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Now you have a
choice of four high
quality HF desk
models providing
the performance
and reliability you
have come to
expect from a
Henry Amplifier

G

4 The Henry line of amplifiers also offers
fourvery heavy duty HF floor consoles in addi-
tion to several UHF and VHF models, In all, we
now offer 15 different amplifiers. . .more than
any other manufacturer that we know of. One of
them has to be just right for you.

In addition to our broad line of amateur and
commercial FCC fype accepted amplifiers we
offer special RF power generators for industrial
and scientific users. Call or write Ted Shannon
. for full information.
s

del amplifiers

2KD STANDARD. . .new to the Henry line
Smaller than the 2KD Classic and with a slighitly lower power ouf-
out, but still he same rugged construction, the same supernior
componants, he saome dependability. Tne 2KD Siandard s ¢
1200 WPEP nominal cutput SSB, CW. 750 W RTTY. puise I¥F linear
coverng the 3.5 10300 MHz frezuencyrange. fuses aP-L plate
cirouitwith arotary silver plated tfank coll for maxirum efficiency
and aftenuation of unwanted harmonics. Its tube comple-
ment consists of one Eimas 3-5007 giass ervelope iode in g
grounded gnd circun,

3KD CLASSIC. . .new to the Henry line

1500 W PEP nominal outout, $58, CW. 1000 Watts ICAS FTTY. FM,
pulse. Gain: 15 times input, 20 times on some frecuendcies. lube
complement. ane remarkable new Bimae 304120007 cer
amic triode. Operates on most fraquencies befween 3.5 and
30 MHz. (10 meters available on export models, Pi-L plaie circuit
with silver plated tank coil)

3KD PREMIER

The same superb specs as the Classic, BUT with the addition of
160 meter opearation ana &SK break in keyving, Both the Prermier
and the Classic desk models are no nonsense. . .no comr
oromise amplifiers that will please the maost disceming amaor-
fetr for many vears fo come.

2KD CLASSIC

A proven desk fop workhaorse provicing full legal power in ll
inpuUts. Uses two Eimac 3-6007 giass envelope nodes plus ¢ full
cormplement of fop gually compaonents, And, as will all Herry
amplifiers is backed by a 25 vear nistory of tha maost relickle

4 equipment available for the amateur market.

s ety Rl

2050 8. BUNDY DR. @ |LOS ANGELES, CA 90025 e (213) 820-123«
Toll free order number: (800) 877-7979 TELEX: 67-3825(Henradio} FAX(213) 8268-779!



KENWOOD
TH-2BAT

TH-25AT /4547

New Pocket Portable
Transceivers

The all-new TH-25 Series of pocket trans-

ceivers is here! Wide-band frequency cov-

erage, LCD display, 5 watt option, plus...

e Flequency coverage: TH-25AT: 141-163
MHz (Rx); 144-148 MHz 1 Tx}. {Modifiable for
MARS/CAR Permits required.)
TH-45AT: 438-450 MHz.

* Automatic Power Control (tAPCY circuit for
reliable RF outpui and final proteciion.

* 14 memuories; two for any “odd split”
{5 kHz steps).

« Automatic offset selection (TH-ZBAT),

& 5 Watls from 12 VIO or PB-8 hattery pack.

© |_arge multi-function LCD display.

*® Rotary dial selects memory, requency,
CTCSS and scan direction.

¢ -ALERT for quiet monitonng. Tone Alert
beeps.when saquelch 15 opened.

¢ Band scan and memory scan,

* Automatic "power off” circurt,

e \Water resistant,

¢ CTCSS encoder /decoder optional {TSU-6).

» Supplied accessories: StubbyDuk, PB-6
hattery pack for 2.5 walts output, wall charger,
belt hook, wrist strap, water resistant dust caps.

Optional accessories:

« PB-5 72 V. 200 mAh NiCd pack for 2 5 Woutput » PB-6

7.2V, 600 mAh NiCd patk ® PB-T 72V, 1100 mAh NiCd pack

® PB-8 12V 606 mAh NiCd for 5 W output « PB-§ 727V 500
mah NiCd with buiit-in charger « BC-10 Compact charger

» BC-11 Rapid charger » BY-§ AAA battary case » DC-1/PG-2V
Dt adapter ® HMG-2 Headset with VOX and PTT SC-14, 15,
16 Soit casas « SMC-30/31 Speaker mics o TSU-6 CTCSS
decode unit « WH-1Watar resistant hag

KENWOOD

KENWOOD U.S.A. CORPORATION
220 E. Dominguez St., Long Beach, CA 80810
PO. Box 22745, Long Beach, CA 90801-5745

LMpRTE SEOVIee MENUals are avaiatie tor ail Kenwood
franNSCAVers e mast ACCesLones, Spechcatons, featires,
widh prices are spbect 1o change withour notice or ehlgation
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| C O M IC-765 HF Transceiver

ICOM incorporated vour most requested features with modern technology’s best designs to produce the remark-
able 1C-765. Its combination of excellent performance and superb reliability truly open a new dimension in HF
operating enjoyment. The [C-765 turns your dyeams into reality!

BUILT-IN AC FULLY AUTOMATIC 10Hx READOUT HARROW 500Hx

SUPPLY ANTENNA TUNER Perfect on-the-dot CW FILTERS

10 percent duty cvcle With buift-in CPU and frequency selection for IRCLUDED

rated tor cool aperatian memmary for extremely aets, DX skeds and data 1COM's F1.-324 and

and superh Iong term fast baming ang cne-touch communication mades. FL62A deliver razor

pecformance v all aperation. Wide tuning Large, easv-to-read sharp selectivity, &

npres! rarge, display. seriotts DX ‘ers delight!
U5z FIL-53A and FL-101

nptional,

CW PITCH CONTROL ™ DIRECT DIGITAL BAND STACKING 99 FULLY TUNABLE
§! REGISTERS PREMORIES

OPERATING SYNTHESIZER

Total aperating comfort
FLEXIBILITY and convenience for Asspres yitrafast PLL Each band’s VFO's retain - Store frequency, mode and
Three step attenuator suceessful contesting and switching and lock-in for their fast sefected #ilter sefections. Each one
ruts multrstating Hing, An tanibic keyer excellent PACKET, freguency, mode and <ah be retuned andser
weerloads. KF preamp with adjustable sy AMTOR and CW QSE filter choice, Produces the reprg;gammed independent
pulls weak signals right and weight 15 also buiit operations. equivalent of 20 VFO's: of YFQ operations
ouit of the m! into the (75! bwi per bard. Great for Memeries 90-5% also store

multiband D¥'ing! split Tx/Ry frequencies,

O
ICOM

First in Communications

[COM America, In. 2360-11611 Ave, NE, Bellevue, WA 98004 Customer Service Hotline (206) 454-7618

150 Pramier Drive, Suile 126, Ining, TX 75063 ¢ 1777 Phoenm Parkway, Sule 201, Altanta, (34 30343

[COM CANADA. A Division of ICOM Amezica, Inc., 3071 - 45 Foad, Und %, Richmond, B.U. VEX 2T4 Canada

Al statad spactications ar subiect o change wihaut nolice o abiigaton AllICON radios sgnacantly exceed FCG requialions Imiing spuious emissons. P55183
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Convention has a program as hig as the state of
Texas! The details are on page 52.
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A Practical Direct-Sequence Spread-Spectrum UHF Link
Andre Kesteloot, N4ICK

A Practical Time-Domain Reflectometer  Tom king, KD5HM

A Four-Stage 75-Meter SSB Superhet  Doug DeMaw, W1FB
The CG-SUB  James C. Patrick

Simple Low-Noise Microwave Preamplifiers  ar wara, WBsLUA

Microsat: The Next Generation of QSCAR Satellites—Part 7
Doug Loughmiller, KOSI, and Bob McGwier, N4MY

Product Review: Uniden President HR2510 10-Meter Transceiver
Technical Correspondence
The Great 1989 HF Packet Design Cluest  Pauf L. Rinaldo, W4RY
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PAKRA[T 232 N STATUS MQODE

Morse Code - Baudot - ASCII - AMTOR - Packet - Facsimile - Navtex ...
Amateur Net Price $319.95

It’s a lesson you learn very early in life. Many can be good, some may be better, but only one can be
the best. The PK-232 is the best multi-mode data controller you can buy.

1 Versatility

The PK-232 should be listed in the
amatewr radio dictionary under the
word Versatile. One data controlier
that can transmit and receive in six
digital modes, and can be used with
almost every computer or data ter-
minal. You can even monitor Navtex.
the new marine weather and naviga-
tional system. Don’t forget two radio
ports for both VHF and HF, and a no
compromise VHF/HF/CW intemal
modem with an eight pole bandpass
filter followed by a limiter dis-
criminator with automatic threshold
control.

The intermnal decoding program

(SIAM™ feature can even identify
different types of signals for you. in-
cluding some simple types of RTTY
encryption. The only software your
computer needs is a terminal program.

PC Pakratt Packet TX/RX Display

4 o5 =

Fa{;:smile Screeﬁ Display

2 Software Support

While you can use most modem or
communications programs with the
FK-232, AEA has two very special
packages available exclusively for the
PK-232...PC Pakratt with Fax for
IBM PC and compatible computers,
and Com Pakratt with Fax for the
Commodore 64 and 128.

Each package includes a terminal
program with split screen display,
QS0 bufter, disk storage of received
data, and printer operation, and a
second program  for
sion/reception and screen display of
facsimile signals. The IBM programs
are on 5-1/4" disk and the Com-
modore programs are piug-in ROM
cartridges.

transmis- -

3 Proven Winner

No matter what computer or ter-
minal you plan to use, the PK-232 is
the best choice for a multi-mode data
controller.  Qwver 20,000 amateurs
around the world have on-air tested
the PK-232 for you. They, along with
most major U.S. amateur magazines,
have reviewed the PK-232 and found
itto be a good value and excellent ad-
dition to the ham station.

No other multi-mode controller of-
fers the features and performance of
the PK-232. Don’t be fooled by imita-
tions. Ask your friends, or call the
local amateur radio store. We’re con-
fident the PK-232 reputation will con-
vince you that it’s time to order your
very own PK-232.

Call an authorized AEA dealer
today. You deserve the best you can
buy, you deserve the PK- 232,

Advanced Electronic
Applications, Inc.

P.0. Box C-2160
Lynnwood, WA, 98036

206-775-7373

AEABrin s you the
Breakthrough!



If you are like our
friend an the island,
living with limited
space, R4 is for you.

That's right, you can forget about
towers and rotators. Put away your
spade, wire and insulators because
you won’t need a ground radial sys-
tern. Cushcraft engineers have per-
formed a miracle by developing a
new half wave vertical for 10, 12,
15 and 20 meters that provides great
performance using a simple counter-
poise ground of four 48” stainless

steel rods.

/-‘—'——'

The new R4

has broadband imped-
ance matching giving full
coverage and automatic fre-
quency selection of alt four bands. All
of this with an 18" high, Bib. vertical
that will handle 1800 watts of power!

With R4 you get quick assembly,
easy installation and top gun perfor-
mance. Whatever your space, large
or small, R4 will make harm radio
more fun.

—

Buy R4 and talk to your friends
around the world today!

Available through dealers worldwide

48 Perimeter Road, Manchester,
NH 03108 USA

603-627-7877 Telex 4849472
Fax 603-627-1764

May 1989
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Kenwood: from Novic

Kenwood has been producing the finest
communications equipment for over three
decades, Kenwood is the name recog-
nized the world over as the number one

rmanutacturerof Amateur Radio equipment.

Baing number one means that we are
committed to offer you the finest selec-
tion of equipment available. It's zll here—
everything fora truly "top noteh” station.
Commeicial grade receivers for the Short
Wave Listener. The latest in 220 MHz

11713

fransceivers for the enhanced Novice,
The finest setection of VHF and UHF rigs,
Our legendary HF line continues to earn
top billing in Product Reviews, winning
contest stations, and DXCC Haonor Roll. All
in your choice of base, mobile, or portable
packages. All designed with the latest
inhovations in communications technology.
When you are on the airwith a Kenwood
rigy, fellow Amateurs recognize that
“Kenwood Sound"—it separates vou from

the pack and lets everyone know that yo
are serious about communications,
whether I{'s fraffic handling, contesting,
DX chasing, or just plain rag chewing.

| eading edge technology, and superic
field-proven performance—~that's the
Kenwood Experience!

Contact your nearest Authorized
Kenwood Amateur Radio Dealer for more
dletails on the hottest ham gear in the
world!



Bate Gl iiew T35

1) TH-315A: 220 MHz Hang-heid Transceiver: 25 PS-50: 0C PBWPtSupply
{33 MIE-438- 1PN Mrcraghone, inclisded with (4) TM-2530A: Delue

25W.7m FM Teanscere 19) IM-3531A: Oeluxe 5'W 220 MH; Transceiver
{aispcomeswith MC-438 miz | {6) MG-488: 18-key OTMF Mictophone:

47} B-50N0: High Pertormance Herewar, (i) SP-430: Malehing External
,pvalcpl for TS A308/75-4408, !H)MC 4B {10 TS-FiiA: ﬁm ?HWAII

Transcaiver: ransceiver :wrlh A:"-MH rnstalled'l:
(18 58-R40: Matching Externz] Speakei lor 15-9405: (16 ME-488:
(171 ME-ROA: Base Slalion Micraphone with LP/BWN conirnls; 1361 15-54 1S
Compebition Class HF Transceiver with General Coverage Recesver (AT-240
installed), €191 [F-2328: Computer Inferface Level Transiatar; c2u) 1F-108:
Camputer Interfacz Madule {installed inside T5-940S) (21) SW-2010G: SWR/
Fovier Meter; (2:2) SM-228: Station Monrar with pan display aplion B5-8
nslafled; {23 TL-O298: KF Livear Amolifier: i24) MC-85: Mutv-function
Uesk Microphane with Graphic Equalization and Ihree nutputs, 125 H8-5:

Teluxe Hearlphanes.,

venabfe for all Kenwooa
pecifications fealures,
and prfces are s hectioc Pnge vntnmn'nor:mr:mbnqalmn

KENWOOD

KENWOOD U.S.A. CORPORATION
2201E. Dominguez St, Long Beach, CA 90810
PO. Box 22745, Long Beach, CA 90801-5745
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Directors

Atlantic Division

HUGH A, TURNBULL,* W3ABC, 6303 Rhode Istand
Ave, College Fark, MD 20740 {301-927-1797)

Vice Cirector: James M. Moziey, W2BCH,

1268 Windorest Dr, Camillug, NY 13031
(315-488-9051}

Central Division

EDMOND A. METZGER, WAPRN, 1817 Lindsay Rd,
Springfield, IL 62704 (217-546-68T0)

vice Director; Howard 5. Huntington, (KM

65 South Burr Qak Dr, Lake Zurich, IL 60047

Dakota Division

HOWARD MARK, WEQZC, 11702 River Hills Dr
Burnsville, MN 55337 (612-890-8114}

Vice Dirgctor: Bruce L. Meyer, WOHZR, 8410 Blaisdell
Ave %, Bloomingion, MN 55420 (&612-981-2808}

Delta Division

JOEL M. HARRISON, SR, WBSIGF, Rie 1-Hox 2198
Judsonia, AR 72081 (501-729-3301) |

Vice Director: Joseph A. Butter, K&0S, 242 Woodland
Circle, Ocaan Sprngs, MS 39564 (601-875-5934)

Great Lakes Division

LEONARD M. NATHANSOMN, WSRC, 20933
Southfield Rd, Suite 240, Southfield, M| 48075
Vice Diractor: Allan L. Severson, AB8P, 1275 Ethel
Ave, Lakewood, OH 44107 (216-521-1565)

Hudson Division

STEPHEN A MENDELSOHN,” WA2DHF, 318 New
Milford Ave, Dument. NJ 07628 {201-364-0570/0680)
Vige Director: Paus Vydareny, WB2VUK

259 N Washington St, N Tarrytown, NY 10591-24314
(814-631.7424)

Midwest Division

FAUL GRAUER,* WBFIA, Box 190, Wilson, K3S
87490 (913:658-2165)

Vice Dirgctor: L. C. © Chuck’" Miller, WABKUH
7000 North East 120, Kansas City, MO 64166
{816-781.7313)

New Engiand Division
TOM FRENAYE,® KiKl, 23 Pinshurst Rd
Box 62. Unionville. CT 06085 (203-673-5429)

Vice Director: Clevis Q. “Cliff'” Laverty, W1AWG,
o8 (207-743-2353)

Vica Director: Willidm B. Shrader, WTOMU
2042 Jasmine Ave, Medtord, OR 97501
(503-773-8624)

Pacific Division

BODNEY J. STAFFORD, KB6ZV, 5155 Shadow
Estates, San Jose, CA 95135 {408-274-0492)
Vice Director: Charles P. McConnefl, WEDFPD
1668 W Masa Ave, Fraano, CA 93711
{209-431-2038)

Roancke Division

JOHN C. KANOQDE, N4MM, AFD 1,Box 73A,
Boyce, VA 22620 _{703-837-1340)

Vice Director: Jamas G. Walker, WD4HLZ,

Rte 1, Box 5385, Marion, SC 29571 (803-423-3845)

Rocky Mountain Divisien

MARSHALL QUIAT, AGEX, 1660 Wynkoop, Suite B50
Denver, CO 80202 (303-333-0819)

Vice Director: William M. Sheffiald, KQBJ,

1444 Roslyn Bt, Denver, CO 80220 (303-355-2488)

Southeastern Division

FRANK M. BUTLER JR, W4aRH

323 Elliott Rd, SE, Fort Walton Beach, FL 32548
{904-244-5425)

Vice Director: Mrs. Evelyn Gauzens, W4WYR
2780 NW 3rd St, Miami, FL 33125 (305-642-4139)

Bouthwestern Division
FRIED HEYN, WASWZO, 962 Ghayenna St
Costa Masa, CA 92626 (714-549-8516)

Vica Director: Wayne Qverback, N6NB
14021 Howland, Tystin, CA 92680 (714-731-8178)

52-6180) home;

Vice Director: Sam C. Sitton, KV5X, 1800 Jessie
James, Fdmond, OK 73034 (405-340-1357)

*Executive Committee Member
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Section Managers of the ARRL

Reparts Invited: The ARRL Board of Directors (see list at leit) determines the policies of ARRL.
The 15 divisions of the League ara further arranged into B9 administrative "sections,” each

headed by an elected Secticn Manager. Your S

welcomes reports of club and individual

activity. ARRL Field Orgamzation appointments are available covering a wide 1ange of Amateur
Badio volunteer interssts. Whatever your license class, your 8M has an appointment available.
Check with your SM (below) for further information.

Atlantic Division
Delaware

Eastern Pennsylvania
Marylana-0C
Southern New Jersey
Wastarn Naw York
Westarn Pennsyivania

Central Division
Illinois

indlana

Wisconsin

Dakota Bivision
Minnesota

North Dakota
South Dakota

Delta Division
Arkarsas
Louisiana
Mississippi
Tennesges

Great Lakes Division
Kentucky

Michigan

Ohio

Hudson Division
Eastorn New York
NYC-Long Island
Northern New Jersey

Midwest Division
Iowa

Kansas

Missouri

Nebraska

New England Division
Connecticut

Fastern Massachusetls
aine

New Hampshire

Rhode 1stand

Vermont

Western Massachuseits

Northwestern Division
Alaska

ldaho

fontana

Cregon

Wastarn Washington
Eastarn Washmgton

Pacific Division
East Bay

Nevada

Pacifllc
Sacramento Vallay
San Francisco

San Joagquin Vaitey
Santa Clara Valley

Roanoke Diivision
North Carolina
South Carolina
Virginla

West Virgina

Harold K. Low, WASWIY, Bt 6, Box 66, Millsboro 19866 {302-945-2871)

Kay C. Craigie, KC3LM, 128 Berkelay Rd, Devon 19333 (215-688-5045)

Philip E. Battey, W3FZV, 3330 Jones Bridge Ot, Chevy Chase, MD 20815 (301-656-550
Richard Baier, WAZHEB, 1226 Auduben Dr, Tams River 08753 (201-270-9292)

William Thompson, W2MTA, RD 1—Rock Rd. Newark Valley 13811 [607-842-8930)

Otto Schuter, K3SMB, 3732 Colby Si, Pittsburgh 15214 (412-231-8890}

David Carlson, AASD, PO Bax 123, South Eh_gn 60177 (312-741-6093)
Bruce Woodward, WIUMH, 6208 Bramshaw Ad, Indianapolis 46220 [317-251-5606|
Richard R. Rogent, KSGDF, 5003 South 26th 51, Milwaukee 53221 (414-282-0312)

George E. Fraderickson, KCAT, RR #2--Box 352, South Haven 55382 (612-558-6312)
Ragar “Bill” Kurtti, WCOM, Rural Route—Box 34, Rock Lake 58365 (701-266-5646)
Raland Cory, WoYMB, 1010 7th St, W, Mobridge 7601 {605-845-2400}

Bob Harmon, W5SSEP, Rt 1, Box 219, Winslow 72959

John M. Wondergem, K5KR, 600 Smith Dr, Matairie 10005 (504-837-1485)
Yessen ''Butch™ Mal\za;ee. KFSDE, 2120 Belvedere Or, Jackson 39205

Harry Simpson, W4MI, 1830 Macaulay Ave. Memphis 38127 (901-357-8148)

John A. Thernes, WM4T, 60 Locust Ave, Covington 41017 (606-331-0331)
George E. Race, WBBBGEY, 3865 Gibbs Rd, Aibion 49224 (517-531-4758)
Joha P. Haungs, WARSTX, 10615 Thornview Dr, Evendale 45241 (513-5683-7373)

Paul 5. Yydareny, WB2VUK, 259 N Washington, North Tarrytawn 10581 (914-631-7424)
Walter M, Wenzel, KAZRGI, 373 Fifteanth St, West Babylon 11704 (515-957-5726)
Robert R. Anderson, K2BJG, 69 Page Dr, Qakland 07436 (201-337-9844)

Fobert W. Walstrom, W@EJ, 7431 Macon Dr NE, Cedar Hapids 52402 (318-393-8082)
Robert M. Summers, K8BXF, 3045 North 72nd, Kansas City 66109 (913-299-1128)
Banton C. Smith, KBPCK, 3301 Sinclair, Rte 3, Box 195-A, Columbla 85203 (314-443-5168
Varn J. Wirka, WBEGQM, 3106 Vintan, Omaha 68105 (402-341-4572)

