.

* MC-48 extra DTMF mic. with UP/DWN switch

» MC-428 UP/DWN mic,

* MC-55 (8-piny mabila mic, with tme-out timer

* SP-40 compact mobile speaker

« S5P-50 mobile speaker

s SW-200A/SW-200B SWR/power meters

¢ SW-100A/SW-100B compact SWR/power meters
* SWT-1 2m anienna tumer

Caunpiele service mantials ate avalable 1or all Trin-Ketiwoud transcevets 2kl Mos! aucessones
Epecihcations and prices ae subact lo change withaul natice of ohilgation

Actual size front panel

KENWOOD

TRIO-KENWOOD COMMUNICATIONS
1111 West Walnut Street
Compton, California 90220
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OUR COVER

The place: Buck Hill
[elev 735 ft), Rhode Island
The ¢ontest: January VHF

Sweapstakes
The station: W1XX muiitop
The band: 10 GHz
March 1986 Voiume LXX Number 3 The ham: Jon, WB1DNL

The bottem line: Pick your spot and
your gear carefully, and have a ball
mountaintopping on VHF/UHF

Photo by: George Barker, NA1TF
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TOO GOOD TO

PAKRATT™ Model PK-64

TRUE?

shown with enhanced
HFM-84 option Instailed

* MORSE %« BAUDOT « ASCIl * AMTOR x PACKET %

FIRST FIVE MODE
DATA CONTROLLER

The Pakratt model PK-64 by AEAis
the world’s first computer interface
that offers Morse, Baudot, ASCH, AM-
TOR and Packet all in one box {hard-
ware and soitware included) at a price
many competitors charge for Packet
alone (from $219.85 Amateur net). Do
not let the low price fool you; coming
from any other company but AEA it
WOULD be too good to he true. The
PK-84 works with virtually any voice
transceiver. The Pakratt is the easiest
of any to hook up and have operating
in just a few minutes.

In Packet mode, the PK-64 offers vir-
tually all the features of every other
Packet controller on the market, plus
many important features left out by
others due to cost constraints. For ex-
ample, we have included a hardware
HDLGC, true Data Carrier Detect (DCD),
multiple connect with up to ten sta-
tlons simuitaneously and full imple-
mentation of version 2.0 of the AX.25
protocol.

Because the PK-84 was designed
specifically for the Commodore 64 (or

G-128 and 5X-64) computer, we have
been able to do many things not eco-

nomically feasible with general
RS-232 interface controllers. For ex-

Advanced Electronic Applications, Inc.
P.O. Box C-2160, Lynnwood, WA 98036-0918
(206) 775-7373 Telex 6972496 AEA INTL UW

ample, the Pakratt includes true split
scoreen operation with an-screen stat-
us indicators and an on-screen tuning
indicator.

ENHANCED HFM-64 MODEM OPTION

The standard PK-64 will operate all
modes with a phase-lock-loop {PLL)
detector roughly equivalent to all pop-
ular packet modems in the market-
place {except we have included extra
filtering). The enhanced HFM-64 mo-
dem option offers true independent
dual channel filtering with A.M. detec-
tion (like the famous CP-100 Computer
Patch™), The enhanced HFM-684 op-
tion also offers a hardware LED tuning
indicator (like the CP-100) and a front
panel variable threshold control for
setting maximum sensitivity under va-
rious band gconditions. We recom-
mend the HFM-84 option for anyone
keenly interested in weak-signal
heavy-QRM HF operation. For anyone
desiring to operate FM RTTY with the
standard North American tone pair or
CW receive, the HFM-84 is required.
The HFM-64 is field installable with no
soldering or test equipment required.

WORKS WITH THE POPULAR
C-64 COMPUTER
AEA designed the PK-64 around the

low-cost C-84 because of the special
architecture features making it espe-
cially suited 1o Amateur Radio appli-
cations. The C-64 should not be viewed
as a mainframe, but rather a very eco-
nomical accessory {o your data com-
munications system. Many owners of
expensive computers such as IBM,
TANDY, APPLE, KAYPRO, ATARI, etc;,
are now buying the low cost C-84 and
dedicating it to their operating posi-
tion. They simply cannot find software
for their machine that even ap-
proachas the power and user friendli-
ness of the PK-64. Plus, think of the
convenience of having only one con-
troller and keyboard to go from one
mode to another without having {o re-
da ¢cabling!

The PK-64 is so complete that all
you need todois wirg upamicrophone
connectortoiheend of acable (provid-
ed) and you areready to go. Thereisno
need to track down speclal terminal
software, cabling or even a power sup-
ply. It all comes with the PK-64. S0 do
not he the last on vour block to own
the most exciting new product in
yvears. See the PK-84 at your favorite
dealer or write for our specification
sheet now.

Prices And Specifications Subject To
Change Without Notice Or Obligation

§ Brings you the
& Breakthrough!

4 ns=



The best combination of gain,
bandwidth and low angle radiation
for simplex or repeater operation.

Quick easy assembly and installation

Moaunt anywhere with compact dimensions and neat
appearance

Proven performance and durability in all environments
Complete FM band coverage
One year warranty

Cusheraft antennas created the FM antenna revolution by
making the best performance and value available to every
ham. We continue to set the pace with a broad line of
antennas for every FM application. Tune across the band
and you will find the overwhelming majority ot hams using
ong, twe, or more CGusheraft antennas. The reason is very
simply that they are the best. Now is the time for you to
snjoy the value of a Cusheraft antenna. See your nearby
dealer today.

RINGO RANGER H

ARX-2B 134-164MHz
ARX2208 220-225MHz
ARX4508 435-450MHz

MOBILE ANTENNAS

CS50M  46-54MHz Magnetic Mount
G8147M 144-174MHz Magnetic Mount
CS220M 220-225MHz Magnetic Mount
CB450M 435-470MHz Magnetic Mount

COHPORATION

THE ANTENNA COMPANY
48 Permeter Road, PO, Box 4680
Merchesier Ni OS108 Usa

TELEPHONE &Q03-627-7877
TELEX 953-050 CUSHSIG MAN

e b

Exciting news for HAMS! the sarme high pericrmance
and guality, CUSHCRAFTISIGNALS antennas, used by
professionals and business, are now available o improve
your mobile communications.
FEATURING
e SILVER PLATED LOADING COILS
* TAPERED 17-7PH STAINLESS STEEL WHIPS
* STRONG, MOISTURE FROOF ABS COIL CASES
+ CAOMIUM PLATED NON-SEIZING HARDWARE
* FULL BRAID COVERAGE RG 58A/U CABLE
+ COAXIAL CONNECTORS
+ EACH COMPLETE WITH CABLE, CONNECTORS
AND THREADED BASE TO TAKE EITHER THE
+ STAINLESS STEEL SPRING OR STRAIGHT
WHIP

¢ CHOICE OF 3 MOUNTING OPTIONS

1. 90 POUND MAGNET MOUNT

2, TRUNK LIP MOUNT

3. % INCH HOLE MOUNT
ONLY CUSHCRAFT/SIGNALS MOEILE
ANTENNAS GIVE YQU ALL OF THESE
IMPORTANT PERFORMANCE FEATURES.

S Maoarrh o000 B



...pacesetter in Amateur radio

“DX-cellen

The new TS 9405 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
mulii-function L.CD sub display
graphically illustrates VBT, SSB
glope, and other features.

2100% duty cycle iransmitter.
Super efiicient cooling system using

speacial air ducting works with the inter-

nal heavy-duty power supply to allow
continuols fransmission at full power
output far periods exceeding ong holr.
e High stahility, dual digital VFOs.
An optical encoder and the flywheel
YEC knob give the T5-8408 4 positive
tuning “feel’
e Graphic display of operating
features.
Exclusive multi-function LCD sub-

. - .
:.. VOX  FUEL mON) Dim

| R MAN  SUMI 0 OFF NUA

HF TRANSCEIVER TS-94905

ATT METER
u- " ﬂ’? PQN!'N

o AEND AUTO MaR= ’ Frow Ms T e

A

L RROC o
- L] [ I
PR

MU0 —P- FWR
“ 5 ¥

cisplay panel shows CW VBT, 558
slope tuning, as well as frequency,
time, and AT- 340 antenna tuner status,
2 Low distortion transmitter.
Kenwood's unique transmitter design
delivers top "quality Kenwood™ sound.

+ Keyboard entry freauency saiection.

Operating frequencies may be directly
entered into the TS-2408 without using
the VFO knob.

= GRM-fighting features.
Remove “rotien QRM™ with the $58
slope tuning, CW VBT, nolch filter, AF -
tune, and CW pifch controls.

s Built-in FM, plus SSB, CW, AM, FSK.

e Sami or full break-in (GSKi CW.

= 40) memory channels.
Maode and frequency may be storecd in
4 groups of 10 channeis gach.

e Brogrammable scanning.

e {ianeral coverage receiver.
Tunes from 150 kHz to 30 MHz.

21 yr. limited warraniv.
Another Kenwood First!
Dptional accessories:
& AT-840 full range (160-10m) auto-
matic anienna tuner & SP-940 external

Interface [F-232C/IF-10B

speaker with audic filtering » Y(3-455C-1
(500 Hz), YG-455CN-1 (250 Haz),
Yh-88C-1 (500 Hz) CW filters; Yk-B8A-1
(8 kHz) AM filter # VS-1 voice synthesizer
s 50-1 temperature compensated
crystal osciltator € MC-425 UPMOWN
hand mic, & MC-80A, MC-80, MC-85
deluxe tiase siation mics. ¢ PC-14A phane
patch  TL- 9224 linear ampiifier

e 5M-220 staticn manitor « BS-8 pan
display e SW-200A and SW-2000 SWR
and power meters,

More TS-9405 information is avatlable
from authorized Kenwood dealers.

KENWOOD

TRIO-KENWOOD COMMUNICATIONS
T West wainut Strect
Compton, Califormia 90320

flamnplete service iannals #re avanzhie
tor alt (nn-Kenwood transceivers i
TGS ACCESIONES.

Speciheations and prices are sublect o
change without natice or ohiigation,



Attention “computing” hams! The
Kenwood IF-Series computer inter-

face units will enable you to connect

your TS-711A, TS-811A, TS-9408S, or

T5-440S transceivers to your home

computer. RS-232C standard is
used, so the interface units are
compatible with any computer!

The IF-10A and IF-10B computer
interface boards and IC-10 IC kit are
designed to be installed inside the
transceivers. Control is performed
via the computer RS-232C port and

through the IF-232C leve! transiator.
The level transiator performs two
functions: (1) converts voltage levels
from the RS-232C port to the TTL
levels in the transceiver, (2) and acts
as a noise supressor. A complete
interface “kit” would include the
appropriate computer intetface units
{IF-10A, IF-108B, or IC-10) and the
IF-232C level translator.

The applications of automated
station control are aimost endless!
Just imagine...work DX from your
hand-held...operate OSCAR “auto-
matically”...remote operation of your

station...or put togetherthe "ultimate”

contest station....

SRT display shown s a sample program, not available
from Trio-Kenwaod Communicalions,

Complete service manvals are avallable farall
Ino-Kenwood transcarvers and most accessones,
Speciications and prices are subject to change without
notice ar obhgation.

i we L@vel transiator

IF-i0A Cgmputer interface for T5-711A/TS-811A
IF-10B Compuier interface for TS-2408

WC~10 IC kit for TS-4408 computer control

Ehort Wave

irequency is
“diated up?

want 7

iListener's map and
directory—simply
salect the QTH vou'd
like to listen to, and
the pre~programmed

Dispiay frequency,
band, and mode
viata. Controf your

riq via kevboard!

H.em o -

VERRY h
ha

e

= interchangeable commands

This means that one program may be
used with several rigs, to minimize
program changes.

& Simultaneous opération of the
computer and transceiver is
possible

= Foweriui, easy-io-understand
mstiruction sei
s Wide variety of commands
Memory input and recall, frequency
selection, freguency step, sub-tone
frequency, offset, antenna tuner,
DCS, scan, and many, many more
functions are accessible with the
Kenwood computer interface unit!
= 4G~} AL power adapier {optionai)
More IF-232C and computer inter-
face information is available from
authorized Kenwood dealers.

KENWOQGD

TRIO-KENWOOD COMMUNICATIONS
1111 Wesl Walnut Street
Compton, Califdrnia %0220

Marrcrh 108R
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Directors

Canada

THOMAS B, J, ATKINS, VEICGDM,
55 Havenbrook Blvd, Willowdale, ON M2J 1A7
(416-494.8721)

Vica fDirector: Harry MacLean, VE3GRO,

500 Aiverside Dr, London, ON NaH 2R7
(519-433-1198)

Atlantic Division

HuUGH A, TURNBULL,” W3ABC, 6903 Rhode lsland
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Vice Director; James M, Mozlay, W2BCH, 128
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Dakota Division
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Bumsville, MN 55337 {12-890-6302)

Vice Director; Richard Whiting, WHTN, 4748 Diane D,
Minnetonka, MN 55343
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CLYDE G, HUALBERT, WSCH, PG Box 541,

Hiloxi, MS 39533 {601-435-5544)

Vice Director; Lionel A, “Al” Qubre, KSDPG, Star
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Great Lakes Divisien

GEORGE 8. WILSON, lIl,* W4QYI, 1649 Griffith Ave,
Qwensbora, KY 42301

Yice Pirector: Allan L. Severson, ABRR, 1275 Ethel
Avn, Lakewood, OH 44107 (216.621-1565)

Hudson Division

LINDA . FERDINAND, N2YL, Sunset Trall,

Clinton Carners, NY 13514 (§14-266-5396)

Vice Director; Stephen A. Mendelschn, WAZDHF,
218 New Milford Ave, Dumont, NJ 07828
{201-384-0670/0680)

Midwest Division

PAUL GRAUER,* WBFIR, Box 180, Wilson, K8
BT490 (#13-658-2165)

Vice Directar Richard Ridenour, KBAZL,

9 Lake Pembroke Dr, Fetguson, MO 63135
(314-521-25200

New England Division

TOM FRENAYE, K1K], 23 Pinehusst Rd,

Box 62, Unionville, CT 06085 (203-673-5429)

Vige Director: Richard P, Heabs, K1PAD,

B Tracy Circle, Billerica, MA (M821

Northwastern Division

MARY E. LEWIS, W7QGP, 10352 Sandpoint Way, NE,
Seattle, WA 58125 (206523.9117)

Yice Director; Rush S, Drake. WTRM, 41385 Foul
Weather Bluit Ad, NE, Hansville, WA 93340
(206-634-23301

Pacific Division

RODNEY J. STAFFORD, KBBZV, 5155 Shadow Estatas,
San Jose, GA 95136 (40B-274-0492)

Vica Director: Kip Edwards, WESZN,

1928 Hillman Ave, Beimont, CA 84002

Roanoke Division

GAY E. MILIUS, JR, W4UG,
1416 Rutland Dr, Virginla Beach, VA 23454
(804-481-5095)

Vice Director; John C. Kanody, N4MM
BFD 1, Box 73-A, Boyce, VA 22620 [705-53?-1340)
Rocky Mountain Division

LYS J, CAREY, KEPGM, 13495 West Gentar [,
L.akewood, CO B0228 {303-986-9420}

Vice Diractor; Marshall Cuiat, AGEX, 1660 Wynkoop,
Suite 850, Danvel, CO 80202 (303-333-0819)
Southeasiern Division

FAANK M. BUTLER JR,* W4RH,
323 Elliott Rd, SE, Fort Walton Beach, FL 32548
{904-244-5425)

Vice Director: Mrs. Evelyn Gauzens, W4WYR,
Z780 NW 3rd St, Miami, FL 33125 (305-642-4139)
Southwestomn Division

FRIED HEYN, WABWZO, U562 Cheyenne §t,
Costa Masa, UA 52626 (714.549.8516)

Vice Director; Wavne Overbeck, NGNB, 500 Avenlda
Salvador, San Clamenta, CA 82672 (714-492-8025)
West Gulf Division

RAYMOND B. WANGLER, W5EDZ, 642 Beryl Dr,
San Antonio, TX F8213 (512-733.9632 home,
§12522-2221 businass)

Vica Direclor thomas W. Comstock, N&TG,
1700 Dominik, Gollege Station. TX 77840 (405-893-1181)

*Executive Committee Member
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Section Managers of the ARRL

Reports Invited: The ARRL. Board of Directors (ses list at left) determnines the policies of ARRL.
The 16 divisions of the League are further arranged into 73 administrative “sections,” aach headed
by an elected Sectlon Manager. Your SM weicomes reports of club and individual activity. ARRL
Figld Qrganization appoiniments are available covering a wide range of Amateur Radio volunteer
interests. Whatever your license class, your 8M has an appeintment available. Check with your 8M
{below) for further information.
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Bill Gillespie, VEGABGC, 10128 Sith St, Edmonton T5H 1AS

H. E. Savage, VETFB, 4553 West 12th Ave, Vancouver VBR ZR4 [604-224-5226}
Jack Adams, VE4AJE, 227 Davidson Ave E, Dauphin RTN 2Z4 (204-638-9270)
Donald B. Weiling, VE1WE, 38 Sherwood Dr, Bt John, NB E2J JHE (506-696-2913)
L. P. Thiviergs, VE3GT, 34 Bruce St W, Ranirew K7V 3W1 (813-432.5987)

Harold Moreau, VE2BP, B0 Principale, 51 Simon Co, Baget JOH 1Y8 (514-798-2173)
W. C. “Bili" Munday, VESWM, 132 Shannon Rd, Regina 545 BB1 (306-586-4483)

Harold K. Low, Wa3WIY, Ate 5, Box #6, Mllisboro 18966 (302-945-2371)
Jamas B, Post, KA3A, 15 Monarch Rd, Wilkes-Barre 18702 [717.825-394
John A. Barola?, KJ3E, 108 Elllott Ct, Califorpia, MD 20618 (301-852-320
Richard Baier, WA2HEB, 1228 Audubon Dr, Toms River 08753 (201.270-9292)
Wiiliam Thompson, W2MTA, RD 1—Rock Rd, Newark Valley 13811 (807-642.8930)
Dtto Schuler, KISMB, 3732 Colby $t, Pittsburgh 15214 {412-2316840)

David E. Lattan, WDSEBG, KF 1, Box 234, Makanda 62958 {618-529-1578)
Bruce Woodward, WOUMH, 8208 Bramshaw Rd, Indianapolis 48220 (317-251-5606)
Richard R. Regant, KOGDF, 5003 South 26th St Milwaukee 53221 (414-282.0312)

George E. Fraderigkson, KGOT, RA #2—Box 352, South Haven 55382 (612-558-6312)
Mike Mankey, WBBTEE, 518 E. Columbla Dr, Bismarck 58501 (701-258-5114)
Roland Gory, WBYMB, 1010 7th §t, W, Mobridge 57601 (805-845-2400)

Josl M. Harrison, Sr., WBSIGF, Star Rie 3—Hox 308, Judsonia 72081 (501-728-3301)
John M. Wondergam, KBKR, 800 8mith Dr, Metairie 70004 (504-837-1485)

Paul Kemp, KWST, 3581 Beaurnont Dr, Pearl 39208 (601-938-7612)

John €. Brawn, NO4Q, PO Box 37, Eva 38333 (601-584-7531)

Bale Bennatt, WA4JTE, 320 Loy 5t, Golumbia 42728 (50238428341
James R. Seaiey, WBEMTD, 21815-29%: Mile Rd, SDrlréggon 49284 (517-857-2013)
Jeffrey A, Maass, KBND, 92568 Concord Ad, Powell 43065 {614.873.3234)

Paul 5, Vydareny, WB2VUK, 258 N Washington, North T: own 10581 (914-631-7424)
Juhn H. Smale, K21Z, 318 Kensington C1, Coplague 11726 (518-225 4835
Rokert B. Anderscn, K2BJG, 68 Paga Dr, Gakland 07436 (201-337-TH5E)

Rollin J. Siavers, WEBBAYW, Fie 3-Box 62, Starm Lake H0588

Robert M. Summars, KPBXF, 3045 North T2nd, Kansaa GCity 66109 {91.3-289.1128)

Benton C. Smith, KBPCK, 3301 Sinclalr, Rte 3, Box 1986-A, Columbia 65203 (314-443-5168)
Varn J. Wirka, WB&GQM, Rural Routs, 81 Capehart Ad, Paplllion 68133

Robert Kaszur, KIWGQ, Whelstona Rd, Harwinton 06791 (203-485-038)

Luck Hurder, KY1T, PO Box LL, North Eastham 02651 (817-255-2028)

Clavis Q. Laverty, W1RWG, 17 Fair 5t, Norway 04268 (207-743.2353)

William Burden, WB1BRE, 11 Briand, Nashua 03063 (603-882-0023)

John Vota, WB1FDY, 41 Brooksite Ave, Centordaie 02911 (401-231.1934)

Ra.lgh T, Statson, [, KD R, PO Box 123, Milton 05488 (802-893-4868)

R. Donald Haney, KA1T, RD 1—Box 237, Myrick La, Harvard 01451 (617-772-4126)

James 1.. Moody, Jr., NLTC, PO Box 102841, Anchorage 99510 {807 594-407T)
Lemual H. Allen, W7JMH, 1800 5. Atlantic St, Boise 83705 (208-343-9153)

L. C. “Les" Belyea, N7AIX, PO Box 327, Belgrade 56714 (406-388-4253)
Willtam R. Shrader, WrQMU, 2042 Jasmine Ave, Madiord 87501 (503-773-8624)
Gene E. Sprague, KD?G, 10716 23rd Dr SE, Everett, WA 98204 (206-337-3459)

Bob Vallio, W8RGG, 19655 Sheffield Rd, Gastro Vallay, CA 94548 (£15-537-6704)
Jogeph D, Lambart, WBIXD, PO Box 1201, Boulder City 83005 (702:294-05035)

Army Curtis, AHEP, PO Box 4271, Hilo, HI 96720 _

Rabert H, Watson, WEIEW, 10994 Clinton Bar Rd, Pina Grove, CA 35665 5209-223-0101)
Robert Qdell Smith, NABT, 320 Park St—PO Box 1425, Fort Bragg, GA 7 {707-964-4931)
Gharles P, McGonnell, WBDPD, {658 W Mesa Ave, Fresno, GA G3711 (209.431-2035}
Glenn Thomas, WBEW, 554 Simas Dr, Milpitas, CGA 85035 {408-263-3450)

Rae Evernart, KASWN, PO Box 41, Lexington 27293-0041 (704-249-5734)
James G, Walker, WD4HLZ, Rte 1, Box 5395, Marion 29571 (803-423.3645)

Claude E. Felgley, W3ATQ, 135 The Main~—HR #1, Wllllamabur% 23185‘5304-253-06531
Karl §. Thompeon, K8KT. 5303 Pioneer Dr, Charfeston 25312 (304-778-4352)

Williarm "BAI” Sheffisld, KGAJ, 1444 Roslyn St, Denver 80220 {303-355-2488)

Joe Knllght. W5PDY, 10408 Snow Helghts Blvd, NE, Alhuqbl:l‘serque {12 2505-2994531)
James B, Brown, NATG, 855 Manchaster Rd, Kaysvitla B4037 (901-544-0056)

Richard G. Wunder, WATWFG, Bax 2807, Cheyenne 82003 (307-534-7385)

Joseph E. Smith, Jr., WA4RNP, 1211 13th 5t, N, Bossemar 35020 (205-424-4368)
Edmund J, Kosobucki, K4JNL, 5525 Parry Ave, Columbus 31808 (404-322.20%6

Phillip O'Dwysr, WF4X, 543 Moonay Hd, NE, Fort Walton Beach 32548 (904 -2353)
Richard D. Hlil, WA4PFK, 3300 SW 11th St, Ft. Lauderdale 33312 [305-633»69323‘92
Alberto L. Valldejuli, WP4CSG, V-11 19 B, Berwind Estates, Rio Pledras, PR (U924

Jamas E, Swalford, WYFF, 5306 W Miramar Dir, Tugsen 85715 (802.298.7793)
Eugene R. "“Bob” Iioole. AJBF, 20589 Heynosa Dr, Tarrance, CA 80501 (213.328-2801)
Joa H. Brown, WEUBQ, 5444 La Sierra, Riverside, CA 92505 (714-687-8394)

Arthur B. Smith, WBINI, 4515 Melisa Way, San Diego, CA 92117 (818-273.1120)
Byron W. Looney, K&Fl, 8540 Buckley Dr, Gambria, GA 93428 (S05-927-8730)

Phil Glemants, KSPC, 1313 Applegate La, Lewisville 75087 (214-221-2223)
Dave Cox, NBEN, 1812 5 Umbralla Gt, Broken Arrow 74012 (918-250-2285)
Arthur A, Ross, WSKR, 132 Sally La, Brownaville 78521 (512-831-4458}




THE AMERICAN RADIO
RELAY LEAGUE, INC

The American Radio Relay League, inc.. is a
noncommercial association of radio amateyrs,
organized for the promotion of intersst in Ama-

teur Radio communication and experimentaticn, for
the establishmant of networks to provide communica-
tians in tha event of disasters or other ernergencies,
for the advancement of the radic art and of the public
weltare, for the representation of the radlo amateur in
legislative matters, and for the maintenance of frater-
nalism and a high standerd of corduct,

ARRL is an Incnrdporatad association without capital
stock chartarad under the laws of the State of Con-
necticut, and Is an exempt organization under Section
40tre)(3) of the Internal Revenue Code of 1954, Its af-
fairs are governed by a Hoard at Directors, whose
voting membars are slected avary two years by the
ganaeral membership. The officers ara elected or ap-
pointed by the Diragtors. The League is noncommer
ciad, and no one who could gain financially trom tha
shaping of Its affairs is eligible tor membership on its

oard.

“Qf, by, and for the radio amateur,” ARBL numbers
within its ranks the vast majority of active amateurs in
the natton and has a proud history of achievement as
the standard-hearer in amateur affairs.

A bona fide interest in Amateur Radio ts the only
osaential qualification of membarship; an Amateur
Radlo license is not a prerequisite, although 1ull
voting membership is granted only to licensed
amatours in the US and Canada.

All membership inquirles and general cor-
respondence shouid be addressed to the ad-
ministrative headquarters at 225 Main Street,
Newington, T 08111 USA
Talephone: 203566-1541
Telex: 6502155052 MCI.

MCI MAIL (electronic mall system) 1D: 215-50562
{user name: ARRLY

Founding President
Hiram Percy Maxim, W1AW

Officers

Prasident: LARRY E, PRIGE,* W4RA
PO Box 2067, Statashoro, GA 30458

First Vice President: JAY A, HOLLADAY," WBEJJ,
5128 Jessen Dr, La Canada, CA 91011
(#18-790-1725)

Second Presideni: LEONARD M. NATHANSON,
WBRC, 20833 Seuthfield Rd, Suite 240,
Southfield, M 48075 {313-860-3191)

Third Vice President: WILLIAM J. STEVENS,
WBZM, 2074 Foxworthy Ave, San Jose, CA 95124
{408-371-3819)

Exacutive Vice Prasident: DAVID SUMNER," K122
International Affairs Vice Presideni: TOD OLSON,
KOTO, 292 Heather Lane, Long Lake, MN 55356

{612-473-6478)
Secretary: PERRY F. WILLIAMS, W1UED
Treasurer: JAMES E. McCOBB JR, K1LLU.

Staff
Washingion Area Coordinator
Perry F. Willlams, W1UED
Publications
Manager: Paul L. Rinaldo, W4RI
Dapuly Manager: John Nelson, WiGNG
Advertising Depariment: Les Aurick, W1SE,
Manager, Sandy Gerli, AC1Y, Deputy Manager
Circulation Dapariment: Lorry Evans, KA1KQY,
Manager; Debra Chapor, Deputy Manager
Production/Editorial Department
Laird Campbell, W1CUT, Manager
Jost Kleinman, N1BKE, Daputy Manager
Technical Depantment
Charles .- Hutchinson, K8CH, Manager
Gerald L. Hall, KITD, Deputy Manager
Membership Communications Services
Managsr: John F. Lindholm, WiXX
Daputly Manager: Fobert J, Halprin, K1XA
Volunteer Resources
Managerr Staphan G, Place, WB1EYI
Volunteer Examiner Department
Jim Clary, WB9IHH, Manager
Cilub Sarvices Despartment
Curtis R, Holsopple, KSCH, Manager
Field Services Department
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Adminisfrafive Services
Controlier: Michael R. Zeigler
Purchasing/Office Services Department
Kathy MoGrath, Manager

Counsel
Christepher D. Imilay, N3AKD

*Executive Committee Member

“It Seems to Us ...”

Spirituality

January 29, 1986. The American flag
in the front parking lot at ARRL HQ
was flying at half-mast as this writer
arrived for work at 9 AM. You know
the reason. Seven of us had embarked
on a quest the previous day, never to
return. Another of us, the President of
the United States, had eulogized them
later on that terrible day. ““We will
never forget them,”” Ronald Reagan
said, **nor the last time we saw them,
this morning, as they prepared for
their journey and waved goodbye, and
slipped through the surly bonds of
earth, to touch the face of God.”

They rose aboard a species of
machine, a machine called Shuttle
Challenger. We have had great success
with machines. Less than a week
before Challenger took to the sky,
we'd ohhed and ahhed images brought
us by another stupendous machine:
Vovager 2, away from Earth for so
many years, chugging out those
stunning vistas of Uranus and its
moons, signals taking so many minutes
to reach us, pictures so clear. What a
machine! Some of us—radio ama-
teurs, we're called—may even have
witnessed the retransmission of some
of those images in our amateur bands,
from the Jet Propulsion Laboratory,
from W6VIQ, just as many of us may
have heard Amateur Radio signals
emanating from Challenger so few
months ago, when several of our
number were part of her crew-—all
brought ws by our collective
handiwork: wondrous machines,
systems going well, networks holding
together. But recall that there were cold
eves in a mindless construct feeding us
those images; it took our imaginations
and intellects, after our eves and brains
had scanned the images from Voyager,
to do the ohing and ahhing, the
dreaming—and the going on.

This is why there were seven people
aboard Challenger on January 28,
1986. 1t's too inhospitable out there
near Saturn and Uranus, sure—our
machines haven’t yet been perfected to
the point where they’ll get any of us
out there to do the reai-time real-space
dreaming and get us safely home
again. So we send a machine and
prepare to be thrilled from afar. We

don’t stand for this *‘thrilled from
afar’® stuff any longer than we need to,
though. The idea is to get out there and
do it ourselves. The intent is to feel the
real hands grasping the actual controls,
to let the true light fall on the living
retinas. Why? Because our push into
space is arguably the greatest spiritual
quest on which humans may col-
lectively embark. It’s in the blood, it's
built into our cells.

“Whoa, QST talking spirituality;
break out the fire extinguishers!*’ Not
at all. The first experiments trying to
crack the radio “‘nut™ last century were
part of the same spiritual quest {o
which the Challenger crew were
committed. Our first lispy blurps on 5
meters were more of the same. We got
there with machines of wire and glass,
and—deceptively—with little apparent
risk, but with machines no less
wondrous even if tossed together ona
kitchen shelf. The goal, this writer in-
sists, is primordial: humankind, Us
with a capital ““u,”” expanding beyond
where and what we are—an enormous
slow yearning over myriad generations
to push from the known into the
unknown. The expansion of mankind
right before its own eyes. If that isn’t
spirituality, what is? Sure, our society
is vast, the means through which we in-
dividually participate in the push into
space democratic and bureaucratic
—long concatenations of taxes, politi-
cians and specialists between each of
us and those chosen to “‘push back the
envelope” ---but the quest is what it has
always been: utter spirituality,
everything on the line.

That’s why the slug in the gut when
we saw Challenger fall. That’s why the
dazedness, the anger, the flags at half
mast. Seven of us we instinctively
realize we had uiterly accepted—and
loved-~as our proxies in that quest,
gone. No rejoicing, as we’d planned—
but still the dreaming, and the going
on.

January 28, 1986
CGregory B, Jarvis  Ellison 8. Onizuka
Christa McAuliffe  Judith A. Resnik
Ronald E. McNair Francis R. Scobee
Michael J. Smith

= David Newkirk, AK7M
March 1986 ]



EIMAC Tubes Provide Superior
Reliability at radio station KWAV —

Ken Warren, Chief Engineer at
KWAY reports that their 10 kW
FM transmitter went on the air in
November, 1972, equipped with
EIMAC power tubes. The origi-
nal tubes are still in operation af-
ter over 13 years of continuous
dutyl

Ken says, “In spite of terrible
power line requlation, we've had
no problems with EIMAC tubes.
In fact, in the last two years, our
standby transmitter has oper-
ated less than two hours!”

Transmitter downiime means
less revenue. EIMAC tube relia-
bility gives you more of what you
need and fess of what you don’t
want. More operating time and
less downtime!

EIMAC hacks their proven tube

over 112,000 hours of service!

MONTEREY, CALIFORNIA

reliability with the longest and
best warranty program in the
business. Up to 10,000 hours for
selected types.

Qualityis a top priority at EIMAC,

where our 50-year charter Is to

produce long-life products.

Send for our free Extended War-
ranty Brochure which covers
this program in detail.

Write to:

Varian EIMAC

301 Industrial Way

San Carlos, CA 84070
Telephone: (415) 592-1221

varian
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Members of the Arapahoe Radio Club, of Morrison,
Colorado, are convinced that Amateur Radio can be great
when vou'ra high. One weekend last summer, various club
members ventured to the summits of three mountains,
where they made two-ways with one another. The group
shown in the photo operated from atop 14,264-foot
Quandary Peak, the state's 14th highest. They were able to
work the others on 20-meter CW, 2 meters and 70 cm
using & watts of power supplied by two &-volt lantern
batteries and a 100-foat long wire about 5 feet up. The
hams had so much fun, they pian {o expand participation
and make the climbs an annual event. Pictured are (front
row, |-r) KDOTX, N@DA and WNBEHE, and (back row, |-r)
prospective hams Rich, Peru and Brian. W@YZ (not shown)
was busy on 2 meters. If mountaintopping is the kind of
activity you or your club are looking for, the article on
page 49 tells you everything you need to know to get in on
the fun,

RFI, Public-Service Agreements, 160 Meters,
Repeater Coordination Among Board

Meeting Topics

Among the items discussed
and acted on at the ARRL
Board of Directors annual
meeting in Hartford, Con-
necticut, January 23-24,
were:

* the RF-susceptibility
tabeling of home-
entertainment equipment;

* the establishment of
public-service agreements
between the ARRL and the
National Weather Service
and the Civil Air Patrol, as

well as similar agreements
between amateur emergency
and local disaster groups;

» a modified 160-meter
band pian; and

« implementation of a
national repeater data base
at ARRL HQ.

See the Board Meeting
report, and the ful! text of
the meeting minutes in
Moved and Seconded,
elsewhere in this issue, for
complete details.

Amateurs are familiar with operating from remote Islands,
from atop some of the highest mountains and even from
space-~but underwater? After several years in underwater
research, curiosity got the best of Dr. Mary Lou Coulston,
KV4KD, and she decided to tind out if Amateur Radio
works as well below water as it does above it. As Science
Coordinator for the Hydrolab, a diving habitat operated by
the West Indles Laboratory-Fairleigh Dickinson University
as part of NOAA's Underseas Research Project, she was in
a perfect position to conduct such a test. Getting equip-
ment into the Hydrolab was the tricky part. The radios
were placed in pressurized cylinders and then pulled down
into the Hydrolab, which was in a canyon about 50 feet
balow the water's surface off the coast of St Croix, US
Virgin Islands. An antenna was attached to a buoy on the
water's surface, but one antenna feed line had to be fed
down the Hydrolab’s umbilical along with the air and elec-
trical supplies. Mary Lou swam another feed line down to
the Hydrolab and inserted it through an entrance and exit
“hat.” All the work paid off, though, as Mary Lou reported
more than 50 contacts on 40 and 20 meters, including two-
ways with hams from Canada to Venezuela and the island
nations throughout the Garibbean. One QS0 was with
NM5I, who told her that now he had made contact with
hoth inner and outer space, having talked with a Shuttle
Astronaut/Mam and now an “aquanaut.” Mary Lou says she
is looking forward to her next mission aboard a bigger and
better-equipped Hydrolab, and the opportunity to take
Amateur Radio to greater heights—at greater depths.

The Challenge Continues

The results of the 1885 Club
Challenge for the "80s are
in, and three affiliated clubs
have been recognized. Each
of the three earned the top
spot in its classification: a
solid-state, state-of-the-art
transceiver. By size category
{large, medium, small}, they
are the West Coast ARC
{Fountain Valley, CA), the
Amador County ARC (Pine
Grove, CA) and the Georgia
Tech ARC {Atlanta, GA).

The competition has

begun anew for affiliated
clubs in 1986, The Challenge
awaits. Your club will earn
%5 for each new regular
ARRL member you bring
aboard. And if you promote
the greatest number of new
ARRL members in 1986,
yvou'll earn & transceiver at
the end of the year!

For details, call Leo
Kluger, WB2TRN, Club
Prggram Manager, at ARRL
HQ.
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For Frank Wen, KM2X {ex-C1BC), of Woodside, New York,
China will always be a special place. Frank ieft China many
years age, but recently his Amateur Radio interests brought
him back to his native Shanghai. In December, he visited
old ham radio friends who were now active at club station
BY4AOM, at the Shanghai Institute of Electronics, and
BY4AA, club station at the Shanghai Branch of the Chinese
Radio Sports Association, Among them are BY4AA Chief
Cperator R. Xu (second from right) and BY4AOM members
{I-r} J. Tom (ex-XUSWM), . Xie (ex-C1TH) and Y.T. Feng
{ex-C1RB}. Today, Amateur Radio operation in The Peoples
Republic of China is a club activity. Other Chinese club
stations on the air are BY{PK, BY1QH, BY1SK, BY5RA,
BYBRF, BYSAA, BYSAC and BYRAA.

There are plenty of firsts to be achieved in Armateur Radio,
and Thomas Braidwood (left), of Biloxi, Mississippi, has at
least one to his credit: He's ARAL's first 70-year member.
Wa're talkin' 1915 here! ARRL Delta Division Director Clyde
Hurlbert, WACH, had the pleasure of presenting the plague
to Tom at the 1985 Mississippi State Conventicn in
Jackson. League representatives sharing in the presentation
were (-1} Mississippi Section Manager Paut Kemp, KWS5T,
and ARRL Counsel Chris Imlay, N3AKD,

Financial Help Available to Coliege Students

Last month in this column,
we announced some ARRL-
sponsored scholarships that
are available to radio
amateurs, Add another to the
list: the ARRL College
Scholarship to honor Senator
Barry Goldwater, K7UGA. The
%5000 scholarship is intend-
ed solely for educational use
by providing assistance with
tuition, room/board or other
costs essential to advanced

education. Applicants must
be licensed amateurs who
are enrolled in a communica-
tions pregram at an &c-
credited institution of higher
aducation. The application
deadline is June 1 for the
following academic year.
More information and ap-
plication forms can be ob-
tained from ARRL Founda-
tion Scholarships, 226 Main
5t, Newington, CT 06111,

Qver the years, a number of clubs have achieved 50 years
of affiliation with the ARRL, but how many can boast that
their first and current presidents were present to accept the
honor? The Tri-County Radio Association, of Scotch Plains,
Mew Jersay, can! Af vear end, immediate past-Hudson
Division Director George Diehl, W2IHA (center), had the
honor of presenting the ARRL 50-year Affiliation Certificate
to current club President James Montllor, W2GRO (left), and
first TCRA President Willlam Cowperthwait, W2F.JG.

(WAZWDJ photo)

Joyeux 150e

Anniversaire
Australie

Meéridionale

eliz 150°
' Cumpleaiios
:Australia

South Australia is celebrating its 150th birthday this vear,
and radio amateurs there wouid like amateurs worldwide to
share in the event. Any amateurs who contact special-event
station VK&JSA from January 1 through December 31, 1986
will receive this souvenir QSL card from the Wireless In-
stitute of Australia (WIA). Also, radio amateurs accumuiating
150 points over the course of the year through contacts
with amateurs Down Under will be awarded the Jubilee 150
Award, courtesy of the WIA, the South Australian Depart-
ment of Tourism, Qantas Airlines and Estrow Civil Enginear-
ing Consultants. For rules and more information, contact
Rowland Bruce, VK50U, GPO, Box 1234, Adelaide, South
Australia 5001. Fair dinkum, mate!
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For years, Calloway County ARRL Emergency Coordinator
Ray Evans, KA4USB, felt that 2 mobile emergency-
communications vehicle was needed in wastern
Kentucky—which is often the target for tornadoes and
ice storms. Recently, he did something about it. Using
mostly his own gear as well as some donated eguipment,
Ray converted an ofd pickup truck into a mobile emergen-
cy station that covers all police, fire, commercial, in-
dustrial, marins, aircraft, civil, amateur and government
trequencies. The same frequencies are available at the
hase station, where auxiliary power is supplied by an
18.5-kVA generator. The vehlicle has a total of 12 mobile
and three portable antennas. For areas not accessible to_
tand mobile, some members of the Marshall County
Amateur Radio Club, of which Ray is a charter member,
use thelir airplanes, which are equipped for two-way com-
munication on 2 meters, to provide a radio link. On Ray’s
drawing board Is another mobile vehicle that will accom-
modate four radio operators simultaneously.

ARRL Seeks 1989 National Convention Site
to Celebrate League Diamond Anniversary

The 1989 ARRL Nationai
Convention will be one of
the main activities to mark
the 75th, or Diamond,
Anrniversary of the American
Radio Retay Leagus, Accor-
dingly, in addition to the
usual criteria, the following
will be used in selecting the
site and the sponsoring
local organization for this
convention:

1) The convention shall
give attendees a historical
perspective, and a ook
ahead to the last quarter of
the League's first century,
Applicants should address
as specifically as possible
their plans in this regard.

2) The convention shall
provide attendees with a
commemerative souvenir
that will form a lasting part
of their Amateur Radio
memorabilia

3) The convention shall
provide nonattendees with
an opportunity io share in
the experience through
Q50s with a speclal conven-
tion statlon, through video-
taped highlights for distribu-
tion by ARRL to its affiliated
clubs, and through other
means to be proposed by
the convention committee at
the time of application.

4) The convention applica-
tian shall demonstrate finan-
cial and personnel resources
sufficient to accomplish
these aims, in addition to
the usual high caliber of
National Convention pro-
grams and exhibits.

5) The location will be
selected so as o provide for
a relatively large attendance.

Applications received by
the ARRL Secretary by July
1, 1986 will be circulated to
Board members, and the
selection made at the 1986
Second Meeting of the
Board from among the ap-
plications received. If no
fully qualified applicant
steps forward by July 1, the
application process will be
repeated prior to the 1987
Annual Meeting of the
Board. The application itself,
and supporting documenta-
tion addressed specifically
to the above-listed criteria,
will be dupticated for Board
members at League ex-
pense; for other supporting
material, such as Conven-
tion and Visitors Bureau
pamphiets and letters from
local officials, the con-
vention committee should
supply 24 copies of each at
the time of application.

Amateurs Assisted in the Development
of Radio Communications in Canada

Until the mid-1930s, com- Hudson Bay Company as an
munications in Canada's apprentice fur trader, and
Arctic were hit-and-miss. eventually joined a small
Major communities along number of northern hams.

the coast had government or
Army Corps of Signals sta-
tions located nearby, but for
the far north the link to the
outside world was an occa-
sional doq sled loaded with
supplies. In 1934, D. Graham
Sturrock, VESLD (shown in
photo), was hired by the

After regeiving training at
Hudson Bay Company head-
quarters in Winnipeg,
Sturrock was assigned to a
store in the far north. On his
journey down the Mackenzie
River to the Arclic Ocean,
Sturrock took his amateur
station and a license ob-

tained for him by the
Hudsen Bay Company to
operate the first "private-
commaercial” station in the
far north, CZ2L. While at
Tuktoyakiuk, in July 1934,

Sturrock successfully com-
municated with hams in
Australia, Japan and in
Morth America. Because of
Sturrock’s success as the
first amateur/private-
commercial operator, the
Hudson Bay Company car-
ried out experiments that
aventually led to the
establishment of the Fur
Trade Radio Network, which
finked all of Hudson Bay
posts with its headquarters.
The net changed life in the
far north in many ways. It
provided a link to family and
friends for Hudson Bay
employees, brought medical
advice to the sick and in-
jured, and provided the
Canadian government with
meteoroiogical data that
was used during WW [l to
guide transatlantic flights.
{Information courtesy Tom
Roach; Hudson Bay
Company photo}
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FCC has released a Report and Order in PR Docket 85-105, allowing autematic control for digital operation on
frequencies 56 MHz and above. The new privileges are effective March 14, 1986; automatic-control privileges con-
tinue for repeater, auxiliary and beacon operation. There is a dark lining in this silver cloud. A major goal in the
sectiring of these privileges had been the facilitation of packet-radio data transfer, computer-to-computer com-
munication and packet switching systems. Such operation has continued to be hampered by the requirement that a
control operator oversee third-party traffic. FCC’s 85-105 ruling provides no relief in this quarter. The Commis-
sion found that neither the speed with which a message is transmifted, nor the operating mode, justify any devia-
tion from the rule requiring the presence of a control operator when third-party traffic is handled. Under these
circumstances, the expanded automatic-control privileges gained through 85-105 are a hollow victory. By order of
its Board of Directors, ARRL will seek the amendment of PR Docket 85-105 to correct its restrictive and
crippling effect on packet radio. Stay tuned!

Another PRB-1 success, Directing that the City of Lakewood, Colorado, and its Board of Adjustment give effect
to PRB-1, Judge Ruthanne N. Polidori demanded that Steven C. Salmon, K70XB, be permitted to use his sta-
tion’s 65-foot tower. The judge sought to avoid heavy litigation costs in granting Salmon relief. The matter has
been remanded to the City for resolution in consonance with PRB-1. The City previously had taken the position
that a tower was the same as a building with roof, walls or columns, and had limited towers to a 35-foot height.

Is PRB-I working? If you ask John Thernes, WMA4T, he’ll say ““Yes”’! The City of Lakeside Park, Kentucky, had
said “No”’ to Thernes’ request for permission to erect his amateur antenna, and Thernes initially lost his case for
redress. Thernes appealed, and PRB-1, FCC’s limited preemption of local and state regulation of amateur anten-
nas, pulled it out of the fire: The case was remanded to the couri which had ruled against him. We want to be
sure we know about similar cases that occur anywhere in the country—cases involving either legal action or the
adoption of local ordinances—where PRB-1 is used to good advantage by the amateur community. Share the
details with Perry Williams, WI1UED, at ARRL H(Q.

FCC has adopted a Report and Order in PR Docket 85-104, allowing telephony operation at 7075-7100 kHz by
General, Advanced and Amateur Extra licensees south of 20 degrees north latitude. ‘The new privileges are ex-
pected to have minimal impact on nonvoice operation in this segment by stations on the US mainiand, while
granting relief from foreign broadcasting to telephony operation in Caribbean insular areas. This amendment to
Part 97 is effective 0001 UTC February 28, 1986,

Yes, indeed, effective with the April issue, QST will be in vour hands 4 bit earlier, as we reported in League
Lines last month. No fooling, April QST will stand out for two other reasons, as well: (1) It will sport the
Universal Product Code (UPC) on its cover—so we can sell Q3T at more newsstands, and (2) it will carry a cover
price of $3.00-—a figure better suited for newsstand sales, By spreading word of the wonders of Amateur Radio
to a greater public audience, we’re helping to ensure Amateur Radio’s health and vitality for years to come. Fear
not: The new cover price does not portend of any imminent increase in League membership dues! The new QST
cover price will apply only to single copies.

Speaking of earlier QST arrival, your Ham Ads are due in the HQ Advertising Department on the 13th of the
second month before the issue date, effective with April OST. The Ham-Ad deadline for May QST is, therefore,
March {3, -

We're looking for your input. On page 92, youw’ll find a survey form that will give us vour thoughts on the Public
Service column. 1t’s all part of the attempt to make QST more responsive to your needs, Please take a few
minutes to fill it out and return it to HQ.

Now that you’ve learned and earned your way to the top, why hide the evidence in your wallet? Extra Class cer-
tificates, along the lines of those previously issued by FCC, are now available from the ARRL HQ Awards
Branch for a nominal fee of $3.00. Enclose a photocopy of vour Extra Class license—and prepare to gloat.

tWorked all states via the moon? That’s something to howl at! Show your membership in this select “*club” with
a handsome EME endorsement sticker, now available from the ARRL HQ Awards Branch to be applied to in-
dividually numbered UHF/VHF Worked All States awards.

Open house. The ARRL Headquarters building and WIAW, the Hiram Percy Maxim Memorial Station, will be
open on Saturday, April §, from 10 AM to § PM, If your club would like to schedule a visit to Headquarters on
this date, please notify the Membership Communications Services Office. Be sure to bring a copy of your
operator’s license if you'd like to operate WI1AW.
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With this simple computer
interface and machine-
language program, you've

got weather maps—
and more—on paper!

By Keith Sueker, W3VF

110 Garlow Dr
Fittsburgh, PA 15235

Amateur Radio is a multi-faceted hobby. You’ll find amateurs using their unparalleled freedom to do everything from
aperating radio-controfled models to putting satellites into space. Keeping an eye on weather conditions the world over is an

interest of many radio amateurs.

Years ago, a general-coverage receiver was considered a “‘that’d be nice’’ addition to the ham shack. Today, most amateur
transceivers being manufactured have buill-in general-coverage receivers. This makes it easy for the amateur to roam the fre-
quencies outside the umateur bands and make new discoveries. The information presented by Keith Sueker in this article
should prove interesting to many. We hope it will encourage others to modify and expand on this work.

uch of the information available
M to the local TV weather forecaster

is also available to the public
through facsimile {(FAX) weather broad-
casts on HF radio circuits. Other articles
have featured technigues for presenting
weather maps on computer displays in real
time, but this article describes a system for
printing facsimile maps on a dot-matrix
printer in real time."? Maps can be
printed continuously as long as the ribbon
and paper supply holds out! The ‘‘how™
of all this is an interesting marriage of radio
teceiving and computer-programming
techniques that are not difficult to
duplicate. The software is written for the
Apple® Il series of computers and an NEC
PC-8023A-C dot-matrix printer, but with
reasonable effort can be adapted to any
6502-based computer and accompanying
printer.* The techniques themselves are ap-
plicable to nearly any computer and dot-
matrix printer that can operate in the
graphics mode.

Radio Facsimile

Most maritime nations broadcast Fac-
simile weather maps to ships at sea. The
maps cover & wide range of weather-related

phenomena, including surface synoptic
maps, pressure/altitude maps, forecasts,

Notes appear on page 20.

satellite pictures, surface precipitation sum-
maries and a wealth of other information.
In the WS, transmissions are made
primarily from NAM in Norfolk, Virginia,
through the facilities of the Naval Fleet
Weather Service, West Coast weather is
broadcast by NMC at San Francisco,
California, and Gulf of Mexico weather by
WLO, Mobile, Alabama, through the
facilities of the National Weather Service.

Canadian weather transmissions are made
by CFH from the Canadian Forces Metoc
Centre in Halifax, Nova Scotia, and from
CKN by the Maritime Forces Pacific Metoc
Centre in Esquimalt, British Columbia.
Other services broadcast in both countries,
and many foreign countries broadcast com-
patible maps. A short list of major stations
is shown in Table 1. More are listed in
Robert Grove’s book.*

Table 1

Principal Weather Facsimile Staticns
tor North American Reception

Location
Washington, DC
San Francisco, CA
Halifax, NS, Can
Esquimalt, BC, Can

Frequencies (kHz)

4346 8682 12,730 17,151
4268 8946 12,125

3357 4975 8080 10,865 16,410
4271 6330 9890 13,510 17,560

Agency

US Navy FWS
USCGINWS
CF Metoc Gtr
MFP Metac Gtr
NWS

Maohbile, AL 6852 9157 11,145

Additional Stations

Pearl Harbor, HI 4803 9440 9445 12,362 16,398 16,400 21,785
Guam 4975 7645 10,255 13,807 18,620 23,880
Bracknell, UK 4810 4782 8040 9203 11,086 14,436 14,536 14,582
Rota, Spain 3713 5206 7626 8100 12,184 12,903 15,941
Tokyo, Japan 3622 2365 4902 5405 7305 9438 9970 13,597

14,682 18,130 18,220 22,270

Darwin, Australia
Pretorla, ASA
Buenos Alres, Arg
Qslo, Norway
Cairo, Egypt

4014 7508 13,773 18,238
5185 10,720 18,093
4642 5845 8057 11,097

5756 7535 10,555 15,615 18,060

4525 5127 9043 10,123 10,560 17,365

MNote: These frequencies are subject to change from time to time. Alse, FAX broadeasts might

not be transmitted on a 24-hour scheduls.
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Fig 1—8chematic diagram of the HF FAX demodulator. If necessary, seiect the values of the resistors marked with an asterisk so that the first bar
of DS2 lights when a 1200-Hz tone is present and bar 10 lights when a 2000-Hz {one is received. The output of the demodulator is connected to
the Appte computer's game port, pins 2 (SW@ and 8 (GND). Part numbers in parentheses are Radio Shack; equivaient parts may be substituted.

D1, D2—Silicon or garmanium signal diode,
TNB14, 1N34 or equlv.

D3—4.7-V, 500-mA Zener dlode, 1N5230
or aquiv.

FAX transmissions use frequency-shift
modulation similar to RTTY. Relative to
a standard virtual carrier, black is 1500 Hz
and white is 2300 Hz. A fuil gray scale is
transmitted. Other modulating frequencies
are used to start the motor on commercial
FAX receiving machines and to syn-
chronize receiving machines to the
transmitting machine at the start of a pic-
ture. It is important to note that FAX
transmissions run ‘‘open loop”’ in that they
do not incorporate any signals analogous
to the horizoatal sync signals in TV
transmissions.

Original maps are scanned at the
transmitting site by a photosensitive
detector that translates the map details into
frequency shift at the transmitter. The
scanner completes a scan line in exactly
500 ms and has a resolution that exceeds
1000 equivalent pixels in each line. The
received picture is built up as a series of
sequential lines in a fashion identical to
raster generation on a TV set or monitor.
A complete picture will require 5 to 20
rainutes for transmission, depending on its
size.

Receiving Adapter

To receive the FAX transmissions, you
must have a receiver that is reasonably
stable, has a BFO apnd, of course, can tune
to the FAX frequencies. Additionally, you
must be able to demodulate the incoming
signal and convert it to a useful input for

16 (117 29

DS1—Red LED (276-041).

DS2—LED bar-graph display, MV50164
(276-081).

T1—Audlo transformer, 1-kQ pri, 8- sec

the computer. The demodulator circuit
shown in Fig 1 is designed to provide a
complete interface between the receiver and
computer. After considerable experimen-
tation, 1 offer it as about the simplest
circuit that will yield good results.

Circuit Description

Audio from the receiver is isolated and
boosted in amplitude by T1. A 24-ohm
ballasting resistor may be placed across the
input so that the interface can be used with
the receiver speaker disconnected. U1A acts
as a clipper that effectively removes any
amplitude modulation from the gignal. The
input capacitor is deliberately made smatl
to reduce the effects of low-frequency hum
and noise. The next stage, U1B, is a three-
pole, 3-dB-ripple Chebychev low-pass
active filter that acts as a frequency
discriminator, It has a corner frequency of
1200 Hz and a log-linear attenuation of
26 dB in the first octave. This particular
configuration is chosen to provide a sharp
cutoff with low-Q sections so as to
minimize transient ringing.

UZ2A is an inverter that, in conjunction
with D1 and D2, provides full-wave rec-
tification of the ac signal from the
demodulator. A two-pole RC filter reduces
ripple. The last stage, U2B, is a com-
parator. It compares the incoming
demodulated, rectified and filtered signal
to an adjustable dc reference. The reference
is supplied through R13, which sets the bias

{273-1380) or Mouser 42TLO13.
U1, U2--LM1458 dual op amp (276038,
LI3—1.M3814 display driver {(276-1707).

level so as to aflow adjustment of the print
density, U2B transmits a TTL signal to the
computer input—in this case, the Apple’s
game port. A series-connected LED, DS1,
provides the operator with a visual aid in
setting the print density. Note that U2B is
driven into current limiting, which at 12V
supplies just about the right amount of
carrent for DS1. R12 sipks current from
the Apple’s input (PB0@) port to assure a
zero signal. A Zener diode (D3) maintains
a 4,7-V maximwm input level to the
computer.
Tuning fndicaior

Tuning in a FAX signal is not par-
ticularly easy without some sort of in-
dicator. An oscilloscope can be used, but
I have found the simple LED bar graph
{DS2) is just as good. It is set up so that
a 1200-Hz signal lights the first segment
and a 2000-Hz signal lights the last one.
Note that 1've selected the received fre-
quency range to extend from 1200 Hz to
2000 Hz rather than the usual 1500 Hz o
2300 Hz. This permits the use of the
siandard SSB receiver filter band-pass
characteristics. The frequency range selec-
tion has no adverse effects on reception ex-
cept for a slight degradation in picture
resolution, but there is more detail there
than we can use anvhow.

Demodulator Construction
The construction of the receiving adapter



on & perf, PC or prototyping board. PC
boards and parts kits are available from
A & A FBEngineering.”® (An assembled
A & A kit is shown in the title photo.)
Supply voltages of from 10 to 15 can be
used. At 12 V, the current drain is only
30-50 mA from the positive supply and
10 mA from the negative supply.

System Considerations

With the FAX signal in hand, we can
consider what to do with it. immediately,
we bump into a rather fundamental
limitation: Our incoming signal has over
2000 pixel equivalents per second, but our
printer is rated for only 100 characters per
second. That means it can print about
800 horizontal pixels per second con-
tinuously if it can ignore carriage returns.
So, right off we must settle for less detail
than is present in the transmitted picture.
Further, we wish to operate the printer in
the incremental mode rather than getting
the one-dot offsef that occurs with bidirec-
tional printing: this aiso siows things down.
But all is not lost. We are forced into a
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is totally noncritical, The unit can be built slower rate anyhow by another

consideration—picture geometry.

Picture Geometry

The FAX scanner at the transmitting sta-
tion advances from line to line with a
spacing much smaller than that of the wires
in our printer’s print head. Thus, if we wish
to render pictures geometrically correct so
that circles print as circles and so on, we
must either expand our printout horizon-
tally (print only a part of each ling) or print
all of a given line, but only a certain per-
centage of the total lines (shrink the pic-
ture vertically). (This problem also occurs
with FAX screen displays and is noted and
explained in the referenced articles.) In this
program, [ have elected to print all of the
horizontal portion of the map with poorer
vertical (time dimension) resolution. The
program samples every third transmitted
line and renders a picture that is
geometrically correct.

Synchronization

Another facet of FAX should be em-
phasized. As mentioned carlier, the

transmissions have no synchronizing
pulses. The receiver is phase synchronized
to the transmitter at the start of a picture
and then must have a precise speed match
with the transmitter., This precludes re-
cording signals on a tape recorder. It also
means owr printing program must execute
in exact synchronism with the transmitted
signal for every printed line, but there are
no syne pulses! This places some interesting
constraints on programming.

There are two basic approaches to
solving this problem. The first is to have
a precision frequency reference that
provides synchronizing pulses to the com-
puter and thereby controls the timing. This
requires a crystal-controlled timer or timing
hardware on a peripheral card in the Apple.
This approach also requires additional
hardware to control the initial phasing. The
second method, the one | chose, is to
handle all timing functions in software.
Earlier work I had done on screen presen-
tation of FAX required a simpler form of
timing, but it verified the approach.

In order to have precise timing of the
software, the programmer must have con-
trol at all times. There can be no need to
make allowance for waiting for a printer
to decide it is ready to accept a character.
During the development of this program,
two discoveries slowly emerged that seem
obvious in retrospect: (1) The normal type
of printer output routines cannot be used
because they wait for a ““printer ready”’
signal, which, in turn, depends on the state
of the printer; and (2) printer timing itself
is not precise because the printer (at least
mine) apparently does not have a crystal-
controlled clock. Further, although the
printer is buffered, the rate at which it can
accept characters for the buffer seems to
be less when the printer is executing a car-
riage return, I clected not to do any
fundamental research on this point,
however,

The way to lick the printer. timing
problem is to jam graphics bytes directly
into the printer port, making sure, of
course, that the rate is acceptable to the
printer at all times. With the Apple Parallet
Printer Card 1 use, direct output can be
made with an STA instruction to location
C@88 + nf, where n is the slot numnber of
the printer card. All software on the card
is bypassed, and the output requires just
the four machine cycles of an absolute-
store instruction (STA). The printing is
buftered in the program so that the printer
does not have to be in synchronism with
the received signal, This is the key to
providing time for a carriage return, line
feed and reset of the graphics inputs after
each line is printed. Note that each printed
line is 8 bits high and contains selected pic-
ture information from 24 transmitted lines.