Caesar Rondina, N1DCS, 5 Bailey Dy, Wast Haven 08516 {203-834-2477)

Barry Berter, KB1PA, 47 Erin Rd, Stoughton 02072 (617-341-2639)

Clyde E. Bonesteel, Jr, WAZERT, PO Box 14, Birch Harbor 04613 (207-963-7192)
William 8urden, WBiBRE, 11 Briand, Nashua 03063 (603-889-8322)

William Foss, KATJXH, 70 Mayfair Rd, Cumbertand 02864 (401-334-3058)

Junathan Maguire, N1CQE, RFD 1 Box 7500, Poker Hill Rd, Underhill 05488 (802-899-40:
William <. Voadisch, W1UD, 240 Main St, Leominster 01453 {817-534-6256)

Dianne Lee Marshall, AL7FG, One Dog Path, Ester 99725 (907-479-5819)

Don Clower, KATT, 5103 W. Cherry Ln, Meridian 83642 {208-888-7020)

A. F. "Peta” Peters, KF7R, Rie 38, Box 2017, Livingston 59047 (408-222-2601)
Randy Stimson, KZ7T, 9890 SW Inglewood St, Portland 87225 (503-297-1175)
Ed Holloway, KAZINX, 3561 £ Spokana St, Tacoma 99404 (206-472-8903)

Tom Flaisance, KC7PH, 101 N 37th Ave, ‘Yalima 98902 (509-966-4612)

Bob Valtio, WeRGG, 18655 Sheffield Rd, Castro Vallay, CA 94546 (415-537-6704)
Josaph D. Lambert, W8IXD, PO Box 1201, Boulder City 83005 (702-294.0505)

Wayne Jones, NHEGJ, PO Box 794, Wahiawa, Hi 9786 (808.621-53186)

Robert H. Watson, WSIEW, 10994 Clinton Bar Rd, Pine (irove, TA 95665 (209-223-0101
Richard Wilson, KBLAN, PO Box 4212, San Ratasl, CA 94913

James Wakefield, AHBCO, 2215 North Winery, Fresno, CA 93703

Glenn Themas, WBBW, 554 Simas Dr, Milpitas, CA 95035 {408-283-9450)

W. Reed Whitten, AB4W, 1208 Oxiord Place, Cary 27511 (919-467-74684)

Charles E. Moeilar, N4FVU, 116 Willow Winds Dr, Columbia 29210-4454 (803-772-1186)
Claude Feiglay, W3ATQ, 135 The Malne, Williamsburg, 23185

Karl 8. Thompson, KBKT, 5303 Pionser Dr, Charlaston 25313 [304-776-4352)
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Edith Sheffield, KAOMOA, 1444 Roslyn 8t, Denver 80220 (303-355-2488)
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James R. Brown, NATG, 865 Manchester Rd, Kaysville 84037 (w—801-533-5271)
(h—801-544-00586

James E. Raisler, NTGVV, 1102 East 9th 5, Gillette 32718 (307-686-0794)

James M. Spann, Jr, WO4W, PO Drawer X, Demopolis 36732 (205-289-1400)
Edmund J. Koscbucki, K4JNL, 5525 Perry Ave, Golumbus 31809 {404-322-2856)
Floyal V. MackemNMDl. 161 Shell Pt W, Maitland 32751 [407-544-5905)
Richard D. Hill, WA4PFK, 12380 NW 30 St, Sunrise 33323 (305-572-3172)
Alberia L. Validejuli, WPACSG, ¥-11 19th St, Berwind Estatas, Rio Fiedras 00924
Hanatd Hall, Sr. KR2N, PO Box 3987, S5t Thomas 00803 (809-774-4740)

James E. Swaltord, W7FF, 5308 W Miramar Dr, Tucson 85715 (502-298-7793)

Phineas .. Icanbice, Jr, WEBF, 19323 Halsted St, Northridge, CA 91324 (818-349-3186)
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Arthur R. Smith, W6IN], 4515 Maolisa Way, San Dlego, CA 92117 (819-273-1120)
Thomas [, Geigar, W2KVA, 428 E Grant Si, Santa Maria, GA 93454 (B05-866-1359)

W, W 'Dan’ Dansby, WsURI, 5605 Walla Ave, Fort Worth 78133

Joseph Lynch, N6CL, PO Box 73, Oklahoma City 73101 {405-528-6625)
Arthur H. Ross, W5SKR, 132 Salel% La, Brownsvills 78521 (512-831-4458)
Amelia *Milly™ Wise, W50OVH, 8518 Mt Scott, El Paso 75904 (915-751-4160)
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“Expcutive Committee Membsar

“It Seems to Us ...”’

Spectrum Management, or Abdication?

The Federal Communications Commission
has managed to find a way of denying radio
amateurs the use of their atlocated spectrum,
without having to go to the trouble of with-
drawing the allocation.

It's vasy. Simply take a band already
allocated to hams, cither on an exclusive basis
or shared with other services that are
coexisting happily. Then, permit and even
encourage the manufacture of nonlicensed
constmer electronics devices that use the
band. After all, hams don’t have enough
trouble with inadequately protected stereos
and VCRs; why not suggest that manutac-
turers sell consumers wireless stereo speakers
and wireless VORS operating on the very same
Fregquencies being used by their ham ueigh-
bors? That shouid keep those tactories in the
Far East humming, while creating soine juicy
neighborhood fracases to ennch the American
lifestyle.

[t vou're the FCU, you would want a
defense against accusations you weren't play-
ing fair. So, you'd have the manufacturers
print soine techinubabble in mouse-size type
on the onsumer device which meains, but
doesn’t actually say, thar if the thing doesn’t
work because there’s a ham next door, that's
just toa bad and the consumer should have
known better than to buy it in the first place.
But you wouldn’t want those poor manufac-
turers to have 1o actnally explain this to their
customers before they make & sale; that would
distort the Marketplace Forces in whose
honor golden calves have been erected all over
town. An informed marketplace? That’s
wimpy textbook stuff. Otffer the consumer
instant gratification; that’s what he wants.

And the real beauty of it is, if anyorne tries
to drag the FCC into explaining to a specific
consumer that a specific ham isn’t doing any-
thing wrong just because his new gadget
jumps off the table every so often, and that
said consumer ought to take said gadget and
force-feed it to its purveyor, you can point
to vour shriveled budget and plead poverty.
“We wish we could help, but we just don’t
have the resources. Yeah, ain’t it awful.”” And
if in a few years Congress finally gets around
to telling the FCC to ¢lean up the mess it's
made, well, you’ll be long gone; that task will
fall to the poor suckers who have made the
FCC and public service their career, and not
just a line on their resumes.

An exaggeration? We wish it were. While
we're pot suggesting they thought of it guite
this way, it 18 exact!y what results from a
March 30 FCC action. Among other things,
the new Part 15 rules adopted that day create
4 number of new bands for consumer devices
that intentionally radiate signals, including the
bands 902-928 MHz, 2,400-2,450 MHz,
5,725-5,878 MHz, and 24.0-24.25 GHz.
Check vour Part 97, and you’ll find that these
are all ham bands—including a segment at 24
(7Hz where the only authorized radiocommu-
nication service Is Amaieur. But you'd never

koow this from reading the glowing FCC
news release describing the as-yet-unreleased

First Report and Qrder in General Docket
87-389; it doesn’t even mention the affected
bands! Instead, it talks about *‘major benetits
to the manufacturers of Part 15 devices”
{there were probably celebrations all over
Tokyo, Seoul, and Taipei) and how the Cor-
mission’s decision “should also serve the
public by enubling new technologies and new
equipment categories thar satisfy consumer
demands 1o be introduced withour the need

for Commission rulemaking.”” (We've added

the emphasis to show who reatly benefits from
the new rules; onee again, the regulators don’t
want to reguiate.)

What really frosts us is that, in coming up
with its fallacious calculation last August that
the 220-222 MHz represented “*less than two
percent” of the available amateur allocations,
the FCC counted $02-928 MHz as a big part
af the other 98 percent! On that basis, we
ought to be thirteen times as upset by this
latest FCC miiscue as we were by the reallo-
cdtion decision.

The bands 10 guestion are what are known
as “ISM™ bands. 15M stands for “*industri-
al, scientitic, and medical” applications. In
addition to radiocominunication, RF euergy
has a variety ol such applications (microwave
ovens, fur cxample); by international agree-
ment, soime bands have been identified for
this use where radiocommunications services
have to tolerate the resulting interference, But
the international Radio Regulations also say,
*administrations shall take all practicable
and necessary sieps fo ensure that radiation
from equipment used for industrial, scientif-
ic, and medical applications is iinimal. . .*,
For hams, there’s a tundamental difference
between sharing a baud with ISM and shar-
ing it with intentionally radiating consumer
devices. Yuur neighbor is never going to know
if vou're transmitting on the same frequency
as his microwave vven, and the few minutes
a day he might use it isn’t going to serviousiy
affect, for example, vour uwse of future
amateur satellites operating in the 2400-MHz
band. But what’s he going to think of your
coming over the wireless stereo speaker or
wireless VOR he’s just spent good money for?

The League isn’t taking this lying down.
The ink was barely dry on the FCC news
release when the Executive Committes met
April 1 and voted to petition for reconsider-
ation, and to seek whatever injunctive relief
is necessary to protect amateur interests. Lust
vear, we filed extensive technical documen-
tation in support of our view that consumer
devices cannot respunsibly be permitted to
operate in amateur bands; if the Commission
touk any notice of this work, it is not evident
from the news release nor from the comments
made by Commission staff at the March 30
press conference..

If there is a bright side to this, it is that
we’ve been looking for additional evidence to
take to Congress to show that the FCC
decision-making process is out of control,

We've just been handed a perfect example.—
David Sumner, KiZZ
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Yaesu's mini HTS.
The smallest, smartest,
toughest radios. Anywhere.

Whether you're a Novice or Extra
class operator, you're sure to appreci-
ate the high power, durability and size
of Yaesu’s FT-23R Series mini-HTs.

To begin with, you'll find a model
that’s right on your wavelength. The
2-meter FT-23R.The 220-MHz FT-33R.
(_)r the 440-MHz FT73R.

Whichever you choose, vou bene-
fit, from incredibly small packagmg
{Take a look at the actual size photo.)
Aluminum-alloy cases that prove them-
selves reliable in a one-meter drop
test onto solid conerete. And moisture-
resistant seals that really heip keep
the rain out.

But perhaps best of all, each
radio blends sophisticated, micro-
processor-controlled performance
with surprisingly simple opera-
tion. ln fact, it takes only minutes
io master ail these features:

Ten memories that store fre-
fuerncy, offset and PL totie. Mem-
ory scan aft 2 frequencies per
second. Tx offset storage. Priority
channel scan. Channel selection via
tuning knob or up/down buttons. PL
tone board (optional). PL display. [nde-
pendent PL memory per channe]. PL
encode and decode. LCD power output
and “S"meter display. Battery-saver
circuit. Push-button squelch override.
Right-key control pad. Keypad lock.
High/low puwer switch.

The FT-23R comes with a 72-volt,
2.5-watt battery pack. The FT-73R with
a72-volt, 2-watt pack. And the FT-33R
with a pawerful 12-volt, 5-watt pack.

|2l B Y ON AR

You can choose the miniature 72-volt,
Z-watt pack shown in the photo
below. And all battery packs are inter-
changeable, too.

And consider these options: Dry
cell battery case for 6 AAA-size cells.
Dry cell battery case for 6 AA-size
gells. DC car adapter/charger. Pro-
grammable CTCSS (PL tone ) encodery
decoder. DTMF keypad encoder.
Mobile hanger bracket. External
speaker/microphone. And more.

Check out the FT:23R Series
at your Yaesu dealer today. Because
although we can tell you about
their incredible performance, tough-

ness and small size,
seeing is really
helieving,

apafafa
afmialn
siwfalw




"UP FRONT in

Renovation update: Work continues to progress
rapidly on the W1AW building. (upper left) Part of the
foundation was excavated to make way for a cooling
duct ior the transmitters. (left) An M & L Construction
worker saws a board to frame up a new operating
position. (above) Chief Qperator Chuck Bender,
W1IWPR, keeps bulletins and code practice going from

inside the temporary operating trailer. {photos AA2Z
and KCIMP)

High honors: Steven Affens, K35A, of Olney,
Marytand, has been judged 1988 Cameraman of the
Year for the fourth consecutive year by the White
House News Photographers Association. Steve received
two first-place and two second-place awards, as well as
four honorable mentions, in individual categories.
(photo courtesy Patricia Affens)

4,’@};;: £y

Three-Quarter Century Wireless; Ernest W. McNeil,
WS5MI, of Baton Rouge, Louisiana, recently received a
QCWA 75 Years of Licensing award from QCWA
Chapter 109 President E, B. “El’" Charleton, W5MD.
Ernest, or Mac as he is fondly known, was born in
New Orleans in 1895 and first operated there with a
spark transmitter in 1912, His first call, received in
1914, was AW, Ernest is still active at 94 and is a
charter member of Baton Rouge QCWA Chapter 109.
(photo courtesy W5MD)
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Young Extra: The next time vou hear a complaint
about how hard it is to get an Extra Class license,
consider the accomplishments of Sandra Saunders,
N4QLZ, of Cleveland, Tennessee. She got her Novice
license at age 7 and received her Extra Class last
September, at the age of 10. Seen here with Sandra are
Henry fohnson, KC4BZZ (1), of Dalton, Georgia, who
received his Novice license in October 1987 at the age
of 85, and ARRL Georgia SM Eddy Kosobucki, K4JNL,
of Columbus, Georgia. {(photo courtesy K4JNI)

A productive visit: [ames Grandinetti, KZ2P, of
Lakewood, New Jersey. had a chance to operate
several stations while on a visit to China. He is seen
here with Yang Guang, operator at club station BYSAC;
lames also operated BY1PK and BY8AA. James not only
enjoyed meeting with Chinese amateurs and operating
there, he has also been named a Director of the
Chengdu DX Club. (photo courtesy KZ2P)

Amateur Radio challenge: Norman Williams, WASSVS,
reports riders’ progress in a qualifying trial of the Big
Bend Chihuahuan Desert Challenge bicycle races held
near Lajitas, Texas in February. The Big Bend ARC and
the San Angelo ARC joined forces to provide
communications in the rugged Big Bend area, helping
to ensure the safety of 130 cross-country riders. [n the
hackground is the Mexican village of Nuevas Lajitas,
which is just across the Rio Grande. (photo KESNO)

Far-out QSO: Barton Rice, N4TGY, of North
Wilkesbora, North Carolina, had a big thrill on March
8 when he worked U4MIR. Bart made the contact on
145.55-MHz FM simplex using a hand-held transceiver
and a home-brew antenna. Contacting the Soviet space
station is not the only teather in Bart's cap—he got his
Novice license in April 1988 and his Extra Class last
lanuary. (photo courtesy N4TGY)
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League Lines

The ARRL National Convention is June 2-4 in Dallas/Ft Worth, Texas! For further details, see page 52.

A reminder that the PRB-1 seminar entitled “‘Zand Use Regulation of Federally Licensed Communications Facilities
and the Doctrine of Federal Preemption' will be open to al} ARRL National Convention attendees. For those
wanting course materials, the cost is $50. The seminar will be run Saturday, June 2, from 2:30 AM-12:30 PM. The
seminar is approved for Continuing Legal Education (CLE) credit for attorneys. For further details, see the League
Lines column in March QST.

Open House: A reminder that the ARRL HQ building will be open Sunday, June 11, from 10 AM to 4 PM. There
is also a local hamfest in Newington that same day. W1AW operation and access will be restricted due to
construction.

It's May, and while most folks are enjoying the flowers and thinking about their summer vacations, hams are
thinking about Field Day June 24-25! Complete Field Day rules appear in this issue on page 103, If vou haven't
done so already, send for your Field Day package containing publicity kit, dupe sheet, summary sheet and check list
by sending a 9 % |2-inch SASE containing 4 units of first class postage or 4 IRCs to ARRL HQ, Special Regquests,
225 Main St, Newington, CT 06111,

This year additional bonus points have been added for public relations. In addition to 100 points for media
publicity, points have been added for operations in a public place and for conducting an information booth for the
visiting public, See you on Field Day!

June is also the month for the ARRL June VHF QSO Party, June {0-11. Plaques will again be awarded to the top
10 single and multioperator stations and the top five QRP portable-single operator stations. For details, see
page 104,

The 1989 ARRL Net Directory is hot off the presses! This Directory is not just a list of nets. [t explains the
Nationat Traffic System, how to originate and receive messages, how to originate traffic via packet—in short, every-
thing you ever wanted to know about traffic handling but were afraid to ask! Best of all, it’s available for only $1
postpaid from HQ!

Another amateur in space! Tentative approval for the Space Shuttle Amateur Radio Experiment (SAREX) has
been received from NASA, An Amateur Radio station is now scheduled to fly aboard the Space Shuitle in March,
1990. Astronaut Ron Parise, WA4SIR, will operate the station using voice, video and packet communications from
the orbiting shuttle. The orbit of the shuttle will allow amateurs located between approximately 46 degrees North and
46 degrees South latitudes to communicate directly with the shuttle. Watch the pages of ()ST for further updates on
SAREX.

Congratulations to Carole Perry, WB2MGP, on being invited by the NASA4 Education Department for a 3-day con-
terence for educators. The conference includes seminars with astronauts and NASA officials and wiil culminate with
the launch of the Space Shuttle Atfantis on April 28. The purpose of the mission is to launch the Mageflan
spacecraft which will map the planet Venus, Carole feels she was invited because of her class’s 1985 STV contact
with Tony England, WOORE, and her present class’s participation in the 10-meter CQ All-Schools Net which has
been in regular contact with Johnson Space Center hams, Carole was the 1987 ARRL Professional Instructor of the
Year,

Want a unique QS0O? From May 10 to September 4, South Dakota hams will be operating a special-events station
from one, and possibly two, wagon trains that will be visiting every county to mark the state’s centennial. The oper-
ation commences at Elk Point in the southeast corner of the state and comes to a close at the South Dakota State
Fair in Huron August 29-September 4. Ciive them a call and help South Dakota hams celebrate the century!

Hams are certainly a mobile group! HQ handled over 25,000 address changes last vear! To comply with new postal
regulations, we’ve had to do away with our handy address change/postal index card. Please use tie form, or a copy
thereof, that appears on page 187 to notify us of your change of address.

The ARRI financial statement which normally appears in this issue will appear in June QST7.

HQ has received many questions asking what frequencies on six meter frequencies are recommended for radio con-
trol (R/C) of model airplanes. For the past five years, the recommended frequencies have been 50.800-50.980 MHz,

in 10 channels using 20 kHz spacing.
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A Practical Direct-Sequence
Spread-Spectrum UHF Link

In this QST exclusive,
amateur spread-
spectrum communi-
cation moves off the
drawing board and
into practical reality.
Read all about it—
and warm up your
soldering iron!

By André Kesteloot, N4ICK
ARRL Technical Advisor
6915 Chelsea Rd
Mclean, VA 22101

adio. amateurs under FCC
R jurisdiction have been authorized

to use spread-spectrum emission
since June 1, 198%6,! but practical
information on how to get an amateur
spread-spectrum system up and running has
been scarce. This is so for good reason:
Military applications of spread spectrum
are routinely classified, while space and
other civilian applications are usually
proprietary. Because of this, the literature
abounds with spread-spectrum articles
replete with mathematical treatments and
block diagrams, but very few articles that
give practical details of spread-spectrum
systemns have been published.

This situation has, in effect, forced
Amateur Radio experimenters to reinvent
parts of the wheel! Notwithstanding the
tact that spread spectrum has been around
for about 50 years, this article is, to my
knowledge, the first to give complete details
of the concept, design and realization of
a direct-sequence spread-spectrum UHF
radio link. Although this article does not
present construction information at the
component level, experimenters with a
good yrounding in [JHF construction
techniques should have no trouble building
a functional spread-spectrum system based
on the information given here.

Introduction to Direct-Sequence Spread
Spectrum

A direct-sequence (DS) spread-spectrum

'Notes appear on page 21.

14 O5&=

signal can be obtained by mixing a carrier
with_the output of a clock-driven pseudo-
neise (PN) generator {see Fig 1). This is
readily achieved in a doubly balanced mixer
(DBM), and results in the suppression of
the original carrier and the creation of a
new signal that is spread over a wide band-
width {typically several megahertz). This

biphase modulation, described in more
detail in the references cited at notes 2 and
3, creates sidebands, or **spectral lines,”
the envelope of which has a (sin x/x) 2
shape as shown at Fig 2A.

A simplified understanding of this phen-
omenon can be arrived at by considering
the PN sequence as a succession of identi-

DBM
Carrier
Oscillater
PN
Transmitter Generator

;
DBM
* Demoadulater
. PN Heceiver
Generator

Fig 1—Simplified block diagram of a direct-sequence spread-spectrum communication sys-
tem. in the transmitter, left, a spread-spectrum signal is generated by mixing carrier
oscillator and pseudo-noise (PN} signals in a doubly balanced mixer (DBM). The energy of
the resultant biphase-moduiated suppressed-carrier signal is spread over a wide band-
width. In the link receiver, right, the spread-spectrum signal is despread by mixing it with
a PN signal identical to that used in the transmitter. In practice, the most difficult aspect
of making this system work is that of synchronizing the PN-generator ciocks at the trans-

mitter and receiver sites.
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Fig 2—(A) Envelope of the unfittered
biphase-modulated spread-spectrum signal
as viewed on a spectrum analyzer. In the
practical system described, band-pass
filtering is employed to confine the spread-
spectrum signal to the amateur band. (B)
At the receiver end of the link, the filtered
spread-spectrum signal is apparent only as
a 10-dB hump in the noise floor. {C)
Desprsad signal at the output of the
receiver DBM. The original carrier—and
any modulation components that
accompany it—has been recovered. The
peak carrier is about 45 dB above the
noise floor—more than 30 dB above the
hump shown at B. (These spectrograms
were made at a sweep rate of 0.1 s/div and
an analyzer bandwidth of 30 kHz; the
horizontal scale is 1 MHz/div.)

cal rectangular pulses of constant width,
but variable repetition rate, the latter
always being some submultiple of the
(constant) clock frequency. Because the
modulating signal is a rectangular puise
(rich in harmonics), a multitude of side-
bands is created. As the shift register ad-
vances, the varying repetition rate changes
the nurmber and position of the spectral
lines. Neither the shape of the envelope nor
the position of the nulls—which are func-
tions of the pulse width (see Fig 3)—
changes.

The envelope is so shaped because a
rectangular pulse in the time-domain has
a (sin x/x) Fourier transform in the
frequency domain. Hence, the sidebands,
or spectral lines, created by such a pulse
have a (sin x/x) envelope.* As we are
dealing with a signal proportional to the
output power (that is, a function of the
square of the output voltage), the resulting
signal appears as a (sin x/x)* spectrum
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Fig 3—The PN signal (fower trace at A and
B) consists of constant-width pulses that
vary in repetition rate as the PN-generator
shift register advances. Varying the PN-
signal pulse rate changes the number and
position of the spread signal’s
characteristic “spectral lines'” (upper trace
at A and B) without changing the shape of
the signal envelope,

when observed with a spectrum analyzer
(Fig 2A). Note that the spectrum-analyzer
display shows only the ervelope of all the
sidebands—that is, an imaginary curve
joining the peaks of all the spectral lines.’

At the receiver end of the spread-
spectrum link, the output of the DBM

The spread~spectru.m- trqnsrﬁitter is- based on- a Hamtronics
TA-451 446-MHz transmitter strip (Z1, right). The transmitter PN
generator—the two piggybacked boards at left—uses 111.5-MHz
energy from the TA-451 as the PN-sequence clock.

The heart of the spread-spectrum receiver is a synchronized oscil-
lator (right) that recovers the transmitier PN-sequence clock from
the received signal. The modules at feft contain clock divider ICs
{U8 and U8}, a voliage regulator {U7) and the receiver PN genera-
tor (U10 and U11). R1, the osc FrRea control, is at top right. ’
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shows—in the absence of correlation—a
slight rise in the noise floor, as shown in
Fig 2B. 1I' we now reintroduce PN identical
in sequence, frequency and phase to that
used at the transmitter, the received signal
will be correlated or **despread,” and the
output of the DBM will be as shown at
Fig 2C.

In Amateur Radio applications, the PN
sequence is announced before spread-
spectrum transmission begins® and cap
thus be easily duplicated at the receiver, A
major problem—one common to all
spread-spectrum systems—remains: that of
synchronizing the receiver’s PN segquence
with that used at the transuitter. This can
be done by recovering the transmitter clock
freguency from the received signal. Because
the received signal appears to be noise
(Fig 2B}, however, this can be a formida-
ble challenge. Commenting on this
problem, Robert Dixon writes that
“*. . .more time, effort and money has been
spent developing and improving syn-
chronizing techniques than any other area
of spreadspectrum systems, There is no rea-
son to suspect that this will not continue
in the future.’*”

This article describes a simple solution

to the synchronization problem. (Because
of its simplicity, the solution does not offer
all the antijamming properties of more
sophisticated systems, but this should not
be a concern {0 Amateur Radio operators.)

Overall Description of the Link

The UHF link described in this article
was first demonstrated at the June 1988
AMRAD meeting. (Several membersy of
AMRAD [the Amateur Radio” Research
and Development Corporation] have been
involved in spread-spectrum experimenta-
tion since 1980.) Fig 4 shows the general
arrangement used. The output of a
446-MHz transmitter is fed to one input
port of a doubly balanced mixer. The other
input port of the mixer is connected to a
PN sequence generator that is clocked at
a submultiple of the transmitter’s carrier
frequency.

At the receiver end of the link, a sliding
correlator is used as follows: The output
of a free-running “‘synchronized oscillator”
8 is divided to create a clock signal at a
frequency close to that of the fransmitter’s
clock. This locally generated clock is used
to drive a PN generator identical to that
used at the transmitter site. The resulting

PN sequence is mixed with incoming RF
in a doubly balanced mixer. The free-
running frequency of the synchronized os-
cillator can be adjusted to run the receiver’s
PN sequence faster or slower than the
transmiiter’s, The speed difference causes
the receiver PN sequence to *“slide by”” the
transmitter sequence (hence the name
stiding correlator).

Because the transmitier and receiver
sequences differ in speed, the PN sequence
fed to the receiver’s doubly balanced mix-
er will coincide with the transmitter se-
quence at some instant. Correlation, or
despreading, then occurs, and the output
of the DBM duplicates the original carrier
as shown in Fig 2C. This carrier is fed to
the input of the synchronized osciliator,
which locks onto the incoming signal. The
loop is now closed: The original clock has
been recovered, and the system stays
locked.

The Direct-Sequence Transmitter

As shown in Fig 5§, 1 used a
Hamtronics® model TA-451 transmitter
strip (Z1), the output power of which is
adjusted to 10 mW (+ 10 dBm), as an ex-
giter, This transmitter is based on a

Except as indicsted, decimal
volues ot capacitance are

in microfarads { 4¥); others
are in picoforads (pFj;
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k= 1000
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Fig 5—Schematic of the 440-MHz spread-spectrum transmitter. All capacitors under 0.001 pF are dipped mica; others are 50-V ceramic
{0.1 pF units: monolithic ceramic) unless marked otherwise. Resistors are 5% tolerance, V4- or ¥-W carbon film or composition, Q8 (in
the Z1 box) is a Hamtronics part designator. See Fig 6 for details on the PN generator. The 1-kHz tone generator, inciuded to tacilitate
testing in the author’s version of the link, is not described in this article.

D1, D2—1N4148 or equiv.

L1—10 close-wound turns of no. 30
KYNAR® -insulated (wire-wrap) tinned
copper wire, 1 mm diam {use a no. 64
10.036-in. diam] drill as a removable

form).

L2--1 turn of no. 30 KYNAR-insulated wire
through an Amidon FB-64-101 (Palomar
FB-1-84, BADIOKIT FB&4-101 also suita-
ble) ferrite bead.

U1—Mini-Circuits SBL-1. mixer (Mini-
Circuits, PO Box 350168, Brookiyn, NY
11235-0003, tel 718-934-4500).

U2—Mini-Circuits MAR-8 MMIC.

U3—TRW 2812 or Motorola MHW 693
amplifier module,

Z1—Hamtronics TA-451 446-MHz FM
transmitter (Hamtronics, Inc, 65 Moul Rd,
Hilton NY 14468-9535, tel 716-392-9430).

Z2—Hamtronics HRF-432 440- {o 450-MHz,
helical-resonator band-pass filter,
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Fig 6—Mixer and PN-generator circuitry for the 440-MHz spread-spectrum link. Except for 0.1-4F units, all capacitors are 50-V ceramic
unless marked otherwise; 0.1-uF capacitors are 50-V monolithic ceramic. Resistors are 5% tolerance, Ya- or ¥2-W carbon tilm or

composition.

C1—1- 10 10-pF, ceramic-dielectric piston
trimmer.

G2--1- to 12-pF, air-dielectric trimmer.

FB1, FB2—Amidon FB-64-101 (Palomar
FB-1-64, RADIOKIT FR64-101 also suita-
ble) ferrite bead.

L3, L4—10 close-wound turns of no. 30
KYNAR-insulated (wire-wrap} tinned
copper wire, 1 mm diam {use a no. 64
[0.036-in. diam| drill as a removable
form).

L5—2'% turns of no. 16 tinned copper wire,
1% in. diam. Tap 3% turn from ground end.

Use a Y-in.-diam drill as a form. After
winding the coil, remave the drill and
spread the turns to make a coil 2 inch
long.

L6—4 space-wound turns of no. 20 enam
copper wire on a Y-in, diam, slug-tuned
plastic form, Nominal inductance, approx
0.2 aH.

R1—100-kil, linear-taper control.

RFC1—100-¢H miniature molded choke.

U4, Us—Mini-Circuits MAR-8 MMIC,

U5—Mini-Circuits 8BL-1 doubly balanced
mixet.

U7—7805 regulator IC

Li8—MC3396P divide-by-20 prescalsr IC,

8—7474 dual-D, positive-edge-triggered
flip-fiop 1C.

UM0—74164 8-hit, parallel-output shift
register, asynchronous clear 1C.

U11—7486 quad two-input exciusive-OR
gate 1C.

Z3—Hamtronics LNW-432 preamplifier
adjusted for an input respense flat from
430 to 460 MHz. Ses text.

Z4—-448-MHz FM receiver, or transceiver in
receive mode.
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12.388-MHz crystal oscillator, the output
of which 1s multiplied by 36 to produce
output at 446 MHz. The link clock is based
on iransmitter energy sampled at one-
fourth the output frequency (111.5 MHz,
at the base of Q8 in the Hamtronics
transmitter), This signal is fed to a divide-
by-40 chain consisting of a M(C3396P and
a 7474, The divider chain produces a series
of pulses at 2.7875 MHz. These pulses are
used to clock a seven-stage shift register
composed of a 74164 and a 7486. (This
circuit, described in detail in the reference
cited at note 9, is identical to that used in
the link receiver [Fig 6).) This shift register,
the PN generator, drives one input port of
a doubly balanced mixer (U1), Attennators
are used on all ports of the DBM to reduce
the effects of impedance mismatch and
keep IMD products at a low level,

The output of the DBM, & biphase-
modulated stgnal, is then amplified by an
MMIC (U2), and a UHF amplifier module
(U3) that produces about .39 W in the
440- to 450-MHz range. The output

spectrum of the transmitter (ahead of the
band-pass filter, Z2) is shown at Fig 2A.

Because about 90% of the output power
appears between the two first nulls {located
at 443.2125 MHz {446.00 — 2.7875] and
448.7875 MHz [446.00 + 2.7875],
respectively) the use of a band-pass filter
[(Z2) to attenuate the signal below 440 MHz
and above 450 MHz does not appreciably
affect reception of the radiated signal.
{Reliable lock was obtained over a distance
of more than a mile of Fairly flat terrain
using 0.39 W output and a guarter-wave
groundplane antenna.)

As Fig 5 shows, the link clock is slightly
frequency modulated by the audio signal.
This does not introduce jitter or cause false
synchronization because a peak deviation
of 5 kHz at 446 MHz translates to a shift
of only 15 Hz at the clock frequency
(2.7875 MHz)—a negligible variation. (As
an alternative approach, the clock could be
derived directly from’ the transmitter’s
crystal oscillator, abhead of the phase
modulator. This would, of course, require

a different divider chain at the receiver end
of the link.)

The Direct-Sequence Receiver and Syn-
chronizer

See Fig 6. Signals from the antenna are
fed to a Hamtronics Model ENW-432
preamplifier (Z3) aligned for a flat response
from 430 to 460 MHz, an arrangement that
provides some limited RF selectivity. The
output of 23 is boosted another 20 dB by
a Mini-Circuits MAR-8 MMIC (U4) and
then applied to one port of an SBL-1 Mini-
Circuits DBM (U5). The output of the
DBM is further amplified by a second
MAR-8 (UJ6), the output of which feeds Z4,
a 446-MHz narrow-band-FM receiver (in
my system, a Yaesu FT-708R transceiver),
and the input of a synchronized oscillator.

The synchronized oscillator is a
deceptively simple-looking circuit that is
unfortunately as vet little-known in
amateur circles. Q2 is a modified Colpiits
ostillator that, in this application, tree-runs
at approximately 111.5 MHz, or one-fourth

45—
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Construction of the transmitter biphase modulator. J1, T™X v, is at

left; the SBL-1 DBM, U1, at top center; and J2, BIPHASE-MODULATED
QUTPUT, at right. U1 receives PN-generator injection via the wire in
the foreground.

of the expected input frequency. Because
Q2 operates in class C, it draws supply
current only during a small portion of each
cycle of its output sine wave. The resulting
pulsating emitter current develops a
pulsating voltage across Q1. Because there
is no voltage drop across (31 when Q2 is
cut off, Q1 operates as an amplifier only
on the peaks of (2’s output sine wave.
Thus, an RF synchronizing signal applied
to (Q1’s base will be allowed.to steer (Q2’s
oscillation frequency oaly for the hrief
periods during which Q2 conducts. RI,
05¢ FREQ (labeled TUNING in the title
photo), allows adjustment of QI’s base
current and, hence, (J2's :free-running
{requency.

In practice, the synchronized oscillator
provides the function of a phase-locked
loop (PLL) while offering scveral
advantages over a PLL. The synchronized
oscillator, which uses only two transistors,
is simpler to impiement, Linlike a PLL,
which depends on a multistage feedback
loop (phase detector, loop filter and so on)
to achieve and hold lock, the synchronized
oscillator focks onto the input signal
directly. Further to its advantage, the
synchronized oscillator can operate with
very nolsy input signals,0:11!

The output of Q2 is thus a sine wave at
£11.50 MHz. It is divided by 20 in U3 (a
MC3396P prescaler) and then again by 2
in LJ9 {a 7474 flip flop), the ouiput of
which—a 2.7875-MHz square wave—feeds
a seven-stage shift register (J10, a 74164),
the application of which is described in
more detail in the work cited at note 9. This
arrangement exactly duplicates that used at
the transmittér end of the link.

The output of the PN generator is
connected to the IF port of the DBM (US).
This constitutes a sliding correlator in the
sense that the transmitter and receiver PN
sequences—identical, but running at
slightly differant speeds—slide by each
other within the DBM. At the instant the
receiver PN sequence coincides with that
of the transmitted signal, correlation takes
place in the DBM, and the DBM delivers
a despread signal (Fig 2C). This despread
signal, recognized by the synchronized

20 0sT=

The transmitter MMIC (U2} and power {U3) amplifiers. J3, Mop
IN, is to the lower left; J4, rE POWER oUT, to the right. U3, a TRW
2812 amplifier module, commands the right two-thirds of this

view; U2, a Mini-Circuits MAR-8, Is the tiny black pill above and

to the right of J3.

oscillator as a valid input, forces the
oscillator into lock and keeps it there.

€Construction of the Link Prototype

As shown in the photographs, the
varions elements of the circuit were built
in individual die-cast aluminum boxes. This
provides ample interstage shielding; it also
allowed flexibility during development of
the link. A second version could no doubt
be made much simpler mechanically.

Adjustments
The Hamitronics transmitter (Z1 in Fig

5) requires only one adjustment specific to
its use in this application: fts output must
be reduced to 10 mW. If you do not own
an RF-power meter capable of measuring
this level accurately, vou can easily
construct one as follows. Build a dummy
load by connecting a 1.5-V, 25-mA lamp
(one of the two identical [amps available
as Radio Shack® no. 272-1139) in series
with a 1- to 8pF variable capacitor.
Connect this dummy load to the
Hamtronics transmitter via a sensitive SWR
indicator. Turn on the transmitter and
adjust the capacitor to minimize the SWR

What’s Spread Spectrum?

given information rate.

can be a part of it.—Ed.,

The useful energy in a conventional AM, FM or PM signal—including CW,
RTTY, AMTOR, 558 and packat-radio transmissions—is coticentrated narrowly
around a center fraquency. The bandwidth of such signals is directly related to
the modulating frequency {and, where applicabie, frequency deviation and
modulation rate). The efficiency of these and other conventional modulation
schemes is often equated with how tightly they concentrate signal energy for a

- Spread-spectrum communication doesn’t follow these rules. In spread-
spectrum work, the signal energy is /ntentionafly spread over a wide bandwidth.
Because of this, spread-spectrum signals are largely immune to interference
from, and less likely 1o cause interference to, nonspread signals. Spread
spectrum offers the additional advantages of hettar noise rejection than
nonspread systems, the possibility of hiding the communication channel in the
ambient noise, and the possibility of conducting multiple communications at the
same fime on the same frequency {cods-division multiplexing). Also, spread

. spectrum is highly resistant fo jamming and can be used for precise ranging—
characleristics that make it valuable in space communications.

Signal spreading can be done in several ways. In a frequency hopping (FH)
system, the center frequency of a conventional signal is varied many times per
second according to a predetermined table of frequencies. Direct sequence (DS)
spreading is done by varying the phase of an RF carrier with a very fast,
pseudorandom binary bit stream called pseudo-noise (PN). In chirp spread
spectrum, the signal carrier is swept over a range of frequencies. (The USAF
over-the-horlzon-backscatter HF radar is a chirp spread-spectrum system.) In
time hopping spread spectrum, a carrigr is keyad on and off with a PN
sequence. Many commercial and mifitary spread-spectrum systems are hybrids
of two or more of these spreading technigues, but current FCC rules limit
amateur spread-spectrum work to FH or D5—FH-DS hybrids are not allowed.

To learn more about spread-spectrum communication, see chapter 21 of the
1988 ARRL Handbook, back issues of QEX and the amateur spread-spectrum
rules in ARRL’s FCC Rule Book. Watch for ARRL's upcoming spread-spectrum
hook. And stay tuned to QST: This month, André Kesteloot describes what we
believe to be the first practfcal amateur spread-specfrum communication
system—an affordable system that’s simple to adjust and based on components
readily available to experimenters. Amateur spread spectrum is hers—and you




The receiver preamp, Z3, a Hamtronics LNW-432 module, fits

neatly into its awn die-cast box,

presented by the dummy load to the
transmitter. Connect the second 272-1139
famp across & 1.5-V cell in series with a 50-§2
adjustable resistor, and place this lamp so

that you can simultaneously view it and the.

dummy-load lamp. Adjust the current
through the de-fed lamp so that the lamp
dissipates [0 mW. Turn on the transmitter
and adjust R37 (on the transmiiter) so that
the RF-fed lamp glows at the same
brightness as the de-fed lamp. This simple
comparison method vields surprisingly
accurate results. No other adjustments are
required at the transmitter site.

method yields surprisingly accurate results.
No other adjustments are required at the
transmitter site.

At the receiver site, the only adjustments
necessary concern the synchronized
oscillator (Fig 6). Using a dip meter coupled
to L5 as a resonance indicator, adjust C1,
OSC INPUT TUNING, for resonance at
111.5 MHz. (Because R2 loads the tuned
circuit, you may have to temporarily dis-
connect the 68-pF capacitor from the R2
wiper to obtain a discernible dip.) Connect
a frequency counter to the output of the
divide-by-40 chain via J11, FREQ COUNTER.
Adjust RI, 0SC FREQ, to the center of its
range. Adjust the wiper of R2, GAIN SET,
to the ground end of its range. Set C2, 0sc
TANK TUNING, o the center of its range,
and adjust L6 for a reading of
approximately 2.78 MHz on the frequency
counter. Note that this reading can be
varied by adjusting the 0$C FREQ control.

Qperation

After identifying your station on the link
carcier frequency in accordance with
£97.84(2)(5) of the FCC rules (identifica-
tion by means of a narrow-band
emission—AFSK or voice—is the easier
option to implement) and stating the
characteristics of your PN sequence, you
may turn on the spread-spectrum
transmitter.!?

At the receiver end of the link, adjust the
wiper of R2 (Fig 6) to about 30° from the
ground end of its range, (Further advancing
this control only ‘‘oversynchronizes™ the
oscillator and produces distortion at its out-
put, and could lead to false triggering of
the divide-by-20 stage.) Connect a
frequency counter to J11 and adjust R1 for
a counter indication of about 2.7875 MHz,
Assuming that the received signal is

The three ICs in the receive-mixer module are containaed on a
single PC board. U4 is at left (above J5, AF 1; US is almost
hidden from view by the disc-ceramic capacitor at top, and U5 is
at the right (above J8, sync os0). (In this model, a coaxial tee is
used at J8 in lieu of mounting J7, rx, on the box.) The jack at
center is J6, PN INPUT.

sufficiently strong, you should observe that
the counter suddenly displays exactly
2.7875 MHz as you adjust R1. When this
happens, the receiver PN sequence has
tocked to the transmitter sequence.

The synchronized oscillator should be
able to achieve lock at free-running
frequencies from about 2.7860 to 2.7890
MHz. In my version, the receiver stays in
lock for hours without needing readjust-
ment of R1 once the synchronized-
oscillator enclosure has stabilized (about 30
minutes after turn-on).

Summary

This article has described a direct-
sequence spread-spectrum UHF link that
uses readily available components and does
not require sophisticated equipment for
adjustments and tuning. As it stands, the
system transmits and receives voice, or
packets by means of AFSK. Work is
currently proceeding to modify the system
to allow direct data transmission.

Radio amateurs should expect spread-
spectrum technology to become rapidly
prominent in the field of amateur high-
speed data transmission. | hope that this
description of a practical spread-spectrum
link will encourage others to undertake
their own experiments on one of Amateur
Radio’s newest frontiers.
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8A, Kesteloat, "Practical Spread Spectrum: A
Simple Clock Synchronization Scheme,' QEX,
Oct 1986, pp 4-7.

105ea note 8.

1A, Kaesteloot, 'Extracting Stable Clack Signals
from AM Broadcast Carriers for Amateur
Spread-Spectrum Applications,” QEX, Oct 1987,

pp 5-9.

12An ambiguity is introduced by the fact that the
synchronized oscillator divides by 4. It is thus
theoretically possible for the oscillator to lock
onto any one of the four RF cycles that can
praduce the carrect frequency relationship at
the recaiver end of the [ink. In practica, though,
the receiver tends to lock onto the proper gycle
very reliably, (This ambiguity will be resolved
once it becomes possible. to [1] buid a
synchronized oscillator capable of operating
reliably at 448 MHz, or [2] find a
reasonablypriced phase-locked loop capable of
operating at 446 MHz.) ‘

1] jdentify my spreag-specirum transmissions by
speaking into a hand-held FM voice transceiver
tuned to the link carrier frequency.
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A Practical Time-Domain

Reflectometer

With an oscilloscope and this
handy device, you can
check your transmission lines
from the comfort of your

shack!

By Tom King, KDSHM

6284 Stardust Drive
Watauga, TX 76148

A time-domain reflectometer?
What in the world Is that, you
ask? A timeg-domain reflectometer
(TDRY} is a simple but powerful
tool you can use fo evaiuate your
transmission lines. This TDR Is
an easy and inaxpensive con-
struction projecti—you can build
it for about £25!

crawl inside your transmission line

and view it from the perspective of
a radio wave? That’s exactly what a time-
domain reflectometer (TDR) allows you to
do. When used with an oscilloscope, a TDR
allows you to find impedance bumps (open
and short circuits, kinks and so on) in
transmission lines, Commercially produced
TDRs cost from hundreds to thousands of
dollars each, but you can add the TDR
described here to your shack for much Jess.