Program Information

Table 2 is presented in an effort to clarify
the data-handling techniques in this
program. Since the program itself must
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FAXDNT,OBJS

248~  Ad BA LDY  #SPA
2882- B9 T4 21 LDA  82174.Y
2pps- 28 21 21 JSR §2121
208~ 88 DEY

29— 08 FT BNE 2062
288B- A% 1B LDA  §%1B
2@gD- 28 21 21 ISR 52121
2618- A9 24 LDA  $524
212~ 28 21 2L JSR g1zl
2815~ A% 1B LDA  #851B
2817~ 28 21 21 JSR O g2121
291a-  AY 53 LDA  §$53
2g1Cc~ 28 21 21 J8R $2121
281F- A9 38 LBa #5538
2821~ 28 21 21 Jsr  $2121
2H24- A9 37 LDA  #837
2826- 24 21 21 J8R 82121
2829- A9 35 LDA  $#%35
2628~ 28 21 21 J8R  s2121
*F2BE- A9 3f LDA #3380
2638- 28 21 2 JSRE §2121
2833-- AY BA LDA 3594
i835- 8§D FD 21 TR $21FD
2438- 8D FE 21 3TA  S921FE
2B3B~ 8D afd 28 STAR  520A8
2538- A9 15 LDA  #815
2¢46- 8D ALl 28 STA §2gal
2643— AD £F CB LDA  SCHPS
2f46- 18 @8 BPL  §20450
2f48- AD 61 CB LDA  5Q@6l
204B- 34 FB BMI 52048
264D- 8D 18 @ STA  SCHLE
20858- A9 BB LDA  ¥$@@
2852~ 8D 5F¢ 24 8TA  §245F
2855~ A9 1§ LDA 818
2857~ 8D 68 28 STA 52468
285~  AD 61 ¥ LDa  scg6l
285D~ 22 ROL

2858~ 6& EE 12 ROR  $12EE
2d61- 24 3 21 JSR 52134
2864~ 28 6D 24 JBR  $286D
2867- 9F Fi BCC  $285A
2869-  4C BF 2§ JMP  5248F
2060~ BA NOP

266D~ 1B CLe

268~ EE 5F 28 INC  $2@5F
2871- DF B3 BNE  $2876
2073- &R 6f 28 INC  S2p68
2B76— A9 12 LDA  #$12
2878- D 6 28 CMP 52868
287B- Df #A BNE 52487
267D— A9 BE LDA  #$BS
267FP- D 5F 28 CcMP  $2d5F
2682~ DY B8 BNE  $288C
2884- 1B SEC

2885~ BE A7 BCS $208E
2087- EA NOP

2888- EA NOP

2f89- EBA NOP

2885~ EA NOP

208B-  EA HoP

288C~ EA NOP

2gap- 18 CLC,

2d8E- &g RTS

208P- Ay A5 LDA  #$85

2891- CD FE 21 CMP  821FEB
2694~ B8 #9 BEQ  $2@9F
2896~ EE FE 21 ING  $21FE
2899~ 24 6F 21 JER  $ilep
2890~  4¢ 59 24 JMp 2954
2@9F~  AD 1E 15 LBA  $151E
2@AZ~ 2@ 21 21 JBR %2121
2BA5- RE Af 28 INC . sagapg
2BA8- DB B2 BNE  $28AD
28AR-  EE Al 2§ INC  $26al
28aD- 58 FD 21 INC $21FD
28Bf- A9 FA LDA  #8FA

2882~ D FD 21 CMP  $21FD
2885~ DY EB BNE  $289F
26B7- A% #8 LDA  #S¢H

2fB%- 8D FD 21 STA  $21FD
28BC- A9 17 Lba #3517

2@BE~ CD Al 28 CHP  $2421
26CL-  DE PA BNE  S28CD
28C3- A9 HE LDA  #3ER

2BC5— D AM 18 ME safag
28ce- nf B3 BNE  $28CD
28Ca- 1B CLC

ZECB~ 98 P6 BCC  $24D3
24Ch- 26 36 21 JSR 32136
28Df-  4C 58 28 JUP 20854
286D3- A9 gd LDA  E5P0

28D5~ 8D E6 28 STA  $2fES
2808~ 8D E3S 2§ STA  $2¢E9
2@pR- A9 1§ LbA  #51p

2¢DD- 8D B7 28 5TA  828E7
20EF- 29 15 Lba %515

2¥E2- 8D EA 24 STA  S20EA
2PE5- AD EE 12 LbA  S12EE
2de8- 8D EE 17 STA  S17EE
24ER~ EE B6 24 INC  %2PE6
2@EE- EE B9 28 INC  $20ES
2drF1- DF 46 BNE S20F9
28F3- BE E7 2§ INC  520E7
20¥6~ ER BA 28 INC  S20EA
28F9- A9 12 LDA  §512

2BFB- CD E7 28 CMP  526@E7
28FE- DB ES BNE  S2HES
21P%- A9 BB LDA  ¥3EE

21g2- Ch E6 28 cMp 324E6
2185~ DB DE BNE  520ES5

2187~ 18 4B 21 JER  $214B
21¢a- A9 1B LDA  #31B
2LpC- 28 21 21 SBR O §2121
218F- A9 24 LDA #8524
2111- 24 z1 21 J8R 52121
2114- A9 @n LDA  #$6D
2116~ 24 3L 21 S8R §2121
2119- A9 @A LDA  #8%8A
211B~  2p 21 21 d8R $2121
211E-  4C @B 28 JMP  $206B
2121~ BD BC 21 TR B21FC
2124~ A9 28 LDA #3528
2126- 24 A8 FC JSR  SFCAB
212%- AD FC 2 LDA  $21FC
2120~ 8D 98 Cp ATAa 50898
212F~  6f RT8

2138- A9 go Lba 438D
2132- 28 A8 PC JER  5PCAB
2135- &f TS

2136~ A2 A1 LDX #3881
2138~ A% FE LDA  #SFE
213A~ 24 A8 FC JBR  SFCAB
213p- CA DEX

213E~ Df F8 BNE  $2138
214f- A% B7 LDA  #%B7
2042~ 28 A8 FC 48R SFCAS
2145- A% 11 LDA #5111
2147- 2B AB FC JE8R  SFCAR
214A- 68 i)

214B- A2 g1 LDX  #8$01
214D~ A9 BC LDA  #SEC
214F- 28 A8 FC dBR  SFCAS
2152- A DEX

2153- D@ P8 BNE  $214D
2155- A9 &5 LDA  #$85
2157- 28 A8 FC JER  SFCAS
215A~- A9 $E LOA  #54E
215C- 28 a8 PC JBR  SPCAS
215F- 68 T8

2168- A2 @6 LbX #8546
21632~ A9 FD LbA  #5FD
2164=- 24 AR FC JBR  SFCA8
Z187-  CA DEX

2168~ DA FR BNE 52162
216A- A9 74 LDA #8574
2L6¢= 28 AB FC JBR  SFCASB
Z16F- A9 AD LDA  #$fD
2171- 24 A8 FC 4S8R $FCASB
2174~ 64 RTS

Z175~ @D BA 36 ORA  $36fA
2178- 31 54 aND  ($54) .Y
217a- 1B ]

217B- 5B e

217C- 1B T

217D- 45 1B EOR  31B

Fig 2--Disassembled listing of the HF WEFAX machine-language program for the Apple Il computer. Enter this program using the Appie's built-in
monitor or the miniassembler, then save it to disk with the command: BSAVE FAXPNT.OBJ@, AS2008, L$17F. The printer setup table lies betwaen
$2175 and $217E; ignore the mnemonics, “instructions” and question marks at these locations in the listing, they are a peculiarity of the Apple’s
disassembler. To get the program aperational, you can then use the BASIC program loader of Fig 3 or BRUN the program from digk. if the program
is already in memory, simply CALL 8182 from BASIC or enter 2008G from the monitor. For these of you uncomfortable with machine-language
entry, a BASIC program listing using POKEs and DATA statements to enter this program is available from the ARBL. A commented source-code
listing may also be gbiained from the ARRL. Please address your request to the Technical Department Secretary: include $1 for the BASIC listing,
%2 for the source-code listing and a business-size SASE for each listing. Identify your request as Susker WEFAX BASIC Listing/Q8-3/86 or Sueker

WEFAX Source Listing/QS-3/86. See note 5.

necessarily be machine and printer specific,
I would prefer to present in some detail the
logic and data flow so that you can adapt
the program to your equipment. The main
programn listing is shown in Fig 2, and a
BASIC startup program is presented in
Fig 3.

Let’s assume a picture transmission has
started with line number 1. Our program
repeats in sets of 24 received lines, so we
can jump in with the start of set two at line
25. The reason for doing this is that the
processing and printing of data are a full
set out of sync, and it is confusing to start

18 1L £

at the beginning. Such is often the case with
iterative processes; it is easier to see the
logic once the starting transients are gone.

The program uses the game port location
PB# to take 750 samples from line 25. If
the sampled bit is a 1, it sets the carry flag;
if a @, it resets the carry. The carry flag is
then rotated into the appropriate byte of
a 750-byte picture (PIX) buffer. Each byte
will ultimately have a one-to-one corres-
pondence with the printed graphics byie in
one print-head pass. At the end of sampling
line 23, the program generates a time delay
of about 1000 ms so that the next sample

will be taken precisely at the start of
line 28. This process is repeated for the
first 15 received lines. During this time
(7.5 seconds), the printer is allowed to
complete carriage-return and  Jine-feed
operations. Line 40 is received and
processed in the same fashion, but at the
end, 250 graphics bytes are sent to the
printer. These bytes are the first 250 from
a 730-byte printer buffer that represents the
previous set of lines (1-24), We sample only
every third line, 50 we have a full second
to send the 250 bytes to the printer. They
are sent out with a fixed time delay that is



Table 2

Program Action

Picture

Line No. Action

23 {prior set)

2 .. .PNTR buifer | Do resets | CR LF | TD*

5 Sample 750 pixels—write bits to PIX buffer

26 then start time delay

27 to total 1500 ms from start of line 256

28 Sample 750 pixels—write bits to PIX buffer

29 then start time delay

30 to total 1500 ms from start of line 28

3 Sample 750 pixels—write bits to PIX buffer

32 then start time delay

33 to total 1500 ms from start of line 31

34 Sample 750 pixels—wrtite bits o PIX buffer

a5 then start time delay

36 to total 1800 ms from start of line 34

a7 Sample 750 pixels—write bits to PIX buffer

38 then start time delay

39 to total 1500 ms from start of line 37

40 Sample 750 pixels—write bits to PIX buffer

41 Send first 250 bytes to printer from PNTR buffer then
42 start time delay to total 1500 ms from start of line 40
43 Sample 750 pixels—write hits to PIX buffer

44 Send second 250 bytes to printer from PNTR butfer then
45 start time delay to total 1500 ms from start of line 43
46 Sample 750 pixels—write bits to PIX butfer

47 Send final 250 bytes to printer from PNTR buffer then
48 write PIX buffer to PNTR buffer | Do resets | CR LF | TD* |
49 Sample 750 pixels. ..

50 {next set)

*TD—Time delay to total 1500 ms from start of second prior tine. Lines 25 through 48,

Inclusive, represent one printed line gight bits high.

108
118
128
138
148
158
168
179
180
199
284
218
224
238

244
254
268
278
288

298
380
3148
328
334
348
358
360
378
38d
394
468
418
424

438

REM  APPLE FAXPRINT PROGRAM
BREM BY K, H. SUEKER, W3VF

REM 110 GARLOW DRIVE

REM  PITTSBURGH, PA 15235

REM 412 793 8909

REM REFER TO QST, MARCH 1986 FOR DETAILS
HGR : PRINT CHR$ (21): TEXT : HOME : VTAB 10

PRINT "RESET PRINTER AND PRESS ANY KEY TO BEGIN"
HTAE 18: PRINT "=-=> ";: GET X

VTAB 10: PRINT "PRESS <RETURN> FOR 12f SCANS/MINUTE,™

PRINT

PRINT "PRESS ANY OTHER KEY FOR 68 SCANS/MINUTE."
GET X%
T8 = "12¢ SCANS/MINUTE": IF X$ <
T8 = "64 SCANS/MINUTE"

PRINT : PRINT "YOU CHOSE ";T8

> CHR$ (13) THEN

PRINT : PRINT "WAIT FOR PROGRAM TO PRINT.”
PRINT CHR$ (4);"BLOAD FAXPNT.OBJg"
IF X§ = CHR$ (13) THEN GOTO 43§
REM
PORES FOR 6§ SCANS/MINUTE

POKE 8497,28
POKE 8503, 47
PORE 8585 ,255
POEE 8513,213
PORE B8518,87 Fig 3—This BASIC "HELLO" program per-
POKE 8524,47 fo?ms several functions. it pe:Pmitgs youpto
PORE 8526 ,255 select B0 or 120 scans per minute, BLOADs
PORE B8534,142 the FAX program and POKEs any necessary
PORKFR 8539,18 changes Into the proper memory locations,
POKE 8545,12
POKE B547,255
POKE 8555,14§8
PORKE 8568 .06
REM

START THE PROGRAM
CALL B192

acceptable to the printer. A time-delay
routine fills out the time to exactly 1500 ms
from the start of line 4. L.ine 43 is received
next and processed, followed by transmis-
sion to the printer of the next 250 bytes
from the printer huffer and an accom-
panying time delay. The last sample from
this set, line 46, is handled in the same
fashion and the last 250 byies are sent to
the printer. Now, we have sent all 750 hytes
from the printer buffer and have completed
all eight sampled lines from the current set
of 24 to fill out our picture buffer. The
final steps are to write the picture buffer
to the printer buffer, get ready for the next
set by doing resets where required and set
the printer for the next line of 750 graphics
byvtes. A carriage return and line feed are
also initiated. Again, a time-delay loop is
used to fill out the 1500-ms peried.

The BASIC “HELLO” program pro-
vides you with a selection of 60 or (20
{stanclard) scans per minute. If vou select
60 scans per minute, several POKEs alter
the machine-language routine before the
program is started. The 60-scan-per-minute
rate is used, for instance, by Russian FAX
and by commercial radio stations sending
pictures. 1t is possible to copy such pictures
with this program.

Operating

Connect the demodulator between the
receiver and computer, Use shielded wire
for the interconnections. Since most com-
puters can be expected to radiate some RF
hash, a good signal level from the antenna
will help reduce the effects of this in-
terference. A random-length long wire or
dipole antenna will suffice, but the better
the antenna, the better the results.

Receiving conditions can be expected to
vary considerably. HF-signal propagation
is nothing to write home about these days,
but perseverance on your part should pay
off. On occasion, signal strength may be
good, but multipath distortion will ruin
maps. Some off-the-air pictures I’ve cap-
tured are shown in Fig 4. The stations listed
for North America in Table 1 are on the
air often enough so that one of them should
be available to you nearly any time of the
day or night. FAX transmissions may alter-
nate with RTTY on some frequencies.

Load and run the program. Place the
receiver in the S8B mode for FAX recep-
tion. Sideband selection and tuning should
be chosen so that the first segment of the
LED bar graph is lit most of the time, and
the remaining segments flash with the in-
coming signal. The receiver audio level
should be set to deliver about 500 mV to
the demodulator. Use of the opposite side-
band will invert black and white in the
printed picture.

The start of each FAX transmission is
signalled by a syne signal of about 25 lines,
each of which is 95% black and 5% white.
During this time, tuning-bar segments 1
and 10 should light in correspondence. The
sync signal can be recognized as a steady
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Fig 4—50ome weather maps produced on the authot’s
dot-matrix printer.

tone interrupted every half-second by a short burst of a second
frequency. If vou miss this, you will have 1o take pot luck on
phasing and get out the glue and scissors. The map will be
rendered correctly, but will wrap around the page. Synchroniza-
tion can be accomplished manually by pressing any key on the
computer while the syne signal is being transmitted. Print density
is adjusted by means of R13, which varies the trigger point of
the comparator, U2ZB. R13 can be used to aid in noise rejection
and for optimizing the contrast on satellite photos. The satellite
photos are computer enhanced with geographical features and
political boundaries, but the print density is vather critical for
best reproduction of these faint details.

Other Aspects

I must confess that the receiving adapter and programming
form my major interest in FAX weather maps. For those of you
interested in pursuing the meteorological aspects of the maps,
[ recorumend **A Mariner’s Guide to Radiofacsimile Weather
Charts” by Dr. Joseph M. Bishop. It is available from Alden
Electronics.’. Alden manufactures a complete line of facsimile
machines for general use. Surplus FAX machines and more FAX
information are available from Atlantic Surplus Sales.®

20 D5

Anyone with access to a high-speed printer with near-letter-
quality dot density and a wide carriage may be able to print entire
maps at significantly better resolution. These computer printing
techniques should be adaptable to reception of weather-satellite
transmissions and to amateur SSTV and FAX. This particular
program does not render a gray scale, but perhaps one of you
may be able to figure out a way to do this. That is the spirit of
Amateur Radio!

Notes

K. H. Sueker, “Apple FAX: Weather Maps on a Video Screen,” BYTE,
Jun 1984, pp 146-151.

B, W, Schwittek and W. G. Schwittek, “WEFAX Pictures on Your
IBM PC,' QST, Jun 19685, pp 14-18.

The C. ltoh 8510AP and Appie dot-matrix printers are sssantially
identical 1o the NEC printer. When using a prinler other than an
NEC 8023A, be aware that some printer-code differences may exist.
Also, some printer-interface cards (like the Microtek Apple Dumpling)
do not send a strobe signal automatically as does the Apple card.
These differences must be taken into acrount when adapting the
program to different equipment types as the timing loops are certain
to be aftected.—Ed.|

‘Robert B. Grove, "Confidential Frequency List,” Gilfer Associates Inc,
Park Ridge, NJ, pp 68-71.

*A & A Engineering, 7270 Orchid Br, Buena Park, CA 50620,
tel 714-521-4160. {PU board only, $8.35 plus $1 shipping and handling;
compiete kit, $24.15 plus $1.50 shipping and handling: assembled
unit, $31.40 plus $1.50 shipping and handling. California residents
add 6% sales tax.) All of the programs associated with this article
are available on disk from A & A Engineertng for $5. Thase programs
include & “HELLO"” program with 2 unique billboard written in
machine language, the BASIC loader, the matn program and a
sommented source-code text file.

SPC-hoard templates (this is a double-sided board layout) and a parts
overlay are avallable from the ARRL for $3 and an SASE. Address
your request to the Technical Department Secretary and identify your
request as the HF FAX Demodulator/QS-3/86.

"Washington St, Westborough, MA 01581, tel 617-366-8851. The book
price is $8.95 plus $2.50 shipping and handling.

HiWeather FAX Guide,” Atlantic Surplus Sales, 3730 Nautilus Ave,
Brooklyn, NY 11224, Eame of the information contained in this
guide was also published in AS, May 19B2. Readers will also find
oacasional WEFAX coverage in SPEC-COM (formerly A5). For informa-
tian, contact Mike Stone, WBSQCD, SPEC-COM Communications, inc,
PO Box H, Lowden, |4 52255408.—Ed.]

Keith Sueker has been continuously lcensed since 1941, when he received the
call WOSQZ, Other calls he's had inciude WHBSQZ and W3TLQ, Keith nbtained
his Extra Class ticket in 1969. Employed by Westinghoure blectric Corp for
19 vears, Keith is presenily the Engineering Manager, Power Systems, for
Robicon Corporation, where he’s worked the past 16 years, In his present
position, ke is engaged in ihe design and manufacture of high-power SCR
apparatus, Keith holds a BEE from the University of Minnesota and an MSEE
from the llinols Institute of Technology. In addition to writing for QST,
{%‘fit!:;.s had articles published in Ham Radio Magazine, BY TE and Electronics
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The

Romscanner

Here's an easy-to-build,

low-cost source for
SSTV images!

By Dr. Ralph E. Taggart, WB8DQT

602 S lefterson St
Mason, M1 48854

14.230 MHz on 20 meters will

confirm the extent to which full-
color operation in both standard and high-
resolution formats has captured the fancy
of the SSTV community. Currently
available commercial equipment for STV,
in the form of the Robot™ Research 450C
and 1200 digital scan converters, provides
operating features undreamed of only a few
vears ago. Unfortunately, while such equip-
ment performs flawlessly, the cost of this
technology, coupled with the price of color
monitors and cameras, appears to limii the
options for those who would like 1o start
SSTV in a modest way.

Alternatives for multimode SSTV recep-
tion do exist in the form of microcomputer-
assisted S8TV scan converters that are far
less expensive than their commercial
counterparts.' While such systems do an ex-
cellent job of displaying SSTV, their
capabilities for transmission are typically
limited to retransmitting an image already
in memory, or relatively simple graphics for
call signs, CQs, etc. Upgrading to “live””
camera operation involves additional hard-
ware, and, of course, a standard TV
camera that serves as the source from which
the digital circuits capture or ‘‘snatch’ the
SSTV image. The time-honored option for
new operators is to have an active SSTV
station prepare a set of taped images using
pictures supplied by the newcomer. This
provides basic image material for the new
station, but tape handling is clumsy (vou

Q few minutes spent tuning around

'Notes appear an page 27.

have to locate the precise picture you want),
tapes decline in quality with continued use
and RF feedback is an ever-present
possibility because of the minimal shielding
of small cassette recorders.

Newcomers to SSTV are not the oniy
ones with probiems. The casual or part-
time operator needs a source of pictures for
accasional Q8Os without the fuss and
bother of firing up the camera, adjusting
the lights and composing a good-looking
picture. Many operators have such a small
area devoted to the station that it is imprac-
tical to have lights and cameras out and
ready at all times for the sake of an
occasional contact. As a conseguence,
many—perhaps most—SSTV-equipped
stations simply “‘look in’” without actually

getting on the air. There is even a problem |

with the gung-ho SSTV types who have the
latest in color scan converters., The average
amateur may not feel particularly colorful,
and there is a tendency to transmit flashy
golor pictures rather than pictures of the
operator, shack or family, This is unfor-
tunate because Amateur Radio represents
people-to-people communications, and it
seems a shame not to see the operator on
the other end, particularly in the case of a
first QSO.

The Romscanner is a device created to
meet all these problems. Basically it is a
digitai *black box*’ that performs a single
function—the transmission of standard-
format SSTV images (128 line/8.5 seconds)
that have been preprogrammed into reud
only memory (ROM). The Romscanner can
handle as many such canned pictures s you
wish, and since the images are stored per-

manently, they are avaitable for immediate
transmission at the flick of a switch. For
the newcomer or casual SSTV operator, the
Romscanner can provide the primary
source of pictures. For the fully equipped
operator, it holds all the basic CQ and ID
images and pictures of the operator, shack
or family. Any of these can be sent at a
moment’s notice, while the station camera
is devoted to color material. The Romscan-
ner is a stand-alone unit that will function
with any SSTYV station, from a simple P7
monitor to the most elaborate camera/
color-scan-converter system.? {1 is extreme-
ly simple to construct, with only eight ICs
plus a ROM for each picture you wish to
store. Finally, it incorporates ail of the
fundamental principles of digital-image
storage and thus provides a good lesson in
digital SSTV fundamentals at a low cost.

Circuit Description

Refer to Fig 1. Five circuit modules, or
subsystems, will be described—ithe
memory, clock and address counters, sync
circuits, data output and subcarrier
modulator.

Memory

The ‘“‘standard” SSTV format uses a
128-line picture that is transmitted at the
rate of 15 lines/second for a total frame
time of 8.5 seconds. To provide acceptable
resolution in the basic format, each line is
digitized into (28 picture elements {pixeis),
each of which is coded as one of 16 possible
gray-scale values ranging from 0 through
15. The memory capacity required to store
one SSTV picture is related to the total

March 1986 21




RV 4 »
ém
CLDCK % | - * _1_,
i R @l 2z 613 7 SO e 3 2 S G T
|4 18 ik Vo CLR GLR 10p 24 GND Voo CLE CLR 1Qp 24 GND
AsT Yep 3 J_ | uz | B 113 a
we o 1A 7,"'.533?:3 0y 8 18 TALSEO3 20—
355 %/ LOUNTER GOUNTER ‘
QA g 1+ 3 P E 2
TIMER 10}/ LK I 19g 1Ug Qg 20, 20p 204 Ty Mg ilg 10y R, 2ug 20, =
s 2 3%5|611109 3| 4] sl & 14] 10] % i
e THIE i i
0 |l . NC. Ne. | |
" N b 1
- THR H H
'L G Ii_‘.
- ' - 0.0
M
LA B
e 0] ol 8l ¥ & 5] 4 ab2s) zql 21l 23] 2
P | Yop A@ Al A2 Al A% A5 A6 AT 4B AY  AIQ AN B4F
28 ue
J»—;—; Yo 2rea
p-d BEW 13k 2 8) EPROM
Tp Oy @ O3 0y g O Of FE GE oD
R EEEREE 20| 22| 14
2]
ENCEPT AS INDICATED. DEGIMAL -
VALUES OF GAPAGITANCE ARE 7
IN MICROFARADS 1 o ); 1OTHERS
SISTANCES ARE IN OHMS:! :
k= 1600, M = 1060 QUI, clol 4] 1l ) 6] 13 0
__1_5 Al AZ A4 A3 B BZ R4 B3
Yoo uy o RUN
W o BEE T4LSI5T & 4t Q)
* = SEE GAPTION s MULTIPLEXER "
¥ 12 13 4 r'J:-—( )
a 7 3 12 HOLD
1
——
0k <51k <28k <12k
L] :
1k
- t——AAA
REG.
D
NP our — 5 Y U
i) + T no-in W3+ 5V
4.7uF e
e TANT, Hn
8 VO—AAN G-TO-0¢
GONVERTER

Fig 1—Schematic diagram of the Romscanner circuit. Individuai IC bypass capacitors are not shown (see texti. An * next to an IC pin number
indicates that the number is repeated for clarity. Look for the same pin number elsewhere on the same IC dlagram.

U1, U4, Us—NESS5 timer.
U2, U3—74L8383 dual 4-bit binary counter.
U6—2764 (8K x. 8) UV erasable PROM.

number of pixels in the image, and the
number of bits required to code the gray-
scale value for each pixel. The total number
of pixels is 128 (pixels/line) < 128 (total
number of lines) or 16,384. The 16-step
gray scale requires 4 bits/pixel, so the total
memory requirement is 4 x 16,384, or
63,536 bits. The Romscanner uses erasable
programmable read only memory
(EPROM) that is typically organized in
terms of 8-bit units (bytes). Our storage re-
qguirement, expressed in bytes, is thus
63,536/8 or 8192 bytes/image.

Two available EPROM chips, the 2764

22 OsT=

U7—741 8157 quad 2-line to 1-line multiplexar,
Ud—741 op amp.
LI9—EXAR 2206 monalithic tunction generator.

and 68764, both meet this requirement
exactly since they contain 8192 x §
memory cells, and thus will hold one SSTV
image. The 68764, a 24-pin device, was
used in the prototype, since they were
available as leftovers from another project.
This chip presently costs about $14 in unit
guantities, compared to oaly $5 for the
28-pin 2764. Fig | shows the circuit based
on the 2764 chip. Table 1 shows the
equivalent pinouts for the two devices.
Functionally the two chips are identical.

Each byte of EPROM will store data for
two pixels, since only 4 bits are required for

U10—7505 5-V regulator..
U11—Mostek DC-10 vollage converter.

each pixel. Each pixel pair is formatted as
follows with reference to the eight data-
output lines of the EPROM.

‘O7—Pixel 2 (MSB)
High j 0O6—Pixel 2
Nibble §05—Pixel 2

- O4—Pixel 2 (LSB) | One
O3—Pixel 1 (M3B)[ Byte
Low 02—Pizxei 1
Nibble }O1—Pizel 1

OB—Pixel 1 (LSB)

Essentially -the first pixel of each pair
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resides in the low “‘nibble™ (4 bits) of each
byte while the second pixel is in the high
nibble. The pixel pairs are arranged sequen-
tially with the first pair (upper left corner
of the display) located at memory address
0 (80000) and the final pair {(lower right
corner of the display) at memory address
8191 ($1FFF).

Getting the data out of the EPROM re-
quires a total of 13 address lines (A#-A12),
which are generated by a series of binary
ripple counters. If the clock that feeds the
counter chain is properly adjusted, the

output of data will be at the proper rate to
provide the reguired 15 lines (128 pixels)
each second.

We have not discussed how the image
data get into the chip to begin with. We will
cover this later in the Image Programming
section.

Clock und Address Counters

The system clock and address counters
are extremely simple, but effective. Ul is
used in an astable configuration and ad-
justed to a frequency of 7680 Hz by the

Table 1

Comparison of Pinouts for the 2764 and
68764 EPROMs

Function 2764 68764
Ad 10 &
Al 9 7
A2 8 3]
A3 7 5
Ad & 4
A5 5 3
AB 4 2
AT 3 1
AS 25 23
A9 24 22
Al 21 19
Al 23 18
Al2 2 2
(0]] i1 (8w} 3
(83} 12 Daly 10
Q2 13 {DQ2) 11
o3 15 DAy 13
Q4 16 Q4 14
(o033 17 (DQ5) 4
Q06 18 (DQB) 16
Q7 19 (DQ7 17
Enable 20,22 20
Ground (V) 14 i2
+5V (V) 28 24

10-k{! CLOCK potentiometer. This signal is
routed through a fotal of 16 binary divider
stages contained in two counters, U2 and
3. The outputs of the first two counter
stages (pins 3 and 4 of U2) are not used.
Output 3 (pin 5 of U2) provides a 960-Hz
signal that is used {o differentiate the in-
dividual pixel data in the output multiplexer
(see Data Output). Output 4 {pin 6 of 112)
is the basic byte clock frequency (480 Hz)
and functions as address line Ag with all
of the remaining outputs providing lines A1l
through All. The address counters are
controlled by the HOLD/RUN switch, S1. In
the HOLD position, the counter reset lines
are pulled high by a 1-kQl resistor. To
retrieve a picture, the switch is set to RUN,
which pulls the reset fines low and triggers
the counters. This arrangement assures that
you always start at the beginning of the
image in memory. As long as the switch re-
mains in the RUN position the image data
will output continuously, beginning with
the first memory location and proceeding
to the last, after which the cycle will repeat
until the switch is returned to the HOLD
position.

Sync Circuits

The standard SSTV format requires that
the signal have a 5-ms burst of 1200-Hz
horizontal sync at the start of each line
(15-Hz rate) and a 30-ms burst of 1200-Hz
vertical sync at the start of each frame. Ad-
dress line A5 toggles at the required 15-Hz
fine rate and drives a 5-mis single shot (U5)
that provides a TTL high at the start of
each line. Address line Al2 toggles once
every 8.5 seconds (0.117 Hz) and drives a
30-ms single shot (U4) that produces a
30-ms TTL high at the end/beginning of
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Cors

Fig 2-~An intemal view of the prototype unit showing the general parts layout and the simplicity
of the overall circuitry. The rear apron has anly two jacks—one tor +12- to 14-V de¢ and the
other for SETV output. Front-panel controls include an image selector switch on the lett, a
central Lever control and the rolomun switch on the right. The clock oscillator, single shots and
address counters are aligned aleng the left side of the board, and most of the visible wiring
represents the 13 address lines for the EPHOM bank. Two stacked EPROMSs, In & zero insertion
force socket, are visible in the upper right. The output multiplexer is immediately beiow the
EPROM stack—below that are the op amp and subcarrier generator. The large, square black
module is the Mostek DC-10 voltage converter that supplies negative voltage for the op amp.

each memory scan or frame. The two TTL
sync pulses are mixed by Q1 and Q2 to pro-
vide a composite TTL signal that is high
for the duration of both the 5-ms horizon-
tal and 30-ms vertical sync pulse intervals.
‘T'his composite signal provides the sync
drive to the subcarrier modulator {U9).

Since the vertical syne pulse is produced
at the end of each memory scan, the first
image vut of memory would normatly lack
a pulse to reset the dispiay at the other end.
This is prevented by using the HOLD con-
tact of 81 to ground the collector of Q1 and
the base of Q2 when the switch is in the
HOLD position, forcing the subcarrier
oscillator to 1200 Hz (sync). This ensures
that the display system at the receiving end
will be reset at the start of the first image
scan when the HOLD/RUN switch is set to
RUN,

Data Output
Each time the acddress lines toggle by one
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count (referenced to A@), eight bits of
output data are available from the new
memory location on lines O#-Q7, These
cight data bits represent two pixels of image
data and must be sorted out if we are to
reproduce the image as stored in memory.
This i3 achieved using an §- to 4-bit
multiplexer (U7) that is connected to the
memory data lines, This chip functions as
a 4PDT switch, controlled by the 960-Hz
signal applied to pin 1 from the timing
vhain. Wired as shown, the lower Tour bits
of each output byte {pixel 1) are routed to
the four output lines during the first half
of each byte cycle while the upper four bits
{pixel 2} are routed to the output lines
during the second half of each address
cyele. The required digital-to-analog con-
version is accomplished by a summing
amplifier (UB) that is driven by the four
multiplexed output lines through a
weighted resistor network. The output of
U8 is thus one of 16 possible discrete

voltage levels, based on the coding of the
4-bit pixel data. Guain and offset of the
summing amplifier are adjustable to
provide the voltage required to swing the
subcarrier modulator from 1500 Hz (black)
to 2300 Hz {white).