To understand time-domain reflectom-
etry, a review of some transmission-line
theory is in order. If a load on a line has
exactly the same characteristic impedance
(Zy) as the line, 100% of the power ap-
plied to the line is absorbed in the load.!
If a mismatched load is connected to the
line (or if the line impedance is not cons-
tant), some of the applied signal is reflect-
ed toward the source. A TDR tells vou the
nature of any mismatches end where they
are on the line.

Transmission-line theory aiso tells us that
mismatched impedances higher than the
line Z cause reflections to return to the
source in phase with the applied signal—
the reflections and applied signal thus add.

E ver wonder what it would be like to

"Notes appear on p 24.
22 O5T=

As you would expect, impedances lower
than the line Z, cause reflections to be out.
of phase with the applied signal, so the
reflections subiract from the applied signal.

How the TDR Works

Simply measuring the magnitudes of the
reflected and applied signals at the source
end of a transmission line allows us to de- -
termine the nature of impedance distur-
bances along the line. Using the divisions
on the oscilloscope screen {the graticule) to
measure the time between the application
of a signal and the arrival of the reflections
at the source end, we can determine the
locations of these disturbances with a

simple proportional method. The locations
of disturbances are found by

{(983.5 x VF x 1)
)

=

£ = (Eq I)
where
[ = line length in feet
VF = velocity factor of the transmission
line {from 0 to 1.0)
t = time delay in microseconds

The time-domain retlectometer circuit
shown in Fig 1 consists of a CMOS 555.
timer (Radio Shack® no. 276-1718) con-
figured as an astable multivibrator,
followed by an MPS3646 transistor acting
as a 15-ns-rise-time buffer. The timer

Except as indicated, decimal values ot
capacitance ars in misrofarads [uF); othars

ara I picolarads (pF). tasistances are in s
ohms; k = 1000, M = 1000 000,

£ = polystyreng
T« tantalum
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Fig 1—S8chematic diagrarn of the time-domain reflectometer. All resistors are

Ya W, 5% tolerance. U1 is a CMOS 555 timer. Circuit current drain is 10 to 25 mA. Whan
building the TDR, observe the construction cautions discussed in the text. C2 is available
from Mouser Electronics, 11433 Woodside Ave, Santes, CA 92071, tel 619-449-2222, part

ne, ME242-8050.



provides a 71-kHz square wave. This is
applied to the 50-Q transmission line un-
der test (connected at J2). The oscilloscope
connects to the circuit at J1.

Construction

The PC-board etching pattern for the
TDR is shown in Fig 2, and the parts-
placement diagram in Fig 3. The TDR, in-
cluding the batteries on which the TDR
runs, is designed to be housed in a 4% x
3% x 1¥:-inch enclosure, Right-angle-
mounted components are used at S1, Ji
and J2.2

There are two rather critical aspects to-

building the TDR. The first has to do with
component substitution in the buffer cir-
cuit: Don’t do it! Use only an MPS3646 for
Q1. 1 chose the MPS3646 for its good per-
formance in this circuit. If you substitute
another transistor, the circuit may not per-
form properly. RS and C2 form a compen-
sation network—much like the networks in
oscilloscope probes—that can be adjusted
to eliminate the effects of the probe wire.
The network is adjusted to compensate for
the effects of the cable connected between
the TDR and the cable under test.

A second caution: For the TDR to
provide accurate measurements, the cable
connected to J1 (between the TDR and the
oscilloseope) must not introduce impedance
mismatches in the circuit. Do nof make this
cable from ordinary coaxial cable.
Oscilloscope-probe cable is the best thing
to use for this connection. (It took me
about a week and several phone calls to de-
termine that scope-probe cable isn’t **plain
old coax:”* Probe cable has special charac-
teristics that prevent undesired ringing and
other problems.) Mount a binding post at
J1 and connect a scope probe to the bind-
ing post when testing cables with the TDR.

The TDR is designed to operate from
supplies of between 3 and 9 V. Two C cells
in series (3 V) supply operating voltage in
my version. The circuit draws only 10 to
25 mA, so the cells should last a Jong time
{close to the shelf life) in intermittent serv-
ice. Ul can function with supply voltages
as low as 2.25 to 2.5.

If you want to use the TDR in
transmission-line systems with characteris-
tic impedances other than 50 @, change the
value of Ry te match the system im-
pedance as closely as possible.

Calibrating and Using the TDR

The requirements for the oscilloscope
used with the TDR are not very demand-
ing. Just about any scope with a bandwidth
of at least 10 MHz should work fine.* To
calibrate the reflectometer, terminate
CABLE UNDER TEST connector J2 with a
51-2 resistor. Connect the oscilloscope’s
vertical input to J1. Turn on the TDR, and
adjust the scope’s timebase so that one
square-wave cycle from the TDR fills as

much of the scope display as possible

without uncalibraiing ihe timebase. You
should see a waveform like that shown in

Fig 2—Full-size PC-board etching pattern for the TDR. Black areas represent unetched

copper foil.

Fig 3-—Parts-placement diagram for the
TDR. Parts are mounted on the non-foil
side of the board; the shaded area
represents an X-ray view of the copper
pattern. Be sure to observe the polarity
markings of C3, C4 and C5.

Fig 4. Adjust C2 to obtain maximum am-
plitude and sharpest corners on the ob-
served waveform, That’s all there {s to the
calibration process!

To use the TDR, connect the cable un-
der test to J2, and connect the scope’s ver-
tical input to J1. If the waveform vou
observe is different from the one you ob-
served during calibration, there are im-
pedance variations in the load vou're
testing. See Fig 5. For this example, I con-
nected an unterminated test cable to the
TDR. The beginning of the cable is shown
at point B. (AB represents the TDR’s
output-pulse rise time.) Segment BC shows
the portion of the transmission line that has
a 3041 impedance. Between points C and
D, there is a mismatch in the line. Because
the scope trace is higher than the 50-£ trace,
the impedance of this part of the line is
higher than 50 Q—in this case, an open
circuit.

To determine the [ength of this cable,
read the length of time over which the 50-02
trace is displayed. The scope is set for

0.02 us per division, so the time delay for
the 50-{ section is (0.02 us x 2.1 divisions

=) 0,042 ps. The manufacturer’s specified
velocity factor (VF) of the cable is 0.8. Eq |
tells us that the 50-Q section of the cable is

! = (983.5 x 0.8 x 0.042 ps) + 2
= 16,52 feet

The TDR provides close agreement with the
actual cable length—in this case, the cable
is really 16.50 fect long! (Variations in
TIDR-derived calculations and actual cable
lengths can occur as a result of cable VFs
that vary considerably from their published
values. Many coaxial cables have VFs that
vary as much as 10% from the specified
values!)

A second example is shown in Fig 6. 1
connected the feed line to my 432-MHz ver-
tical antenna to the TDR for this example.
The 432-MHz antenna, mounted on my
tower at 95 feet, is fed via a length of
¥i-inch Hardline. The feed line has been
in place for well over a year, so { wanted
to check out the condition of the line.
Fig 6 shows that the 50-{} section of the line
has a delay of (6.2 divisions » 0.05 gs) =
(.31 ps. Because the trace is straight and
level at the 50-0 level, the line is in good
shape. The slight bump at the right-hand

!
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Fig 4—TDR calibration frace as shown on
an oscilloscope. Adjust G2 (see Figs 1
and 3} for maximum deflection and shar-
pest waveform corners during calibration.
See text.
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Fig 5—Open-circuited test cable. See text
for interpretation of the waveform.

Fig 6—TDR display of the impedance
characteristics of the 145-foot Hardline run
o the 432-MHz antenna at KDSHM. See
text for discussion.

end is where the antenna is connected to
the feed line.

To determine the actual length of the
line, 1 used the same procedure as before:
Using the published VF for the Hardline
(0.88) in Eq 1, I found the line fength to be

¢ . (983.5.x 0.88 % 0.31 us)
2

= ]34.1 feet

Again, the TDR-derived measurement is in
fairly close agreement with the actual cable
length (142 feet).

Final Notes

The time-domain reflectometer described
in this article is not frequency specific; its
measurements are not made at the freq-
uency at which a system is designed to be
used. Because of this, the TDR cannot be
used to verify the impedance of an antenna,
nor can it be used to measure cable loss at
a specific frequency. Just the same, in the
two years since I designed and built the
TDR, it has never failed to help me locate
a transmission-line problem. ’ve found
that the vast majority of transmission-line

24

117 2%

problems result from improper cable instal-
lation or connector weathering.

Building and using this TDR is fun. I'm
sure you’ll find the results to be
worthwhile!

Notes

*This assumes a lossless transmission line, [n real
transmission lines there is some loss, $0 even
if the load is perfectly matched to the line, the
load will nat dissipate 100% of the power applled
to the line—some of the applied power will be
lost before it reaches the load.

2Right-angle BNC connectors for use at J1 and

J2 can be obtained from Newark Elsctronics
4801 N Ravsnswood Ave, Chicago, IL 60640,
tel 312-784-5100, part no. BaN1578. &1 can be
obtained from All Electronics, PO Box 567, Van
Nuys, GA 91408, tel 800-826-5432, part no.
NISW-1 An SPST toggle switch can also be
used at 81.

3Tests in the ARRL lab showed that a 56-MHz
scope provides for much more accurate meas-
uraments, especially with short-length test
cables,—Ed.

Reference

J.Jo Carr, “Find Fault with Your Coax,” 73
Magazine, Oct 1984, pp 10-14. I |
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G3AYO RECEIVES ICELANDIC
KNIGHTHOOD

{1 On February i4, 1989, Tony Welch,
G3AY O, was created a Knight in the Icelandic
Order of the Falcon and invested by the Presi-
dent with the Knight’s Cross of the Order for
long and distinguished service to Iceland. He
has worked in the conception and develop-
ment of an ATC radar system to promote
safety and expedition for international air
traffic traversing Icelandic airspace. Tony has
been Consutiant Radio Engineer to the Icelan-
dic Civil Aviation Administration since 1970,
During the course of his work, he has heen
able to assist the [celandic Foreign Office, the
Coast Guard, the PTT and the Engineering
Institute of the University of [celand.
Tony was chairman of CCIR Study Group
which dealt with Amateur and Amateur Satel-
lite Services. He has held a guest license in

Iceland for many vears and hopes to work old
friends during his next visit,
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Tony Welch, G3AYQ, receivas his Knight's
Cross from Iceland’s President Vigdis.
{photo courtesy Morgunbladid, Reykjavik)




A Four-Stage 75-Meter

SSB Superhet

Getting “the most for the least”

is a typical ham radio objective

for those who build circuits. This
simple SSB superhet receiver is
the product of such an effort.

By Doug DeMaw, W1FB
ARRL Contributing Editor

PO Box 250
Luther, Ml 49656

(13 ust everything you design
M be for CW operation?” 1
have been asked this guestion
many times. Perhaps my preference for
CW work influenced my thinking when 1
sat down to design a new piece of gear. ‘The
circuit in this article is my *‘apology’’ for
overlooking the voice operators who like
to build homemade receivers. 1 want to
stress that this four-stage receiver does not
belong in the high-performance class.
However, it is sensitive and stable, and it
provides good audio guality.

Design Rationale

One objective when starting this project
was to learn how few components could be
used to develop a receiver with acceptable
performance. A great deal of cutting and
pruning teok place over a one-month
period of breadboard-circuit testing. |
wanted to have some rejection of the
unwanted sideband, but I also wanted to
minimize the cost of a crystal filter. A low
overall noise figure was also a criterion.

Another goal was to have a surplus of
audio gain for even the weakest of SSB
signals. Finally, the power consumption for
the receiver should be modest enough to
permit battery operation during emergency
or field use. All of these objectives have
been met.

Circuit Highlights

The tuning range of the circuit in Fig |
is from 3.7 to 4.0 MHz. The FL1 and
oscillator constants can be changed to pro-
vide coverage of the 80-meter CW band,
should you prefer that to the SSB segment
of the band. Filter information is presented
in The ARRL Flectronics Data Book.! A
slight increase in inductance is needed for

'Notes appear on page 28.
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L5 in order to cover 3.5 to 3.7 MHz.

Although QI could be made to work as
both a mixer and oscillator, T chose to
isolate the oscillator from the mixer,
Harmonic currents also inject the mixer
when both circuits share a common
transistor substrate. This causes all manner
of spurious responses, and oscillator
pulling may also he a problem. The injec-
tion waveform from the gate of Q3 is very
clean.

FLI is a band-pass filter with circuit
values taken from the W7ZO1 tables in the
Datg Book. Although the values specified
in Fig 1 are for 3.8 to 4.0 MHz, the
attenuation at 3.7 MHz is minor with the
filter peaked at 3.85 MHz. There is some
insertion loss through FIL.I {about 2 dB).
An earlier version of this receiver had 2
single, high-Q) tuned circuit at the mixer
input. Receiver sensitivity was better with
that arrangement, but it was a nuisance to
retune the input circuit when changing fre-
quency, With the single tuned circuit a
0.35-4V signal was 3 dB above the noise
floor of the receiver. A 3-dB rise occurs at
0.55 pV with FL1 in place. I should men-
tion also that the single tuned circuit
allowed signals from the image side of the
mixer (20 meters) to pass through the
receiver. The band-pass filter corrected the
fault,

Should you want to cover both the 75-
and 20-meter bands you can build a
20-meter version of F1.{ and band switch
the two filters. As with the 73-meter-only
version, an [F of 9.0 MHz (Y1) is required,
With this arrangement the 20-meter band
will tune backwards from the 75-meter
band, but upper- and lower-sideband recep-
tion will occur, as required, without

changing the BFO frequency (Y2). This
two-band scheme with a 5-MHz VFO is an
old one!

in effect, the vircuit in Fig 1 is a fixed-
tuned direct-conversion receiver (Q2 and
U1) with a tunable converter (Q1 and Q3)
ahead of it. There are no iF amplifiers, and
hence no AGC. Gain from an (F amplifier
is not needed to ensure good performance.
The overall receiver gain is approximately
75 dB. This is more than adequate for
headphone reception.

Q2 serves as a crystal-controlled BFO
and product detector. C14 is chosen to pro-
vide a BFO frequency that is roughly 1.3
kHz higher than the IF-filter crystal, Y1.
{C12 and C13 lower the marked frequency
of Y2.3 A 50-pF trimmer can be used at
W1/C14. You may want to eliminate Cl4
and order Y2 for a frequency that is 1.5
kHz higher than that of Y1. I found that
I could shift a surplus 9.500-MHz HC-6/1)
crystal to 9.5013 MHz with C14 in place
of W1, as shown. Changing C12 and C13
to 47 pF may help raise the Y2 frequency.
I find that plated crystals in HC-6/U
holders shift upward better than the small
units in HC-18 holders. Crystals in FT-243
holders are not recommended for this
application.

R3 is chosen to provide a relatively broad
band-pass response for ¥1. You may want
to experiment with this value if you use
crystals other than those listed in Fig 1,
Filter ringing was a problem with a 100-k2
value at R3. It appeared as a howl in the
receiver output. '15 and C17 are used to
prevent BFO energy from reaching U1.
These capacitors also roll off the high-
frequency audio response to minimize the
effects of high-pitched audio energy.
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Fig 1—Schematic diagram of the simple SSB receiver. Fixed-value capacitors are disc ceramic unless otherwise noted. Polarized capaci-
tors are tantalum or electrolytic. Fixed-value resistors are 14-W carbon composition,

1, C4, C9—Small plastic or ceramic
trimmer, 50 or 60 pF. Small mica
trimmers can be used also,

G2, G3, C10—Silver mica, polystyrene or
NPQ disc.

C22—Miniature 30-pF air variable with
shaft. Double-bearing type preferred,
Should rotate smoothly.

G25—Ceramic trimmer capacitor. NPO type
preferred.

P1—5.1-V, 400-mW or 1-W Zener.

D2--Silicon high-speed switching diode,
type 1NS14,

The measured rejection of the unwanted
{upper) sideband at 700 Hz (single tone}
was 16 dB with a high-Q HC-6/U crystal
at Y. The closer the BFO frequency is to
the [F, the worse the rejection. A two-
crystal lattice filter can be substituted for
Y1 if better rejection is desired. You may
aiso want ta consider a four-crystal ladder
filter.?

€23 operates as a Colpitts oscillator. C22
permits coverage from approximately 3.7
fo 4.0 MHz. NP0 capacitors help to ensure
acceptable long-term stability, NPO units
can be used at C26 and C27 to further
improve the stability, although polystyrene

26 1] 2

Li—Four turns of no. 25 enam wire over
L2 winding.

.2, L3—8&.7-pH toroidal inductor; 44 turns
of no. 28 enam wire on an Amidon Assoc
T-50-6 toroid. Q, = 170.

L.4—2.6-uH toroidal inductor: 25 turns of
no. 26 eram wire on an Amidon Assoc
T-50-8 toroid.

L5—5.0-4H toroidal inductor; 33 turns of
no. 22 enam wire on an Amidon Assac
T-68-8 toroid. Add two coatings of poly-
styrene Q Dope® to winding for rigidity.
Polyurethane varnish can be substituted.

capacitors are quite temperature stable.

Preventing Problems

Owing to the high gain of U1, it is
necessary to keep the leads going to the 1C
as short as practicable, 18 should be
located as close to pin 6 as possible. 88 and
C21 need to be close to pin § and C17
should be near pin 3. The gain of U1 can
be increased by decreasing the value of R7,
but instability lurks nearby when the chip
gain is boosted!

The value for RFC2 is critical. Too large
an inductance vafue causes unwanted self-
oscillation below 4 MHz. Use no more than

1, Q2-Any dual-gate VHF MOSFET,
RCA 40673 or 3N211 suitable.

R1—Audio-taper carbon-composition
control.

RFC1, RFC2—Miniature ferrite-core RF
choke {(Mouser; see note 4).

Y1, ¥Y2—8.0-MHz (Y1} and HC-8/U
9.0015-MHz {Y2) crystals {30 pF load
capacitance). Available from JAN
Crystals, 2341 Crystal Dr, PO Box 08017,
Fort Myers, FL 33908, tel 800-237-3083.
Catalog avallable.

50 pH of inductance at RFC2,

Do not install Q1 and Q2 on the PC
board until all of the other parts have been
soldered in place. Dual-gate MOSFETs
have fragile gate insulation, and static
charges can perforate the insulation,
thereby shorting the gates to the drain-
source junction, Ground the tip of vour
solder pencil before soldering the FETs to
the circuit board, and use minitmum sus-
tained heat.

Construction Comments

A PC-board etching pattern is provided
in Fig 2, Boards for this project are avail-



ARRL Lab Test Resulis

Tests of the mode! built by the
Audio Amp author showed these results:

LM386 Minimum discernible signal (MDS);
—-99.0 dBm {decibels relative to a
10 uf mifliwatt) at 3800 kHz

A Blocking dynamic range at 3800/
+ 19 470 wF 3850 kHz: 76.0 dB

S . .
.05 RA? éiw]: 5 Two-tone, third-order dynamic range

2 + Hh:éﬂ 2 at 3800/3850 kHz: 59.0 dBb
2 8-

PHONES

o able from FAR Circuits.® A parts-
| f.;l; placement guide is given in Fig 3. Single-
C18 4 sided PC board is used for this project.
470 4F Main-tuning capacitor (22 should be

T L driven with a vernier mechanism to make

tuning easy. An imported dial drive is

suitable. The number scale can be used
for frequency logging. Vernier drives
are available by mail.* Surplus gear drives
I3 f12 v (30 mA) are available from dealers that sell

If C22 is not mounted securely to the
receiver chassis or mainframe, cabinet
flexing wifl cause mechanical frequency in-
stability. Locate C22 as close to the (33 cir-
- a1 Top View cuit as possible.

@ p@ Pads are available on the PC board for

A ¢ b HC-6/U and HC-18/U crystals. The crys-

tals can be soldered directly to the board,

or you may install crystal sockets for Y1

and Y2. PC-board crystal sockets are avail-

able from International Crystal Manufac-
turing Co.¢

Mount the receiver PC board by means
of four metal spacers. This ensures that the
ground foil of the board is well grounded
to the mainframe. Proper grounding aids
circuit stability.

ke 5
E oo V(Erm A WW 11 surplus.
-~

o, Qz2 Q3
Bottom View

L BN ]

Receiver Alignment

Use a frequency counter (or general-
coverage receiver) coupled to RFCL via a
50-pF capacitor to set 23 for the desired
VFO range. The frequency range of the
VFQ is dependent on the crystal you select
for Y1. In any event, it should have a
300-kHz range for coverage from 3.7 to 4.0
MHz. Adjust C22 for maximum
capacitance and tweak €23 to obtain a
5.0-MHz reading on the counter.

Attach an antenna or signal generator to
the input of FL1. Find a weak signal at
approximately 3.85 MHz, Adjust C1 and
C4 for maximum signal response. Repeat
this step three or four times to overcome
interaction between the resonators in FL1.
Now, peak C9 for maximum signal level,
There are no further adjustments, assum-
ing that Y2 is on the proper frequency. You
can check the Y2 frequency by sampling RF
energy at the top end of RFC2 with a small-
value capacitor.

Sew oo Concluding Remarks

Interior photo showing component layout. This circuit was designed with & minimum num- This receiver can serve as a foundation
ber of components, but opticnal modifications allow 20-meter coverage. for further experimenting. For example,
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Fig 2—Circuit-board etching pattern for the receiver, shown full-size from the etched side
of the board. Black areas represent unetched copper foil,
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Fig 8--Parts-placement guide for the receiver. Parts are piaced on the nonfoil side of the
hoard; the shaded area represents an X-ray view of the copper pattern. Component out-
lines are not necassarily representative of the shapes of the actual parts used.

the IF filter can be improved, as discussed
earlier. An RC active audio filter can also
be added to improve the overall receiver
selectivity.

Although this receiver will drive an
8-ohm speaker rather well for loud signals,
it falls short of the mark on weaker signals,
This can be corrected by inserting a one-
stage audio amplifier between Q2 and U1,
A 2N3904 or 2N2222 can provide the extra
gain needed for speaker operation. If this
is done, add a 100- resistor and 22-pF
bypass capacitor to the supply lead that

28 0s=

feeds Q2. This will decouple the audio cir-
cdits and prevent motorhoating.