Construction

The circuit is extremely simple, by digital
S8TV standards, and can be constructed
using perf board. There is nothing par-
ticularly critical about layout, since
everything operates at mid-range audio or
lower, The CLOCK, GAIN, OFFsET and SYNC

_ potentiometers should be mounted on the

board and the LEVEL potentiometer
located on the front panel, ideally, the
LEVEL conirol should be an audio-taper
unit to minimize level-setfing sensitivity.
The other essential front-panel control is
the HOLD/RUN switch as well as a selector
switch if vou want multiple EPROMSs (see
Multiple EPROM discussion that follows),
The use of a zero insertion foree socket for
the EPROM is recommended so that
EPROMs can be checked out without
damaging either the chips or the socket with
repeated removals and insertions.

The prototype unit is powered from a 12-
to 14-V dc supply with the + 5 V provided
by a 7805 (LM340T-5) regulator. The
prototype, with two 68764 EPROMSs,
draws approximately (70 mA, and a
33-ohm, 2-W resistor was placed in series
with the T805 to reduce regulator power
dissipation to the point where a small heat-
sink was sufficient for cooling. Using
multiple EPROMSs will increase the current
demand. The proper vaiue for the series
resistor should be calculated, based on the
current drawn, to provide approximately
7V at the regulator input. The accuracy of
your calculation is not seripusly affected if
you assume that all the indicated power
supply current is drawn by the 5-V bus since
only a few milliamperes at 12 ¥ is required
by the 741 and the subcarrier generator.
The -9V required to bias the 741 op amp
(U%) is obtained using the Mostek DC-10

- voltage-conversion module operating from

the + 8-V line. Since the output voltage
swing of 1IB is entirely positive, you may
be able to get by with simply grounding
pin 4, but [ included a negative supply for
greater flexibility later, should I desire to
experiment with additional circuit
configurations.

Adequate bypassing Is critical for stable
operation. In addition to the bypass
capacitors indicated in Fig 1, each chip
should also be bypassed at the supply pin
with a 0.01- or 0.1-gF, 50-V disc capacitor.

.You may be able to get bv with fewer

bypass capacitors, but don’t be surprised
if you have instability or digital noise ef-
fects if you serimp too much in the bypass
department. If you bypass each chip, the
system will be unconditionally stable and
immune to RFI, even in an unshielded
cabinet. The prototype Romscanner was



packaged in a small plastic utility box as
shown in Fig 2.

Setup

The only setup adjustments for the
Romscanner involve setting the clock and
subcarrier frequencies, Wire a 2%-pin
header plug as shown in Fig 3A and insert
it into the EPROM socket. If you are using
a 68764 layout, use a 24-pin header wired
by consulting Fig 3A and Table 1. The
switch in the header circuit will allow vou
to switch the system output from black to
white levels and greatfy speeds the setup
procedure, Connect a §2- to 14-V de supply
to the POWER jack, (J2). If a frequency
counter is available, proceed as follows:

1) Connect the counter to pin 3 of Ul
or pin 1 of U2 and adjust the CLOCK
potentiometer for a frequency of 7680 Hz.

2) Transfer the counter to the SSTV
output (J1) and set the LEVEL control for
maximum output.

3) Set the HOLD/RUN switch to HoLD
and adjust the s¥YnNC control for a fre-
quency of 1200 Hz.

4) Set the HOLD/RUN switch to RUN and
preset the Gain control for minimum
resistance between pins 2 and 6 of US§.

5) Set the test header switch to black and
adjust the OFFSET control for a frequency
of 1500 Hz.

6) Set the test header switch to white and
adjust the Gain control for a frequency of
2300 Hz.

Note: Go back and forth between steps
5 and 6 several times, as there will be some
control interaction.

At this point you can connect the SSTV
output to a display system, and you should
be able to shift the display from black to
white by toggling the beader test switch.

If no frequency counter is available,
align the system using your SSTV display.
Proceed as follows:

1) With the HOLD/RUN switch in the
HOLD position, adjust the syNC control for
maximum indication on your SSTV tuning
indicator,

2) Set the HOLD/RUN switch to RUN,

3) Beginning with the maximum setting
of the CLOCK potentiometer, adjust the
wontrol until the interval between vertical
sync pulses is 8.5 seconds. The adjustment
can be fine tuned by “tweaking™ to obtain
a picture of normal width on your display
once alignment is complete.

4) With the GaIN control set to
minimum and the test header switch to
black, connect a high-impedance volttmeter
to pin 6 of U8 and adjust the OFFsET
potentiometer for a reading of 2.25 ¥V,

5) Toggle the header switch to white and
adjust the GaiN potentiometer for a
reading of 1.9V,

&) Repeat steps 4 and 3 several times to
minimize control interaction.

7y Connect the SSTV output to your
display and repeat steps 4 through 6,
tweaking for a good black to white shift as
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Fig 3—At A, wiring of the test
header plug used for initial
freguency adjustments. Shown
at B Is the switching of Enable
{chip select) lines when
multiple EPROMs are used,
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you toggle the header switch.

Once you have your first programmed
EPROM installed, you can tweak the GamN
and OFFSET controls as required to obtain
the same contrast range obtained when the
original taped version of the image is
plaved into your display.

Multiple EPROMSs

Up to this point we have assumed that
the system has only a single EPROM (U6),
but there is no real limit to how many you
can use, A small board can be wired to con-
tain multiple EPROM sockets (28- or
24-pin sockets depending on the device
chosen), with all address, data, ground and
5-V lines in parallel. A small 28- or
24-conductor ribbon cable, equipped with
fieader plugs at each end, can then serve to
interconnect the EPROM socket on the
main circuit board with one of the sockets
on the EPROM board. The only pins that
are not paralleled are pins 20/22 (the chip

select or enable) of the 2764 (see Table 1
for the 68764 equivalent). The enable pins
sfiould be pulled high with a 4.7-k{ resistor
to +5 ¥V on each EPROM socket, Run a
wire from the enable pins of each socket
to a selector switch (typically a rotary type)
on the front panel as shown in Fig 3B. The
switch is used to ground the enable pins of
the selected EPROM, making it the active
chip. The other chips will simply **float”’
on the address and data lines in a high-
impedance state and will not affect image
output.

If you require only a few programmed
chips, another alternative is available. Once
the chips have been verified for proper
image output, bend out the enable pins and
stack your chips so that the pins overlap.
Carefully solder the pins together and in-
stall a 4.7-k&2 resistor and switch lead to
each enable pin. The +5-V side of the
resistors can be tied together and returned
to the common V. {(+ 5 V) pin of the chip
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stack. This will be pin 28 for the 2764 or
pitt 24 for the 68764, The enable-pin switch
leads can then be royted to a selector switch
that will ground the enable pin(s) of the
chip you want. The entire chip stack is then
inserted into g single EPROM socket on the
main circuit board, MY unit containg wo
chips (a CQ/ID image and my picture), and
the chip stack can be seen in Fig 2, This

arrangement works well for a madest

nuiber of chipg (2 to 4) if you know you
will use the programined chips for some
fime. It is inconvenient, however, to
unsolder the stack to Temove a specific chip
for erasing and reprogramming, so you
should go this route only if you are
perfectly satisfied with each programmed
image.

EPROM Programming

If you already have g fuicrocomputer
integrated into your SS8TV atation,
Programming the chips can be educational,
and even fun. If you have little or no com-
puter gear, or the wish to uge it, you can
link up with 2 jocal hacker for some
assistance at this point,

Programming requires a microcomputer,
an EPROM programming system com-
patible with the computer and a
hardware/software system for transferring
an SSTV image into memory in the proper
format. Scan converters that ugse a
microcomputer a5 part of the dispiay
systemn are ideal, since the image data are
already in the computer memory as part of
the normal system operation. In the case
of the K6AEP system described in reference
1, the image is already in the proper
format, In the case of recent-vintage
commercial scan converters, such as the
Robot 450C and 1200, the units are
tlesigned for €asy computer interface and
brogramming, and it is a relatively casy
task to move the image from the scap

Converier memory to the computer
inemory. In principle, the programming of
a chip involves the following steps:

Fig 4—A O slide Prepared using a graphlcs
an a Robot 4500 display.
26

Package developed by
the author to provide a more pleasing alphanumeric display, as shown

1) Display the primary image using the
Scan converter,

2) Reformat (if required) in the case of
a microcomputer scan converter, or
transfer and format ip the case of a scan
converter interfaced with the computer.

3) Save the image data to tape, or disk,
in the form of a machine—languagc
program,

4) Configure the compuier with the
EPROM brogramming hardware and
software.,

5) Load the image machine-language
program.

6} Program and verify the EPROM.

How each of thege steps is accomplished
in practice will depend on the type of com-
puter, scan converter and EPROM
programmer used. A program listing For
the Robot 450 scan converter using the
Radio Shack
available from the ARRY}. Technical Dept,
Send a business-size SASE 10 ARRL-TD,
225 Main St, Newington, CT 06111, and
ask for “Romscanner,”

For those who wish to avoid the hassle
completely, | will provide a chip-
programming service, I am equipped to
program images from standard 88TV tapes
and can also generate CQ and ID images
and other graphics material. | will be happy
to furnish details if you contaci me, and
include an SASE.

Color

The Romscanner can be used to transmit
frame sequential (RGB) color pictures by
storing each color separation image in itg
own chip, with provisions to switch the
enable lines in sequence, To transmit color,
simply transmit the desired number of
frames of the red image, switch ¢o green
and repeat the brocess, and then finigh with
the desired number of frames of blye,

Graphics

To say that most of the alphanumeric
graphics used on SSTV today are crude s

a great understatement, The primary lett

and aumber symbols used by most con

puter and dedicated SSTV terminals we;

developed when MemMOry was scarce an

expensive so the symbo)s are quite elemey

tary in form. (One interesting aspect of th
Romscanner is that you can develo
programs with much mors perfectls
formed letters and numbers to create
more pleasing effect when used on ID slides
and the like. it takes some effort to develop
the character fonts, but the programs can
be written in BASIC to create your iD
slides and other material, If the program
is set up properly, it will place the graphic
image precisely where vou wang it in
memory so that you can create vour
machine-language program directly from
the graphicy program. A little ingenuity
here will go a long way toward improving
the stick-type letters and numbers you see
s0 often on the bands today. A modest
example of such enhanced graphics can be
seen in Fig 4.

Resnlts

The image output of the Romscanner is
essentially identical to the sowree image and
cannot be distingnished from direct camera
output. Figs 4 and § show an example of
2 CQ slide created by one of my graphics
programs and burned into EPROM. The
Romscanner output is shown as dispiayed
on a Robot 450C monjtor in Fig 4. Fig 5
shows the same signai dispiayed on an gld
P7 analog 88TV menitor. A continuous-
tone image is shown in F ig 6, as displayed
on the Robot 450C, and Fig 7 shows the
Same continuous-tone image displaved on
the P7 monitor. As you might espect,
digitization effects are evident on the Rohot
display, enhanced slightly because the 128
pixels generated by the Romscanner can

Tiever precisely match the 128 samples taken
by the Robat. In contrast, the image on the
P7 monitor looks as if it were derived from
an anafog source becauge of the roll-off -
effects of the analog monitor circuits.




Fig 6—Romscanner output of & continuous-tone image displayed on
the Robot 450C scan converter. This picture of the author was created
using the 450C. The image was transferred from tha scan converter to
& Radio Shack Golor Computer™ and programmed into EPROM.

Fig 7—The continucus-tone image of Fig 6 as displayed on an analog
P? monitor. Note the gray scale at the bottom of the image. The 450C
creates a 120-line image, while the standard format is 128 lines. An
authar-devefoped image fransfer program inserts an 8-step gray scale
in the final eight lines not used by the Robot format. The gray scale is
not visible when displayed on Robot 450C or 1200 scan converters, but
is visible on all other display systems that use ail 128 lines of the
standard format,

In operation, the HOILD/RUN switch is normally kept in the
HOLD position when not transmitting pictures. This will cause a
1200-Hz tone output from the unit. If your Romscanner output
is routed to the transmitter, you can use the LEVEL control to set
the proper audio-drive level for the transmitter. To transmit an
image, simply select the desired chip, key in the Romscanner and
set the HOLD/RUN switch to RUN. The frame will start at the
beginning and will repeat until you set the switch back to HOLD.
If the swiich is cycled to HOLD and back io RUN during a
transmission, the frame will reset and begin again. If vou change
the image-selector switch during a transmission, the unit will simp-
Iy switch from one picture source to the other. Depending on the
pictures you have in memory, this can create interesting special
effects such as call signs at the top or bottom of photographs, etc,

The Romscanner is an extremely useful SSTV accessory, and
you will soon wonder how you got along without one, My present

mode of operation is to get on the air with the unit, and only
in the case of an extended QSO0 do I take the time to fire up the
lights and camera. I also find it very useful for contests as well
as vacation portable operation, since the amount of gear that is
transported is quite reasonable. Lest you think that SSTV is a
kilowatt activity requiring a huge antenna farm to counter band
conditions and QRM, 1 should explain that all of my HF
operating is with a 5-W Ten-Tec Argonaut using dipoles and long-
wire antennas. On SSTV this has netied me 36 confirmed states
and 13 countries, with most of that on 20 meters! If you have
a sideband station of any sort, SSTV represents a logical exten-
sion into the “video age.””

‘While it may appear that higher-resolution formats are now
the dominant mode, standard 128-line monochrome pictures have
a number of operating advantages. The short time required to
transmit a single image (8.5 seconds) makes it more feasible to
dodge QRM, compared with the longer frame times required for
color and high-resolution formats. With modern gear, !2%-line
images can be of quite good quality, meeting the needs of most
amateurs, and the gear itself can be fairly simple and quite inex-
pensive. There is a tremendous amount of 128-line equipment
available, ranging from P7 monitors and sampling cameras to
the Robot Model 400 scan converters. All of the newer equip-
ment, regardless of its color and high-resolution capabilities, can
handle standard-format imagery. If you can find some of this
gear, or have it on hand, by all means get on the air! There is
very little activity on 15 and 10 meters, yet these bands are superb
for 88TV with very little QRM when open. If vou would like
more information on SSTV and the many operating options now
available, check in or listen to the SSTV net on 14.230 MHz at
1800 UTC every Saturday.

There is no doubt that SSTV is now a tully digital mode. What
is needed is more basic, easy-to-construct SSTV gear to encourage
new operators, both here and abroad. The Romscanner is one
step in this direction.

Ic. Abrams and R. E. Taggarl, “Color Computer SSTV, Part 1"
73 Magazine, Nov 1984, pp 10-21. .

*The term “P7” reters to the type of high-persistence phosphor used in
GRTs orig|nal|g adapted to SSTV. The P7 phosphor could hold an
image for the 8.5 seconds required for a single frame. GEET}

Strays g

I would like to get in touch with. ..

[J any hams with a portable OSCAR station willing to give
Amateur Radio demonstrations to the general public at the Neil
Armstrong Air and Space Museum’s annual Festival of Flight
in Wapakoneta, OH in July. Contact John Zwez at the Neil
Armstrong Air and Space Museum, I-75 and Wapak-Fisher Rd,
Wapakoneta, OH 458935,

[7J anyone using a Magicom RF speech processor and a Kenwood
TS-1308. Russ Smith, W60ONK -7, P() Box 141, Brownsville, OR
97327,

[J anyone with a manual or circuit diagram for an EICO 239
solid-state FET-TVM. E. H. Strietar, W6FZ0, 3040 Rohrer Dr,
Lafayette, CA 94549,

(J anyone who can help identify an H. H. Scott receiver with
a missing model number. Dave Schoepl, WB0ZG, 418 Lake
Forest, Yicksburg, MS 39180.

[l anyone with a service manual for a Measuremenis Corp 84-R
standard generator, or information on converting a T-282 GR
army transmitter for operation on 450 MHz. Bob Sondack,
VE2ASL, 260 Bellerive, Ile Ste Helene, St Luc, PQ JOJ 2A0,
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Gaining on the Decibel

Part 2: Money is power, and the decibel is an expression
of a power ratio. Wouldn’t you like to receive
a 3-dB increase in spending money?t

n the first part of this article we

introduced the decibel, a Jogarithmic

expression of power ratio, and demon-
strated why it is inappropriate to apply this
measurement tool directly to changes in
EMF or current. We also presented stan-
dards for the proper capitalization of dB
and explained how it can be used to express
either absolute or relative power. You may
wish fo review the previous part before
reading further.

In this part we will explore various ap-
plications, both proper and improper, of
the dB to electronic communications
general and Amateur Radio in particular.

Antenna Gain

Most of us have considerable difficulty
in visualizing how an antenna can have
gain. Being dpassive device, there’s just no
way an antenna with an applied input of
100 watts can possibly put out anything
greater than 100 watts! The whole idea of
antenna gain relates to the fact that the
same i00-watt transmitter can deliver
varying amounts of power in a specified
direction. when connected to different
antennas. Similarly, a receiver of specified
sensitivity may recover widely varving
signal-to-noise ratios, {rom a specific dis-
tant station in a certain direction, when fed
with different antennas.

If you get the impression that antenna
#ain involves the performance of a par-
iicular antenna as compared to that of a
specified reference antenna, vou're ab-
solutely right! The problems start in trying
to specify the appropriate reference
antenna.

A popular reference antenna for
theoretical evaluations is the isotropic
radiator, the only truly omnidirectional

tPart 1 appears in Feb 1986 QST. Part 3, the
conclusion, will appear in a subsequent issue,
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antenna. (Remember, “*‘omnidirectional*’
means that the antenna radiates equally
poorly in all directions.) An isotropic
antenna connected t0 a transmitter
disperses the radiant energy in a perfectly
uniform sphere. An isotropic receiving
antenna will similarly respond uniformly to
applied signals from any direction in three-
dimensional spherical space.

The only problem with referencing the
performance of any physical antenna to
that of an isotropic radiator is that the
perfect isotrope doesn’t really exist. You
cannot build one, buy one or observe one
in nature. Nothing is that uniform.®

An antenna whose radiation pattern is
nearly uniform, in most directions, is the
half-wave dipole. Simple to visualize and
easy to implement, the half-wave dipole
radiates a fairly uniform pattern in all
directions except off iis ends, where deep
nulls appear. Does a dipole have gain,
relative to an isofrope? Yes! All of the
power fed to a properly matched dipole
system must be radiated. And since there
are nulls off the ends, the energy that would
have gone into those nulls, if the dipole
were an isotrope, has to go in some other
direction. In actual fact, it adds to the
power radiated broadside to the dipole,
making its familiar “*doughnut” radiation
pattern a little fatter. Redirecting the energy
from the nulls makes the signal available
from a dipole, in the direction of its
maximum radiation (broadside), about
2 dB greater than that from an isotrope.

Knowing the above, we now have a way
of determining an antenna’s gain, relative
to dn isotropic radiator, even though we do
not have an isotropic referénce antenna
lying around the shack. Simply compare
the signal power received from a distant
station with the antenna under test to that

*Notes and references appear an page 31.

received from the saeme station with a
dipole.’ The resulting power ratio can be
converted to dB just as you’ve always con-
verted power ratios to dB, by caiculating
10 times its common log. The resulting
figure is antenna gain in dB relative to a
dipole, or dBd. Since vou know the
relationship between a dipole and an
isotrope, you can now find antenna gain
in «Bi {decibels relative io an isotropic
reference) simply by adding 2 dB to dBd.

The most common mistake made in
antenna-gain measurements is that of not
specifying the reference to which the anten-
na under test was physically or
mathematically compared. An antenna
gain of + 10 dBi means something very dif-
ferent from a gain of +10 dBd. And an
antenna gain expressed simply as + 10 dB
means something else again. it means the
petson specifving the gain was either trying
to mislead and deceive, or he simply
doesn’t understand dB!

Free-Space Path Loss

Even before Congress passed the Inverse
Square Law, it was well known that 8-
meter readings vary inversely with the
distance to the PX station. To understand
the relationship between distance and at-
tenuation, we need to consider two points
(A and B) of a communications path,
separated by distance D and com-
municating via electromagnetic waves of
wavelength A. And to remove from the
analysis the effects of antenna gain, beam-
width, radiation pattern or effective aper-
ture, we will assume that both the transmit-
ter (at Point A) and the receiver {at Point
B) are connected to perfectly matched,
ideal, lossless isotropic antennas.

As long as the distance D is great relative
to the wavelength A (the far-field restric-
tion mentioned in Ref 7Y, it can be shown
that the EMF recovered hy the receiving
antenna is a fraction of the EMF applied



to the transmitting antenna, which varies
with the ratio A over D, The equality is:

AV = D

where
(V_received)
{V transmitted)

and the constant 4r comes to us from
spherical trigonometry, representing the
number of steradians in a sphere.

Av is the voltage ratio

Of course, since Av is a unitless ratio (volts
over volts cancels), it is important that A
and D be expressed in the same units.

Since we defined our antennas as being
ideal, they are perfectly matched to free
space. Thus, the potentials transmitted and
received are measured across the same im-
pedance, and power ratio becomes the
square of potential ratio. We can therefore
say

, A}
== .Z = ———
Ap Av ( . )

And we know how to converi power ratios
to dB:

dB = 10 log Ap

10 log (4_};'3 )L

This yields a #negative number, since path
gain is less than unity. If we change the
sign, it follows that free-space path foss o
{the Greek letter alpha, lower case) would
be:

@ = 10 logg (4;‘0 )“

Since — 10log (x) == 10 log (1/%), it follows
that

o = 10 logo ( 4rD )2
A
This relationship allows us (o predict
free-space path loss at any frequency, over
any line-of-sight distance, as long as we
measure distance and wavelength in the
same units. It is certainly easier to employ
than the various nomographs provided for
that purpose in the literature, and is far
easier to remember than those published
equations that contain tudge factors to
compensate for distance expressed in, say,
miles, and waveiength in inches. Further-
more, if you understand the meaning of the
decibel (and you should by now), the above
equation should allow you to visualize the
refationship in a physical sense.

Effective 1sotropic Radiated Power

Moonbouncers use EIRP a lot. This is
total output puiich, measured in dBm.
Think of it as a measure of the goo you

have going out, in dB relative to a
1-milliwatt transmitter, connected through
2 lossless transmission line to an ideal
isotropic antenna.

EIRP is calculated by adding together
transmitter output power in dBm, feed-line
loss in negative dB and antenna gain in dBi.
Thus, a transmitter output of +40 dBm,
applied through a 6-dB lossy transmission
line to an antenna whose gain is + 10 dBi,
will generate an effective isotropic radiated
power of (+40dBm) + (~6dB) + (+10
dBi) = +44 dBm.

It bothers some that we can mix such ob-
viously diverse units as dB, dBi and dBm.,
but in each case, we are comparing a par-
ticular signal level to a specified reference.
Only the reference changes for each ele-
ment analyzed; the units of measure, dB
(10 times the log of a power ratio) remains
consistent throughout the calculation. Note
that the transmitter output in the above
example is 40 dB more than a milliwatt, the
feed-line gain is 6 dB less than a lossless
transmission line, and the antenna gain is
10 dB more than that of an isotrope. The
resulting EIRP is then a power level,
measured in dB relative {0 a specified
(though perhaps elusive) reference power,
or 44 dB more than the power radiated in
a given direction, if 1 milliwatt were applied
through a lossless transmission line directly
to an isotropic antenna.

Actually, we mix uanits in other fields of
endeavor with minimal confusion. Con-
sider the technician earning $12 an hour,
who receives a 10% raise. What is his new
hourly salary? It you’ve been paying close
attention, you might be tempted to say,
“Wait a minute. You can’t mix percents
with dollars!”™ But of course you can. The
final unit of measure will still be dollars.
Percent simply signifies a change.
Similarly, a power level in dBm (or dBW)
can be thought of as an absolute level, like
@ wage in dollars. Cable loss in dB, path
loss in dB, antenna gain in dBi (or dBd) and
amplifier gain in dB all represent changes
to the original signal leve!, much as a 10%
raise represents a change in salary. The
resulting power level, after all these changes
have been accomplished, is of course
measured in the original unit, dBm or
dBW.

Receiver Sensitivity

A previously published article defines the
major factors affecting receiver sensitivity.?
Here we shali concern ourseives with how
receiver sensitivity can be measured in dB.

In the absence of interference, any signal
applied to the input of a receiver is
competing with noise. For a signal to be
heard, its power must excead the total noise
power by a specified amount (called signal-
to-noise ratio) that varies as a function of
modulation type, modulation percentage,
signal conditioning, any special coding on
the signal and the type of detector circuitry
employed. Given the required signal-to-
noise ratio, the receiver sensitivity is limited

by the amount of noise power the signal has
to override,

The noise power present at the input of
a theoretically perfect receiver (that is, one
which generates in its circuitry no
additional noise above that occurring
naturally in the environment) is a function
of heat and bandwidth. Mathemagically,

Pn = kTB

where

Pn represents noise power in watts

k is Boltzmann’s Constant
(1.38 x K023 joules per kelvin)

T is the temperature of the receiver
circuitry, in degrees absoluie
{or kelvins)

B represents the narrowest bandwidth
(typically the IF bandwidth) of the
circuitry preceding the detector stage,
in Hz.

Since noise power can be calculated in
watts, we can further convert it to
milliwatts (simply multiply by 1000) and ex-
press it in decibels compared to a milliwatt,
or dBm.

Consider the sensitivity of an ideal,
noiseless receiver with a bandwidth of 1 Hz,
operating at a temperature of 290 K (an ac-
cepted standard temperature for earth-
based equipment}). The resplting noise
power with which any signal would have
to compete will equal:

Pn = KTB
= (1.38 » 10-33 joules/K) x (290 K)
® {1 Hz)

4 % 102 watts

4 % 10-8 mw

174 dBm

it

[

You may have read that the noise
threshold (that is, the sensitivity at unity
signal-to-noise ratio) of an ideal, noiseless
receiver is — 174 dBm per Hz of band-
width, and vou can see where this figure
came from—except for one thing. The
abhove value holds only at the so-called stan-
dard temperature of 290 K. The same
veceiver in the cold depths of space will ex-
perience significantly less thermal noise,
and thus will exhibit higher sensitivity than
the “*-174 dBm/Hz» approximation
would indicate. )

Lintil now we have been talking about an
ideal, noiseless receiver, In truth, the
receiver circuitry itself is going to contribute
$ome noise to its own input; thus the actual
sensitivity of any receiver will be less than
we have predicted by kTB. We can quan-
tity the noise contribution of the receiver
cireuitry (and its resulting impact on sen-
sitivity) in three different ways: noise fac-
tor, noise figure or noise temperature,

Noise factor (often abbreviated F) is a
measure of the degree to which the
receiver’s internal noise increases the noise
power, kTR, 1t represents a power ratio,
Thus, if kTB, in watts or milliwatts, is
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known, tmultiplying it by noise factor vields
the actual noise power level which the ap-
plied signal must override. In the preceding
cxample of a receiver with a 1-Hz band-
width operating at standard temperature,
a receiver noise factor of 2 would raise the
actual noise threshold to:

Pn = F x (KTB)

= 2% {4 % 1018 mw)
= B ow 10-18 mwW

=« |71 dBm

Noise figure {usually abbreviated NF) is
stmply noise factor expressed in dB. Since
noise factor is a power ratio, we can con-
vert it to dB by multiplying its common log
by 10. To find a receiver’s noise threshold
when NF is known, simply add NF (in dB)
to the dBm equivalent of kT8, that is, 10
times the common log of (kTB x 1000),

In the previous example, NF = 10 logg
2 = 3 dB. Thus, the actual noise threshold
was:

Pn - 10 logio (kTB % 1000) + NF
= {~174 dBm) + (3 dB)
= -171 dBm

You can see from this calculation that
the 3-dB NF effectively degraded the
sensitivity of our sample receiver by exactly
31 dB.

if a receiver’s internal noise is expressed
in noise temperature, we know that the
equivalent thermal noise fo which the
receiver is subject exceeds its physical
temperatire by a specified amount. To find
a receiver’s noise threshold when noise
temperature (sometimes called Teg) s
known, simply add noise temperature to
290 K {or whatever other physical
temperature may apply) and utilize this sum
when calculating noise power from kTB.

If noise temperature equals 290 K
(equivalent to a 3-dB noise figure, or a
noise factor of 2) and the receiver is
operated at standard temperature, then the
receiver’s noise threshold is:

Ppn o=k « (290 + Ty) ¥ B
= Kk x (290 + 200) x B
= 8§ % 1018 mW
= — 171 dBm

The precedimg three examples illustrate
that when calcuiating receiver sensitivity,
whether employing noise factor, noise
figure or noise temperature, proper use of
the decibel yields consistent results.

Link Analysis

Link analysis, perhaps the most elegant
application of decibel calculations in
clectronic communications, allows us to
guantify all of the elements of a com-

munications system and predict its success..

ft comabines all of the foregoing examples,
in an attempt to predict the overall perfor-
mance of a communications link. It is also
the one application of decibels least favored
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by the Amateur Radio community.

The true ham, s legend has it, shuns any
calculation that might dissuade him from
any desired endeavor. After all, it is
through analysis that the engineering
community has determined that this or that
objective is impossible, and thus expends
no effort toward achieving it. The ham, it
is argued, by not knowing that something
is impossible, simply sets about ac-
complishing it ... and frequently succeeds.

The argument is certainly appealing, If
you want to know how far vou can com-
municate with a particular combination of
equipment and conditions, the time-
honored method is to point your antenna
and call CQ. Who ever bothered to
calculate EIRP, path loss, receiver
sensitivity and required signal-to-noise ratio
hefore getting on the air?

Yet there are applications where the
anaftytical approach does make sense.
Consider the world of communications
satellites, where countless thousands of
hours and hundreds of thousands of dollars
may be expended in preparing a payload
for orbit. There is certainiy an advantage
to making our OSCARs accessible to the
greatest number of experimenters, and this
can be assured by predicting, in advance
of a launch, the precise user equipmeat
necessary to access the sateliite. If we wait
until after 4 spacecraft achieves orbit, only
to discover that its transponder is not ac-
cessible to stations operating within legal
amateur power limits, we have done the
user community a disservice.

Link analysis can be performed through
multiplication of power ratios, that is, by
multiplying transmitter power by antenna
gain by path loss by receiving-antenna gain
by required signal-to-noise ratio, and com-
paring the resulting power level to the
receiver noise threshold, kTB. But this
becomes awkward in the extreme. A far
better approach might be to add
logarithms. After all, isn’t that why they
were developed in the first place?

If we express transmitter power in dBm,
transmitting-antenna gain in dBi, path loss
in dB and receiving-antenna gain in dBi,
the sum of these four quantities {less any
feed-line losses along the way, in dB) will
give us an accurate picture of the power
level, in dBm, available to the distant
receiver, We can compare this figure to the
receiver sensitivity, in dBm, found from k,
T, B, required signal-fo-noise ratio and
noise figure, and discern the available
signal margin in the [ink, in dB. If this
figure happens to be negative, we can
explore various ways of improving link per-
formance, before investing significant
resources in what might otherwise prove a
fruitless effort.

Of course, there will always be times
when simply pointing the antenna and
calling CQ is the appropriate way to
guantify a communications path. But when

prior knowledge of performance is re- .

quired, proper use of the decibel can make

was L
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Fig. 2-~The author lifting cne Db (see text).
(drawing by WAGPLF)

the mathematics almost painless.

More Creative Misapplications

Gruchalla has cited a number of
examples of creative misapplication of the
decibel.® His powerful presentation bears
some amplification, if we are to gain a full
misunderstanding, Recognizing that using
decibels Is a way of expressing power ratios,
consider the following case studies.

Case 1: Finance

A pallium-pesticide transistor delivers
[2 dB of gain in a particular application
and costs $9. A GLASSFET delivers 16 dB
of gain in the same circuit and sells for $18,
Which active device is the inore cost
effective?

The hollow-state device delivers a 4-dB
gain advantage, at twice the unit cost, Ten
times the common log of (twice the cost)
equals 3 dB. Thus, the latter device delivers
4 dB of additional performance for 3 dB
more dollars, for a net cost vs performance
advantage of 1 dB. And the analysis is
easily justifiable on the obvious basis, con-
firmed by countless economists, that
money is power.

Case 2: Time Management

An engineer toils from 9 AM to 6 PM.
Can you express his workday in dB? Let
dB equal 10 times the common log of (time
out over time in), Dividing 1800 hours by
0900 hours, and solving the above relation-
ship, vields a 3-dB work day.

Except that the engineer takes an hour
off for pretzels and hridge. Dividing
1300 hours by 1200 hours, we find that the



employee has enjoyed a 0.35-dB lunch
hour, and thus should be paid for only
2.65 dB of labor.

The proof of the above relationship
derives from a simpie syllogism. Since time
is money (just ask any busy executive), and
maney is power (see Case 1 above), and
power is measured in dB, time can be
measured in dB. If you don’t understand
this completely, come back in 1¢ dB and
I'll explain it again.

Case 3: Athletics

You may recall our discussion about
proper capitalization in Part 1. Fig 2 depicts
an athlete lifting 1 Db. .

During the Los Angeles Qlympics, a
weightlifter from West Hernia beat the
world’s record in his event by 0.6 dB. This
figure was found in the usual way, by first
dividing the weight he lifted by the previous
record, then taking 10 times the log. And
of course, dB is the appropriate unit, since
the West Hernian was a power lifter.

Case 4: Municipal Planning

The mayor of the booming metropolis
of Hictown {pop 37} comes to the startling
discovery that not a single radio amateur
resides within his jurisdiction. Upon
researching the matter, he attributes this
phenomenon to an obscure law, one that
has been on the books since colonijal times,

New Products

CETEC VEGA MODEL ED-707
MOBILE DTMF ENCODER/DECODER

I} Cetec Vega’s new Model ED-707 dual-
tone, muitifrequency (DTMF) mobile en-
coder/decoder is designed for tough
service. It has a comprehensive set of
operational features, including: (1} selec-
tive, group, and all call {2- to 6-digit
messages); (2) single-tone transpond;
{3) full DiP-switch programmability;
{4) command reset; (5) audible encode
sidetone; (6) fully sealed keypad with
12 DTMF digits as well as horn, speaker,
and **T"" switch; and (7) wrong-digit reset
or wrong-digit lockout (jumper selectable).

Construction features include: (1) rugged
aircraft-alloy case; (2) fully sealed
DTMF/control switch keypad; (3) water-
tight Neoprene™ panel gasket; and
(4) stainless-steel fasteners.

The unit provides a resistive load for the

prohibifing ““‘the erection of any flagpole,
standard, mast or similar structure, which
exceeds the height of the Giant Sycamore
gracing the town square,’’ Said sycamore
was struck by lightning in the Great Storm
of ’08, with only a gnarled stump re-
maining. Hence, all antennas but TV rabbit
ears are prohibited.

Recognizing the many public service
benefits of ham radio, this astute leader
promptly and permanently rescinds all
antenna ordinances. Obviously, Hictown
soon becomes a mecea for our brethren,
who immigrate in significant numbers,
erect impressive towers, swell the popula-
tion to 138,214 and change thé name of
their town to Antlerville,

What, you may ask, was the population
gain in dB int the above example? Ten times
the common log of the ratio (population
now over population then) equals 35.7 dB,
but is this a valid application of the dB?
1t is if you, as I, were a college student
during the turbulent ‘60s, when the
watchword was “Power to the People!”

Case 5: Literature

This last example will constitute your
homework assignment; please complete the
analysis and turn it in at the beginning of
the next class period. You are asked to
assess the extent to which this article has
expanded the available literature in the area

radio’s single-ended audio output or bridge-
output power amplifiers when the speaker is
switched off through the ED-707, as well
as adjustable timers for sounder/horn,
tone-burst transpond, off delay, PTT delay
and interdigit time. For additional informa-
tion contact Cetec Vega, 9900 Baldwin PI,
El Monte, CA 91731, tel 818-442-0782.
~Bruce Q. Williams, WASIVC

of dB analysis. Count the number of words
in both parts of this articte, as well as those
in Gruchalla’s paper (Ref 9). The number
of dB by which this paper increases human
knowledge can be estimated as 10 times the
commmon log of the quantity (words here)
divided by the sum (words here plus words
elsewhere).

Why is dB notation appropriate here? It
was Thomas Hobbes who wrote, “Know-
ledge is Power.”” Furthermore I remind
you, as is mentioned every month in
Reader’s Digest, **It Pays to Enrich Your
Word Power.”’

Notes and References

*The sun’s radiation pattern comes close,
but remember that the sun is not perfectly
spherical. Because of Its rotation on its axis,
the sun is oblate, llke the earth (that is, fatter
around the equator than at the poles). Since
the sun’s radiation pattem is ciosely correlated
to its shape, the sun cannot be a perfect
isotropic radiator. Neither is any physically
realizable antenna.

"For meaningful measurements to result, the
antenna under test must be evaluated at
far-flefd—that is, at a measurament distance
which is very great, relative to both wavelength
and antenna aperture.

*J. R. Fisk, “Raceiver Sensitivity, Noise Figure
and Dynamic Range—What the Numbers
Mean,"” Ham Radio, Qct 1975, p 8. This articla,
penned 10 hyears ago by the late W1HR,
represents the definitive work on the subject
of receiver performance. | consider it to be
one of those landmark papers that shouid be
reviewed (and hopefully reprinted) periodically.

*M. Gruchalla, “Defining the Decibel,” Ham Radio,
Feb 1985, p 51.

Next Month in OST

Several construction and tutorial ar-
ticles await you in April QST, Among
them is an articie on SuperSCAF and
Son-—a team of switched-capacitor
audio filters that can't be beat, and
Part 1 of a four-part series on OSCAR
operation. The first installment in-
troduces you to some basic satellite
terminology and concepts. And no
April issue wouid be complete without
a variety of antenna projects. Having
trouble meeting the c¢ode re-
quirements for that Extra Class ticket?
Check out the articie on one ham's
system for cracking the 20-WPM
barrier. Also, if contests are your thing,
you won’t want to miss the resulis
from the 160-Meter and EME contests
and Straight Key Night, and the rules
for the Great Armadillo Run.
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A CW Transmitter for

902 MHz

This easy-to-build project
is the perfect companion
to the receiving converter
and antenna described

earlier in QS7.

By Donald L. Hilliard, WRPW

ARRL Contributing Editor
PO Box 563, Boulder, CO 80308

the Amateur Service last September,

can provide many stimulating
challenges to the amateur who enjoys con-
structing equipment. Experimenters with
some VHF and UHF building experience
should have no trouble getting equipment
for 902 MHz into operation, Many of the
vonstruction technigques used on 432 MHz
still apply.

The project described here is a multiplier-
type, crystal-controlled CW transmitter.
Output power is 10 W. [t is relatively simple
to build and can be tuned up with readily
available fest equipment. Amateurs
familiar with VHF and UHF techniques
will see that stages of this transmitter design
can be used along with the 902-to-144 MHz
receiving converter I described in October
1985 QST to build a %02~ to 144-MHz
transverter, if tunable operation is desired.’

T he 902-MHz band, made available to

Block Diagram

I designed the transmitter with many
similarities to the 902- to 144-MHz re-
ceiving converter. Fig 1 shows a block
diagram of the transmitter. The low-level
exeiter section uses four 2N5179 transistors.
These devices are relatively inexpensive and
are readily obtainable. The oscvillator is
tuned to approximately 112 MHz. The
crystal frequency used depends on where
in the 902-MHz band you want to operate.
Thres doubler circuits multiply the
oscillator signal to the 902-MHz band.
Output power is a few milliwatis. A simple
band-pass filter cleans up the exciter
output.

'‘Notas appear on page 39,
32 ost=

The power amplifier section consists of
two prepackaged, class-C gain blocks irom
Toshiba. The driver requires about 1-mW
of input power for 100-mW output, and the
final amplifier requires about [00-mW
drive for 10-W output, Another bandpass
filter ensures a spectrally clean signal. A
single power supply provides operating
voltages for the various stages.

The transmitter is built in modules for
maximum flexibility and ease of construe-
tion and troubleshooting. First, I will
describe the design, construction and
testing of the exciter, Then I will move on
to a complete description of the RF power
amplifier, followed by a discussion of
filtering. Last, I will describe a suitable
power supply and control circuitry.

The Exciter Circuit

Fig 2 is a schematic diagram of the
exciter. The oscillator ((Q1) is a standard
overtone circuit. A fifth-overtone crystal,
80.545 MHz, is operated on the seventh
overtone, 112.763 MHz. Typically, fifth-
overtone crystals work well up to the
eleventh or thirteenth overtones. They are
usually less expensive than higher-mode
crystals and are more readily available,

C6 couples the output of the oscillator
to Q2, which operates as a doubler to
225.5 MHz. A double-tuned circuit (C7,
L2, L3, C10) is used in the collector of Q2
to reduce the level of the l2-MHz
oscillator signal. This type of filtering is re-
guired if the spurious components at the
output frequency are to be adequately sup-
pressed. The output of Q2 is capacitively
coupled {C11} to the base of Q3. This
method of coupling may not be optimum,
but it is simple and works adequately in this

circuit. The double-tuned circuit in the col-
lector of Q3 (C12, L4, L5, C15) is tuned
to 451 MHaz.

A small capacitance, 2.7 pF, couples the
451-MHz signal to the base of another
2N5179, Q4, which doubles the signal to
902 MHz. Originaily I tried an MRF911 in
this circoit. However. the MRF911 was
rather unsiable and its output somewhat
fow. After spending a couple of hours
trying to stabilize it, [ tried a 2N5179, It
proved to be stable and had considerably
more output. Undoubtedly the MRF911
could have been made to function well, but
the main purpose in designing the exciter
was to provide a circuit that is stable, easily
adjusted and inexpensive. Considering
these goals, the 2N5179 is a better choice
in this circuit.

The output of the $02-MHz doubler has
a triple-tuned circuit {C17, L6, C19, L7,
€20, LB) in its collector. Using only a
double-tuned circuit, the signals 451 MHz
on esther side of the carrier were down only
about 40 dB below the carrier {—40 dBo),
and the second harmonic was down only
about —40 dBe. The addition of another
tuned circuit reduced the 451-MHz
component 0 — 44 dBc and the 1353-MHz
component to -64 dBe. A 50-ohm pi
attenuator (R7, R8, R9) at the exciter
output reduces the power level to that re-
quired to drive the next amplifier stage.

Building the Exciter

The enclosure that houses the exciter is
made from unetched pieces of (0.062-inch,
G-10 glass-epoxy circuit board. 'The base
piece is 6 x 1% inches, and the sides and
ends are Y4-inch high. This provides a
strong, well-shielded box.
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Fig 2--Schematlc dlagram of the exciter. Rasistors are %4 -W carbon composition. Capagitors are 50-V epoxy-coated ceramic types unless

otherwise notad.

Gd, G7, C10—1.5-15 pF miniature air-variable
capacitor (Trim-tronics 10-1120-25015-000 or
equivy.

G5, C8, C13, G18—470- to 1000-pF ceramic
feedthrough capacitor, solder-in type
preferrad. .

C9, G14—0.5-pF “gimmick” capacitor
(see text).

12, C15— 146 pF miniature atr-variable
capacitor {Trim-tronics 10-1120-25006-000 or
equliv).

Figs 3 and 4 show the general layout.
Unless you have had experience laying out
LJHF circuits, | strongly recommend that
you follow the described layout. Build the
oscillator section f{irst, then the first
doubler, and so on. This allows you to test
the circuits individually as you build.

All components except J1, the output
BNC connector, are mouated on the foil
side of the board, Ground connections are
made directly to the copper ground plane.
Using Fig 3 as a guide, first install the
components that mount through holes in
the circuit-board box. The four transistors
mount in 0.190-inch-diameter holes. The
feedthrough capacitors should be of the
solder-in type and must have good UHF
characteristics. The piston trimmers used
in the 902-MHz output circuit mount in
i4-inch holes. The output connector, J1,

C17, C18, C20—0.6-9 pF ceramic piston
trimmer capacitor (Voltronics EQTS or
equiv).

J1—=Chassis-mount female BNC connector
(UG-1084 or equiv).

L1— &t no: 22 tinned wire, 0.228-in 1D
(no. 1 drill), spaced 1 wire dia,

L2, L3—4t no. 18 tinned wire, 14-in 1D,
spaced 1 wire dia.

L4, 15—2t no. 18 tinned wire, %4-in 1D,

mounts in a 3/8-inch hole.

Components such as resistors and
capacitors that, make up the circuit are
soldered together and supported by their
leads. Keep in mind throughout the con-
struction phase that all leads should be kept
to a minimum length. Stray capacitance
and inductance can be troublesome in a cir-
cuit such as this. All resistors are ¥4-W car-
bon types. Do not use metal-film resistors.

The 0.5-pF coupling capacitors in the
225- and 451-MHz tuned circuits are of the
“gimmick’ type. They are made from
short lengths of small, plastic-covered
hookup wire twisted tightly together. The
twisted length is 1/4 to 5/16 inch.

Refer to Fig 4 for layout specifics. L2
and L3 are mounted approximately 1/2
inch apart, center to center. L4 and L5 are
mounted approximately 3/8 inch apart,

spaced 1 wire dia.

L6, L7, L8—inductor made trom copper strap,
1-in long x 1/8-in wide. Sea text and Fig 3
for detalls.

Q1-Q4—2N5179 transistor.

¥1—Fifth-bvertone crysial, 80.545 MHz, or
seventh-overtone crystal, 112.763 MHz,
HC-25 hoider, series rasonant, 0.005%
(availl from JAN Crystals, 2400 Crystal Dr,
Ft Meyars, FL 33906 tel 800-237-3063).

center to center. Details of L6, L7 and L8
are given in Fig 3.

After the oscillator circuit is finished,
solder in place the shield that separates the
oscillator and first doubler. In the unit
shawn in Fig 4, this shield is made from
thin brass stock. This brass may be
obtained from most hobby and hardware
stores. If you wish, however, you could use
circuit-board scraps instead of brass, There
are similar shields between the other stages.

Exciter Adjustment

1f you’re experienced in tuning up UHF
cquipment and have a spectrum analyzer,
you can probably tune up this exciter in two
to three minutes. it is best to adjust one
stage at a time, starting with the oscillator.
First adjust C4 for maximum output at
112.7 MHz. A dip meter may be used to
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Fig 3—5uggested layout and construction detalls for the 902-MHz exciter.

Fig 4—The exclter is built on a piece of copper-clad circuit-beard material. Component leads are
soldered together; lead lengths are as short as possible. Shields are used between each stage.

Study this photo and Fig 3 for additional details.

determine this. Check to see that the
oscillator starts readily by removing and
reapplying the 9-V supply.

Ofice you're satisfied with the oscillator
performance, apply supply voltage to C8
also. Again, using a dip meter or some
other indicator, peak C7 and CI10 for
maximurm output at 225 MHz. Similarly
tune the next doubler by adjusting C12 and
C15 for maximum output at 451 MHz,

Now adjust the 902-MHz doubler stage.
Your dip meter probably does not cover
this high a frequency, so you need another
way of monitoring power. A simple diode
detector such as an RF probe on your
VTVM will work well. Touch the RF probe
to the center pin on the output connector,
Jt, and tune C17, C19 and C20 for
maximum output. This point will occur
with all three capacitors near minimum
capacitance if the circuits have been con-
structed properly. A power meter such as
the Hewlett Packard 430, 431 or 432 series
may also be used as an indicator,

Repeak all the tuning capacitors for
maximum output at 902 MHz. Once this
is done, the output should be approxi-
mately 4 to 6 mW. Fig 5 shows what the
34 osr=

output should look like on a spectrum
analyzer.

This power level is still more than the
! to 1.5 mW needed to drive the S-AU135
amplifier. The maximum rive power
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Fig 5—Spectral output of the 902-MHz exciter
with no external filtering.

specified is 3 mW, so a pi attenuator is used
to reduce the exciter output to the right
level. The exact output power will vary
from unit to unit, so the values of resistors
R7, R8 and R9 that form the pi attenuator
may have to be changed to obtain the
desired output level. Resistor values may
be obtained from Chapter 25 of The 1986
ARRL Handbook.* Keep in mind that a
bandpass fifter will be used between the
exciter and driver stage, and the attenua-
tion in this filter will also reduce the exciter
output level.

Driver and Power Amplifier Stages

During the developmernt of this transmit-
ter, [ initially decided to use tuned
amplifiers and a 20-W power block to
amplify from the milliwatt level to a
reasonable amount of power. The units
were constructed and tested, and they
worked well. The power block used as a

Fig 6—8chematic diagram of the driver and

power-amplifier stages.

L21-C25—a70-pF, 50-V ceramic chip capacitor.

26, C27--470- to 1000-pF ceramic
feedthrough capacitor, mounted with nut.

(28—470- to 1000-pF ceramic feedthrough
capacltor, solder-in type preferred.

42, J3—Chassis-mount female BNC connector
{UG-1094 or equiv).

BFC1-8—3t no 28 tinnad wire, 0.10-in 1D,
spaced 1 wire dia.

U1—Toshiba $-ALI15 driver module (see text).

U2—Toshlba 8-AU1T1 poweramplifier moduia
{ses text),
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Fig 7—Construction details of the Tashiba
S-AU1S driver subassembly.

final amplifier was rather expensive,
however, 50 | looked for a better, less ex-
pensive way.

In mid-1984, Toshiba started producing
power amplifiers for 900 MHz. The
Toshiba S-AU1S5 driver stage and S-AUL1
final stage appeared to be just what was
needed. The S-AU15 is a small, multi-lead
package that delivers up to 200-mW output
with only 1.5-mW drive. It requires 8-V dc.
The 8-AU11 power module is rated at more
than 9-W output with [00-mW drive. A
check with the West Coast distributor for
Toshiba vyielded single-guantity price
information of $9.95 for the 3-AUIS
and $31.50 for the S-AUIL’ Wow, I
thought—10-W output and 40-dB of gain
for just over $40! The day after receiving
them, I spent two hours building the
amplifter unit described here.

Fig 6 is a schematic diagram of the driver
and power amplifier stages. The Toshiba
modules are encapsulated ““black boxes”
with leads. The only additional components
are input, output and power connections,
and some RF chokes and bypass capacitors
on the power leads, No adjustments what-
soever are required. Just apply dc and RF
drive. This is so much simpler and easier
than building up discrete component
amplifiers and struggling to get them
working properly!

Initially, I had some reservations about
building one box with 40 dB of gain in it.
1 decided to give it a try, however, and tried
to use adequate decoupling. Maybe 1 could
get away with it. | connected power
supplies to the completed unit and
apprehensively applied | mW (0 dBm) of
S2-MHz power to the input. The watt-
meter on the output registered 10 W. The
unit appears to be unconditionally stable.

Building the Driver and Power Amplifier
Figs 7, 8 and 9 show construction details

/

& =
LMB NO, T80
5-AUIS - CABINET
DRIVER MODULE TOSHIBA 544" 3" % 2-478"
{SEE FIG T 5-AU
REC4 24
" 12 3/4 5
3 B o l_coPPER sTRAP
i b Sal it 178" WIDE
. cas cos M5 J3 | AS SHORT as
coAx =) (S L) POSSIBLE TO
= GUTPUT PIN

c28 RFC 3\ |/RFC 5‘\\
e =i { ;)> A NO. 4-40
¥ d Uiz e MOUNTING SCREWS
c28  C27

{3 PLACES)

i_" - ! 81
CIRCUIT BOARD
1-1/8" x 374"

il

Fig 8—Construction details of the Toshiba §AU11 final amplifier and the driver subassembly.

Fig 9—The driver and power amplifier mount in an LMB-780 Minibox. A heat sink is necessary

for the final-amplifier module.

of the driver/power-amplifier module. The
driver amplifier is buift as a subassembly,
as shown in Fig 7. A 2-3/8- x 1-3/4-inch
piece of 0.062-inch-thick G-10, glass-epoxy
circuit-board stock is used as a base plate.
An enclosure 3/4 % 2-1/8 »x 1-1/4 inches
(HWD), constructed of ‘“hobby-shop®”
brass sheet, is soldered to this base plate.
This is the same brass material that I used
for the shields in the exciter. It can be cut
with regular scissors and bent into shape
easily. 1t may be easier to cut or punch the
holes for C28 and the output coaxial cable
before this enclosure is soldered to the base.
The completed driver subassembly is
mounted in place by four no. 4-40 screws,
one in each corner of the plate.

Fig 8 details the general component
layout. A small piece of 0.062-inch-thick
(3-10 circuit-board material is mounted
with three screws immediately under the
leads of the 8-AU11. This allows for easy
soldering of chip capacitors C23, C24 and

€25 to the ground plane.

The S-AUL1 device must be capable of
dissipating a few watts, so the heat sink
shown in Fig 9 is necessary. This heat sink
is held in place by the two no. 6-32 screws
used to mount the S-AU11 module. Holes
are drilled and tapped in the heat sink to
accommodate this type of mounting.

Again, there are no adjustments ¢o make
to the Toshiba power modules. Just apply
power and RF drive, and you’re on the air.
Output power should be between B and
10 W, depending on the drive level from
the exciter.

RF Filtering

Amateur-designed equipment often will
not be spectrally clean. Although the FCC
does not specify a minimum level tor har-
monics and spurious signal components at
902 MHz, good amateur practice dictates
that they should not exceed - 60 dBc.
When class-C amplifier stages are added,

March 1986 35



the spurious levels may increase significant-
ly. Additional output filtering is required
for this transmitter. [ recommend that a
filter be used at the cutput of the exciter
and another at the power amplifier output.

1 built and tested three different filters
for possible use with this transmitter. They
vary in performance and complexity. Two
of the designs have relatively high loss and
would make good choices for filtering the
exciter output. The third filter, although a
bit more difficuit to build, has much lower
loss than the other two (only 0.2 dB) and
would make a good choice for an output
filter. Using either of the first two filters
between the exciter and power amplifiers
and the third filter at the output, all
spurious levels are greater than — 60 dBc.

Fig 10 shows the construction details of
a simple bandpass filter. It uses a box con-
structed from circuit-board material, much
like the box the exciter is built in. The one
drawback of this filter is that it uses two
rather expensive (about $3 each) piston
trimmer capacitors for ('1 and C2, Perhaps
a redeeming feature is that il has a wide
tuning range. Fig 11 shows what inserting
this filter at the exciter output does. The
451- and 1353-MHz components are
reduced significantly. The 3-dB bandwidth
of the filter is approximately 7.6 MHz, and
the insertion loss is approximately 1.7 dB
with the coupling loops positioned as
shown in Fig 12.

The second filter is similar to one
described by Rick Campbell, KK7B, in a
paper presented at the Estes Park,
Colorado 129672304 Conference held
September 19-22, 1985, It is based on a
compuier-aided design that recently ap-
peared in Ham Radio magazine.' This
interdigital filter has only i-dB loss at
902 MHz. It does not require any tuning
if built according to the description. Stall
errors in the dimensions, however, will
degrade performance, and this usually
means that losses will increase.

Fig 13 shows the construction details.
The top and bottom plates of the enclosure
are made from 0.062-inch-thick circuit-
board material. The side and end plaies are
made from 0.032-inch-thick brass sheet.
Inside dimensions of the enclosure are
critical and must not be medified. Solder
all contacting eilges at final assembly.

This filter uses short lengths of
0.141-inch miniature Hardline for the
resonators. The KK7B design used SMA
connectors, but | opted for the BNC
connector. Afthough inferior to the
SMA series, the BNC series is adequate at
this frequency if the connector has
not been physically abused. The center
conductor will he removed from the
Hardline during final assembly, leaving the
Teflon?® dielectric in place in the copper
tube. When assembling the filter, you may
find it convenient to partially remove the
inner conductor wire and use it to hold the
resonator in place while making the
soldered connections. Save the center con-
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Fig 10—Schematic diagram and construction details of the simple 902-MHz band-pass filter. The
hase and sides are made from 0.062-in copper-clad circuit-board material.

G1, C2--0.6-9 pF coramic piston trimmer
capacitor (Voltronics EQTS or equiv).

J2, J3—Chassis-mount temale BNG connecior
{UG-1094 or equiv),

11, L2={Copper strap 2-in long x 11/32-in
wide x 1/32-in thick.

L3, L4—Coupling loop, no. 18 wire, spaced
116 inch from L1 and L2,

"6 dBe ~ T2 dBe
L |

451 S0z
MHz MHz

1353%
MHz

Fig 11—S8pectral output of the 902-MHz
exciter with the simple band-pass filter shown
in Fig 10 on the autput.

ductor. If vou want to tweak the filter for
optimum performance, make small tuning
changes by inserting the inner conductor
into the open end of the rescnator,

This interdigital filter has an advantage
over the simpie tunable band-pass filter,
Depending ©n the load impedance, the
capacitors in the tunable version may arc
if power levels of several watts are nsed.
The interdigital filter does not use
capacitors, so this limitation does not
apply.

Fig 14 shows the effect that this filter has
on the exciter output. The 451- and
1353-MHz components are reduced
significantly, and the second-harmonic
level at 1804 MHz remained about the
same, --56 dBc. This filter bas a 3-dB
bandwidth of 26.5 MHz and an insertion
loss of 1 dB. The finished, sealed filter is
shown in Fig 15.

The third filter is shown in Figs 15 and
16, it is a variation of one described in QST
some vears ago.' Although somewhat
larger than the previous two filters, it has

Fig 12—The simple bandpass filter is built in
an enclosure made trom circuit-board material,

relatively low loss and a considerably higher
power-handling capability.

Again, it is important to follow the
dimensions carefully if you expect the best
performance, The resonator and coupling
elements are made from brass rod, and the
end plates are rectangular alumipum bar
stock. The top and boitom plates are
aluminum sheet. Good contact between the
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Fig 14—Spectral output of the 902-MHz
exciter with the threa-resonator interdigital
filter shown in Fig 13 on the output.

resonator rods and the end plates is essen-
tial to reduce losses. Note the number and
placement of machine screws. The top and
bottom plate mounting screws are
positioned so that there is a good connec-
tion at each of the filter element rods.

Long-term performance may suffer if the
electrical connections between the filter
parts deteriorate. I’m fortunate to live in
a dry climate where corrosion is not a
problem. If you live in an area where ex-
posed metals tend to oxidize, you should
probably make all of the metal parts from
brass. Have them silver-plated before
assembly. Another alternative is to make
the parts from brass and solder the connec-
tions after assembly and testing. If vou
can’t find them locally, brass and
aluminum sheet, and rod and bar stock are
available in small quantities from Small
Parts, [nc.®

The resonant frequency of this filter may
be lowered by turning the no. 10-32 screws
at the ends of the resonator elements or
raised by shortening each of the elements.
The 3~dB bandwidth is 68.9 MHz, and the
insertion loss was measured at (.2 dB.

Power Supply and Keyer
The power-supply schematic diagram is

Fig 15—The thres-resonator interdigital tilter (Fig 13 with the cover soldered in place and the

five-element filter {Fig 16} with the cover removed.

shown in Fig 17. The transtormer/bridge,
rectifier /capacitor combination delivers the
unregulated dc voltage to three separate
adjustable 3-terminal regulators and a fixed
12-V regulator. U1, a 7812 12-V regulator,
is included to supply a matching re-
ceiving converter and preamplifier. U2, a
31 7-type of adjustable regulator, is set
to supply a keved voltage of approximately
8 V through Q1 to the Toshiba 5-AU15
driver stage. U3, another 317-type
regulator, is adjusted to supply 9 to 10V
to the exciter stages. You can vary the
voltage of this supply to adjust the
transmitter power output. U4, a higher-
current 317K-type of regulator, supplies
3.8 V at approximately 1.5 A to the
Toshiba 8-AUl1 final-amplifier package.

The keyer transistor, Q3, is a PNP power
device., | used a Radio Shack 276-2027.

Almost any PNP transistor capable
of handling a collector current of 100 to
125 mA can be used here.

The regulators require adeqguate heat
sinking. The power transformer shown in
the photographs has a 24-V secondary,
resulting in an unregulated output of ap-
proximately 37 V. This means that the
regulators must dissipate guite & bit of
power. A much better choice would be a
iransformer with a [3- to 15-V secondary.
This would reduce the voltage drop in the
regulators and allow them to run cooler.
The LM317K shown in the photographs
runs rather warm, and more of a heat sink
should have been used than just the corner
of the cabinet.

The keyer circuit provides a clean-
sounding CW note. If desired, an RC
network could be used in the base of the
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Fig 16—{onstruction details tor the five-
element interdigital filter.

keying transisior to alter the attack and
decay times of the keying wave form.
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Fig 17—8%chematic diagram of the power
supply and kever for the 802-MHz transmit-
ter. Resistors are ¥4 W unless noted.
Capacitors are 50-V ceramic types unless
noted. Capacitors marked with polarity are
alectrolytic.

D81—Neon pilot lamp, 117 V.
DS2—LED,.
41 —ild-in {emale phone jack, chasgsis
mount.
J2, J3—Chassis-mount female phono jack.
31, 82—-8P8T toggle switch, 125 V.
O1—PNP transistor capable of switching
10 V at 150 mA (see texth
T1—Power transtormer; primary, 117-V;
secondary, 15-24 V, 2 A (see text).
U1—12¥, 1.5-A 3terminal regulator {LM7812 or equiv).

U2, Us—Adjustable 1.5-A 3-terminal regulator (LM317T or equiv).
U4—Adjustable 3-A 3-terminal reguiator (EM317K ot aquiv).
U5—50-PIV, 4-A bridge rectifier module.
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QEX: THE EXPERIMENTERS’
EXCHANGE

{1 Wonder what you’ve been missing by
not subscribing to QFX, the ARRL
newsletter for experimenters? Among the
features in the February issue were:

e Eric J. Crabowski, WASHEB,
describes a “*T1-99/4A Keyboard Conver-
sion for the T8-1000 Computer.”

* Bill Conwell, K2POQ, brings us up to
date on “*Microwave Patent Summaries.”

* The 1985 QEX Index.

(FEX is edited by Paul Rinaldo, W4RI,
and Maureen Thompson, KAIDYZ, and
is published monthly. The special subscrip-
tion rate for ARRL members is $6 for 12
issuest for nonmembers, §12. There are ad-
ditional postage surcharges for mailing
outside the US; write to Headquarters for
details.

%0k,

Strays  af

CALL FOR OST ARTICLES

Hamming is easy for most of us. We're
blessed with our senses of sight and hearing
and the abilities to move about and easily
manipulate equipment controls. We tend
to forget there are many amateurs who
require assistance to do the things we take
for granted. With computers having
established their presence in the amateur’s
shack, perhaps some readers have
developed human/computer/radio inter-
faces for the handicapped. We'd like to
hear about them, and so would other OST
readers. Jot down your ideas and send
them to Paul K. Pagel, N1FB, Senior
Assistant Technical Editor, ARRL,
225 Main St., Newington, CT 06111,

1 would like to get in touch with...
i1 former personnel of the Ft Monmouth,

Fig 18—Interior view of the completed
902-MHz transmitter.

of power on 902 MHz, many interesting
things can be done. When used with a good
antenna system, contacts out to 200 to
300 miles should be easy with stations of
similar or better capability. This assumes a
good location with the antenna above sur-
rounding objects and trees. During periods
when tropospheric ducting is present, con-
tacts at distances greater than 1000 miles
might be made, Of course, this unit can be
used to drive a higher power amplifier.