An S meter can be added by sampling the
audio signal at the drain of Q2. Amplify
the sampled audio with a 741 op amp, then
rectify it with a 1N914 diode and filter it.
A, microammeter can be driven with the
rectified audio to produce meter readings.

A class-A broadband RF amplifier can
be added between FLI and QI to enhance
the receiver sensitivity. Circuits for these
optional changes are given in Solid State
Design for the Radio Amateur (ARRL).”

It should be a simple matter to modify
this receiver for operating on other amateur
bands. Only the VFO and FLI need to be
changed.

Notes

tAvailable from ARRL HQ (312 plus $2.50
postage and handling, or $3.50 for insured
Parcel Post or LIPS} or from your local
dealer.

2W, Hayward, “Dasigning and Building Simple
Crystal Filters,” (57, July 1987, p 24.

3%6 (including shipping to US addresses) from
FAH Circuits, 18N840 Field Ct, Dundae, IL
60118, tel 312-426-2431, evenings.

“Mouser Electronics. 2401 Hwy 287 N,
Mansfield, TX 76063, tal 817-483-4422,
Catalag available.

SFalr Radio Sales Co, 10168 E Eureka St,

P Box 1105, Lima, OH 45802, tel
419-223-2196, Catalog available.
snternational Crystal Manufacturing Co, Inc,
PO Box 26330, 701 W Sheridan, Oklahoma
City, OK 73126-0330, tel 405-236-3741.
7Available from ARRL for $12 {plus $2.50
postage and handling, $3.50 for insured
Parcel Post or UPS) or from your locat

rdealer. a2 3. 5]
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QEX: THE ARRL EXPERIMENTER'S
CXCHANGE AND AMSAT SATELLITE
JOURNAL

The April issue of QEX includes:

o A Selective Calling Decoder for MF/
HF Radio Systems,” by Paul Newland,
AD7IL. If you've been looking for an ef-
fective selective-calling decoder tor MF/HF
5SB use, here's a unit that provides many
features with simple hardware.

e “Correspondence’’ contains updates
and corrections from Steve Powlishen,
K1FQO, concerning his November 1988
QFEX article, *“‘Characteristics of Some
Common Power Tubes at 432 MHz.””

» “Components,”” by Mark Forbes,
KC9C. Response from reader survey:
Where to buy components in small
quantity,

QFEX is edited by Paul Rinaldo, W4RI,
and is published monthly. The special
subscription rate for ARRL/AMSAT
member is $10 for 12 issues; for non-
members, $20, There are additional postage
surcharges for mailing outside the US;
write to HQ for details.

=

I would like to get in touch with...

Strays

i1 anyone who has pre-WW 11 cryptographic
equipment or devices, for research and photo-
graphic purposes. Lou Kruh, WB2EZK,
17 Alfred Rd W, Merrick, NY 11566.



or those math calculations that
F don’t work out right, for those

instructions that tell you to *‘use an
appropriate capacitor value™ (and don’t
explain what *“appropriate’’ means), the C-
SUB is vour answer. C-SUB comes in
handy when you’re trving to find the
replacement for unmarked or destroyed
capacitors, Use the C-SUB to quickly and
easily find just the right capacitance value
you need in that circuit you’re dealing with.

Description

This simple capacitor-substitution box
uses only three different capacitance vaiues
and three BCD (binary coded decimal)
thumbwhee! switches, Each BCD switch
position (decimal numbers 0-9 on the dial)
provides binary-coded connections on the
switch’s integral PC board. With 4
showing on the switch dial, only terminal
4 is connected to the switch’s common
terminal; dialing up 7 connects terminals 4,
2and 1(4 + 2 4+ 1 = 7} 10 the common
terminal, Table 1 (the switch’s truth table)
shows which switch terminals are connected
to the common terminal for each setting of
an individual switch dial.

You'll recall that connecting two
capacitors of the same value in parallel with
each other doubles the capacitance values.
Also, connecting two capacitors of the
same value in series with each other falves
the total value of capacitance. We can use
these capacitor characteristics to our
advantage. By properly connecting
capacitance values of 0.002, 0.02 and
0.2 uF to three BCD switches, we can
cover a capacitance range of from (0.001 to
0.999 uF using only three capacitance
values. Of course, we'll need more than
three capacitors to do this—a total of 27,
to be exact.

Building the C-SUB

The pictorial diagram of the C-8UB is
shown in Fig 1. An inside view of the

prototype appears in Fig 2. There’s no need
for component-mounting strips—all of the
capacitors can be attached directly on the
BCD switches.

First, prepare the enclosure to accept the
switches, but don’t mount them until all of
the capacitors have been attached. For my
C-SUB, | used a small aluminum box
(1-5/8 x 2-1/8 x 2-3/4in. HWD) and cut
a rectangular hole in the cover to hold the
three switches. Also, drill two holes in the
sides of the box to pass the test leads. Place
rubber grommets in the holes to prevent the
wires from chafing.

Connect the capacitors to the switches,
starting with the units-position (.00X)
switch (see Figs 1 and 2). Solder four
0.002-pF capacitors in parallel with each
other, and attach one end of the assembly
to terminal 8. Parallel two (L.002-pF

Table 1
Truth Table for the BCD Switches
Terminal{s) Connected
Clal To Common
Setting
8 4 Z 1
G
1 X
bl X
3 x X
4 %
5 X X
B X X
7 X X X
8 X
g b4 X

The C-SUB

Here's a cheap and

easy-to-build capacitor-
substitution box that’s
sure to come in handy!

By James C. Patrick

253 Lancaster Ave
Staunton, VA 24401

capacitors and solder one end of the pair
to terminal 4. Solder a single 0.002-4F
capacitor to terminal 2. Then, solder two
0.002-uF capacitors in series, and attach
one end of the pair to terminal 1. Next,
connect together all the free ends of the
capacitors.

Repeat the foregoing procedure for the
tens- (,0X0) and hundreds-position (. X00)
switches, Use 0.02-g4F capacitors with the
tens-position switch and 0.2-uF capacitors
with the hundreds-position switch.

Now, fasten together the three switch as-
semblies and the end plates. Make sure the
XU0 switch is at the left and the .00X
switch on the right. You can make the
decimal point (see the title photo) by using
a toothpick dipped in white enamel paint.

Solder one test lead to the joint side of
the three capacitor groups (see Fig 1) and
connect the other test lead to all the
common (C) terminals on the switches,
Insert the completed assembly into the box,
secure the switches in place (1 used epoxy),
attach alligator clips to the test leads, and
the C-SUB is ready to go to work for you!

Using the C-SUB

Maost of the time, using the C-SLIB
simply means attaching the two clip leads
of the C-SUB to the proper points in the
circuit you're dealing with and setting the
capacitance vaiue by means of thumbwheel
switches. When the circuit is performing
the way it should (assuming nothing else
is wrong). read the capacitance value from
the thumbwheel-switch settings and install
a capacitor of that value; nearest standard
values will work in most cases. When
vou're troubleshooting a circuit and suspect
a faulty capacitor is the problem, it's good
practice to disconnect one lead of the
suspect capacitor from the circuit before
inserting the C-SUB in its place.

If you’re experimenting with an RC
timing circuit, you can use the C-SUB to
easily change the timing-capacitance values,
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Units

Fig 1—Pictoriai diagram showing how to connect the capacitors to P
the BCD switches. .
Numbers in parentheses are Mouser® part numbers; Mouser Elec-
tronics, 2401 Highway 287 North, Mansfield, TX 76073, tel
817-483-4422 Equivalent paris may be substituted.

C1-C8—0.002 wFH00 V, 10%, Mylar® (23BKZ220). Right 7
C10-C18—0.02 xFHO0 V, 10%, Mylar {23BK320). ’ S
CA8-C27—0.2 pFMO0 V, 10% Mylar (23BK420). /
$1-83—BCD switch (ME108-9801).

Misc: right-end plate (ME106-8802), left-end
plate (ME106-8803), aluminum box {537--780).

In oscillator circuits., you can determine
feedback/divider ratios for reliability and
easy starting, C-5UB can help in sefecting
the best value of capacitance to use in
coupling between circuit stages..

You should realize that the C-SUB does
have some lmitations—as does all test
equipment. With the capacitors specified,
the maximum potential applied to the

C-S5UB’s clip leads should not exceed !;' : be— S
100 ¥V, So, don’t try using this particular ¢ ‘[ AR l lT 3 l i
version of C-5UB in high-voltage environ- / :[i T™ - 7 ™ "
ments! Also, the capacitor and test lead § - 4

[engths will introduce added circuit L C19=027 0.2 WF .\"‘-.__‘
inductance and, depending on the circuit \ ¢
and frequency of operation, unwanted ] ™
feedback paths. Hach BCD switch itself [‘ }
exhibits about § to 7 pF of stray 057 7
capacitance. Lastly, if you use the most- j - F2SE léiﬂpf E—— H

significant decade (hundreds position), the
feast-signiticant decade (units) will

probably not be accurate. Accuracy also
depends on the tolerance of the capacitors
used.

The C-SUB is an inexpensive, easy-to-
build project. Have fun building your own!
You'll find it to be a helpful companion at,
and away from, the workbench.

James Patrick is an avid experimenter, SWL and
LOWFER,. He is a Component Specialist for
Cnmsonics Inc, o manufacturer for the CATV
industry. Crediting ARRL publications for most
af his electronic education, Jim Is progressing
towards his ticket with help from Thomas
Benson, WA4ESI, and Cowles Andrus, I,
KB4CNI, Jim welcomes technical correspon-
dence sent to his home address. L

Strays Y

f would like to get in touch with...

I1 anyone who has specifications, schematics
or an operating manoal for an ALECTRA
{EMI Division) CEC, Model 118 DBM/DBA

] meter. J. M. Scovill, WTGSZ, 9015 42nd Ave
Fig 2--An inside view of the C-SUB, NE, Seattle, WA 98115,
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Simple Low-Noise Microwave

Preamplifiers

These preamplifiers cover the 2.3- to 10-GHz ham bands. They offer
good performance, yet require no RF alignment!

By Al Ward, WB5LUA
Rte 9, Box 132

McKinney, TX 75069

. INPUT
ne of the hurdles to overcome in

O building a microwave station is
construction of a good low-noise
preamplifier. Techniques using lumped
constants {capacitors and inductors) that
work well at lower frequencies are often
difficult to realize above 2304 MHz. Once
a design is worked out and the preampli-
fier built, the unit must then be tuned for
mintmum noise figure (NF) before any sort
of reasonable performance can be expected.
Preamplifier tune-up itself presents a
hurdle because many hams don’t have
access to NF test equipment that is accurate
in the microwave region.

This article describes the design and con-
struction of low-noise amplifiers (LNAs)
for 2.3, 3.4, 5.7 and 10 GHz. If the LNAs
are duplicated exactly from the informa-
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ATF-10135

Except as indicated, decimat values of
capacitance are in microfarads (uF); others
are In picotarads (nF); resistances are in
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QUTPUT
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e
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tion presented, no RF adjustments ‘are re-
gquired. Just bias their active devices
properly, and the units are ready to go—
with NFs under 1 dB at frequencies up to
5.9 GHz and around 1.5 dB at 10.368 GHz!

Fig 1—8chematic of the 2.3-GHz preamplifier. Z1 through Z8 are microstriplines etched
on the PC hoard. Shaded rectangles marked 50 {0 are 50-{ transmission lines etched
on the PC hoard. All resistors and capacitors are chip types. C1, C2 and C5 can be 0.05-
or 0.1-in. square. C4 and C7 enhance ““low-frequency™ bypassing. J1 and J2 ara SMA
famale connectors; see text.

capacitance are in microfarads {uF); others
are in picofarads (pF); resistances are in
ohms
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Fig 2—3chematic of the 3.4-GHz preamplifier. Z1 through Z11 are microstriplines etched on the PC board. Shaded rectangfes marked
“50 Q" are 50-0 transmission lines etched on the PC board. All resistors and capacitors are chip types. C1-C8 are 0.05-in. square. C8,
C10, C12 and C14 enhance “'low-frequency’” bypassing. J1 and J2 are SMA female connectors; see text.
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F:g 3—Schematic of the 5.7-GHz preampiifier- Z1 through Z12 are microstriplines etched on the PC board. Shaded rectangies marked
“50 {1 are 50-Q transmission lines etched on the PC board. All resistors and capacitors ara chip types. G1-C6 are 0.05-in. square. C8,
10, C12 and C14 enhance “low-frequency” bypassing. J1 and J2 are SMA female connectors; see text.

INPUT

21 J2
ATF= 13135

@7+bon*—]|—+ EB.‘L"—I Z4

Z4
'0 001

ohms

R 4
IT
Except as indicated, decimal values of .
capacitance are In microfarads (uF); others

are in picofarads (pF); resistances are in

.00

Fig 4—Schematic of the single-stage 10-GHz preamplitier. Z1 through Z7 are micro-
striplines etched on the PC board. Shaded rectangles marked ‘50 {1’ are 50-Q transmis-
sion lines eiched on the PC board. All resistors and capacitors are chip types. Ct and C2
are 0.05-in. square (ATC Type A capacitors are preferred). J1 and J2 are SMA female

connectors; see text.

The 10-GHz amplifier is designed around
the Avantek ATF-13135 GaAsFET, and the
lower-frequency units are designed around
the Avantek ATF-10135. Both devices have
a nominal gate length of (.3 micron. The
ATF-10135 has a total gate periphery of 500
microns. The ATF-13135 has a gate peri-
phery of 250 microns, making it more
appropriate for higher-frequency opera-
tion. Best of all, these transistors are not
high-priced exotics: The ATF-10135 sells

32 15T-

for about $12.00, and the ATF-13135 is
about $29.00 in small guantities.

Circuit Description

Schematics for the preamplifiers are
shown in Figs 1 through 3. Fig | shows 1
single-stage 2.3-GHz design. Figs 2 and 3
show two-stage preamplifiers for 3.4 and
5.7 GHz. Figs 4 and 5 show single- and
two-stage 10-GHz LNAs.

The same basic circuit configuration is

used for each preamplifier. All impedance
matching is accomplished with micros-
triplines. None of the amplifiers contain
adjustable RF components. Fixed-value
capacitors are used for input, output and
interstage coupling. Fixed-value capacitors
and resistors are also used in the gate- and
drain-bias decoupling circuitry.

[ did the initial design for these pre-
amplifiers with the aid of a Smith Chart
and optimized them through computer
simulation. LNA design is made consider-
ably easier by computer-aided-design soft-
ware. | was fortunate to have access to
Touchstone?, an RF design program made
by EESOF.

One of the most important parameters
that the computer can analyze is stability.
Proper choice of components in the bias
decoupling networks and the use of source
inductance in the form of source-lead
length helps to maintain stability. The
rasults are improved input and output SWR
while maintaining low noise figure and
moderate gain. In the case of the 3.4, 5.7
and [0-GHz amplifiers, the effect of the
“through-the-board’ wmounting of the
source leads is taken into account in the
design so that no plated-through holes are
necessary to achieve good performance. An
in-depth design analysis of these preampli-
fiers will be covered in a tuture QFEX
article.

Bias Networks

To minimize circuit losses, ground the
GaAsFET source leads directly to the
ground plane. To operate these devices with
their source leads at dc ground, you musi
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Fig 5—3chematic of the two-stage 10-GHz preamptifier. Z1 through Z14 are microstriplines eiched on the PC board. Shaded rectangies
marked “50 (" are 50- transmission lines etched on the PC beard. All resistors and capacitors are chip types. C1-C3 are 0.05-in.
square (ATC Type A capacitors are preferred). J1 and J2 are SMA female connectors; see text.

bias each device’s gate negatively relative
to its source, This can be done in a number
of ways, so I left bias circuitry off the PC
boards.

Three basic bias circuits are shown in Fig
6. Two are passive. The third—and most
desirable—is an active bias network that
uges a PNP transistor to set the GaAsFET
drain voltage and current.

The simplest bias network, shown in Fig
6A, uses a 3.3-V Zener diode to set the
drain voltage. A 1.5-V AA cell is used for
the bias supply. Bias, applied through R1,
sets the gate voltage, which in turn deter-
mines the drain current. Generally, the AA
cell is connected so that there is always a
negative voltage applied to the gate. The
preamplifier is then turned on by connect-
ing Vp to a positive voltage source.
Because there is a 51-ohim resistor in series
with the drain, there is some interaction
between drain voltage and drain current:
Greater drain current produces a lower
drain voltage. The gate voltage required to
properly bias the device varies from unit
to unit because of slight variations in pinch-
off voltage. (Pinch-off voltage is the gate
voltage required to turn the FET off.) A
disadvantage of this simple bias circuit is
that it lacks compensation for bias changes
over temperature variations. Although not
optimum, this technique has been used at
WBSLUA and WASVIB with good results,
A high-grade, long-life alkaline A A-size cell
should last several months before its
voltage drops fow enough to cause the FET
to draw excessive drain current,

An adaptation of the simple passive bias
configuration is shown in Fig 6B. Drain
voltage is again provided by a 3.3-V Zener
diode, but this circuit replaces the AA cell
with a positive-to-negative voltage inverter.
Several manufacturers make suitable
inverter 1Cs. A less-expensive approach is
to use 4 common 355 timer in the simple
inverter circuit shown. With simple battery
bias, the negative supply is continuously
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Fig 8—Bias circuits for the preamplifiers. See text for discussion. The passive circult at A

uses a 1.5-V cell for the gate supply and a Zener diode to stabilize the drain supply. The
cirouit at B, another passive arrangement, uses a 555 timer IC to generate negative gate
bias, and a Zener diode to stabitize the drain supply. C shows an active bias circuit. The
values of R1, R2 and R3 can be varied for different FET operating conditions; see text
and Table 1. The value of R4 should be chosen so that 10-15 mA of Zener current flows
when the FET (or FETs, for a two-stage design) is powered at rated bias.

applied to the FET gate. With the inverter
of Fig 68, gate and drain supplies are
simultaneously applied to the FET. This
approach has been used by manufacturers

of satellite TV receiving equipment for

years. Although there can be problems if
the drain voltage is applied before the
negative gate voliage, the 51-ohm resistor
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Fig 7—Circuit-etching pafterns and parts-placement guides for the preamplifiers. The etch-
ing patterns are shown at full size. PC board material is double-sided, 0.031-in-thick
Rogers Duroid 5880 or Taconic TLY-5 (dielectric constant, 2.2), Black areas represent
unetched copper foil. The back side of the board is left unstched fo act as a ground
plane. The parts-placement guides are not shown at their actual size. All components
rmount on the etched side of the board.
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S cation of gate voltage to the FET is
- delayed.
v il D o5 e 7 An improvement on both passive circuits
o o s 0 is the active bias drcuit shown in Fig 6C.
b, t¥o g +¥o 'The negative gate supply uses the inverter
of Fig 6B, but the drain supply employs an
I0GHZ LUAZVJB inequnsive PNP transistor m a circuit that
ATF 13135 efTectively sets both the drain voltage and
- —, drain ¢urrent regardless of device varia-
ot @ o — s tions. It also offers a more constant bias
y v Ul 0 R £l ° over temperature than the passive designs.
c . M o VI R o v Drain voltage is set by R2 and R3, a voltage
L T i g‘:' , -F-':'D‘ ‘ divider at the base of Q1. The voltage is
o ca then raised by the emitter/base junction
voltage of Q1. Drain current is set by R1.
R The gate voltage required to sustain the
drain voltage and current is set automati-
1 INCH cally by the voltage divider set up by the
emitter/collector junction of Q1 and the

negative voltage source. About -1 V is
supplied to the FET gate.

Table | gives resistor values for various
bias conditions. [ suggest building a
separate active bias network for each FET
stage to properly set each device’s bias



guides are shown in Fig 7. All amplifiers
are etched on 0.031-inch-thick Duroid 5880
or Taconic TLY-5 PC-board material with
a dielectric constant of 2.2. The etched PC
board can be installed in a housing such as
a die-cast aluminum box. Another method,
one that [ prefer, is to solder thin
(0.02-inch-thick) brass side walls to the PC
board to form a shielded enclosure. The
brass walls also connect the top and bottom
ground planes, which is essential for low-
loss “‘low-frequency’’ bypassing. Power
connections for Vg and Vp, can be made
via 0.001-gF feedthrough capacitors
soldered to the brass walls. See Figs 8 and 9.

SMA-type end-launch connectors are
used for J1 and J2 to provide a low-loss
transition from coaxial cable to the micro-
stripline, Two- or four-tiole gold-plated
connectors are easily soldered to the PC
board or brass side walls, depending on
your assembly technique. End-launch con-
nectors are preferred to the right-angle type
because of the impedance discontinuity
associated with the right-angle transition.
Additional amplifier tuning may be
required if right-angle connectors are used.

The type and size of the chip capacitors

Table i

Active Bias Circuit Values for
Various Drain Currents

VDD VD& fD R1 A2 R3
vV (mA) ) (k) (k)
3.5 25 20 75 22 28
3.25 25 15 117 22 23
4.0 30 20 50 22 43

Fig 8—This prototype two-stage 3.4-GHz
preamplifier was built by the author. The
enclosure is made from sheet brass
soldered to the PC board (see text). The
trimmer potentiometers are for adjustment
of the gate supply for each stage.

- S

*SOLDER

Fig 10—The FET source leads are bent,
insarted through slots cut in the PC bhoard,
and soldered to the ground plane. See
text.

Fig 9—A completed two-stage 10-GHz
preamplifier.

used in these amplifiers becomes increas-
ingly important as frequency increases. For
the blocking capacitors, I strongly recom-
mend using good-quality RF-type ceramic
chip capacitors, such as those made by
ATC, The values specified are common
and should not be hard to find. The physi-
cal size of the capacitors is especially criti-
cal at 10 GHz, where the 0.05-inch-square
type smusi be used. Anything larger
produces a sizable mismatch on the micro-
stripline.

The value of the *““low-frequency”
bypass capacitors is less critical. Anything
in the 820- to 1500-pF range will work fine.
The value of the “*high-frequency’ bypass
capacitors is somewhat more critical,
though. Stay within 10% of the values in-
dicated. Again, use good-quality capacitors
for “*high-frequency’’ bypassing.