Give 902 MHz a try and be among the
first to explore our new band!

Notes

'D. Hilliard, "& 902- to 144-MHz Receive Con-
verter,” QST, Oct 1985, pp 21-26.

M. Wilson, ed, The 71986 ARRL Handbook
{Newington: ARRL, 1985), p 25-44.

“Toshiba modules are available in single-iot
quantities frorn Matcom, Inc, 4505 San Antonio
Rd, Palo Alto, CA 94306, tel 415-483-6127.

*J. Hinshaw and &, Monemzadeh, “Computer-
Alded Interdigital Bandpass Filter Design,”
Ham Radio, Jan 1985, pp 12-26.

*A. Fisher, “Interdigital Bandpass Filters for
Amateur VHF/UHF Applications," QS8T,
Mar 1968, pp 32-33,

*Small Parts, Ing, 6901 NE Third Ave, PO Box
381736, Miami, FL 33238, tel 305-751-0856.06%

NI Signal Corps Engineering Lab Develop-
ment Det, 9400 Tech Service Unit, WW 1.
Dr John Bradley, K2BAY, Rte 60, Upper
Montclair, NJ 07043-1605.

{7l any hams who attended Paul Smith’s
College. Ted Steinhorst, KA2BIG, 134
Burkeshire Dr, Horseheads, NY 14845.

[l any hams who served in the 7th AAF
Radio Sq, Mobile, during WW Ii. Dave
Seiler, N6ELM, 175 Alta Dr, Watsonville,
CA 95076.

L1 any hams who attended SSB radio
repair school at Ft Monmouth, NJ in 1950
or served in the 7ist Signal Bn in Japan
1951-1952. Richard Pann, W1SUJ, 2447
Yates Dr, Augusta, GA 30906.

i) any hams who served in the AF, 436th
Troop Carrier Gp, 80th TC Sq, WW 1L
Leon Lustyk, W2PZU, 50 Cinnabar Rd,
Rochester, NY 14617,

[1J any hams interested in starting & net for
the Tandy 1000 or IBM PCs. Brad
Bradford, WBOLFD, 906 Parkway Dr,
E Peoria, Il 6li6ll.
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» Under Construction

Field Tester for Antennas

Part 5: Avoid bringing ac power and heavy test gear to the
antenna site. Cut your burden with a portable QRP transmitter

and resistive bridge.

By Doug DeMaw, W1FB

ARRL Contributing Editor
PO Box 250
Luther, Ml 40656

s antenna adjustment in the field or

backyard a drag because of the test

equipment needed out of doors?
Perhaps you’re weary of using the indoor
station for SWR measurements, then
trotting back and forth between the house
and vard to check the progress of antenna
adjustments. Having agonized through
hoth impractical routines, I can understand
how one might find the exercise less than
appealing!

Being a person who does a substantial
amount of antenna design and test work,
I chose to build a small portable RF source
for checking the SWR at the antenna site.
‘Battery-operated equipment seemed to be
the best choice, thereby eliminating the
need to run an ac extension cord to the test
site. The RF-power source should be QRP
in order to minimize battery drain and to
reduce the possibility of causing QRM to
amateurs who might be operating on or
near the test frequency. A transmitter
power-output level of 100 to 200 mW
should be ample, provided a sensitive SWR
hridge is included in the setup. Since most
of my antenna-development work is done
from 1.8 to 7.3 MHz, 1 built a three-band
tester. There is no reason why the circuit
described here can’t be expanded to include
the 30-, 20-, 15-, 12- and 10-meter bands.

Circuit Philosophy

Fig 1 contains the circuit for my three-
hand test unit, A VFQ seemed more ap-
propriate than a crystal oscillator for Q1.
Although we could develop a versatile
tester by having three or four switchable
crystals per band (Fig 2), the cost would be
high and there would be gaps in the fre-
quency coverage. Practically, it is better to
be able to cover all of a given band, since
this permits us to find the frequency of the
lowest SWR, which coincides with the fre-
quency at which the antenna is resistive
(resonant). This helps indicate whether the

antenna needs to be lengthened or
shortened to provide resonance at a chosen
frequency.

1 made no attempt to design a highly
stable VFO. Although the osciflator drift
is not great. with a fairly constant ambient
femperature, it would be prohibitive for use
in a conventional transmitter. A few
kilohertz of drift, in a worst-case example,
has little significance for most antenna
testing, Therefore, no special measures
were taken when designing the YFO sec-
tion of this tester. NP0 ceramic capacitors
are recommended for C5, C6and C7 as a
step toward stability.

Inductors that have trimmers in parallel
with them are switched into the circuit at
S1. 4 serves as the main-tuning control
for all three bands. After toroidal induc-
tors L.1, L2 and L3 are wound, you should
give them at least two coatings of coil
cement, such as GC Corp polystyrene @
Dope®. You may make yvour own high-
dielectric cement by dissolving small pieces
of polystyrene tubing or sheeting in carbon-
tetrachloride. Use enough polystyrene stock
to provide a thick consistency. Cuution: Do
not allow the carbon tetrachioride to come
in contact with your skin, and do not
breathe the fumes. This chemical can cause
liver damage!

{ chose a broadband, linear amptifier for
the bufter stage, Q2. This avoids the need
for switching resonant circuits at the Q2
output side. A 2N5179 CATV transistor,
or equivalent UHF device, will ensure equal
gain for each band, owing to the use of
heavy feedback and an uatuned collector
circuit,

A broadband amplifier without feedback
is my cholce for Q3. Like Q2, it operates
class A. A 2N2222A is suitable for this
stage, since it has a high fp. T1 is a broad-
band step-down transformer. A keyv jack
(J2) is included in the emitter lead of Q3
to permit proper station identification

during test periods.

Our PA section contains another low-
cost IN2222A,, it is possible to obtain up
{0 250 mW (¥4 W) from this transistor in
the HF spectrum. R135 helps prevent un-
wanted self-oscillations by swamping T1 (to
reduce the transformer loaded Q). R16, on
the other hand, provides emitter bias for
the class-C PA, (4. This improves the
efficlency while Towering the collector
current. I measured the Q4 efficiency at
70 percent with the circuit values provided
in Fig [,

Half-wave filters are wsed between 52A
and S2B. They are designed to transform
the Q4 collector impedance o 50 ohms (the
SWR-bridge impedance). These harmonic
filters are essential in order to minimize
harmonic currents at the output of the test
set. If harmonics of significant magnitude
reach the antenna, erroneous SWR
readings can be observed. This Is frequently
the situation when we are unable to obtain
an SWR of 1:1: The harmonics are
reflected from the antenna and cause false
readings.

The half-wave filters are designed to use
standard-value capacitors. They are not
optimized in accordance with Ed
Wetherhold’s {W3INQN) computer deriva-
tions for standard-value capacitors, but
they will provide adequate harmonic sup-
pression for our purposes. Exercise care in
the layout of the filters and 82. Try to
provide as much physical isolation as
possible between the input and output sides
of the filters, it this is not done, leakage
will occur across the filters, which will
degrade their effectiveness. 1 recommend
a two-pole, three-position water switch that
has two wafers (SP3T per wafer).

SWR Bridge

Not all SWR indicators are true bridges,
but the one in Fig [ qualifies as a bridge.
The antenna represents the missing leg of
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C1, G2, C3—Ceramic or air-dielectric trimmer

C4—Air variable, 100-pF maximum
capacttance. Double-bearing type
recommended for best stability.

6, C7, C9—NPO ceramic or polystyrene.

C18—C27, incl—Ssilver mica or polystyrene.

D1—1N814 or equiv.

D2—Germanium diode, 1N32A or equiv.

J1—50-238 coaxial connecior,

J2—Phono jack or 1/8"-dia Jack

L1—28-u4 toroidal inductor. 20 turns of no. 24
anam wire on an Amidon FT-50-61 farrite
core, 125 p.

L2—7.0-H toroidal inductor. 35 turns of
no, 26 enam wire an an Amidon T68-2

the circuit. The bridge is balanced when the
antenna presents a 50-ohm impedance at
J1. A 100-pA indicating meter provides a
good respanse to the low-power signal from
the QRP transmitter. A 50-gA instrument
would be even better, if vou have one
available.

Construction Suggestions

{nstability is often caused by excessive
lead lengths in an RF circuit, so we should
keep all signal leads as short as practicable.
This includes the pigtails on resistors and

powdered-iron core {red).

L.3—2.2-4H toroidal inductor, 24 turns of
ne. 24 enam wire on a T68-8 core (yellow).

L4—1.88 pH. 20 turns of no. 24 enam wire on
a T50-2 core.

L5—0.47 uH. 10 turns of no. 24 enam wire on
a T50-2 core.

1.6—3.34 ¢H. 25 turns of no. 26 enam wirg on
a T50-2 core.

{.7—0.83 4H. 13 turns of no. 24 enam wire on
a Ts50-2 core.

L8—8& pH. 35 turns of no. 26 enam wire on
a T50-2 core,

L9—1.5 pH, 17 turns of no. 24 enam wire on a
T50-Z core.

capacitors in the RF part of our circuit.
This practice must be kept in mind if you
lay out your own PC pattern.

Similar care must be exercised in laying
out the SWR-bridge portion of this test in-
strument. 1t is especially important to
minimize the pigtail lengths of R17, R18,
R19 and C28. Short, direct leads hetween
828 and R18, along with a short connector
from €28 to 83, are necessary. If these
leads must be more than | inch in length,
use RG-174 minlature 50-ohm coaxial cable
between the points of concern. Ground the

M1—0Dc panel meter, 100 gA full scale
(see text).
R21—Carbon-composition control, 10-kg, linear
taper, panel-mount.
RFC1, RFC2, RFC3—Minlature AF choke.
S1—S8ingle-pole, three-position wafer switch,
ceramic or phenolic.
S2—Two-pole, three-position ceramic or
phenclic wafer switch, two sections,
$3--8PDT toggle or wafer type.
$4—8PST toggle or wafer typs.
T1—Broadband transformer. Primary
= 15 turns of no. 26 enam wire on
an FT37-43 (850-x) ferrite toreid.
Sec = 4 turns.

shield braid at each end of the coaxial lines.
RG-174 should be used also between §3 and
J1.

Packaging is a matter of personal choice.
Since this unit is meant for out-of-door use,
it is wise to house the circuit in a dust-proof’
enclosure that will aiso keep moisture from
reaching the circuit. A homemade cabinet
can be fashioned from sections of PC-
board material, or you may consider
building a box from scraps of galvanized-
iron furnace-ducting material. A 100-W
soldering iron will work nicely for joining
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Fig 2--Circuit example of a crystal oscillator
that can be used in place of the VFO In Fig 1.
Three such oscillators, with appropriate
crystals for the bands of your choice, may be
integrated into the antenna tester. Each
oscillator could be activated by means of a
band switch, such as using three sections for
82 of Fig 1. Crystals for use below 20 MHz are
fundamental types, 30-pF load capacitance
({International Crystal Mfg Co type GP or
aquiv). Overtone crystals are neaded for the
15, 12 and 10-meater bands, plus a different
oscillator ciroult.

the seams of either style of cabinet. Con-
tact paper may be used to cover the
completed cabinet, or you might consider

New Products

HEATH COMPANY GD-1495
SMART OUTLET BOX

{1 The Smart Qutlet Box, a device that
allows single-switch control of seven ac
outlets and provides protection from line
surges and transient spikes, has been in-
troduced by the Heath Company, Turning
on any device plugged into the GD-1495’s
control socket will cause power to be sent
to six more ac outlets. An eighth socket is
unswitched for a clock or other device that
requires a constant ac source. The unit pro-
vides superior surge and noise suppression
and, in addition, has a UL-approved power
tap. It includes a new surge absorber that
opens under direct surge conditions to
eliminate the “hot-to-chassis’ ground prob-

gluing Formica on the exterior surfaces to
impart a professional look. There is no
reason why a wooden cabinet can't be used
for the tester. As an inveterate scrounger
(and miser), I try to avoid purchasing ex-
pensive project boxes and cabinets! Circuit
boards and parts kits for this antenna tester
are available.’

Adjustment and Use

Connect a 51-ohm, I[-W carbon-
composition resistor across 11 as a dummy
load. Set S1 and 52 for 160-meter opera-
tion. Place 53 in the CAL position. Apply
operating voltage via S4. Adjust sensitivity
control R21 for a full-scale indication on
M1, if the tester is working correctly, you
should have no difficulty obtaining a full-
scale meter reading. Now, switch 83 to the
SWR position. M1 should read zero to in-
dicate an SWR of 1:1. Repeat the foregoing
procedure for the two remaining bands.

Calibration of the VFO can be done by
monitoring the tester signal with a
calibrated ham-band receiver. Set C4 for
maximum capacitance, then adjust the
related trimmers (C1, C2 and C3) so that
the low end of each tuning range falls at
zero on the dial plate of the vernier
mechanism.

When adjusting antennas for resonance,
connect the 50-ohm feed line to J1, then
sweep the tuning range for the lowest meter
reading at M1 with S3 in the Swr position
(the calibration procedure should be carried

'PC boards and parts kits for this project are
available from A & A Engineering, TQTd Orchid
Dr, Buena Park, CA 90620, tel 714-521-4160.

lems that can result from use of the usual
MOV surge suppressor. The Smart Outlet
Box is available in kit or assembled form.

For additional information contact your

out just prior to this step}. The lowest meter
reading will indicate antenona resonance.
Now you may adjust your feed-point
matching system for a low SWR (1:1) by
observing the reading on M1 (tune for the
lowest meter indication). A portable
receiver shouid be used to ensure that the
frequency is unoccupied before proceeding
with the measurements. (This is, after all,
a low-power transmitter.}

Power Supply

This test unit draws between 50 and
60 mA. [ suggest the use of eight series-
connected size-D) flashlight cells to provide
a 12-V power supply. A 12-V motorcycle
or NiCd battery might be a wise investment
if you anticipate a lot of antenna testing.
This would permit recharging the batteries
between testing periods.

Of course, it is practical to use an ac-
operated 12-V power supply if you don’t
object to bringing ac service to the test site.
A 100-mA regulated supply would be
entirely suitable for the purpose.

In Summary

This is but one more piece of handy test
gear vou can add to the workshop. Chances
are that when vour friends learn about yvour
new gadget, it will be on loan more than
it is at home! If your preference is for ex-
perimenting with antennas for higher fre-
guencies (20, 15, 12 and 10 meters), you
may restructure the VFO section of the cir-
cuit by changing the L and C constants, or
by converting the VFO to a VXO or
straight crystal oscillator. The emphasis
here has been to illustrate a foundation unit
and to mention how the circuit can be used
in a practical application. (1

local Heath distributor or Heath Company,
Dept 150-589, Benton Harbor, MI 49022,
tel 616-982-3210.—Bruce . Williams,
WASIVC

L1 )
- »




Product Review

Conducted By Bruce 0, Williams, WABIVC
Asgsistant Technical Editor

Heath HW-99 Novice CW Transceiver

About a year ago, the Heath Company in-
troduced a new rig that is truly elegant in its
simplicity. The HW-99 CW transceiver is a
thoroughly modern, HF, CW-only radio that
owes much to the lessons learned in develop-
ing the HW-9 QRP transceiver. This is not
a warmed-over HW-16 from the 1960s. The
Heath HW-99 is VFO controlled, tuning the
bottom 250 kHz of the 80, 40, 15 and
i0-meter bands (sorry, ac¢ 20-meter
coverage!). It seems to be targeted primarily
for Novice and Technician class operators
using CW on the four HF Novice bands, but
it should appeal to veteran brass pounders
who think 50-W output is enough to work the
world,

Like any good CW rig, no matter how
simple or complex, the HW-99 has a sensitive
and stable receiver, a solid and comfortable
tuning ial with no apparent backlash, 4
tuning rate that is neither too slow nor too
fast, a mellow-sounding sidetone and a well-
keyed waveform. We have one major com-
piaint about the documentation on the
HW-99: We looked through the Y4-inch-thick
manual several times and never did find a
block diagram of the circuit. Reading the
more-detailed schematic diagram is no
problem for the experienced person, but the
block diagram is crucial for the beginner to
get a handle on how the circuits interact.

Cireait Description

Both the transmitter and receiver featurs
broadband circuitry so that no user-actuated
preselector or final tuning are required during
normal operation. This makes the rig simple
to use——a nice feature for MNovices. A
transmitter using a solid-state output stage,
however, requires a low SWR for proper
operation. Therefore, the industry trend to
broadband rigs brings with it the requirement
for antenna matching networks and SWR
meters, and thereby adds costs and com-
plexity to setting up a beginner’s Amateur
Radio station. An ALC circuit in the HW-99,
however, does provide protection to the
transmitter power amplifier if the antenna
SWR is too high,

The HW-99 may look simple on the
outside, but some very sophisticated circuitry
lies within the dark-brown case. A separate
[ow-pass filter is included for each band in
both receive and transmit modes, providing
optimum rejection of received spurious
signals and transmitted harmonics. The
receiver features a doubly balanced ring
mixer, for a cleaner mixer-stage output. This
results in fewer spurious responses (known as
““hirdies,”’ those mysterious carrierlike signals
that sometimes appear here and there on the
band). The receiver’s IF strip does an excelient
job of rejecting signals on one side of zero
beat, but isn’t particularly sharp otherwise.
We have no problem receciving and under-
standing Canadian USB phone stations
operating on the low end of 40 meters. Even
in weak-signal situations, we rarely have to
run the volume control more than two-thirds
of the way up before the speaker is over-
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Fig 1—Top view of the Heath HW-99 transceiver. The main oscillator circuit beard is on top of
the chassis, the small power-amplifier board Is on the rear wall (with shield removed), and the
T-R board and power supply (not shown) are accessed from the bottom, All circuit boards are

spaciously arranged, making assembly easy.

driven! This rig has plenty of gain.

Heath claims that the HW-99 can be used
in the full-break-in mode up to 30 WPM. Our
experience indicates this may be the upper
limit. There is a noticeable audio thump in
switching from transmit to receive, but even
when using earphones it is not objectionable.
A relay disconnects the antenna from the
receiver and solid-state switching handles all
other functions when the key is closed. An
internal variable resistor sets the time delay
for return to the receive mode,

Buoilding the Kit

Since Heath plugs the HW-99 as a Novice
rig, we gave it the acid test—we let a relative
newcomer to Amateur Radio build it. Edie,
NICZC, has been licensed less than three
years, although she aiready holds an
Advanced ciass license. Her busy life-style
prevents her from spending much time inside
ham gear, however. She was the perfect
candidate to see if the HW-99 is truly a kit
for the Novice builder.

Heath’s reputation for high-quality instruc-
tions continues in the thick manuat that comes
with the HW-99. Heath’s packaging of com-
ponents is better than ever, which really helps
inexperienced buijlders succeed. There is

always that necessary step of getting the parts
aut and arranging them in some orderly
fashion. Do not skip this stepf The HW-99
kit has 4 lot of parts, and the time and care
of checking though the parts list will be of
great help later during the assembly process.

Since the HW-99 is a ntew product, and ours
was shipped during the first two months of
production, we were not tod surprised at a
fairly extensive list of corrections and
modifications to the manual. It is important
to incorporate this information into the
manual carefully before assembly begins.

The HW-99 circuitry is fairly sophisticated,
and the kit takes a long time for a beginner
to build, but the inside of the radio is spacious
enough for inexperienced hands to have little
trouble during the construction phase. See
Fig 1. Even if you’re a veteran tinkerer, don’t
expect to grab this kit from the mail on Friday
afternoon and have it on the air by Sunday
gvening. Edie spent 30 hours unpacking and
building about two-thirds of the kit before she
ran out of time—1 needed another 20 hours
to finish the job.

Alignment was relatively easy, although for
accurate dial calibration a 10-MHz frequen-
cy source is reguired, The instructions caution
the builder to not push down on the slugs
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Heath HW-99 Novice CW Transceiver, Serial No. (1-55615

Manufacturer’s Claimed Specifications
Fraquency coverage:
80 m, 3.5-5.76 MHz; 40 m, 7.0-7.25 MHz; 15 m,
21.0-21.25 MHz; 10 m, 28.0-28.25 MH:.
Modes of operation: CW.
Frequency display: Analog dial.
Frequency resolution: Not specified.
Frequency stability: Less than 200 Hzih drift
after 30-minute warm-up.
Transmitter
Power output: 50 W, except on 10 m;
40 Won 10 m.
Spurious signal and harmonic
supprassion:
Keying wavetorm: Not specified.

Raceiver
Receiver sensitivity: Less than 1.0 gV
tor 10 dB signal + noise/noise,

Receiver dynarnic range: 70 dB.

Receiver audio output at 10%
total harmonic distortion: 1.0 W.
Color Dark brown.

Measured in ARRL Lab

As specitied.

As specifled.

As specified.

5 kHz per division.
2.5 kHz after 1 h,

Transmitter Dynamic Testing
80 m, 50 W; 40 m, 45 W; 16 m, 30 W;
10m, 22 W.

See Fig 3.
See Fig 4.

Receiver Dynamic Testing
Minimum discernible signal
{noise floor) {dBmy:
BGm 15m
-123 ~116
Biocking dynamic range (dB)
8m 1Hm
117 112
Two-fone, third-order intermedulation
distorticn dynamic range (dB):

8tm THEm
91 ar
Third-order input intercept (dBm):
&m 15m
135 145
1.16 W,

Size (height, width, depthy: 4-5/8 x 11-12 % 103/ in.

Weight: 13 Ib.

DRIVER

Fig 2--5Schematic diagram of the HW-99 power-amplifler stage showing correct voltages.

while adjusting the coils. They're rot kidding!
The slugs are quite delicate, and 1 managed
to crack two of them: be very gentle.

Some Problems

Take special care when assembling the large
tuning capacitor for the VFQ. When you put
the shield around the capacitor, be sure the
metal can does not short circuit the wire
coming out of the capacitor housing. Another
problem: When shipped, the band-switch
wafers were rotated 180° from their proper
orientation, Onee the band-switch wafers
were reoriented, however, the receiver sprang
to life, and we could proceed with alignment.
The errata sheet from Heath corrects this
problem on the drawing, but makes no men-
tion of the correction in the step-by-step
instructions. -

44 115 2

After the power-supply subassembly was
wired, we did the chassis subassembly tests
prescribed in the book. The fuse blew im-
mediately upon applying line voliage. It
turned out that instead of the 2,2-megohm
resistor that goes from the power-supply line
cord to ground, # 220-ohm unit had been sup-
plied on the component part strip, Of course,
220 ohms to ground on the line cord will cause
the fuse to blow. We iustalled the correct
resistor, and the power-supply checkout con-
tinued with no apparent problems., We then
proceeded to install the large oscillator board.
We still don’t know why, but a filter capacitor
in the power supply began to smoke, and
finally went SNAP! That power-supply
breakdown caused the 12-V regulator to
fail—in addition, an {C and a transistor were
lost on the oscillator board. All components
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Fig 3—Worst-case speciral display of the
HW-99 transmitter. Power output is 45 W at

7 MHz. Horizontal divisions are each 5 MHZ;
vertical divisions are each 10 dB. All spurious
and harmenic emissions are at least 46 dB
below the fundamental cutput. The HW-89
meets current FCC requirements for spectrat
purity.

were easily replaced after a quick trp to Radio
Shack. The power-suppiy problems did not
return with the new c¢components, although
some additional ICs failed over time, probably
from the stress of the initial problem.

We found an error in the transmitter’s
power-amplifier circuit board and the
associated voltages on the schematic. The
220-ohm resistor that ended up in the power
supply came back to haunt us when we
noticed that the transmitter had no output.
b turned out that the 220-ohm resistor
belonged in the power-amplifier cirquit, but
the power supply’s 2.2-megohm resistor was
there instead. Once we corrected that
problem, the transmitter output was fine.
Moral: Check the values of the components
as you install them, don’t depend on the strip
packaging of components. Murphy’s law
applies everywhere!

[n troubleshooting the power-amplifier
problem, we discovered that the voltages, as
indicated on the schematic, were wrong. A
quick call to Heath'’s ¢xcellent technical in-
formation service confirmed the error. 'The
praper voltages are noted in Fig 2.

The HW-99 worked perfectly with our old
keyer using a relay output, but a newer
transistor-output keyer caused the keying cir-
cuit to hang up halfway between the transmit
and receive modes. The fault is in our keyer,
not in the HW-99, The manual says to use
a contact to ground for transmit—our
homemade transistor output keyver was
designed for grid-block keying and applied
3 ¥ to the keying line, We will have to add
a relay to that kever to use it with the *99,

Some Modifications

We live in an apartment where space is
lirnited. The HW-99 appeals to us because of
its small size—therefore we did not buy the
matching speaker. instead, we installed a
small 3-inch speaker in the grillwork on the
cabinet top. [t works and sounds just fine.

To make the HW-99s keyv jack compati-
ble with our other ham gear, we used a
Y% -inch headphone jack insiead of the phono
jack furnished by Heath., No modification of
the hole is required. Just be sure to connect
the wiring to the tip-contact fug, not to the
ground lug.

Another HW-99 owner felt that the dial
illumination was inadequate, and devised an
ingenious solution. He used the reflector from



a camera flashcube to focus more light on the
dial (see Hints and Kinks, Feb 1986 QST).

Heathkits have always been fair game for
those who would modify their ham gear
because the owner can so easily become ac-
quainted with the insides of the radio. Our
HW-99 is likely to see two modifications: The
10-meter band is ripe for conversion to the
much-missed 20-meter band; another
possibility is to do something about the 30-V
final output transistor so the rig can operate
off a 12-V battery supply.

Using the Rig

On-the-air QSO0s resulted in good signal
reports. Everyone we contacted said the
keving sounded fine, with no clicks or chirp.
Once the rig has about an hour to stabilize,
drift is not a problem. The front-panel con-
trols are casy to use. 1 have fat fingers,
though, and sometimes I turn the volume up
while changing the band switch.

As mentioned earlier, the HW-99 needs
some kind of antenna matching network and
SWR meter to be usefui throughout its full
range of frequencies. If vou dom’t roam
around the bands too much, however (as in
the case of Novices who must stay inside the

New Products

MODEL 650 DC/VOM TEST SET FROM
DATACOM

(1 1n addition to all of the features of their
industry-standard Model 600 Tri-state test
set, the self-contained Datacom Model 650
includes accurate de-voltage measurements
with an easily read, built-in, digital VOM
for easy logic level analysis and a full
RS8-232-C breakout in one compact, rugged
instrument.

Twenty-four center-mounted DIP
switches allow any of the interface signals,
except pin 1 (frame ground) and pin 7
(signal ground), to be interrupted. Two
special function switches reverse ping 2 and
3 1o create a nufl modem. Line-monitoring
functions are isolated from the data/con-
trol lines so the possibility of line loading
or disturbance is completely eliminated.
Four-state signal status (Mark, Space,
Clock, OFF) is provided by 12 tristate (red,
green, off) LEDs, There are 25-pin dual-
gender connectors on each side of the
Model 650 for easy in-line connection with
the DTE and DCE.

Suggested retail price is $299. The unit
is packaged in a unique Soft-Pak for a
lifetime of protection to go with the lifetime
guarantee. For information, contact
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Fig 4—CW keying waveform of the HW-89,
Tha lowaer trace is the actual key closure, the
upper trace Is the RF envelope. Each
horizontal division is 5 ms.

MNovice bands), you can probably fine-tune
vour antenna for your favorite frequency and
do without the matching network and SWR
meter,

By the way, Edie and I live two blocks from
WIAW, The code-practice and bulletin
schedules, sometimes with over 6000 W total
being transmitted on several bands, make it
a tough situation for many receivers. Not so
with the HW-99-—we get on the air and en-
joy QSOs while the code practice and bulletins
are hammering along only a few kilohertz
away.

The hams at Heath have made a good move
with the HW-99, satisfying those who like the
smaller HW-9 QRP rig, but who wish for a
bit more putput power. Perhaps, someday,
there will be a HW-92A with 20 meters and
a WARC-band expansion option. Other than
that, Edie and 1 are really enjoying this {atest
addition to the Heathkit stable of Amateur
Radio equipment.

The HW-99 is available from the Heath
Company, Benton Harbor, MI 49022, tel
616-982-3411. Price class: HW-99 transceiver,
$300; SP-99 station speaker, $30. (Special of-
fer for Novices: Get a $100 gift certificate
good on any Heathkit product when you mail
Heath Co a photocopy of your license and
the HW-99 registration card.)—Curt
Holsopple, K9CH, and Edith Holsopple,
NICZC i

and a claimed low insertion loss—less than
0.2 dB. Designed for high performance at
a reasonable price, its maximum frequency
range is 500 MHz. It has 2 VSWR of 1:1.2
and exhibits better than 60-dB isolation at
300 MHz and better than 50 dB at
450 MHz. Power rating is 2.5-kW PEP,
1-kW CW. Unused terminals are auto-
matically grounded for static/lightning/RF
protection.

Priced at $19.95, the "1702 has an uncon-
ditional one-year guarantee, with an addi-
tional 30-day money-back guarantee if the
product is purchased directly from MFJ.
MFJ Enterprises, Inc, PO Box 494,
Mississippi State, MS 39762, Bruce O.
Williams, WAGIV(C

Datacom Northwest, Inc, 3303 112th St,
SW, Bldg 100, Evereit, WA 98204, tel
206-355-0590.—Bruce O. Williams,
WASIVC

MFJ ENTERPRISES TWO-POSITION
COAXIAL SWITCH

[1 The MFJ-1702 two-position coaxial
switch has one pole, two output positions
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Technical Correspondence

Gonducted By Paul K, Pagel, N1FB
Senior Assistent Technical Editor

The publishers of QST assume no responsibility for statements made herein by correspondents.

900-MHz PROPAGATION

I”} On the basis of some limited tests, Helfrick
states ““... 900-MHz FM propapation is
definitely line-of-sight: [f you can't see it, you
can’t hear it]’” and *“lts line-ot-sight nature
limits mobile communications and the band
is more suited to point-to-point links.”™

There have been more propagation studies
at 900 MHz than perhaps any other band,
Most of these have involved paths in which
neither station could see the other. The en-
tire November 1973 issue of [EEE Trans-
actions on Vehicular Technology is devoted
to propagation on this band.® Recent studies
include propagation into suburban houses and
metal buildings.**

Propagation is not much different at
4900 MHz than at 432 and 1296 MEHz. Anyone
seriously interested in mobile propagation at
900 MHz should examine the past 15 years
of FEEE Transactions on Vehicular
Technology (available at many city libraries).
Those interested in the DX potential of this
brand should expect propagation similar to 432
and 1296 MHz.