To obtain a low noise figure, the
preamp’s FET source leads must be
properly grounded. In the case of the
3456-MHz and higher-frequency preampli-
fiers, bend the FET source leads down right
at the case and insert them through slots
in the PC board. See Fig 10. The slots can
be made with a sharp hobby knife or some-
thing similar. Be sure to clean up the area
where the leads will pass through the slots
by removing any extra dielectric material
or copper. The source leads should be
passed through the board, again bent at
right angles and laid neatly along the
bottom foil. Solder them to the bottom
ground plane and try to force the solder to
cover the length of the slot if possible.

Device installation is different with the
2304-MHz preamplifier because additional
source-lead inductance is required., This
inductance is added by making each FET

point. T have, however, used a single active
bias supply to power a two-stage amplifier
with good success. If the devices are fairly
well dc matched (drain current v gate vol-
tage), this technique will be okay. It will m
not, however, keep the device drain
currents equal if they are not dc matched.

The active bias arrangement can also be
used with a battery instead of the voltage
inverter. Since the active bias network auto-
matically adjusts gate voltage for a required
bias condition, the circuit will adjust the
gate voltage as it drops with battery age.
The gate requires about —1 ¥V, so the
battery can age significantly before the FET
bias condition is altered significantly. If this
technique is used, it is best to start out with
a 5- to 6-volt battery source. The active bias
network will compensate for a battery
voltage deteriorating to 1-1.5 V. Active bias

Except as indicated, decimal values of
capecitance are in microtarads (4F); others
arg in pcofarads (pFy; resistances are in
ohms

=}
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networks are discussed in greater detail in

Avantek application note AN-AQ(R.!

Construction

Construction of all amplifiers is similar.
Etching patterns and parts-placement

Notes appear on page 75.

Fig 11--8chematic diagram of the self-biased verslon of the 2.3-GHz preampiifier. Z1
through Z8 are microstriplines etched on the PC board. Shaded rectangles marked “50
1" are 50-2 transmission lines etched on the PC board. All capacitors are chip types.
C1, €2, C5—0.05- or 0.1-in. square chip R1, R3—51-Q chip resistor preferred; -W
capacitor. carbon-film resistor with short leads
G3, C4—470- or 1000-pF leadless, round, should be ckay.
disc-ceramic capacitor (see text). R2—470 ¥4-W carbon-film rasistor.
J1, J2—8MA female connectors (see text).

May 1989 35



Table 2

Actual Preamplifier Performance Versus Computer Simulation and Projected

Worst-Case Performance

Device Fraq Bias Gain (dB) Noise Figure (dB)
{GHz} per device Typ Worst Simut  Typ Worst  Simul
Case Case
ATF-10135" 23 2V @ 20 mA i35 120 13.9 0508 08 0.60
ATF-10135"" 23 2V @ 20 mA 13.0 120 13.0 0.65 09 0.70
ATF-10135 34 2V@20mA 230 220 241 0808 10 0.58
ATF-10135 A7 25V @15mA 180 170 20.6 0.8-1.0 1.2 0.85
ATF-13135" 104 3V @& 20 mA 85 75 10.6 1.25-1.5 1.7 1.25
ATF13135 104 3V @ 20mA 18.0 15.0 2.9 1517 20 1.36
*Single-stage amplifiar
**Selt-biased, single-stage amplifier
wolder to hack
.+ ut board
rRincve pads..
- or , gy
w— R s AT Y e e

t + 12V ‘_-_[&:j“;

- fH u

Fig 12—Parts-placement guide for the self-biased 2.3-GHz presamplifier. The etching
pattern is the same as shown in Fig 7, except two pads are removed and Z3 must be

lengthened. See text.

source lead 0.07 inch iong, rather than
grounding them with the minimum possi-
tle lead Iength. Ground pads have been
established on the artwork, and these pads
must be properly connected to the bottom
ground plane. Cut slots near the edge of
the two pads closest to Ql. insert a
0.1-inch-wide copper strap through the
slots and solder top and bottom. Each
source fead is then 0.07 inch long when Q1
is centered on the PC board.

Components for these preamplifiers,
including chip capacitors, leadless capaci-
tors, chip resistors and SMA connectors are
available from Microwave Components of
Michigan.? Avantek GaAsFETs are avail-
able from distributors around the country
{see note 1). Etched PC boards are availa-
ble from Down East Microwave.®

Resuits

if the preamplifiers are built according
to the information given in this article, RF
adjustments should not be required. A
slight adjustment can be made to the bias
point if desired, but performance should
be very close to that shown in Table 2 with
the bias conditions shown. Based on test
results obtained from preamplifiers built by
a number of hams using available compo-
nents, the average builder should be able
to meet the worst-case gain and NF specifi-
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cations shown in Table 2. If slightly differ-
ent dielectric material or construction
techniques have been used, the amplifier
can be tuned by moving small capacitive
tabs along the microstripline while
monitoring NF and gain. A properly modi-
fied toothpick makes a handy low-loss tool
for moving tabs around on the circuitry.
Cut the end of a toothpick on a diagonal.
Wet the end of the toothpick and use it to
move small metal tabs around on the etch.

Applications

The 2304-MHz preamplifier provides
acceptable receive performance in the
2401-MHz OSCAR band with no modifi-
cation. The NF at 2401 MHz should be
only 0.1 or 0.2 dB greater than that
obtainable at 2304 MHz, and LNA gain at
both frequencies should agree to within a
dB. Using a pair of these preamplifiers at
the feed of my 2401-MHz satellite system,
¥ see about 5 dB of sun noise and 10 to
15 dB of signal-to-noise ratio from the
Mode S transponder aboard AMSAT-
OSCAR 13. My antenna is a 4-foot-
diameter UHF TV dish with 4 -inch mesh,

A similar two-stage 2304-MHz preampli-
fier is in use at the feed of my 24-foot
home-brew stressed parabolic reflector.
The measured NF of this preamp is 0.65 dB.
With this system, 1 have worked W3IWI/8,

SK6WM, OE9XXI, and W4HHK on
2304-MHz moonbounce (earth-moon-earth,
EME).

VYariations

In the original design, source leads were
grounded directly to obtain the lowest
possible noise figure. This necessitates the
use of a dual-polarity supply as discussed
carlier. The typical approach at YHF is to
self-bias the FET by using a resistor con-
nected in series between the svurce and
ground. A capacitor is used to bypass the
resistor at RF. As the frequency of opera-
tion increases, it becomes increasingly
difficult to obtain high-quality, low-
impedance bypassing. Although the self-
biasing technique is simpler to build and
uses a single power supply, some RF
performance is sacrificed.

I evaluated seif-biased versions with the
help of the computer, and several proto-
types were built and tested. The artwork
was modified to include 0.073-inch-square
pads to mount the FET source leads. Chip
capacitors were then bridged between these
pads and a ground pad. The ground pad
was then connected to the back ground
plane by using 0.l-inch-wide ribbons
through the board. This technique was tried
on all preamplifiers except the 10-GHz
models. With this configuration, the
preamp NF at 2304 and 3456 MHz was 0.2
to 0.25 dB greater than that of the
grounded source design. The gain of the
2304-MHz model decreased approximately
2 dB, while gain of the 3456-MHz model
was reduced by slightly more than 3 dB. At
5760 MHz, performance deteriorated even
further: NF increased by 0.8 dB, and gain
decreased by 6 dB.

A computer simulation predicted simi-
lar results. In addition, the computer simu-
lation indicated an oscillation in the 7- to
8-GHz range for all modeis. Apparently,
the inductance associated with the addition
of the chip capacitors, associated mount-
ing pads, and ribbon ground returns is
great enough to cause instability at higher
frequencies.

In looking for a way to avoid this oscil-
lation, I tried using leadless round disc
capacitors to bypass the source leads. |
soldered the FET leads directly to the capa-
citors and soldered the capacitors to the
bottom side of the PC board. This tech-
nigque was tried on the 2304-MHz pream-
plifier; see Fig 11.

The bypassed-source 2304-MHz pream-
plifier uses the same artwork shown in
Fig 7 for the grounded-source version.
You’ll need to make one change to the
artwork, though. The input stub (Z3 of
Fig 11} must be made slightly longer (in-
crease its length from 0.22 to 0.38 inch) to
help tune out the effect of the source bypass
capacitors. Z3 can be extended by soldering
a piece of copper foil to the end of the
etched line. To mount €3 and C4, the
source bypass capacitors, drill holes the

{continued on page 75)



Microsat: The Next Generation
of OSCAR Satellites—Part 1

Did you know that it is not only possible, but probable that
OSCAR satellite enthusiasts will be tracking OSCAR 20 by the

end of this year?

By Doug Loughmiiller, KO5I, and Bob McGwier, NAHY

President, AMSAT-NA
620 Fairway Drive
Parls, TX 75460

seven different OSCAR satellites

under development worldwide for
launch during 1989, Among these satellites
are four payloads that AMSAT-NA! plans
to Jaunch into low-earth orbit (LEQ) on a
single launch vehicle. These super-small
satellites represent the first in a series of a
new generation of OSCARs. Dubbed
Microsats because of their small size (yet
powerful capabilities), these spacecraft are
10-kg cubes, approximately 230 nun on a
side. An exploded view of a Microsat is
shown in Fig I. Microsats are the most
technologically advanced (OSCARs to date.
While these satellites will serve a number
of purposes, the primary goal of the project
is to implement a digital store-and-forward
message handling packet-radio satellite sys-
tem available worldwide, This article will
provide you with various mission profiles,
technical details of the individual satellites
and information you will need to operate
through the new Microsats.

T here are currently no fewer than

Mission Background

This year, 1989, marks AMSAT’s 20th
anniversary. Since its inception in 1969,
AMSAT has led the international amateur
satellite community into the future with the
development of small, low-cost and innova-
tive amateur satellites. The evolution of
these spacecraft has been dependent upon
a number of factors:

¢ the advancing technology of small,
efficient electronic components;

* the application of that technology
within the realm of Amateur Radio;

s and the ability of our volunteer
engineering staff to successfully envision
future uses of leading-edge satellite tech-
nology, and to complement the Amateur
Radio service as a whole, particularly in the

Notes appear on page 38.

Assistant VP Engineering, AMSAT-NA
15 Cherrybrock Lane
East Windsor, NJ 08520

areas of public service and educational ac-
tivities,

The Microsat project is an example of
how all these factors work together in
defining the objectives of an OSCAR satel-
lite mission,

Since the early days of TAPR,® while
the TNC 1 was still on the drawing board,
and before TAPR fomented the “‘packet
revolution,” some AMSAT and TAPR
members were dreaming of building 2 satel-
lite dedicated to packet radio.” Tom

Fig 1—Two views of a Microsat. The drawing at A shows the satellite with the covers on;

B is an exploded view. Note the exterior solar panels and the five “frays” or internal
modules that contain the satellite’s circuitry and make it structurally sound. (drawings

courtesy WD4FAB)
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Clark, W3IWI, and Den Connors, KD25,
former president of AMSAT and the first
president of TAPR, respectively, started a
project to build such a satellite, Volunteers
in Technical Assistance (VITA), under the
direction of Gary Garriott WASFMQ,
formed a working relationship with
AMBSAT to make this dream a reality. One
of the earliest tasks VITA took on was to
build a digital communications experiment
(DCE) payload that was to fly as part of
UQSAT-2, the follow-up mission for the
University of Surrey’s UOSAT-OSCAR 9
satellite, UJOSAT-2 became UQSAT-
OSCAR 11 after its successful launch on
March 1, 1984. The DCE has been fully
commissioned for some time now, and it
hoasts users from Antarctica, Australia, En-
gland, South Africa, the United States, and
most recently, the Soviet Union. This experi-
ment serves as proof of the efficacy of LEOs
for packet-radio store-and-forward messag-
ing service. The partnership between VITA
and UOSAT has continued as two addition-
al packet-radio satellites are now under con-
struction at the University of Surrey,
UOSATs D and E will be Iaunched with the

Microsats. This brings to six the total num- ‘

ber of amateur satellites to ride into orbit
on one launch vehicle.

Meanwhile, following the successful
launch of UOSAT-OSCAR 11, JAMSAT
(AMSAT-NA’s sister organization in
Japan) decided their first internal satellite
project would contain both a packet-radio
store-and-forward mode based on the
concept being considered for our packet-
radio satellite (PACSAT), as well as an
analog linear transponder. This satellite,
Fuji-OSCAR 12, was Jaunched Auvgust 12,
1986, and is still operational.®* Its digital
mode, Mode JD, has four uplink channels
in the 2-meter satellite subband and a single
downlink c¢hannel in 70-cm satellite
subband. The analog mode, Mode JA,
operates with an uplink passband for SSB
and CW transmissions in the 2-meter satel-
lite subband, and a downlink passband in
the 70-cm satellite subband. This configu-
ration is much like the Mode J transponder
JAMSAT buiit for inclusion on OSCAR-8
{which is no longer operational). FO-12’s
Mode JD uses Manchester-encoded FSK at

1200 bit/s on the uplink and BPSK at 1200

bit/s on the downlink.

From its earliest days, this satellite has
been plagued by a negative power budget.
(The satellite uses power faster than the
solar cells can recharge the batteries.) A
number of factors, including an over-
estimate of the efficiency of the solar arrays
that power the spacecraft, an overestimate
of the capacity of the batteries on board,
as well as the slow deterioration of the solar
panéls because of continuous exposure to
the harsh environment of space, have con-
tributed to the power budget problem.

After 24 years of service, what began
as an annoying problem has become a
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serious one. Because of these difficulties,
FO-12, produced with major funding from
the Japanese Amateur Radio League
(JARL), has had difficulty meeting its vast
potential, Nevertheless, FO-12 has a large
worldwide user base and has prompted the
construction of equipment necessary to
operate through it. This equipment is avail-
able in North America primarily from
TAPR.® In Europe, 2 modem by G3RUH
is available from AMSAT-UK.?

Microsat is Born

The design of FO-12’s digital communi-
cation circuitry is sound. The satellite’s user
base is a group that AMSAT engineers
decided to support rather than abandon.
In November 1987, at the AMSAT-NA
annual meeting and space symposium in
Detroit, Michigan,® 2 late-night session
took place involving Jan King, W3GEY,
perennial leader of AMSAT-NA satellite
projects, Tom Clark, W3IWI, Bob
McGwier, N4HY, and Phil Karn, KA9Q.
It was one of those magic moments that
make this facet of our hobby so exciting.
Jan King and Gordon Hardman, KE3D,
had thought a bit about how to make a very
small satellite. It was Jan’s opinion that
solar array efficlencies were now approach-
ing the Ievel where tiny satellites, with high-
power transmitters, could be built with a
positive power budget. At that time, he said
he believed a good mechanical structure
could be built out of trays, where individual
modules would form the structure of the
spacecraft. By 4 AM, the bleary-eved group
had picked a model for the computer, cal-
culated power budgets, and chosen trans-
mitter power levels based on these
preliminary calculations. Indeed, the group
had estimated the size, mass, and total
power budget for each of the modules.
Sleep had been pushed aside by a rush of
excitement; we were on to something that
would change the amateur satellite program
for a long time to come,

Owr early excitement paid off. A meeting
was held in December 1987 at AMSAT
headquarters. Participating in this meeting
were representatives from TAPR,
SANDPAC? and AMSAT-NA. Our early
excitement was enhanced at this meeting by
a nearly complete mechanical design,
accomplished using wonderful new com-
puter tools by the deft hand of AMSAT
stalwart Dick Jansson, WD4FAB, A large
collection of first-rate design drawings
enabled those gathered to get a good visual
picture of the satellite and allowed many
critical construction decisions to be made.

The group considered carefully the ques-
tion of whether we should try a new (better)
modulation standard on these satellites,
Thinking that we would be launching
within a year, and knowing the effort that
would go into such =z design (getting
together equipment for ground stations),
the decision was made to use the currently

existing digital mode adopted by the
Japanese for F(O-12. This guaranteed a
built-in user base at the time the satellite
was to be launched. Further, we decided
to again place these satellites in Mode JD,
with 2-meter channels up and 70-cm chan-
nels down.

Little did we know, we were on to some-
thing greater than originally imagined.
During early 1988, Vern ““Rip”’ Riportella,
WA2L.QQ, then president of AMSAT, was
busy talking to several groups about getting
involved in the Microsat project. Junior de
Castro, PY2BJO, president of BRAMSAT
(AMSAT Brazil), had wanted to loft 2
package on a satellite for many vears. It
was his dream to build and orbit the uiti-
mate educational tool for voung children
to learn more about space science. Educa-
tional tools in the amateur satellite service
are nothing new. UOSAT-OSCARs 9 and
11 are examples of such educational satel-
lites. They have been good tools for educa-
tional purposes, but de Castro wanted to
target children younger than those being
addressed by existing satellites. PY2BJO
also wanted to be able to support this
spacecraft’s operation with inexpensive
ground station equipment. The Microsat

" project was perfect for his needs, and

AMSAT-NA possessed the technical exper-
tise to make his dream a reality,
BRAMSAT’s project is called DOVE.

Rip had aiso been trying to interest
Arturo Caru, LUJAHC, in a project for
some time. AMSAT-LU, under the eader-
ship of Carlos Huertas, LU4ENQ, had
begun discussing an inexpensive packet
digital repeater for orbit. Upon hearing a
description of the Microsat project from
Rip, Arturo and Carlos came to the Dayton
HamVention® in 1988 for technical talks
with W3IGEY, W3IWI and N4HY. They
ieft Dayton with two dozen PSK modems
from TAPR and a firm conviction to join
us in producing a duplicate of our Mode
JD satellite, now known as LUSAT. It will
be functionally nearly identical to
PACSAT. There are interns from
AMSAT-LU working with us in Boulder,
Colorado. Hams in Argentina are getting
ready for operation of the spacecraft, and
technical visits to the Boulder facility are
common.

Weber State College in Ogden, Utah has,
for some time, been interested in small
spacecraft. They constructed NUSAT-I. It
was launched from the space shuttle
Challenger on April 29, 1985. NUSAT-Lis
the first satellite launched from a Get-
Away-Special canister aboard a shuttle
vehicle. AMSAT and Weber State had
begun discussing ways in which they could
help us with our long-term goal of launch-
ing a geosynchronous satellite, which we
call Phase 1V. Upon learning about the
Microsat project, they knew this was a
project for them. Weber State’s Center for
Aerospace Technology {CAST) took the



project to heart and is participating in the
construction of a Microsat of its own.

What is a Microsat?

Before we describe each mission in detail,
let us consider the features all four satellites
on this launch have in common. The
Microsat spacecraft bus structure is
composed of five aluminum modules, or
trays, framed into a stack. This stack is
almost cubical, measuring 230 x 230 x 213
mm. WD4FAB, W3GEY and Jeff Zerr are
primarily responsible for the mechanical
design, This structure has been flight quali-
fied for any of the world’s currently avail-
able launchers. Fig 2 gives you an idea of
just how small the new Microsats really are.

Smaller is Better

One of the things happening in electron-
ics today is making the old axiom, “‘the
nicest things come in small packages™ truer
than ever. W3IWI has taken particular
advantage of this in two major subsystems
in the Microsat design. The core of all the
satellites’ receivers is the Motorola MC3362
single-chip FM receiver operating at a
10.7 MHz IF. It follows a high-quality
15-kHz IF filter. Following the MC3362°5
FM discriminator are two sets of filters,
each made of one section of TI.274 op
amp. These 2-pole Butterworth filters are
optimized for 1200- and 4800-bit/s data
iransmission. Early in the design, we
decided to allow for a speed increase (after
the initial run at 1200 bit/s using currently
existing equipment), The satellites (with the
exception of DOVE) can operate receivers
and transmitters at data rates of up to 4800
bit/s, and all are independently controlla-
ble. This part of the receiver was designed
by W3IWI, with heip from Eric Gustafson,
N7CL. In the front end, we have a
CGaASFET with large gates to withstand the
rigors of space, and a dual-gate MOSFET
mixer with a local oscillator (LO} of
100 MHz. The output of the mixer (40-50
MHz) drives five emitter followers to pro-
vide good channel isolation between the
five FM IF stages. Jim Vogler, WATCJO,
and W3IWI designed this part of the
receiver. The entire five-channel receiver
draws only 180 mA.

Motorola makes another useful chip, the
MCI14469F addressable asynchronous
receiver/transmitter (AART). Veterans of
amateur satellite construction complain the
most about one job—wiring harnesses.
Determined to circumvent the wiring
harness chore in this spacecraft, we are
making use of many of the AART’s
features. It has increased the number of
possible telemetry points, giving us more
command over individual aspects of this
spacecraft than we have ever had, vet it
operates on only five wires! The on-board
computer controls the modules and gathers
telemetry by talking to the AART on each
module, The telemetry values are selected
by sending a command to the appropriate

AART and telling it to place the correct
signal on the analog signal wire. The CPU

Fig 2—AMSAT’s Vice President of
Engineering, Jan King, W3GEY, removes
protective plates from the Microsat
mechanical model, exposing the small
salar panels that powsr the satellite.

module samples the telemetry value
through an A/D converter, Commands are
sent in a similar fashion. This module,
designed by W3IWI and Bob Stricklin,
N5BRG, has greatly reduced the complex-
ity of the wiring harnesses and allows the
use of standard software modules to com-
mand the AARTSs.

Power System

Probably the most important system in
any spacecraft is the power system. At the
heart of the system is the battery charge
regulator (BCR) and the power regulators.
The BCR takes the fTuctuating input from
the solar arrays, conditions it, and charges
the batteries. Also in the power system are
the regulators that produce 5 V and 7.5 V
as needed to power the spacecraft. Work
on the BCR circuitry is being done in the
ARRL Lab by Jon Bloom, KE3Z, with
help from Bruce Hale, KBIMW. The solar
panels make use of high-efficiency silicon
cells with back surface reflection to recap-
ture some of the photons that made it
through the silicon on the first pass. The
solar panel electrical and mechanical design
was done by W3AGEY and WD4FAB. The
panels are being produced under contract
by Soiarex.

Space-rated NiCd batteries are priced to
fit budgets of major corporations, but not
those of nonprofit organizations like
AMSAT. Larry Kayser, VE3PAZ, and a
group in Ottawa (working with him) have
devised an ingenious testing procedure for
space-qualifying commercial-grade batteries.
His techniques have been proven in prac-
tice: A set of batteries chosen by these
procedures has performed well in UO-11,
The power subsystem will produce about
8 W (orbit average). This mayv not sound
like much, but it is adequate for a power-
ful transmitier design.