The 902-MHz band has much to offer in
the way of interesting propagation for both
the weak-signal and M enthusiast. High-gain
antennas are verv small, signals pass through
ordinary house windows with little attenua-
tion, almost anvthing makes a good reflec-
tor (mountains, airplanes, water towers, the
moon), and the fading rate (150 Hz for a
vehicle moving at 35 mish) is low enough that
both FM and S3SB mobile communications are
possible.—Richard L. Campbell, KK7B/8,
Rte i, Box 115, Chassell, MI 49916

SUPER DUPER POOP

{Z1 T congratulate Mr. Allison on his excellent
article in the November issue of QST.¢ After
reviewing the program and the accompany-
ing article, { would like to offer a few simple
suggestions that will greatly improve the speed
and memory efficiency of the program.
The extensive use of FOR/NEXT loops is
done in single precision numbers. These
numbers consume 4 bytes per variable and re-
quire much more processor overhead than the
simple 2-byte integer. Since uo precision
calculations are required, we are safe to define
all variables as integers and capture a signifi-

THelfrick, A. D., “The 900-MHz Band—What's in
Store for Amateurs?” Q87, Jan 1985, p 27.
AIEEE Transactions on Vehicular Technology,

Vol VT-22, No. 4, Nov 1973,

Cox, D. G, R. R, Murray and A. W. Morris
“800-MHz Attenuation Measured in and Around
Suburban Houses,” AT&T Bell Laboratorles
Tachnical Journal, Vol B3, No 6, Jul-Aug 1984,
pp 921054,

‘Gox, et al, "Measurements of 800-MHz Radio
Transmigsion into Buildings With Metallic
Walls,” AT&T Bell Laporatories Technical
Journal, Vol 62, No. 9, Part 1, Nov 1983,
pp 2695-2717.

"Walker, E. H,, “Penetration of Radla Signals
Into Buildings in the Callular Radio Environ-
ment,” AT&T Bell Laboratories Technical
Journal, Yol 82, No, 6, Part 1, Nov 1983,
pp 2719-2734.

“x. Allison, “The Super Duper,” QST, Sep (p 27)
and Nov 1985 (p 44).
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Add these Ilines:
1865 DEPINT A-%
1487 DM 1{588)
3315 FOR T =

Replace lines 237§ and

TAB(29) 7 Q¥(I(L),3);
SE(I(I) ,6)

2526 FOR I = 1 TO C - 1

ARRAY

2538 Ly =1

R4S NEXT I

2556 FOR T = 1 OO - 1

2568 LOCATE 2@ ,41: PRINT USING

2578 ?oa B

2584 FOR = 1 TO ¢ -1 -1

2598 IP PSII(T) > PE(I(T +
P=1

26H8 HEXT J

2618 1F F = § THEN GOTO 263§
2620 NEXY 1

2638 ' END QF SORT

2648 ' CONTINUE

keplace line 2714 with:

2718 IF Q$(I{1),7) < » Q%(I{I
Beplace line 2968 with:

2964 LE O$S{I(I),7) < » QS$(I(1

'"BAND SEPARAMLION

Replage lines 31## and 311§ with:

Q8111 ,6)

#70C - 1: I(I) = T2
2384 with:

NEXT I "INITIALIZE ARRAY

23TH PRINT Q$(I{I},Ll); TAB{14); QS(I(I),7): TAB{19)s QS(I(I).,2}:
2388 PRINT TAB(38}; Q$(I(I),4)5 TAB(46); Q$(X(I1),5); TAB(53);

Replace lines 2514 through 25648 with:

251@ ' NEW INDEXED BUBBLE SORT ROUTINE #Y WBINDM

t INITIALIZE THE INDEX

"EEERST L

1}} THEN SWAP I(J), I(J + 1}:

+ 11,7) ‘THEN PRINT

+ 1} ,7) THEN H = H — L1 LPRINT

3LPF LERINT Q${I(I},L1); TAB(14); Q$(I(I),7)s TAB{19);s
RS(I(Z) 207 TAB{28); Q§(1(I).
3118 LPRINT TAB(38); Q$(I(I),4); TAB(46); QS{I(1).5); TAB(53);

3):

Fig 1—Buggested changes to the Super Duper program,

cant speed increase. See line 1007 in Fig 1.

As written, the program does not take ad-
vantage of one of the important features of
the bubble-sort routine: One item *‘bubbles’”
into its final position after each sort. With this
in mind, we can compare one less item in the
list after each pass through the array. While
this may seem somewhat insigpificant, this
could result in as much as one half of the
comparisons having o be made. A simple
benchmark test shows that taking advantage
of this fact can make the sort routine run in
fess than half the time for a worst-case sort
{one in which the list to be sorted is completely
bhackwards).

Anpother item that can be changed in the
sort routine is the swapping of a numeric ar-
ray that indexes the string arrays, rather than
swapping all eight string drrays each time.
This technigue, known as “‘indexed bubble
sorting,”’ leaves the string arrays in their
original order and thus avoids string swap-
ping, which takes more time and consumes
more memory,

My final comment concerns the use of a
7 ® 500 array to store the string data. Since
each item in a string array consumes 3 bytes
of memory in addition to the data, this array
consumes 12024 bytes (8 = 501 x 3) in

pointers alone! 1 suggest that the program be
modified to use just one string array and take
advantage of the 10521 bytes that would be
freed. Also, do not forget to use the zero
subseript of the array. In this case, it would
have saved 1503 bytes. Because of the exten-
sive nature of these array changes, [ chose not
to include them in Fig 1., I hope these sugges-
tions will allow all users of this helpful
program to realize even more of its potential,
--(ilenn B. Schuly, WBINDM, 2356A North
63th 8, Wauwaiosa, W1 53213 B

Feedback

") The carrier-generator for the SSB series b
WIFB Fig 3 (Oct 1985 (ST, p 29} may re
quire a series trimmer for netting the crystal
depending on the crystal traits. A wide netting
range ¢an be had by placing a 4.7-4f
miniature RF choke hetween the serie
trimmer and ground. Also, should oscillation
be weak when using series crystal tuning
make gure Q2 has ample gain. A 2N2222/
is hetter than a 2N2222 or PN2222 device




Hints and Kinks

Gonducted By Bob Schetgen, KU7G
Assistant Technical Editor

RF PROBES REVISITED

[Since “Match Your RF Probe to Your Meter” ap-
peared in Hints and Kinks (May 1985), | have
received some enlightening correspondence
about RF probes and the resistive divider that |
added to Mr. Mann's letter. Here are some
excerpts—Ed,]

L1 Most VTVMs have a -MQ input
resistance and a 1-M$ resistor in the probe
tip. Thus, the typical circuit is as shown in
Fig 1A. Epis the de voltage as read on the
VTVM scale, and Ey ' is the actual voltage
across the voltmeter terminals. Notice that
Ep ' is only 0.909 of Epy, the meter reading.
For example, when Eyis 15 Y,

Ep' = 15 x 0.909 = 13.636 V

When Ey, ' is known, the meter reading can
be found from:

B
0.909

We must consider this characteristic when
choosing the resistance for a crystal-diode
probe that replaces the standard dc probe,

Fig 1B shows a common RF probe. Egpis
the RMS voltage at the probe tip. Epy is the
peak value of Bgp. By’ is the actual de
meter voltage required for a reading of Egp.
Further, assume that the diode is perfect, and
that the time constant of C and R1 + Ry, is
long with respect to the period of the incom-
ing signal, Now, let us consider an example
where Egg is 10 V:

EM=

Ey = 1414 % Fgp = 1414V

10
By’ = 14,14 x —2- = 9.619V
M 14T
9.619
Dap | e o }. 32V
o= Sl = 10582

Notice that Ey; is greater than the 10 V
{RMS) applied, but that perfect rectifier and
filter action was assumed. The actual
voltmeter reading would probably be closer
to 10.0 V because of the rectifier forward
voltage drop and reverse leakage. This is why
crystal-diode probes are not accurate to better
than 3%.—Franktin Swan, W9SIA, Cak
Forest, lilinois

1 The RF probe suggestion by Steven Mann
should prove useful; however, the 10:1
resistive divider will work only af very-low fre-
quencies. To see this, consider that the diode
“sees’’ a 1-MQ impedance from the divider.
Any stray capacitance at this point will reduce
the frequency response. For example, at 30
MHz, it will take:

. 1 '
Sanm o PE

to reduce the probe response by 3 dB! It
would be difficult to avoid stray capacitance
several orders of magnitude larger than this,

A better scheme would be to use a
capacitive divider (Fig 2}. The divider will
load a eircuit under test somewhat. With the
values shown, circuits having impedances less
than 100-200Q shouid not be unduly loaded

DC VOLTAGE
PROBE }
VT VM
r——— = 7
: 1Mo : r S |
PROBE O N ' ]
TIP : i | | i
i | I ]
: | | tOMAZRy |
Em I | | ] E:MI
i | I ! ]
| I | I
| 1 | i
1 1 ] - i C
I -l R |
{A}
RF VOLTAGE
PROBE
P :\1 - [v'rvm OR FETVOM
R N S
PROBE T : O
Tie | armwn | 1
[
| | | 1OMI 2Ry : T
Enr | o] i i | EMI
I I | q
I I | 1
i { 1 I
] [ [ l ] &
| e e et e
(8l

Fig 1—The equivalent ¢ircuit of a typlcal VTVM is shown at A, B shows the voltmeter with an

RF probe substituted for the dc probe.

10 pF
o—it—

CIRQUIT

TO RF PROBE TiP

UNDER o9 pF
TEST
TO RF PROBE GND

Fig 2—A 10:1 capacitive divider for measuring
voltage up to 200 V (RMS} in circuits of 200 0
or less up to 30 MHz.

at frequencies up to 30 MHz. At higher fre-
quencies, scale the capacitances accordingly
and remember to consider stray
capacitance.—Gordon Hardman, KE3D,
Boulder, Colorado
[T The 10:1 resistive divider and calibration
suggestion in May 1985 Hints and Kinks are
incorrect. When the diode is reverse biased,
the divider could be adjusted so the voltmeter
would read I V. This adjustment, however,
would not hold for RF. At 10 MHz, a probe
shunt capacitance of only 2 pF has a reactance
of only 8 kQ, which would load the circuit
under test and prevent an accurate
measurement

The correct divider uses a high capacitance

across the probe and z low capacitance in
serics. This arrangement camnot be dc
calibrated, but capacitors whose capacitances
were measured at 1 kHz would do pretty
well.

In considering the basic probe circuit, the
effect of the capacitor, C, is important. if the
time constant, C(R1+ Ry}, is considerably
greater than the perfod of the waveform being
measured, the dc output voltage is propor-
tional to the peak voltage of the waveform:
with sine waves, 1.414 x ¥ (RMS). The diode
conducts for only a very short time at the peak
of the wave, For an explanation, I suggest
Terman and Pettit’s Electronic Measurements
or The 1975 ARRL Handbook.™

The big problem with ac voltage
measurements at high frequencies is shunt
capacitance—but vou cannot avoid it. To
reduce capacitance effects at very-low {re-
guencies, some bioelectric probes use feed-
back methods. Resistive capacitance-
compensated dividers are used in oscilloscopes
and in amplifier-before-rectification

“E, Terman, F. and J. Pattit, Electronic Measure-

mej;r;s,1 gnd ad (New Yark: McGraw-Hill, 1952)

#p 1/-18.

R, Myers, ed, The 1975 Radio Amateur's
Handbook, 52nd ed (Newington: ARRL, 1974),
pp 513-514, Fig 17-138.
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Fig 3—A schematic of the W2DVG/W2CJIN RF samnpler probe (A). B shows an assembly that fits into a PL-25% connector.

voltmeters. Internal terminal effects limit the
minitnum capacitance of such instruments to
gbout 10 or 15 pF, at the terminals,
Tektronix® states, in its 1985 catalog, that in-
put capacitances of high-voltage, capacitance-
compensated, resistive-divider probes (100 x
or [000 x } can be reduced to approximately
3 pF. Their 50-0 probes, however, can achieve
I pF. Active probes for RF are not yet a solu-
tion for input capacitance. The best Tektronix
lists is the 6230, which presents 450 & in
parallel with 1.3 pF.—James 4. Cronvich,
WSFZW, Harahan, Louisiana

... And here is another solution:

A HANDY RF SAMPLER FOR
COAXIAL TRANSMISSION LINES

i1 George Klaus, W2CJIN, and I have been
working on an RF probe to work with
voltages that would destroy the typical small-
signal diode used in most RF probes, Our ob-
jective was 10 design a device to measure RF
voltage on a coaxial transmission line with a
high-impedance dc voltmeter. ‘The sampler in
Fig 3 is adequate up to 30 MHz. We also
worked on a 150-MHz version, but the effort
was unsuccessfui.

In the conception stage, the goal seemed
simple enough to apply the **K1S8’" principle:
Simply tap the coax cable with a diode, bypass
the output, attach a de voltmeter and read the
voltage.” But, this approach did not work. So
much RF appeared on the dc output ter-
minafs, and the voltage regulation was so
poor, that the reading was meaningless.

Short of developing mental hernias, our ex-
perimenting continued and led to several con-
clusions: (1) Effective RF filtering is essen-
tial; (2) The dc voltmeter should be one of
high input impedance (Z), [0 M1} or more;
and (3) the voltage reading should be an RMS
value, to facilitate power caleulations.

These criteria, for a load Z of 530 &, and
power levels of up to 150 W (typical for the
ubiquitous transceiver), require components
vapable of withstanding 100 ¥ or more and
fairly high peak currents. We tried both
parallel and series dicde connections, and
while both work, we selected the series cir-
cuit because it places less RF voltage on the
input capacitor, A IN4007 diode proved
useful to 30 MHz. An RC pi network does
the necessary filtering. R1 does double duty
as part of a voltage divider that places the
RMS value of the peuk voltage across the
voltmeter. Its value is calculated by:

Technicians and engineers often refer to a
“KISS” principle, an acronym for “Keep [}
Simple, Stupid!”

48 1 Ly

14142 i) Bq 1)

where
Ry = voltmeter resistance
k = scale factor of voltmeter (see letter
from Swan, above—0.9209 for the
instrument in Fig 1B)

In our case, Rysis 10,8 M@ and k is 1. Thus,
R1 should be 4.47 M. This theoretically
correct value for R is not too critical,
however. A tolerance of 5% changed our
voltage reading by about 1%.

A schematic for a 2- to 30-MHz version of
the sampier, built entirely into a P1.-259 con-
nector and used with an FET voltmeter having
an input & of 10.8 M4, is shown in Fig 3A.
To assemble the probe, conpect two
capacitors, a diode and resistor as shown in
the schematic. Slide that assembly all the way
into the PL-259 connector. Solder the diode
lead to the center pin of the plug and the
capacitor leads to ihe plug shell. A pair of
leads for the voltmeter can be soldered to
points “*A,” and secured to the plug with
packing and epoxy.

To use the probe, a coax *“T*’ connector
is inserted in the feed line and the sampler is
plugged into the third port of the F. The
voltmeter is then connected to the de output
terminals of the sampler. The voltmeter shows
the RMS value of the RF voltage.

If the load is matched to the feed line and
purely resistive, the voltage can be converted
to power with the formula:

E2
P R
—Robert M. Forster, W2DVG, Southern
Pines, North Carolina

[Editor's Note: This letter has been edited
somewhat from the way it appeared in CQ de
WAZLQO, the monthly bulletin of the Grumman
Aerospace Corperation Amateur Radio Club. Par-
ticularly, | changed Eq 1 to reflect the information
in Mr. Swan’s correspondence abova,

The sampler shown in Fig 3B was constructed
and tested in the ARRL lab. (R1 is 4.7 MO} Out-
put power and RF wvoltage from a TS5-8208
transceiver were measured simultaneously with
a Bird Thruline® Model 43 wattmeter and the RF
sampler connected to a Heath 1M-13 VTVM. The
sampler response was + 1.6 dB at 1.945 MMz and
- .86 dB at 28.720 MHz. Usefui probe frequency
range I8 considered to be the area where the
respense (s within 3 dB of the true value. While
the response of the sampler falls within those
limits, the response error should be considered
when RF voitage is to be accurately measured.

For example, if an amplifier were adjusted to
show 274 V (AMS—corresponding to 1500 W ted
to a B0-Q load) at 28 MHz, with the lab-built
sampler, the actual voltage would be 322 V
{RMS—2078 W). Whenever a homebuilt device is
used for critical measurements it should be

calibrated against another instrument of known
aceuracy.)

MORE RFI/TVI TIPS

[J Here is some advice for hams operating
in apartments and restricted to indoor anten-
nas. If you are experiencing TVI/RFI or are
aware of such a condition in another apart-
ment, the following techniques may provide
some relief:

1) Use the least possible number of ac-
powered accessories. {Jse battery-powered
keyers and install good low-pass and ac-line
filters, Sell your high-power amplifier.

2) Eliminate any rat’s nest of wire and
cable from behind the operating position by
keeping cables and leads as short and as neat
a5 possible: Suggest the same to a complain-
ing neighbor. It is amazing how many 48-inch
cables are used when 18 inches will do.
Twenty-foot speaker [eads often feed stereo
speakers that are only separated 8 or 10 feet,

I discovered, quite by chance, that
TVI/REL to my downstairs neighbor resulted
from my own television when connected to
the ac line—even though the set was off
during ham operation. Both apartments are
served by CATYV, and my neighbor has many
CATYV lines, including one to bis stereo
system. MNevertheless, I was the source of in-
terference to both TV and stereo. The
problem dogged me for nearly a year before
1 pulled the plug of my own CATV-connected
television.

3) If you are using an indoor antenna, iry
moving it a bit. A small change in position
can make a large difference. Avoid random
length antennas. Run a couple of X4
“counterpoise’” wires along the baseboard for
each band used and attach them to the ground
post of a guality Transmatch.

Do not ignore any possibility when
searching for an RFI solution, nho matter how
absurd it may appear. [f operating while
standing on vour head eliminates interference,
you may have to install leg straps on the radio
room  ceiling!—Dick Downey, KA2JIZ,
Amsterdam, New York

A HIGH-CURRENT TEST LOAD

{7l Save a couple of discarded dual-beam
headlamps that still have one good filament.
They can be used as dummy loads for testing
tow-voltage power supplizs. A typical l[amp
draws 50-60 W, or about 4 A at 13.8 V.,
Several can be connected in parallel to test
high-current supplies; switch one or more of
the lamps in and out of the circuit to check
regulation.—Fffugh Turnbuil, W3ABC,
College Park, Maryland gy -



VHF Mountaintopping
for the ’80s

By playing “king of the mountain” you can have a booming
VHF signal with simple equipment and low power.

By John F. Lindholm, W1{XX

Manager, ARRL Membership Communications Services

of an activity as old as VHF
itself—mountaintopping. Few are
blessed with 2 home operating location that
facilitates a total command of the frequen-
¢y. Consequently, ardent VHFers construct
bigger and bigger arrays and amplifiers for
the home station in order to produce that
booming signal. Some, however, use the
“‘great equalizer’ to compete on an equal
footing with the big home QTHs—namely,
a mountaintop location. Here, perched
high above all the home stations, a small
portable rig with a single Yagi antenna only
a few feet off the ground suddenly sounds
like a kilowatt feeding a killer antenna at
home. Simple equipment performs
amazingly well from a mountaintop QTH
on VHF,
A mountaintop expedition can vary from
a spur-of-the-moment Sunday afternoon

R ecently, VHF has seen a resurgence

picnic to a full-fledged weekend contest. .

Quick trips can aiso be conducted during
band openings. Since a contest optimizes
the opportunity to work a lot of stations
on YHF, this article is mostly a ‘*how 0"’
for weekend contest operation conducted
by one or two people. But this can be scaled
down to a mountaintop stay of shorter
duration.

The T'imes Are a Changin’
Old-timers will remember the drudgery
in decades past of lugging “‘hoat anchors”’

up rocky crevices. Dragging equipment and
generators weighing bundreds of pounds up

steep mountainsides was no picnic. Those .

who suffered sprained backs soon gave it
up. The advent of solid-state equipment,
however, has made mountaintopping a far
less strenuous activity. With a greater selec-
tion of such compact, commercially
available equipment, VHF has become a
hothed of activity. Even some of the highly
competitive HF types bhave found new
worlds to conguer above 50 MHz. A key
tactor in this revival has been the introdue-
tion of a worldwide grid-locator system,
now much in vogue on VHF, The use of
arid squares in the major VHF contests has
tickled the innermost secret desire of every

Author W1XX, operating {2 from Overlook Mountain, New York (FN22) checks the dupe sheet
during the September 1985 VHF QS0 Party. Also part of the all-important bookkeeping is to
maintain a grid-square map tor each band, As worked, the square Is colored In with &
tilghlighter. In the past two vears, John has operated on VHF/UHF from eight different grid
squares, from Rhode Island to California, and holds YUCC no. 40 on 432 MHz. (photo by Gregory
Greenleaf)

radio amateur—to be on the receiving end
of a DX pileup.!? Now, instead of going
oun safari to some distant DX land, you can
head for the mountains—some nearby
mountaintop located in a rare grid square.

Choosing a Site

Choosing a mountaintop site involves
considering how far you want to travel to
get there, accessibility to the top of the
mountain and its all-important grid-square
location. Ideally, your mountain is only a
short driving distance away, towers into the
cirrusphere, sports a six-lane interstate (o
the top and rises within a grid square that
has never been on the air beforel!

Obviously, some of these considerations
may have to be compromised. Your first
step to finding VHF heaven involves exten-
sive study of a road atlas. How far do you
want to travel? Where are the mountains?
How high are they? Can you drive to the

'Notes appear an page 51.

top? Draw in the grid-line boundaries so
vou can tell which square it is in, Ask some
active VHFers which are the difficult
squares to work. When you start zeroing
in on a potential site, you may want to get
a topographic survey map of the area to
determine access roads and direction of
“drop-off”* from the sumnmit.

['ve never operated from a mountaintop
without first scoping it out in person. Ac-
cess is most important, Thus far, 've
operated from sites | have reached by car,
ferry, gondola, 4-wheel drive, motor home
and hiking. Unless you are going with mini-
radios and gel-cells, you want to get there
without backpacking it. A passable road to
the top is ideal. When checking out a poten-
tiat site, bring a compass and a 2-meter FM
hand-held rig. A call on 146.52-MHz
simplex should tell vou how good the loca-
tion is. Are you blocked in any direction?
Is it already ‘“‘RF-city’” with commercial
installations—a potential source of
interference? Will you be able to clear any
trees with a lightweight mast? Then the
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prime requisite: Is there a picnic table
permanently at the site? If not, plan on
bringing an operating table and chair—
which adds considerable bulk and weight
to transport.

Once vou've selected an operating site,
be sure you have secured the necessary per-
mission to use it. This may simply require
verbal permission from some authority or
the owner, or it could involve a lengthy ex-
change of correspondence with a state en-
vironmental agency of forests and parks
and the signing of a lability release. But
be sure you have permission. The last thing
yvou want is the local sheriff shining a
flashlight in vour eyes at 2 AM, rousting
you out of a fantastic tropo opening on 2
meters. You’ll find rangers on fire watch
most helpful in pointing out how to obtain
necessary permission.

Power Source

Unless vou are awfully lucky to find a
location that will permit vou to just **plug
in,’”” make plans for providing your own
power. With a single-band operation from
a car (with antenna mast mounted just out-
side the car window), the car battery will
probably suffice. Run a set of heavy-duty
jumper cables directly to the car battery.
Even a solid-state *“brick”” amplifier can be
run off the car battery without ill effects.
Better to be safe than sorry, however; park
the car facing downhill!

For a more serious effort using several
VHF and UHF bands, a small generator
is recommended. If the word generator
conjures up an image of an ugly engine

block from a 1947 LaSalle, then tune in to -

the modern world. Small, even attractive,
generators in the 500-1000 W category that
look more like American Tourister luggage
are now available. Mine is a 650-W beauty
that weighs in at 43 pounds and runs for
four hours on a half gallon of petrol. And
quiet? You can hear the wings of a
Monarch butterfly flutter at 50 paces. A
not-filled 5-gallon jerrican provides more
than enough flammable juice for a contest
weekend.

Equipment

A mountaintop [ocation effectively
places vour antenna atop a natural tower
of hundreds or perhaps thousands of feet.
With this height advantage, compact,
lightweight, low-powered radios that can
be boosted up to the 50- to 10{)-W range
with solid-state amplifiers will perform
nicely. Low-powered portable transceivers
are manufactured for just this purpose. The
popular 10- and 25-watt multimode rigs are
also yuite adeguate. Many discontinued
models can be obtained at a substantial
savings through the Ham Ads section of
ST, Using transverters operating with
mobile-type HF radios should also be
considered.

If you don’t have any sizable trees to get
over, you can use simple mast sections that
fit together. I use 5-foot sections, available

50 OST=

Mountaintop Operation
Radlo Equipment

[} Transceivers for each band
I"1 Solid-state amplifiers

(1 Antennas

I”} Coax {Belden 9913 or equiv}
IJ Kever

(71 Paddie

(. Earphones

{J Coax connector cables
o1 Goax adapters

1 de cables with plugs .
[} Power supply (ies)

"l Fuses

1 Antenna rotator crosspiece
1] Microphones

{J Key line with plug

{71 Multi-ac plug outlet

1 SWR meter

LI VTVM

71 Multi-dc plug box

1 Clip leads

Tools

11 Wrenches

i1 Pliers

1 Screwdrivers
1 Hammer

Power Source

U1 Generator

"} Power cable

71 Gasoline

O

iV Jumper cables (If on car battery)
.t Gas funnel

Personal

1 Toothbrush and toathpaste
"t Boap

(1 Towel

[J Suntan lotion

.l Change of clothes
T Rain gear

i1 Hat

[7] Warm Jacket

1”1 Alarm clock

'l Bug spray

{7 Insect repellant

[t Electric shaver

(7 Toilet paper

A Checklist of Typical ltems Needed for a Weekand Portable

Camping Equipment

[t Matches

[T Tent stakes (enough for tent and
masts)

i} Tarpaulin canopy

[l Tent

|1 Ground cloth

1 Extra rain cover

L1 Cot

LI Lantern

i7 Flashlight

I Pot and pan set

i.} Pot holder

[t Spatula

7 Can opener

[ Water bottle (5 gal)

I.1 Rope

L1 Charcoal briguettes

1 Table and c¢hair (if needed)

.1 Bleeping bag

1 Food and drink

~1 Knife and fork set

71 Paper plates

11 Paper {owels

1 Paper cups

1 Gooter with ice

L] Cook stove

"1 Stove fuel

{71 Funnel tor fuel

i} Fluorescent-type battery lantern

i.1 Old newspaper

71 Cottee cup

3 Aluminum foil

1 Trash bag

Miscellaneous

1 Compass

i1 24-hour clock

i1 Black plastlc tape
1 Masking tape

{1 Logs

{1 Grid-square maps
1 Pencils {(many)

71 Clipboard

i1 Highlighter

Bob, WATYKM, who enjoys backpacking to mountaintops, 13 operational on 2 meters from Mount

Moosllauke, New Hampshire, elevation 4802 feet.
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Fig 1—4 close-up of the “Armstrong” rotator, used for quick peaking of signals.

at the popular shack of radios. They are
easily transportable, Important, too, is the
method of antenna rotation. 1f you can in-
stall the antenna mast right next to the
operating position, do it. It will save all the
hassle of installing motorized rotators.
Nothing beats the ‘“*Armstrong”” method
for speed and simplicity. I use a crosspiece
of aluminum tubing mounted with U bolis
to the mast at arm level, See Fig 1. This
provides instantaneous antenna-peaking
capability—a necessity on V/UHF. While
home stations are twirling their antennas
in every direction trying to peak a weak
signal, I've already worked him!

Installing antennas for several bands on
the same mast is recommended. They
should be oriented in the same direction.
Many contacts on UHF are the result of
moving stations over from other bands. For
example, in a contest if you move a
multiplier to 432 MHz after first working
on 2 meters, and both antennas are on the
sarme mast, you will first want to peak the
signal on 144 MHz, Then, when you QSY
to 432 MHz, where the antennas are
probably a bit more sharp and propagation
perhaps marginal, both antennas will be
pointing at each other for maximum signal.
This can make the difference in whether the
contact is made,

I your mountaintop operation involves
staying overnight, additional attention
must be paid to having the proper survival
equipment. The most luxurious way to go
is a van or RV, Otherwise, a tent will be
required, For the rugged, outdoors type,
this can be as appealing as the radio part.
I find that cooking steaks over & campfire
with a canopy of stars overhead (while a
programmable keyer is calling CQ) is half

the fun. But keep this aspect of the opera-
tion as simple as possible. Champagne and
caviar can be held for another time. I've
also found out the hard way that one can

This photo of W1XX/2, taken from atop a
nearby fire tower, shows all the equipment
lined up on the on-site picnic table, A
tarpaulin is always in readiness in case of
inclement weather. Two masts of different
heights are at opposite ends of the operating
tabe. {photo by Daran Ostroverand Bill
Thomas)

VHF and UHF Contests!
Early January ARRL VHF Sweepstakes

Mid Anril ARRL 2.meter Sprint

Late April ARRL 220-MMz Sprint

Early May ARRL 432-MHz Sprint

Early May ARRL 1296-MHz Sprint

Mid May ARRL 6-meter Sprint

Mid June ARRL June VHF QSO .
Party

Mid July C¢ Worldwide VHF WPX
Contest

Early August  ARRL UHF Contest
Mid September ARRL September VHF
B QS0 Party
ISee Contest Corral in the appropriate
tssue of QST for operating details.

expect heavy winds on mountaintops.
Large tents blow down easily in such
weather.

Further on the subject of weather, just
because you're topping it in July or August,
don’t expect it will always be T-shirt and
shorts weather. No matter what the season,
expect to need a heavy jacket after dark.
I always bring a heavy flannel shirt and ski
jacket for night, and shorts in the daytime.
And bring lightweight raingear, just in case.
And depending on the habitat, don't be
surprised to be introduced to a critter or
two, especially after dark!

Getting Started

Okay, you’ve read this far and are
beginning to say to yourself: “‘Self, I think
I"d like io try that.”” But there is a little
voice of caution in you that says: *‘Don’t
go bonkers until you've sampled a little
first.”” Good advice!

Start out by setting up on an easily ac-
cessible mountain for an afternoon during
a contest period (see table) on a single
band. For a first effort, I recommend 2
meters. With so many 10-W multimode rigs
out there in radioland, 2 meters is your
“‘hread and butter” band, Using a multi-
element Yagi a few feet off the ground of
a strategically located mountain or hill can
whet your appetite. [ first got hooked by
operating from the side of a highway on
Hogback Mountain, Vermont, with a 3-W
portable 2-meter radio to a 30-W brick and
ii-element Yagi. | was astounded by the
results, with contacts hundreds of miles
away. This launched my interest in
acquiring more equipment for portable
mountaintop use, each operation adding a
new band or better antenna. The basic
formula of keeping it lightweight and
simple has prevailed. however.

Now what’s holding vou back from
operating from Mount Everest?

Notes

‘A grid-square locator is a fourcharacter
designation of location &ncompassin?
2% longitude by 1* Iatltude square. The first
two letters define the “field” (20° x 10°),
followed by two numbers that indicate the
unique square.

“J. Lindholm, "VHFAUHF Century Club Awards,”
Q8T, Jan 1983, p 44, [ |
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Club Involvement in the
Volunteer Examiner Program

One ARRL-affiliated club describes its system for success
in giving Amateur Radio exams.

By Joe Michels, WA7SNR

Box 537
College Station, TX 77841

ne of the most exciting and
O challenging things to happen in

the history of Amateur Radio has
been the ¢reation of the Yolunteer Bx-
aminer Program. As a result of action by
the Federal Communications Commission,
radio amateurs all over the country are now
conducting test sessions that lead to new
and upgraded Amateur Radio licenses. The
ARRL has been the leading force in en-
suring that the process is uniform and of
a high quality.

This article describes the experiences of
the Bryvan {Texas) Amateur Radio Club, an
ARRL-affiliated club. We have established
and developed a successful system for con-
ducting test sessions under the Volunteer
Examiner (VE)} Program. We hope the in-
formation provided will be useful to other
clubs in starting or improving their local
VE Teams.

Establishing a VE Team

Our community was fortunate in getting
started with the VII Program because we
had a pool of ARRL.-accredited Volunteer
Examiners very early in the game, Shortly
after the League announced its involvernent
as a VEC, five local radio amateurs became
accredited by the League’s Volunteer
Examiner Coordinator (VEC) office. Asa
result of our first test session, two more
persons upgraded and became examiners.
We now have 10 ARRL-accredited VEs in
the club,

Local radio amateurs were anxious to
conduct examinations from the very
beginning. The five League-accredited VEs
from the Bryan Amateur Radio Club
decided to take the plunge and schedule a
session. The club agreed to handle logistical
support for the VEs, providing facilities,
publicity and the application processing.

The First Session

it would be nice, but not accurate, 1o say
that the success of the first session was due

b2 OS5

Randy Light, WC5Q

2508 Rustling Oaks
Bryan, TX 77801

1700 Dominick

Amateur
¢Radio¥
Exams

Lapnnry

st o

Tom Comstock, N5TC

College Station, TX 77840

Fublic announcement of an Amateur Radio
axam is not only required by the FCC, it's a
vital part of ensuring gaod attendance at your
test session. In addition to seeking covarage
by local newspapers and radio and television
stations, many Volunteer Examiner Teams
post this sign at buslnesses and in clvic
huildings. The sign appears on the back of the
ARRL's VE Manual,

to good organization and extensive
planning. Such was not the case, although
the sesston was a success—things went
fairly smoothly, resulting in 13 new or
upgraded licenses.

All of us were new at the game, though,
and we operated by the ‘*‘seat of our
pants.” We were successful for two
reasons: One was the superb support of the
ARRL/VEC., The Leapue’s VE Manual
was an invaluable how-to-do-it source. The
timeliness and quality of the ARRL/VEC’s
materials provided were also excellent.

The second redason we were soceessiul
was because of the dedication, in-
novativeness and cooperativeness of the
members of the VE Team. These people
overcame all obstacles with patience, and
sood humor and with smiles on their faces.
[Experience has shown that the local VE
Teams have proven their excellence in
handiing the many unexpected twists and

quirks thai have developed in conducting
successful test sessions—#Ed.]

Learning from Experience

We learned several valuable lessons from
the first session, especially that the coor-
dination of an overall VE Team effort in
the community should be the responsibility
of the local club, We established, therefore,
a permanent group to serve as a focal point
of the fong-term VE Program. Qualified
club members have the opportunity to serve
as accredited VE Team members, but we
need more than this,

Others in the club provide the support
services essential to the ongoing success of
runming test sessions. We believe that a club
standing committee nesds to be formed.
The commitiee should consist of the
following positions: Chairperson (or Team
Liaison), Publicity Coordinator and Team
Contact Person.

The Club’s Standing Coramitiee

Chairperson

The most important step in forming a
VE Team committee is to select a chair-
person with an Extra Class license who also
has leadership and organization skills. He
or she should be willing to work with a
large number of people with different
backgrounds, interests, motivation and
desires. The coordination of the activities
of a widely diverse group of persons re-
guires a chairperson who is pood at
handling people. The complexity of coor-
dinating the many tasks involved in running
a test session also requires a leader who is
a good organizer and pays attention to
details, '

Publicity Coordinator

(3ne or more persons on the commitice
should have experience in acquiring
publicity. A club member with extensive
civil and business contacts often works well
in this position. One of the.more impor-
tant qualifications for this job is en-



rhusiasm: another is persistence.

Team Contact Person

The contact person is the point of con-
tact for all potential candidates, .Other
people may communicate with the Team
Contact Person simply because they’re in-
terested in Amateur Radio in general. 1n
addition to being able to meet the public
effectively, this person must be gvailable
to the public. Club members who are
retired often are ideal for this job.

Get Organized—Use Checklists

The Bryan ARC conducts test sessions
four times a year. The makeup of the VE
and support teams varies with each session.
Consequently, each session includes a
mixture of experienced persons and some
who are participating for the first time..

We designed several checklists that spell
out the various tasks to be accomplished.
Although the four checklists are not com-
prehensive, they contain enough informa-
tion for a person to be able to function well
in running a tesi session.

Facilities Checklist

An essential part of any good test session
involves having an adequate facility. It is
surprising how many possibilities exist in
a community. Look around and you’ll find
free test sites in police and fire stations,
libraries, schools, banks, churches, hotels
and motels, community centers and Red
Cross buildings. We used index cards to
record the individual features of each
potential site, such as size, access and the
times each site is available,

When a potential test site is identified,
a committee member should visit the site,
make a visual inspection and check to see
if the site is acceptable (see Site Selection
box). The information card about a poten-
tial test site should also include the name
and phone number of a contact person
responsible for the test site, such as the
building manager or custodian for a
fibrary.

In addition to obtaining the answers to
the above gquestions, the committee
member should carefully explain to the

Site Selection

% Quiet location

11 Good acoustics -

17 Number of rooms

i Rpom capacity

71 Type of seating

i1 Additional space, if nesded
I + Proper lighting

i"7 Restrooms

It Drinking fountain

|+ Handicap access

i + Good ventilation

{1 Access to copy machine
i1 Site for talk-in station

T Waiting area

' | Building supervisor

person in charge of the potential facility the
purpose of Amateur Radio in general and
what the Volunieer Examiner Program is
all about in particular. This action will
often result in free publicity for the event.

Administrative Checkliists

Conducting a test session is not always
something that comes by second nature,
The Administrative Kit (see box) includes
many important supplies that could easily
be overiooked. [The ARRL/VEC recom-
mends that candidates be responsible for
providing their own pencils and pens, but
it never hurts for the VE Team to have
some spares handy!—Ed.]

Administrative Kit

It $20 in change

3 ARRL VE Manual

1! Galculator

it Checklists

1 Two extension cords

{3 File folders

i Black markers for signs
2 Red pens for grading
[73 Packing tape

{1 Paper clips

i1 Percit sharpener

) Pencils (20}

{J Ballpoint pens (5)

i1 Beissors

(1 “No &moking™ sign

1 “Amateur Exam” signs (3)
{1 Stapler

il Tape player

i Spare tape plaver

The Publicity Checklist (see box) helps
the VE Team meet the FCC's requirements
that a test session be announced publicly
in advance. It includes a kit containing
sample news releases, letters, signs used to
publicize the event (from the back of the
ARRL's VE Manual) and lists of agencies
(such as clubs, c¢lectronics stores and in-
dustrial firms) that should receive examina-

Publicity Checklist

L7 Sample news reiease

[} Mailing list of local newspapers -

Lt Mailing list of local radio and TV
stations and local cable-TV offices _

1) Mailing list of local clubs,
schools, elentronics stores and
industrial tirms

L1 Publicity posters advertising
SesSion

tion announcements, By the way, we have
had excellent success in getting public-
service announcements aired during prime
time on local radio and television stations.

Table 1 lists the Team Chntact’s jobs in
a “‘countdown’ format. This is keyed on
how many days before or after the test day
something is to occur. The Team Contact’s
prime responsibility is to handle inquiries
from candidates and prepare them for the
day of the test.

Table 2 (see page 53) is a master “*count-
down,” the Exam Session Time Table, also
keved on the number of days before or
after a session something is to occur. This
is adapted from a similar checklist that ap-
pears in the ARRL/VEC’s VE Manual.
Qur version shows the person responsible
for each activity and takes into account
FCC, ARRL/VEC and local tequirements.

The Exam Day Support Checklist (see
page 53) highlights the important things
that must be done during the day of the
examination. This is very helpful when you
can use Advanced C(Class Volunteer
Examiners and non-accredited helpers to
really make vour test session shine!

Conclusion

All of these items are found in the
ARRL’s VE Manuai. We found, however,
that arranging them in simple checklist
form greatly assists the process of knowing

{continued on page 53)

Table 1
Team Contact’s Responsibilities
‘ Activity Completion
Duty Time Period Deadline
Publicity distribution - 45 to =30 days - 30 days
Distribute Form 610 - 45 to — 30 days Test Day
Collect preregistration - 45 to -~ 27 days - 27 days
Form 6105 and fees
Forward preregistered 610s - 27 days - 27 days
and fees to Team Llaison
Mail session appointment ~45to ~7 days - 7 days
contirmation letters to
preregistered candidates
Notify Liaison of postage -3 days Test Day
costs for reimbursement
TEST DAY Day zero Day zero
Mail post-test letters Test Day +5 days

to candidates, if needed
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The ARRL License Manual
Series—The Complete Study

Guide

The most up-to-date amateur-license-exam study materials ever are
now available from the ARRL. With copies of 7Ae FCC Rule Book
and our manual for the license class of your choice, you will have all
of the information necessary to pass your next FCC written exam.

By Larry Wolfgang, WA3VIL
Assistant Technical Editor, ARRL HQ

new serics of study materials for

Amateur Radio licenses. At that
time The ARRL Technician/General Class
License Manual had just come off the
presses, and work was under way on The
ARRL Advanced Class License Manual and
The ARRL Extra Class License Manual.
Since then, thousands of hams have used
those manuals to upgrade, Your response
to these books has been so favorable that
we have also revised our popular Novice
training package, Tumne in the World With
Haom Radio, to include many of the same
teaching concepts used in the Advanced and
Extra Class License Manuals. The new (3th)
edition of Tune in the Worid should prove
10 be even more usetnd and popular than the
previous editions.

We have now begun work on the second
editions of the books in the License Manual
Series. The FCC released a new Element 3
(Technician/General) question pool in Oc-
tober 1985, and that began the cycle of revi-
sion needed to keep the books up to date.
The second edition of The ARRL Techni-
clan/General Class License Manual has been
reorganized to include the popular idea of
directing the reader to the question pool to
study smalil groups of questions as the ap-
propriate portions of text are covered. This
new organization aiso better reflects the
organization of the FCC Study Guide,
making the license manuals much easier to
follow.

Each chapter of the books in our License
Muanual Series now begins with a list of key
words with definitions. These key words,
many of which appear in exam questions,
are explained in the text for that chapter,
it you arc¢ familiar with ail of these terms,
chances are you have properly prepared for
the exam.

We still receive quite a few inguiries about

54 B5T-.

Q bout a year ago, we announced a

Table 1
Important Question Pool Datest

License Class Deadiine for
Comments to

FCC
Novice Jufy 1 August
Technician/ October 1 Novermber
Ganeral
Advanced January 1 January
Amateur Extra Aptil 1 May

New Question Pool  New ARRL
Released by FOC

New Questions

License Manuai Used on ARRL

Avafiabie VEC Exams
January February 1
February April 1

May June 1
August October 1

Al of the dates listed are tentative, They are as accurate as possible at the time of this
printlng, but depend on the actual dates the FCC releases new Question Pools and on final

printlag achedulas for the License Manuals.

what manual to use, or why we decided to
split the one manual into three individual
ones. The main reason for producing three
license manuals (four, if you count Ture in
the World With Ham Radio} is the FCC
schedule for releasing revised question
pools. With a different question pool being
released every three months, it just is not
practical to produce a new edition of a single
book every time a new question pool is
released. But each book in the License
Manual Series can be updated once a year,
Another consideration is that even if all
license classes were included in a single
book, if you purchased the manual to study
for the Technician or General class license,
the Advanced and Exira Class question
pools would probably be outdated before
vou got to study for those licenses anyway!

So what is the publication schedule for
the manuals, and how can you determine
if vou have the correct book? The key is to
understand the FCC schedule for releasing
new question pools. Table ! summarizes
these schedules for casy reference. Once a
question pool has been released by the FCC,
Volunteer Examiner Coordinators (VECs)
have up to six months to begin using thoss

questions, although they may begin using
the new questions immediately. We can’t tell
you what other VECs are doing, but the
ARRI/VEC announces well in advance the
dates when they will begin using the new
questions on  exams. Cenerally, the
ARRL/VEC waits at least five months
before using the new questions. This ensures
adequate time for all publishers to update
their study materials and have the new
books available for students. Keep in mind
that these dates are dependent on the actual
dates the FCC releases the question pools.

The cover of cach ARRL License Manual
inchixdes the year, such as 1986 for Tune in
the World With Ham Radio or 1985/1986
for The Advenced Class License Manual
and The Extra Class License Manugi, The
date on the second edition of The ARRL
Technician/Ueneral Class Livense Manual
is 1986/ 1987. When the second editions of
The Advanced and Extre Class License
Manuals are released, the cover dates will
also be 198671987, When a new edition is
released, there may still be a few copies of
the old books on the dealer’s shelves for
some time, This is why it is important to
know when the VEC coordinating your



exam will begin using the new questions. If
you are taking the exam before the new pool
will be used, the first edition of the ap-
propriate manual is the one you need.

The (green) 80th edition ARRL Radio
Amateur’s License Menual (and all of the
larger—8Y%2- x 11-inch—editions} are now
outdated and should not be used to study
for any exam. If you are ready to begin
studying for your Technician or General
exam, and will be taking the exam sometime
after April 1, you should look for a copy
of the second edition of The ARRL Techni-
cian/General Class License Manual, The
question poot released by the FCC in Oc-
tober 1985 has been included in the second
edition of this book.

Any book is bound to have a few
typographical errors, no matter how careful-
ly it was proofread. Sumetimes, we even
find that an answer to a question printed in
2 license manual is incorrect. What can we
do about that, and how can vou find out
about it? We have prepared an Errata Sheet
for each book in the License Manual Series
as so0n as we become aware of any signifi-
cant errors. You can obtain a copy of the
Errata Sheet for your manual (if one exists)
simply by writing to the License Manuals
Editor at ARRL HQ. If you have a specific
question about something in the book, state
yvour ¢uestion clearly,

Other solutions to the problem of how to
provide the Errata information, such as in-
cluding an Errata Sheet with each book
when it is sold, or printing the information
in Q8T, are just not practical. We have these
books printed in relatively small quantities,
50 as errors are discovered they can be cor-
rected in subsequent printings, When you
open your book to the Copyright_page, at
the bottom of the box on that page vou will
see the edition number and the printing
number listed. If there is no printing
number, then you have a first printing of
the book. Any way you Jook at it, the
ARRL License Manual Series gives you the
best study material vou can buy!

Getting the Amateur Radio license of
your choice has never been easier! Exam op-
portunities are available much more often
and in many more Iocations than ever
before, There has never been a set of study
materials as complete and easy to use as the
ARRL License Manual Series. To earn your
Novice license (or to help an interested
friend earn a license) just pick up the Tune
in the World With Ham Radio package with
Morse code teaching tape (or the ARRL or
AEA Morse University™ Amateur Radio
Starter Kit for the Commodore 64% or C128
computer). Then, to npgrade to any license
through Amateur Extra, purchase a copy of
The FCC Rule Book published by the
ARRL, zlong with the appropriate ARRL
License Manual. We also have code-practice
tapes available to help build your code speed
to the level needed to pass your exam.
Register for that exam today, and start
studying! BEE]

Club Involvement In the VE Program (continued from page 50)

what to do and when to do it. This is cruciai
for an inexperienced VE Team, but still
very useful to veteran Volunteer-
Examiners.

Running a good test session is a learning
experienge for our club members. It also
promotes fellowship and a sense of ac-
complishment among the persons that
participate, both as examiners and
candidates.

Like any **how-to"’ article describing a

way to build and operate a piece of equip-
ment, this is intended to spark your
thinking. Your circumstances will be dif-
ferent, so adapt our suggestions to your
focal needs.'

'For specitic information about the ARRL/VEG's
test procedures, see page 90 of this issue,
The ARRL/VEC welcomes qualifled Advanced
and Extra Class licensees who wish to become
ARRL-accredited Volunteer Examiners.
Write 1o ARAL for details.

Exam Day Support Checklist

Task _

[1 Make and post signs

L[} Room setup

1 Locate photocopier

£ Repeater talk-in operator
| 1 Check-in candidates.

1 Copy licenses as needed

{1 Ciean and secure test site

i1 Bring candidates Into exam room
0 "Go-fer” as directed by Liaison
{1 Escort candidates to restroom

Responsibfe Person
{Assigned by VE Team)

Table 2
Session Countdown for Team Liaison

Task to be Accomplished

Sel test date and location;
form VE Team

Mail confirmation letters —
to candidates when
Form 6103 are received

Mail Session Registration
to ARRLIVEG office

Finalize membership of v
VE Team

Preregistration ends; send ——
610s and fees to Liaison

Send Request for Materials, —_
fees and roster to
ARRL/VEC

ARRL/VEC ships test e
materials

Materials should have —
come from ARRUVEG: call
VEC office if they haven't

Test materlals received,
immediately Inspect
materials for completeness
and accuracy of shipment;
call ARRL/VEC if any
problems are noticed

Team Gontact notifies —
Liaison of postage costs
to candidates

TEST DAY--conduct
session and complete
summary paperwaork

Return all test materials
and completed paperwork
it» ARRLNVEGS

ARRUVEC forwards
checked 610s to FCC/
Gettysburg

- 45 days

- 45 days

-7 days

Test Day

When
received

FCC issues licenses
weaks

Starting Time

+4 10 +6

Responsible

Deadline Person

-37 days Club committes
-7 days Team Contact
~37 days  Team Liaison
~27 days Team Liaison
- 27 days Team Contact
~ 25 days Team Liaison
- 21 days ARRUVEC
-7 days Team Liaison
-4 days Team Liaison
Test Day  Team Contact
Day zero VE Team and

club support
persons

+5 days Team Liaison
Ne more ARRUVEC
than 10

days after

receipt

FCC-Gettysburg

&)
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IARU Region 3 Meets in
New Zealand

tFES e ERNRRIERSR RN RN

$3408 REGION I
MASSOCIATION I
CONFERENCE

|ARU delegates gathered in Auckland in November fo find ways
to make the Amateur Radio Service even stronger internationally.

uite often, there is a single aspect
Q of a meeting or conference that

is worthy of note, something truly
cutstanding in the arrangements or the con-
duct of the meetings ¢r their results. In
Auckland, excellence stood out on every
side. Arriving delegates were met af the air-
port by local amateurs who delivered to
each delegate, on the spot, & New Zealand
operating permit with special call sign and
a supply of preprinted QSL cards! The New
Zealanders went out of their way to
organize and carry out the logistic details
ot the conference so evervthing proceeded
smoothly and according to plan. Thanks
to the hard work and dedication of many,
many people, the deliberations of the con-
ference were successtul. It was a conference
that, while also tackling some of the im-
mediate problems in ham radio, especially
in Region 3, truly looked ahead and did
some long-range planning.

To give you some idea of the stature of
TARU these days, the conference was
apened by Mr. Richard E. Butler, Secretary-
General of the International Telecom-
munication Unipn (ITU). Not only did
Mr. Butler open the conference, but he sat
in on the meetings for the first couple of
davs, giving him an exposure to Anateur

56 O5T=

By Richard L. Baldwin, W1RU
President, |1ARU

Radio he had not previously enjoyed.

TARU Triennial Conferences

The **business™ of JARU is carried out
at triennial conferences of the three regions,
one being held each vear by an individual
region. These conferences are the ultimate
decision-making authorities within their
respective regions. In 1983, it was the
Region 3 TARU Conference, held in
Aduckland, New Zealand, There, delegates
from the various member-societies of
Region 3 gathered during the week of
Movember 13 to discuss mutual problems
and to find comimon solutions.

Here’s how these conferences tunction.
Zeveral months prior to the scheduled date
of the conference, the secretary of the
regional organization (in this case,
Masayoshi Fujioka, IMIUXU) sends out
4 call [or the meeting, naming the date and
place, and calling for papers. The member-
societies of the region are urged to prepare
papers addressing topics of concern,

What concerns? Well, concerns range
from matters atfecting QSLing and con-
tests to the adequacy of our preparation for
some future FTU World Administrative
Radio Conference {WARC). Whatever the
topic, it is a matter of concern for the

society presenting the paper, and the
conference gives careful consideration to
each submission. These papers are sub-
mitted to the secretary well in advance of
the actual conference, and they are then
distributed to each society in the region as
well as to key FARU officials worldwide.
This ensures that evervone attending the
conference has an adequate opportunity to
study the papers ahead of time and to give
some thought as to how he might par-
ticipate in the discussion at the conference,
What the conference tries to avoild is
“*‘surprises’*-~that is, topics being brought
up that the delegates haven’t had time to
study in advance.

At the conference, the papers are grouped
by topic (often, more than one society will
address a particular subject) and are dis-
cissed by those asseimbled. Invariably,
rather than try to voine up with a solution
tv 4 pasticular problem in the group as a
whole (which might be rather cumbersome),
simaller working groups will he formed.
These working groups meet separately and
work out soluttons, which are then
presented to the conference as @ whole for
approval or modification. There might be
five or six working groups, each tackling a
different problem. or area of concern,



Then, the decisions taken at the con-
ference are suppose to be implemented by
those so designated by the conference. For
example, some of the actions might be the
responsibility of the individual member-
societies, the regional officers, or requests
made of the Administrative Council, and
s0 on, What the conference has done is
establish the policies that will guide the
region for the next three years.

Region 3 Membership

Region 3 is the smallest of the three
regions in terms of the number of member-
societies, but has the potential of being the
largest in terms of numbers of radio
amateurs. Japan is a strong and influen-
tial member of Region 3, and has a large
and active Amateur Radio population.
Most of the other societies in Region 3,
although enthusiastic and capable of
providing excellent leadership, are
somewhat smaller in size. But wait, there’s

a giant in the wings! The Chinese Radio

Sports Association (CRSA), representing
the People’s Republic- of China, has
recently become a member of the IARU
and of the Region 3 Association. The
meeting in Auckland was China’s first par-
ticipation in IARU conference activities,
and surely not the last. Presently, only club
stations are permitted in China, although
the number of these is growing constantly.
But sometime in the not-too-distant future
individual licenses will once again be per-
mitted in China. Then there is the promise
of considerable growth—growth that may
be limited only by the economics of in-
dividual Chinese amateurs obtaining
station equipment,

Indeed, the growth in China may be
similar to that in Indonesia, which now has
a number of amateurs approaching 50,0(K).
Ten years ago, the number of amateur sta-
tions in indonesia was small, and there was
concern that economic conditions might
limit Indonesian growth. That haso’t
proven to be the case, {Jver the past several
years, we have watched with considerable
satisfaction as the number of amateurs in
Indonesia has grown, and as the amateur
organization there has become more and

NZAKT PresidentiConference Chalirman Terry
Carrell, ZL3QL (left), looks an as Chiness
delegate Wang Xun addresses the group.

What is the 1ARU?

The Interhational Amateur Radio
Union is a federation ot national
Amateur Radio societies representing -
the interests of two-way Amateur
Radio communications worldwide.
Founded in Paris.in 1925, the I1ARU is
governed by a Constitution and
Bylaws. It has three regional
organizations: Region 1—Africa,
Europe, USSR, Middle East (exciuding
fran) and Mongolia; Region 2—North
and South America, including Hawaii
and the Johnston and Midway
Islands; Region 3—the rest of Asia
and Oceania. The Internationat
Secretariat is located in Newington,
Connecticut. To date, the IARU has
124 member-societies.

more involved with TARU activities.

People

People are the heart of any organi-
zation—with good people the machine runs
smoothly; with not-so-good people, there’s
sand in the bearings. Auckland was full of
good people!

According to 1ARLU tradition, the
chairman of a conference is chosen from
the host society. So it was that Terry
Carrell, ZL3QL, was unanimously named
chairman of the Sixth Regional Conference
of the JARU Region 3 Association, Nov
1317, 1985, Auckland. Terry, who is
president of the New Zealand Association
of Radio Transmitters (and who flies 7375
for Air New Zealand), was an excellent
chairman, doing his job in a thoroughly
competent fashion. His right-hand man
during the conference, Region 3 Secretary
Masa Fujioka, JMIUXU, was always
totally aware of what was going on and
what needed to be handled next. As a
result, the conference ran smoothly and
efficiently.

Arthur Godfrey, ZL1IHV {(much better
known as Jumbo), the immediately past
president of NZART and a retiring direc-
tor of the Region 3 Association, was
responsible for most of the logistics
planning for the conference. He had a great
crew of ZL assistants, both OMs and YLs.
Their care of delegates and delegates’ wives
was just super.

Those mentioned previously are only a
few of those who were most influential in
setting up the conference and making it go.
in addition, there were the delegates,
observers and assistants themselves,
representing the member-societies of the
region, including observers from the Inter-
national Secretariat and the other two
IARU regions. Their calls are listed here,
by society:

American Radio Relay League (ARRL)

—W4RA, K1ZZ, W6ZM, NICIX
Chinese Radio Sports Association

{CRSA)—Wang Xun, Huang Yongliang

Japan Amateur Radio League (JARL)
—JATAN, JATHQG, JAICLN,
JRIANP, JAGAD, JAITZK, THIUNS,
JAIFUY, JAIGJE

Korean Amateur Radio League (KARL)
—HLIAFR

Malaysian Amateur Radio Transmitters’
Society (MARTS)—9M2S85

New Zealand Association of Radio
Transmitters (NZART)—ZL3NR,
ZL2AMJ, ZL2AZ, ZL2NN, ZEL2AKY,
ZL2GX, ZLIBAD, ZL28J, ZL258Z,
ZL3TLRB, ZL1BI, ZL1AOX

Organisasi Amatir Radio Indonesia
{ORARD—YBEMS, YBOBZZ, YBOJH,
YBACAR, YCOEBS

Papua New Guinea Amateur Radio
Society (PNGARS)—P29CH, P29BP

Radio Society of Creat Britain (RSGB)
—G3GVY, G30UF

Wireless Institute of Australia
(WIA)—VK3ADW, VKIRH, VK4ZXZ,
VK2DEW

1ARU Region 3 Association—9VIRH,
IMIUXU, ZI.1HV, JAIKAB,
VK3KI, Tsuyako Mivagi

IARU—WIRL, WABW]

IARU Region | Division—PAGLOU,
GIFKM

IARU Region 2—YV3SBPG, HK3DELU,
WIIE, 9Y4NP

International Telecommunication
Union (ITU)—Secretary-General
Richard E. Butler

Decisions, Decisions!

What did the conference do? PLots of
things, but I’m going to list only those ac-
tions that are, in the opinion of this writer,
most important to the future of Amateur
Radio as a whole. OF course, a complete
record of the transactions of the conference
will be found in the minutes of the meeting
transmitted to each member-society in
Region 3 and included in the Region 3

ITU Secretary-General Richard E. Butler
addresses the opening ceremony. Conference
Secretary Masayoshi Fujioka, JMIUXU, Is
seated at Mr. Butler's right.
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ARBL President Larry Price, W4RA {left), and
NZART President Terry Carrell, ZLAQL,

News (a periodical circulated to members
of Region 3).

a} The conference adopted detailed plans
for the 7, 10, 14, 18, 21, 24, 28, 50, 144,
430 and 1240-MHz bands, with the proviso
that whenever there were conflicts between
the band plans and national regulations,
the latter should prevail.

by All Region 3 members are to submit
their proposals for the planning of the 1.8-
and 3.5-MHz bands to the Secretary so a
suitable paper may be presented to the next
Region 3 conference.

¢} JARU societies were encouraged to
negotiate with their administrations for the
allocation, on a local, noninterference
basis, of the 10.15- to 10,20-MHz bands,
in order to demonstrate the need for expan-
sion of the present allocation to serve the
needs of the Amateur Service.

d) All societies were encouraged to take
appropriate action to ensure that the
transfer procedures specified by ITU would
be completed by July 1, 1988, 5o the 1979
WARC bands can be completely utilized by
the Amateur Service,

e) Noting the importance of TARU
representation at ITU conferences, the con-
ference agreed that Region 3 should make
every effort to provide appropriate
representation by Region 3 observers at
each ITU conference.

£} The conference adopted, with the
understanding that no date has vet been set
for another General WARC and that the
next such WARC may be limited in scope,
a preliminary set of goals and objectives for
the Amateur Service that had been
sugpested by the [ARU Administrative
Council and are subject to refinement by
future regional conferences.

g) The conference asked the 1ARU
Administrative Council to initiate a con-
tinuing program of action, to be started
forthwith, with the object of ensuring
worldwide support for the interests of
Amateur Radio before and at future 1TU
conferences.

b} The conference encouraged the con-
tineed participation of TARU in the work
of CCIR, particularly in Study Group 3.
(The CCIR is the arm of the {TU that
provides the technical bases for decisions
at ITU conferences.}

i) The conference agreed that sufficient
funds should be made available so there
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could be adequate Region 3 participation
in the Regional Administrative Radio Con-
ference to ‘‘Bstablish Criteria for the
Shared Use of the VHF and UHF Bands
Allocated to the Fixed, Broadcasting, and
Mobile Services in Region 37 sometime in
the 1987/88 time frame.

j} The conference recognized the need for
a number of improvements to the TARU
Constitution and Bylaws, and recom-
mended the adoption of some amend-
ments. The IARU Administrative Council
was asked to circulate the recommenda-
tions of the conference for discussion and
appropriate action by the [ARU
membership.

k) The conference took action to ensure
that there would continue to be two Region
3 representatives at the meetings of the Ad-
ministrative Council, keeping in mind the
need for continuity of representation and
the desirability of giving broad IARU ex-
perience to those actively involved in the
affairs of Region 3.

I} The conference recognized the impor-
tance of amateur satellites and resolved that
LARU Region 3 members should consider
funding of amateur-satellite projects, and
further resolved that all frequency-planning
matters of both the Amateur and Amateur
Satellite Services be coordinated through
the IARU organization and that both the
Amateur and the Amateur Satellite Services
be presented solely by IARU at inter-
national telecommunications conferences.

m) The conference, recognizing that the
promotion of Amateur Radio in develop-
ing countries is an excellent way of
encouraging technical and scientific:
training and knowledge of electronic
technigues, as well as a way of strengthen-
ing international friendships, and further
recognizing that there are différent levels
of support available and differing in-
dividual needs, decided to circulate a ques-
tionnaire to all Region 3 societies to
determine on the one hand the needs and
on the other hand the assistance available.

n) The conference agreed that member-
societies should endeavor to limit the
number of special prefixes.

o0} 1t was agreed that in addition to the
“Human Language System’* developed by
JARL, the IARU (Region 1) International
Locator System, often referred to as the
Maidenhead Locator System, be adopted
by Region 3 societies.

p) The conference agreed to adopt
ARDF rules based on the Region 1 ruies,
with this matter to be reviewed at the next
conference.

¢) The conference agreed to adopt in
principle the Region 1 HF emergency
procedure as adopted by Region 1 at its
1984 Cefalu conference.

1) The conference adopted the recom-
mendations of the IARU Monitoring
System Study Group (see [ARU News,
February 1986 QS57).

§) The Administrative Council was asked
to provide encouragement and coordina-
tion for the International Beacon Project.

|IARU President Dick Baldwin, W1RU (laft),
shares a convivial moment with JARL Prasi-
dent Shozo Hara, JATAN.

t) The conference adopted the AX.25
protocol as an interim standard for packet
radio and asked ARRL, through their Ad
Hoc Committes on Amatzur Radio Digital
Communication, to act as the coordinating
body, subject to the requirements of radio
amateurs as expressed through IARU.

There you have a synopsis of some of the
more significant