Transmitters

The transmitters are all designed and built
by Matjaz Vidmar, YT3MV, Matjaz is a

well-known Amateur Radio talent in
Europe. We found out what we had been
missing when he became a Fulbright scholar
this year. He is doing graduate work in elec-
trical engineering at the University of
Colorado. Fortunateiy, the Microsat project
is underway nearby in Boulder, under the
direction of W3GEY. Matjaz has designed
some highly efficient transmitters for 2
meters (for the DOVE spacecraft) and 70
cm (for the other three spacecraft). The
high-efficiency designs, acceptable for 70-cm
PSK, are based on principles derived from
the early work of Karl Meinzer, DJ4ZC,
called high efficiency linear amplification by
parametric synthesis (HELAPS). HELAPS
has flown on several spacecraft built by
AMSAT-NA and AMSAT-DL, including
OSCAR 10 and OSCAR 13. Remarkably,
the new 2-meter FM transmitter displays a
whopping 85% efficiency. Understandably,
the 70-cm transmitter displays a slightly
reduced—yet commendable—efficiency in
the 65% range.

YT3MV and WD4FAB did the mechani-
cal layout of the transmitters. These trans-
mitters produce 4 W at maximum power,
with the ability to operate at reduced power
levels on command. Again, this may not
seem like much, but considering that the
loudest signal from FO-12 is powered by
a 1-W transmitter, you can see that the
Microsat signals will be quite strong. The
downlink will be usable with an omnidirec-
tional antenna (with a pood bit error rate
at 1200 bit/s, and probably 4800 bit/s as
well).

All of the satellites except DOVE will
produce binary PSK at rates varying from
1200 to 4800. The satellites will start life
at 1200 bit/s. In addition to these transmit-
ters, YT3MV is building an i-band
(1269-MHz) 1eceiver and an S-band
(2401-MHz) transmitter for the digital
transponder. The 1269-MMz receiver is
based on the receiver core designed by
W3IWI, described earlier. In all, with the
new L-band stages, this is a Ffour-
conversion superhet. A GaAsFET has been
chosen for the front end. The exact uplink
channel has not yet been selected. The S-
band transmitter is again based upon the
carlier 70-cm PSK transmitter. The mixer
LQ is replaced with a chain of multipliers
{four in all) to give us the final mix to
2401 MHz. The final amplifier is an
Avantek AV-8140; it produces 2 W at 32%
efficiency. Using this downlink will be a
real challenge for most receivers and
modems, considering the total Doppler
swing is in excess of 100 kHz during a
15-minute pass. As with the I-band
receiver, the exact frequency has not yet
been determined.

Computer Hardware and Software
Among team members who are com-
puter builders and programmers, these
satellites are considered to have a ot of
hardware {for an orbiting computer).
Departing from earlier AMSAT designs,
the CPU is the primary payload, The model
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Fig 3—Frototype of PACSAT's CPL. (N4HY photo)

for the computer needed to be chosen with
great care. Fortunately, shortly before the
meeting in Detroit, SANDPAC had
produced the PSI186Y computer for
packet-radio networking. It is a fast,
80C186-based computer with lots of high-
speed memory and HDLC serial controller
chips, Zilog 8530s, N4HY was honored to
receive one of these from SANDPAC in
ovder to aid the development of packet-
radio networking just two weeks before the
November 1987 meeting. This greatly in-
fluenced our thinking about the way the
CPU should look and operate.

The PS186 was delivered at the Decem-
ber 1987 meeting, where all agreed it was
the type of CPU we wanted. Lyle Johnson,
WATGXD, one of the primary designers of
the TNC 1, the DSP-1'612 and other
TAPR projects took on the task of design-
ing the CPULY Lyle chose the NEC V-40
{an 80C188 look-alike). His design includ-
ed Jots of EDAC (error detecting and cor-
recting) memory for storage of programs
and critical data, and a whopping 8 MB of
mass storage for a RAM disk. Also includ-
ed are several sections of bank-switched,
futl-speed memory. This enables us to
switch experiments in and out of the NEC
V-40 bus so that maximum possible access
to the experiments is afforded the satellite
developers. WA7GXD and Chuck Green,
NBADI, did the design and construction of
the first prototype. Mlike Brock,
WB6HHYV, is designing the fire-code reset
devices so the command stations can hit the
panic button if the software crashes. Jim
de Arreas, WA4ONG, suggested the design
for the mass memory and has also been in-
strumental in obtaining the hard-to-find
memory chips for this project. Fig 3 shows
a prototype of PACSAT’s CPU. Thisisan
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incredibly dense set of circuit boards. There
are well over 500 1Cs to fit into one of the
small modules. Fortunately, integrated cir-
cuit evolution has allowed us to do incredi-
ble jobs of packing lots of electronics into
small places with surface-mount technology.
For this reason, the flight units are being
[aid out professionally by Tex Engincering
in California, and the parts will be piaced
on the CPU board by GMI, Inc in Morth
Carolina.

Harold Price, NK6K, was one of the
leaders of the software developrment for the
TAPR TNC 1. He was also a primary
member of the DCE development and soft-
ware team. Harold has had a long interest
in packet radio and computer
networking—packet satellites in particular.
Harold writes multitasking kernels primar-
ily for smart serial 1/O cards for Quadron,
Inc. Quadron has donated the use of their
multitasking kernel and the use of Harold’s
time to get the flight software developed.
Harold will be writing the heart of the sofi-
ware svstem for the spacecraft.' The
AX.25 software, which is a part of this ker-
nel and other networking software such as
TCP/1P, will be based on Phil Karn’s
{(KASQ) networking software. The device
drivers, for talking to the serial data
streams, are being designed by Skip
Hansen, WB6YMH. The command and
control software and telemetry collection
software is being designed by N4HY.
Harold will be writing the basic BBS soft-
ware, and all the software team members
will be adding the bells and whisties to what
the user will actually see in this BBS. As
any software writer will tell vou, bugs never
entirely disappear. The only piece of soft-
ware that simply must work each and every
time it is called upon is the bare-bones reset

bootloader. Hugh Pett, VE3FLL, wrote
the bootloader that saved the mission on
UO-11. We decided such a track record
should be put to work for us, and Hugh
is writing the bootloader program that will
be flown in ROM and will be e¢xecuted
upon reset.

'This is a4 complex spacecraft system, and
one that will take daily management by a
dedicated team of volunteer command sta-
tions. Courtney Duncan, N5BF, has begun
to put together plans for command stations
and command operations. This will include
gathering telemetry, PBBS sysop duties, and
occasional uploading of pew software.
Courtney is being aided by Raiph Wallio,
WERPK. In addition, Weber State is putting
together a command station that can be used
for all spacecraft, when needed, and will be
a professional operation with students,
faculty, CAST members, and volunteers
doing the operations duties.

Our Microsat discussion continues next
month, when we cover operating {requen-
cies, orbital data, and a detailed rundown
of the Microsat missions.

Notes

TAMSAT-NA is The Radio Amateur Satellite
Corporation, PO Box 27, Washington, DC
20044, tal 301-588-6062.

2TAPR is the Tucson Amateur Packet Radio
Corporation, PO Box 12925, Tucson, AZ 85732

iSaveral papers in the proceedings of the Second
ARRL Amatsur Radlo Computer Networking
Conference. These papers appear In the
proceedings of ARRL Computer Networkin
Conferences 1-4, available from ARRL for $1
(plus $2.50 postage and handling, or $3.50 for
insurad Parcel Post or UPS) or from your local
dealer.

sTalk given by Mori Chara at the Third Space
Sympasium and AMSAT Annual Meeting,
November 1985.

5T, Clark, “FO-12 Modems™, Froceadings of the
AMSAT-NA Fourth Space Symposium and
Annual Meeting, November 1886,

STAPR PSK modem kits are available from TAPR
(see note 2) for $110 plus shipping/handling.

TAMSAT-UK, 94 Herongate Rd, Wanstead Park,
Landon E12 5EQ, England.

Procoedings of the AMSAT-NA Fifth Space
Svmpositm and Annual Meeting are available
from ARRL for $12 (plus $2.50 postage and
handling, or $3.50 for insured Parcel Post or
LIPS) or from your local dealer.

ISANDPAC is the San Diego Packet Radio
Association.

1M, Brock, ef al, “A High Performance Packet
Switch,” éth Computer Networking Conference,
August 1987. Copies of these proceedings are
available from AHRL for $10 (plus $2.50 postage
and handling, or $3.50 for insured Parcel Post
or UPS) or from your local dealer.

1T, Clark and B, McGwier, “The DSP Project
Update,’”” Proceedings of the Sixth AMSAT-NA
Space Symposium and Annual Meeting, Novem-
ber 1988, Copies of these proceedings are avail-
able from ARAL for $12 (plus $2.50 postage and
handling, or $3.50 for insured Parcel Post or
UPS) or from your local dealer.

120, Johnson and €. Green, *Microsat Project—
Flight CPU Hardware"” . Proceadings of the Sixth
AMSAT-NA Space Symposium and Annual
Meeting, November 1988.

L, Johnson, ''The AMSATI/TAPR DSP 1 Project:
Hardware Dasign,” Proceedings of tha Sixth
AMSAT-NA Space Symposium and Annual
Meeting, Novermber 1988.

H, Price and B. McGwier, “PACSAT Software,”
Proceedings of the Sixth AMSAT-NA Space Sym-
posium and Annual Meeting, November 1988,
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Product Review

Conducted By James W. Healy, NJ2L
Asslstant Technical Editor

Uniden President HR2510 10-Meter Transceiver

Reviewed by Kirk Kleinschmidt, NTOZ

Reasons to buy the Uniden® President™
HR2510 are many. 1t’s a compact, full-
function transceiver that features digital-
ly synthesized frequency control, RIT,
neise blanking and all-mode operation.
The price is right (around $270), and it
even looks good! With all of its positive

. attributes you might think it'll do any-
. thing, anywhere. It won't—but as a

10-meter mobile rig, it’s a value that’s
difficult to top.

My *2510 experience began as soon as
1 got a glimpse of the box, The radio is
pictured on all six panels! Superimposed
on the high-quality color photographs
are a lot of numbers and their associat-
ed descriptions of the rig’s controls and
functions. I’ve never seen a rig with such
an attractive carton! It’s not too difficult
to see that the "2510 is an outgrowth of
Uniden’s experience in building and
marketing CB radios—this radio even
has the telltale public address mode. The
HR2510 is one of several recently
introduced 10-meter mobile rigs aimed
at exploiting the fantastic band condi-
tions associated with the rise of solar cy-
cle 22, and the increase in 10-meter SSB
activity since US Novices and Techni-
cians gained voice privileges on the band
a couple of years ago.

The ’2510 comes with a mobile
mounting bracket, a hand-held dynamic
microphone with up/down tuning
buttons, a power cord, accessory plugs
and the operator’s manual. The 22-page
manual is well written, but not overly
informative. The controls, connections
and features of the rig are explained well
enough with text and photos, but there’s
no schematic, and no technical informa-
tion other than diagrams of the micro-
phone and accessory connectors. (Heck,
even my old CB rig came with a
schematic!)

Controls

The rig's front panel contains a bunch
of conirols—some 20 in all—many of
which perform multiple functions.
Although the "2510 is relatively small,
the front-panel controls are not crowded.
You're not in danger of pushing two
buttons at once, as you are with many
VHF mobile rigs.

Here’s a rundown of the 2510%s front
panel: mode switch (USB, LS8, AM, CW,
and FM are available); SWR/CAL; MIC GAIN;
T% switch; METER switch (S/RF,
modulation and SWR indications can be

selected); PA (public address) switch,
Noise Blanker switch; display DM switch
(backlight brightness); scAN switch;
SPAN switch (selects VFO tuning rate);
CHANNEL up/down, BAND switch (selects
one of four portions of the 10-meter
band); Frequency 1.0OCK switch; VFO:
SQUELCH; on/off/AF gain; and the BEEP
switch (discussed later). Also on the
front panel are the mic connector and the
multifunction meter/frequency display
(LCD).

In contrast to the front panel, the rear
panel is sparsely populated, with only an
S0O-239 antenna connector, power

connector, heat sink and a multipin

ACCESSOry connector.

The accessory plug is a 9-pin Molex
type, which I found to be a real bother.
Twao of this connector’s pins must be
jumpered to enable the internal speaker,
Connections to an external speaker, ex-
ternal public-address speaker and CW
key are made here as well.

Operation

The HR2510 is easy to get on the air.
It’s about as close to “‘plug-and-play’” as
they come. Simply plug in the micro-
phone and headphones (or jumper the
rear-panel accessory jack to enable the
internal speaker), attach the antenna and
a suitable power supply, and you’re
ready to go. There's nothing to tune up

(there’s no mic gain adjustment other
than a button that, when pressed, cuts
the gain way down).

If you're itching to get the rig on the
air, it’s easy to figure out the front-panel
controls, tune in a station or find a clear
spot, and Iet er rip. The manual does,
however, warn yvou to make sure the
SWR at the antenna connector is below
2:1, or transmitter damage could result.
How sensitive is the rig to high SWR?
We can’t say, but the rig came through
unscathed after | accidentally keved the
transmitter without connecting an
antenna.

Tuning the '2510 is accomplished by
rotating the VFQ knob, mounted near
the middle of the rig’s front panel. The
VFQO tuning steps are selected by repeti-
tively pushing the span button. Availa-
ble steps are 10 kHz, 1 kHz and 100 Hz.
The small VFO knob (it’s only about an
1%-inch in diameter), and the fact that
it goes *‘click-click-click’” (because it is
a detented control), makes the experience
of tuning the rig seem rather ““unradio-
Hke.” If you're used. to a smooth-
spinning tuning control, you’ll have to
get used to this one. It’s a lot ke tuning
a 2-meter mobile rig or setting the rotary
switch on a digital voltmeter. The
“deedle-cedle-eedle” effect resulting

‘from the rather large 100-Hz tuning

increments present as vou tune across the
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Table 1

Uniden HR2510 10-Meter Transceiver, Serial no. 33000616

Manuiaclurer’s Claimed Specifications
Frequency coverage: 28.0000 to 29.6999 MHz
Modes of operation: USH, LSB, CW, FM, AM.
Frequency display: backlit LCD.
Frequency resclution: not specified.
Power requirement: 13.8 V dc. 5 A max

on transmit,

Freguency accuracy: not specified.

Transmitter

Transmitter output power: CW, 25 W nominal;
58B, 25 W PEP; AMIFM, 10 W nominal,

Spurious signal and harmoenic suppression: - 50
dBc nominal, all modes

Carrier suppression: -5% dBe.

LJnwanted sideband suppression: - 45 dBc.

Third-order intermodulation distortion products:
not specified

CW keying characteristics: not specified.

Receivor

Receiver sensitivity (for 10 dB {5+ NN} AM,
0.5V nominal; CW/USB/LSB, 0.25 pV.

FM sensitivity: 0.5 gV for 20 dB (S + N)/N

Receiver dynamic range: not specified.

S-meter sengitivity (uV for S9 reading):
Squelch sensitivity: not specified.

RIT range: +3 kHz.
Receiver audio output: 4 W nominal.

Color: black,

Size (H x W x Df 2.44 x 7.32 x 10.35 inches.

Weight: 4.2 |bs.

Measured in the ARRL Lab

As specified.
As specified.

6-digit LCD on orange background.

100 Hz.

Minimum audio output (receive),
380 mA,; full audio output,
630 mA; CW (transmit), 5 A.

Displayed transmit frequency,
28.0200 MHz; measured
frequency, 28.0197 MHz.

Transmitter Dynamic Testing

CW, 25 W; 8SB, 24 W PEP;
AMFM, 10 W,

See Fig 1.
-« 66 dBc.
- 64 dBe.
See Fig 2.

See Fig 3.

Recefver Dynamic Testing

Minimum discernible signal
{ncise floor); CW/SSB, - 131.5
dBm; AM, ~127.5 dBm.
~115 dBm for 20-dB (S + N)/N:
-111.5 dBm for 20-dB SINAD.

Blocking dynamic range:

94 dB at 25-kHz spacing;
95 dB at 50-kHz spacing.

Third-order IMD dynarmic range:
69.5 dB

‘FThird-order input intercept:
—27.25 dBm.

92 pV at 28.5 MH2,

Min, 0.87 uV;

max, 1500 V.

As specified.

2.8 W at 10% total harmanic
distortion (THD) with an 80 load.

A Wrench in the Works

Duiring the course of lab testing the Uniden HR2510, | found that the rig had
a strange malady: While operating in the CW made, the radio transmitted a
short, but strong—and wide—burst of RF as the rig made the transition from

transmit to receive. This noise burst occurred about 200 kHz below the carrier
frequency in the Product Review rig. In normal CW operation, this produced a
loud pop—almost as strong as the on-frequency CW carrier—in receivers tuned
o the out-of-band noise-burst frequency.

i contacted Don Lane, NSNBU, of Uniden's Marketing Service Group, and
discussed the problem with him. Being a tiam (and all-around nice guy}, Don
was very helpful in resolving the problem. Uniden developed a modification to
eliminate the unwaniad out-of-band transrnissions, and we subssquently
modified and tested the Product Review unit. Sure enough, Uniden’s modifica-
tion solved the problem. Uniden has alteady incorporated a change into current
production HR2510s to eliminate this problem.

Uniden has agreed to modify affectad HR2510s¢ (whether in warranty or not),
mostly at thelr cost. The process goes like this: HR2510 owners should contact
Uniden’s Customer Service Department (Uniden Corp of America, Customer
SBervice, 9900 Westpoint Dr, PO Box 501368, indianapolis, IN 46250, tel
317-842-2483). Give them the serial number of the rig. If you have an affected
unit, Uniden will give you instructions for returning the rig to them. You'll pay
the shipping cosis to get the rig to Uniden, and they will then maodify your rig
and pay the shipping costs to return it to you. Don Lane also emphasized that
any modifications made to HR2510s by anyone other than Uniden will void
Uniden's warranty.—Rus Healy, NJ2L.
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Fig 1—Worst-case spectral display of the
Uniden HR2510. Horizontal divisions are
each 10 MHz; vertical divisions are each

10 dB. Output power is approximately 20
W at 28.5 MHz. All harmonics and spurious
emissions are at least 49 dB below peak
fundamental output. The HR2510 complies
with current FCC specifications for spectral
purity,

Fig 2—-Spectral display of the Uniden
HR2510 during two-tone intermodulation
distortion (IMD) testing. Third-order
products are approximately 32 d& below
PEP output, and fifth-order products are
approximately 45 dB down. Vertical divi-
sions are each 10 dB; horizontal divisions
ara each 2 kHz. The transceiver was being
operated at 20 W PEP output on

28.5 MHz.

Fig 3—CW keying waveforms for the
Uniden HR2510 in the semi-break-in mode.
The lower trace is the RF envelope; the
upper trace is the actual kev closure. Each
horizontal division is 50 ms. Note the
unusual RF output waveform—particuiarly
during the first three dots. The HR2510's
CW keying causes asudible key clicks on
adjacent frequencies.



band is particularly annoying when
vou're trying to tune in CW signals. The
“‘channelized”’ feel of the HR2510 may
reduce the guality of the rig’s overall feel
if used as the main station transceiver.

The up/DOWN buttons on the front
panel quickly move the operating fre-
quency up or down the band in 10-kHz
steps. The manual says that “‘the chan-
nel select buttons will select any 10-kHz
channe! in the current band seg-
ment. .. when tuning up and down the
unit will tune to the nearest 10-kHz
channel...”’ There are quite a few
references to “‘channels’ in the manual.
{Fortunately, the }0-meter amateur band
is not channelized—but the manual
could mislead a noninitiate into believing
that 'a there are a lmited number of
discrete channels available in Amateur
Radio.)

For some reason, Uniden has divided
the 10-meter band into four segments: a,
28-28.4999; b, 28.5-28.9999; c,
29-29.4999; d, 29.5-29.6999. At first
glance, it appears that the HR2510 has
memories; it doesn’t. The channel indi-
cator to the left of the frequency display
shows which 10-kHz segment of the
current portion of the band on which
you are operating. The channel
UP/DOWN controls simply step up or
down to the nearest whole-10-kHz chan-
nel, For instance, if you've got the
HR2510 tuned to 28.0313 MHz and you
press the channef UP button on the mic
or the front panel, the operating fre-
quency will change to 28.0400 MHz,
There are 50 channels each in band seg-
ments a, b and ¢, and 20 channels ¢ach
in d.

If you’re tuning around the band and
vou don’t want to keep turning the
clickety-click VFO knob, a touch of the
sCaN button will let the 2510 do the
work for you. Bach time the scaN but-
ton is pressed the rig tunes up the band
looking for a signal strong enough to
break the squelch, stops there until the
transmission ceases, and waits another
14 seconds. If you take no action, the
scan function continues after this delay.
To exit the scan mode, simply press the
channel UP/DOWN buttons on the micro-
phone or the front panel,

Operating in CW mode is fairly
straightforward. If a key or keyer is con-
nected to the rear-panel accessory plug,
closing its contacts keys the transmitter
{the rig uses a semi-break-in arrange-
ment). The TR-switch hang time is
approximately one second, and there is
no provision for adjusting it. I had
difficulty keying the HR2510 with some
keyers; the on-state resistance of the out-
puts of some keyers is not low enough
to key the rig. In some cases, keying the
rig produced a sidetone, but no RF
output.

One unusual—and potentially
confusing—aspect of CW operation
occurs when you tune the HR2510 across
a CW signal. You hear the signal on both
sides of zero beat, just as you would in
a direct-conversion receiver. {Most
modern CW receivers suppress the sig-
nal on one side of zero beat.) it is possi-
ble to tune an incoming CW signal on
“‘the wrong sideband,’’ in which case
your carrier frequency can be as far as
1.5 kHz away from the incoming signal
frequency. The HR2510 manual does not
discuss this operational oddity. The cor-
rect sideband on which to tune CW sig-
nals is the lower sideband. (If you have
any question, tune in CW signals in the
L.SB mode, then switch to CW when vou
want to transmit.)

As in the other modes, the RIT can be
used to adjust the pitch of a received CW
signal. With this rig, knowing your exact
offset frequency can be a problem—the
offset is not displayed. The RIT is aiways
on, and, although there is an RIT tuning
scale on the front panel, there’s no center
detent position that indicates the zero
offset, or off position. Here’s a place
where a detent would be most welcome!
The inability to turn RIT off, or at least
to reliably set the RIT offset to zero, can
make it difficult to answer a station on
the correct frequency.

Note that although the HR2510 has
FM capability, it has no provision for
non-simplex operation. i10-meter FM
repeaters are thus unusable with the
2510,

The HR2510 has several other
interesting features, such as a generally
effective noise blanker, a buili-in SWR
meter {useful), a modulation meter (of
questionable usefulness without a vari-
able mic gain control!), a built-in public-
address system (of dubious value), and
a beeper that adds a short tone to the end
of every voice transmission (most peo-
ple find such a beeper to be irritating).

Operating Impressions

As explained previously, getting the
’2510 on the air is easy, whether the rig
is in the car or your shack. I tested the
rig under both conditions: Af home, I
hooked the rig up to a 12-V power supply
and a triband beam antenna; for mobile
operation 1 connected the rig to the car
battery and a modified CB antenna. [
used the rig primarily at home, however,

Once I got used to the tuning controi
and found the correct setting for the RIT
control, everything was okay. The
*2510’s receiver audio sounds great—it’s
clean and crisp; in fact, it sounds better
than the receiver audio from another
transceiver I'm using that costs more
than three times as much as the HR2510!
The rig’s AM-mode avdio sounds so
good that I built a single-transistor con-

verter to listen to shortwave broadcasts
using the HR2510 as a tunable IF!

On-the-air receiver comparisons were
made between the 2510 and another
late-model transceiver. As mentioned,
the 2510°s audio sounds good. Because
the receiver lacks passband tuning, IF
shift and other more sophisticated receiv- -
ing aids (including narrow-bandwidth
CW filters), the rig can’t hold its own un-
der heavy interference conditions. For
casual home or mobile operating,
however, the radio performs well.

One annoying receiver malady
exhibited by the *2510 is AGC thumping.
On Joud signals, the slow AGC attack
lets the received signal through relative-
Iy unattenuated at first, only to *“hit it
hard®’ shortly thereafter. The resulting
pop and subsequent dramatic reduction
in volume are quite noticeable.

All of the hams 1 worked while [ was
reviewing the *2510 gave the rig good
marks on its transmitted audio. On-the-
air tests with another late-model tran-
sceiver confirmed these reports. Of the
dozens of stateside and DX stations
worked, about a dozen were also using
HR2510s! When asked if they liked the
*2510, nearly every one responded en-
thusiastically. When I asked them about
the tuning-knob detents, the lack of RIT
offset display and the AGC thumping,
they agreed (some begrudgingly) that the
problems were there—but not bother-
some enough to dampen their
enthusiasm. All of the HR2510 owners
I talked to said they would recommend
the rig without hesitation. We found a
rather serious problem with the rig’s CW
operation in the course of lab testing the
*2510—see the sidebar.

The HR2510 is great for mobile or
portable operation. It would make a fan-
tastic 10-meter vacation or DXpedition
rig. It’s also a lot of fun at home and,
for the price, it’s hard to beat. Now, if
Uniden could only add 80 through 15
tneters. ..

Price class: $269. Manufaciurer:
Uniden Corp of America, 4700 Amon
Carter Blvd, Fort Worth, TX 76155. A
service manual is available (for around
$20) from Uniden Corp of America,
Parts Department, 9900 Westpoint Dr,
PO Box 50463, Indianapolis, IN 46250,
tel 317-842-1036.

ADVANCED RADIO DEVICES 230A
HF/MF LINEAR AMPLIFIER

Reviewed by Mark Wilson, AA2Z

Every now and then, a truly exciting,
high-end piece of gear hits the Amateur
Radio market. Often very expensive, such
a product will be owned by relatively few
hams, yet we all dream about having one.
Over the vears, for me such products have

May 1989 43



included the Telrex Big Bertha rotating pole
and the Alpha 77 amplifier. The Advanced
Radio Devices (ARD) 230A linear ampli-
fier is another such product.

The 230A is a delightful mix of
microprocessor wizardry and old fashioned
RF engineering. it uses a pair of
Eimac® 3CX800A7 high-mu triodes to
deliver 1.5 kW output on the 160- through
15-meter amateur bands (excluding the new
17-meter band—more on this later).
Modification for 10- and 12-meter opera-
tion can be done by licensed amateurs, as
discussed later. Note that the duty cycle for
1.5 kW output is continugus—no time limit
is specified! Other features include a vacu-
um relay for QSK, a pi-L output network
for excellent harmonic suppression, and a
forced-air cooling systeni.

The 230A is housed in two boxes: One
contains the power supply/RF deck, and
the other—much smaller—holds a micro-
processor-based controller. All amplifier
controls and metering required for setup
and operation are housed in the microcon-
troller box, which is placed at the opera-
ting position. The RF deck/power supply,
measuring 24 x 14 x 13 inches, can be
placed anywhere up to 250 feet away from
the microcontroller}

The Z30A operates on 240 V ac, and

44 O&T=

requires a service capable of providing at
least 15 A. There is no provision for 120-V
operation because of the high current re-
quirermnents.

Microprocessor Coatrol

Although some purists bemoan the
intrusion of computer control into every-
thing from autofocus cameras to auto-
mobile engine management systems, the
fact is that microprocessor conirol makes
possible performance—at consumer-level
prices—that you wouldn’t have dreamed of
previously, In the 230A, the computer does
not only control amplifier tuning: It also
prevents damage to the amplifier by
monitoring important operating para-
meters and taking the amp off ling if critical
values are exceeded.

The microcontroller front panel holds afl
of the controls, displays and metering
necessary to operate the amplifier. On the
rear panel are connections for your trans-
ceiver: KEY IN and ouT for QSK operation,
PTT and ALC. There is also a2 multipin
connector for the cable that runs to the RF
deck and an RS-232-C port for remote con-
trol of the amplifier by an external
computer.

In the past, several “‘no-tune’’ amplifi-
ers have been available on the amateur
market. These amplifiers usuvally use
separate broadband pi networks that are
switched in for each band. The 230A’s no-
tune feature is based on a different concept.
In the 230A, dc motors drive the anode
tuning and loading capacitors and the band
switch. These motors are controlled by a
Z80® -based computer with 32 kbytes of
ROM, 4 kbytes of RAM and 2 kbytes of
EEPROM.

The 230A has three modes of operation:
automatic, semiautomatic and manual. The
three modes require varving degrees of
operator involvement in the amplifier
tuning process.

Manual tuning is similar to that with
conventional amplifiers. Press the
MANUAL button and use the FREQ up and
down buttons to select the desired opera-
ting frequency. Then use the TUNE and
LOAD controls to tune the amplifier. TUNE
and LOAD are momentary-contact switches

that canse the tuning and loading capaci- -

tors to move clockwise or counterclock-
wise. It takes a [ittle practice to tune ‘““by
wire’ instead of turning knobs that are
physically connected:to their associated
capacitors.

Manual tuning is also used to set up
presets for the automatic and semiauto-
matic modes. To speed up the automatic
tuning process, the positions of the tuning
and loading capacitors are stored in
memory for points every 100 kHz through-
out the 230A’s operating range. As sup-
plied by the factory, these presets ensure
proper amplifier tuning into a 50-ohm load.
Most of my antennas are not perfectly
matched, so ! found it necessary to
manually tweak the tuning on most bands.

Once 1 entered the new preset information
for my antennas in the 230A’s memory,
though, 1 did not have to manually tune the
amplifier again.

Autormatic and semiautomatic operation
set the 230A apart from conventional
amplifiers. An internal frequency counter
samples the RF at the amplifier input. This
frequency is shown by the FREQUENCY
L.CD at the upper right-hand corner of the
front panel. The microprocessor reads the
frequency of the drive signal, selects the
correct input network and moves the anode
tuning and loading capacitors and band
switch to preset positions determined by
data stored in memory. The whole process
takes a few seconds for band changes, less
for excursions within a band.

In the automatic mode, the microproces-
sor starts a fine-tuning process after the
preset positions are reached. If you have
stored the presets for vour antennas as
described earlier, minor adjustments to the
positions of the tuning and loading capa-
citors occur as you move up and down a
band. If you use the factory presets and
your antennas are not matched to 50 ohms,
the amplifier hunts for the right settings.

The semiautomatic mode is similar to
automatic, except that the fine-tuning
atgorithm is not operational. The amplifier
tunes to the 100-kHz preset closest to the
aperating frequency and stays put, rather
than continuously hunting for the best
match. As vou move around a band in
semiautomatic mode, the microcontroller
still keeps track of your operating frequen-
¢y and tunes for the closest preset. Note
that you musf tune the presets for your
antennas in semiautomatic mode, or the
amplifier probably will not be tuned
correctly. After using the 230A for a while,
1 found the semiautomatic mode suited my
needs, and I used it almost exclusively.

Metering and Safety Features

ARD has developed a comprehensive
metering and safety-trip system into the
230A to help protect your investment.
When you turn the unit on there’s a five-
minute delay while the 3CX800A7 heaters
warm up. During the warm-up period, it’s
impossible to place the 230A in the trans-
mit mode. Although this delay can be
annoyving, it's absolutely necessary (o
prolong the life of those expensive tubes.
(Eimac specifies a minimum three-minute
warm-up period for 3CX800A7s.)

The microprocessor checks the follow-
ing parameters 30 times per second: anode
current, grid current, heater voltage,
reflected power and temperature, In addi-
tion, the microcontroller calculates anode
dissipation eight times per second. As the
values of any of these parameters approach
the maximum safe values, & warning indi-
cator on the microconiroller front panel
flashes. For example, if grid current
exceeds 100 mA, a flashing GRID CURRENT
warning appears on the LCD. If the
maximum safe value is exceeded (for



Table 2

ARD 230A Linear Ampiifier, Serial No. 0126

Manufacturer’s Claimed Specifications

Measured in ARRL Lab

Frequency coverage: 1.756-2.0, 3.1-4.3, 5.8-8.0, 13.4-
15.1, 18.5-21.6 MHz (24.8-25.0 and 28.0-30.0 MHz

available for qualified users).
Powar output: 1.5 kW, continuous duty.
Driving power required: 60-80 W.
intermodulation distortion: - 35 dB.

Harmonics and spurious emissions: 45 dB.

As specified.
See Table 3.
See Table 3.
Not measured.
See Fig 4.

Primary power requirements: 240 V ac at 15 A

maximum.
Color: Gray.

As specified.

Dimansions (height, width, depth): Microcontroller,

8 % 10 x 9 inches. RF deck/power supply,

24 x 14 % 13 inches.

Waeight: Microcontroller, 4 Ibs; RF deck/power

supply, 90 Ibs.

Table 3

ARRL Laboratory Measurements
ARD 230A Linear Amplifier

Band Anods  Anode  Power Drive

{MHz) Current Voltage Outpui Power
{A) {w) w)

1.8 14 2200 1500 80

35 1.0 2200 1500 44

7 1.1 2200 1600 50

14 1.1 2200 1500 50

21 1.05 2200 1500 50°

24 1.1 2200 1500 a5

28 1.15 2200 1500 60

example, 120 mA grid current), the ampli-
fier immediately switches to standby and
you must press the front-panel RESET
switch to resume operation.

There is 50 much protection built into the
230A that it is virtually impossible to
damage the amplifier. You can transmit
into the wrong antenna, hit the amplifier
with 150 W drive or manually mistune it.
There are no fireworks—the amplifier
switches to standby and displays the
reason. Correct the problem and try again.

Two LCD bar graphs in the upper left-

hand corner of the front panel display -

important amplifier operating parameters.
The top bar graph displays power output
{except at amplifier power-up, when it dis-
plays the time remaining in the five-minute
warm-up period). The bottom bar graph is
a multimeter that can separately display
anode voltage, anode current, grid current,
SWR or reflected power.

RF Deck/Power Supply

The RF deck/power supply is a heavy-
duty rectangular gray box on casters. As
mentioned before, this box is made so you
can place it in any well-ventilated space up
to 250 feet away from your operating
position. For me, this meant placing it in
the far corner of my shack so that the
blower noise didn’t bother me. The RF

deck/power supply has two front-panel
indicators, POWER and oN. The rear panel
features an S(0-239 for RFOUTPUT, a2 BNC
female for kF INPUT, and multipin connec-
tors for ANTENNA SWITCHING (DB9),
ACCESSORY {DB15) and CONTROL (DB25).
it also holds the main power circuit
breaker, three fugses, an ALC adjustment
control and a ground lug.

CONTROL is for the interconnection
between the RF deck/power supply and the
microcontroller. ANTENNA SWITCHING
provides ouiputs for controlling external
antenna relays. There are six outputs on the
ANTENNA SWITCHING connector, cos-
responding to the amplifier’s specified fre-
quency ranges {see Table 1). Note that the
same antenna-switching-control signal is
used for 10 and 12 meters. According to
the manual, the ACCESSORY jack can be
used for connection of accessories such as
an automatic antenna tuner, but no detail
is supplied.

The plain exterior of the RF deck/power
supply gives little indication of what’s
under the hood. Inside, the 230A i5 a
wonderfully crafted blend of mechanical
and electrical engineering. The top third of
the chassis is devoted to the RF deck, and
the power supply is in the bottom.

Two 3CX800ATs are mounted on a chas-
sis along the rear wall. A huge blower,
mounted to the bottom of this chassis,
hangs down into the power supply
compartment. It draws air through slots in
the sides of the cabinet and blows it into
the chassis that supports the tubes. The
only way for the pressurized air to exit is
through slots cut directly below the tubes.
Chimneys direct the airflow through the
3CX800A7 anode coolers, and warm air
exits through siots in the cabinet top and
sides.

A piinput network is used for each band
to provide best linearity and drive charac-
teristics, Input band switching is accom-
plished by relays; the microcontrofler

switches in the appropriate pi network for
the frequency of operation. The input mod-

Fig 4—Worst-case spectral display of the
Uniden HR2510. Horizontal divisions are
each 10 MHz; vertical divisions are each
10 dB. Output power is approximately 20
W at 28.5 MHz. All harmonics and spurious
amissions are at least 49 dB below peak
fundamental output. The HR2510 complies
with current FCC specifications for spectral

purity.

ule also contains the ALC circuitry, an RF
wattmeter and an RF sensing circuit for
driving the frequency counter that tells the
microcontroller the frequency of the RF in-
put signal.

The band switch is a heavy-duty, three-
section ceramic Radio Switch Co model 86.
The output network, a pi-L circuit on all
bands, features air variables for tuning and
loading. Various transmitting-tvpe capaci-
tors are switched in parallel with these vari-
able capacitors for operation on the low
bands. Drive motors for the band switch
and variable capacitors are mounted to the
bottom of the RF deck and hang into the
power-supply compartment.

The high-voltage power supply produces
2.25 kV dc at 1.2 A for the 3CXB00A7
anodes. The suppiy features a Peter Dahl
Hypersil® transformer and a full-wave
bridge consisting of four high-voltage rec-
tifiers, Filtering is accomplished by six
240-pF, 450-V electrolytic capacitors
connected in series for a total filter rating
of about 40 gF at 2.7 kV,

ARD included several protective features
of note in the RF deck/power supply.
There are three primary interlocks (one for
each removable cabinet panel}, and a high-
voltage shorting bar. The primary circuitry
incorporates inrush-current protection for
the rectifiers. Following Bimac’s recom-
mendations, ARD has included a 25-ohm,
25-W resistor in series with the anode
supply to limit current to a safe value in
case of a high-voltage short circuit.

As mentioned earlier, the 230A (as
supplied from the factory} will not operate
on the 17, 12 and 10-meter amateur bands.
Getting the 230A on 10 and 12 meters is
easy: Send a copy of vour amateur license
to ARD, along with a check for $15, and
they will send you a new PROM for the

microcontroller. Installation takes about
ten minutes. Operation on 17 meters is
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somewhat more difficult to accomplish.
The amplifier was produced well before
17-meter operation was authorized for US
amateurs. According to ARD, a modifica-
tion will be available to allow 17-meter
operation, but the amplifier will have to be
returned to the factory for installation of
this madification. Future production units
will incorporate 17-meter operation. Con-
tact your dealer or ARD for more infor-
mation,

Setup and Operation

Our 230A arrived from the dealer in
three cartons—one each for the RF
deck/power supply, microcontroller and
high-voltage transformer. The trans{ormer
is shipped separately to minimize the poten-
tial for damage during handling.

Setup involves two steps: removal of
packing material inside the RF deck, and
transformer installation. The first opera-
tion involves taking off the top panel and
carefully removing packing material that
holds everything in place during shipment.
While removing the packing material, it's
a good idea to visually inspect components
and connections and check that the tubes
are properly seated. There were no
shipping-related problems with the review
amplifier.

Transformer installation is remarkably
easy. The transformer is shipped on a plate
that fits a cutout in the bottom of the RF
deck/power supply. Position the RF
deck/power supply upside-down (casters in
the air). Remove four bolts, mate two
connectors, lower the transformer into
place (the mounting plate has convenient
handholds) and replace the four bolts. The
whole operation is over in five minutes, It
takes a bit of effort to turn the RF
deck/power supply right-side-up—with the
transformer installed, the unit weighs a
hefty 90 pounds.

Interconnecting the 230A. with the rest
of my station was easy. ARD supplies all
necessary cables, including a 13-foot con-
trol cable to connect the microcontroller to
the RF deck. Longer cables—up to 250
fect—are available.

Although I’ve used a number of differ-
ent power amplifiers over the years, opera-
ting the 230A took some practice. On most
bands, 60 W is all it takes to drive the
amplifier to 1.5 kW output. With the
120-W transceiver I use, 1 often tripped the
grid-protection circuit until 1 hooked up the
ALC. After that, no problem.

After using the amplifier for a while in
the automatic mode with factory presets,
I decided to tune the presets for my anten-
nas. Manual tuning took some practice, but
the protective circuitry prevented any
damage. Once everything is set up, the
230A is practically an extension of your
transceiver.

The 230A has one characteristic that 1
find bothersome. On 10 meters, it some-
times fails t0 keep track of the new opera-
ting frequency as you move around the
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band. Also, if you switch bands with the
amp in the operate mode, the frequency
counter sometimes fails to read the new
operating frequency and the microproces-
sor does not tune the amplifier for the new
band. (This happens when the 230A s used
with an exciter that contains 5WR-
dependent power-reduction circuitry, as
follows: In its automatic and semiautomat-
ic modes, the 230A. changes bands by sens-
ing that the exciter has changed bands. For
this to happen, the exciter must transmit
RF on the “‘new’’ band at a level sufficient
to drive the 230A’s frequency counter.
Further, the exciter must be able to trans-
mit “‘new’’-band RF into the “*0ld”’-band
input network until the 230A senses the new
frequency and changes bands. Snag: The
exciter *‘sees”’ the old-band input network
as a high SWR and reduces its output
power to & level insufficient to drive the
230A’s sensing circuitry.) The solution is
simple: Switch the amp from operate to
standby, briefly transmit with your trans-
ceiver, and switch back to operate. In
standby, the transceiver sces the antenna
and delivers enough RF for the counter to
get a reading. ARD has modified the input
board to make the amplifier more respon-
sive to frequency changes, and has incor-
porated this change in current production
units. The modification cures the 10-meter
problem, and helps with the band-change
difficulty.

When we first received the 2304, it did
not meet spectral purity requirements
because of a spurious response in the
90-MHz range. After talking with Chuck
White from ARD, we discovered a missing
inductor on a trap on the output board.
ARD sent a replacement board, which
fixed the problem. Fig 4 shows that the
spectral purity of the 230A is excellent.

The ARD 230A effortlessly delivers
power at the maximum legal limit. runs
coo] even during extended contest opera-
tion, and is virtually impossible to hurt (at
least with RF!), Once the amplifier is set
up for your station, you have 1.5 kW on
tap without having to think much about it.
I"'m not looking forward to surrendering
the review unit to the Product Review
editor!

Price class: $5500. Manufacturer:
Advanced Radio Devices, 22560 Glenn Dr,
Sterling, VA 22170, tel 703-450-5595, G&%]

SOLICITATION FOR PRODUCT
REVIEW EQUIPMENT BIDS

[In order to present the most objective reviews,
ARRL purchases equipment “‘off-the-shelf”
from Amateur Radlo dealers. AREL receives
no remuneration for tems presentad in the
Product Review or New Products
columns.—Ed.]

The following ARRL-purchased Product
Review equipment is for sale to the highest
bidder. Prices quoted are minimum
acceptable bids and reflect a discount from
the purchase price.

Sealed bids must be submitted by mail

and be postmarked on or before May 26,
1989. Bids postmarked after the closing
date will not be considered. Bids will be
opened seven days after the closing post-
mark date. In the case of equal high bids,
the high bid bearing the earliest postmark
will be declared the successful bidder.
Please clearly identify the item you wish
to bid on, using the manufacturer’s name,
model number, or other identification
number if specified. Each item requires a
separate bid and envelope. Shipping
charges will be paid by the successful
bidder, FOB Newington. The successful
bidder will be advised by mail of the
successful bid. No other notifications will
be made, and no information will be given
by telephone to anyone regarding final
price ot identity of the successful bidder.
Please send your bids to Kathy McGrath,
Product Bids, ARRL, 225 Main St,
Newington, CT 06111,
Alinco Electronics DJ-100T 2-meter FM
hand-heid transceiver, s/n (0000606 (see
Product Review, Mar 1989 QST).
Minimum bid $180.
ETO Alpha 86 1.8- through 28-MHz linear
amplifier, s/n 88340043 (see Product
Review, Apr 1989 O37). Minimum bid
$1997. )

New Products

REPEATER AUDIO INTERFACE

[1 Creative Control Products has in-
troduced the UA1-20 Universal Audio In-
terface for repeaters. The UAI-20 is a
tink-audio mixer providing CTCSS
decoding, DTMF mute and link-audio
monitoring/mixing. Among the notable
features of the UAIL-20 15 selectable muting
of DTMF tones from the repeater’s trans-
mitted audio. Price: $89 plus shipping. For
more information, contact Creative
Control Products, 3185 Bunting Ave,
Grand Junction, €O 81504, tel

303-434-9405.—Rus Healy, NJ2L




Hints and Kinks |

Conducted By David Mewkirk, AKTM
Assistant Technical Editor

INCOMPATIBILITY BETWEEN
VACUUM-TUBE AND SOLID-STATE
EQUIPMENT

] The growing popularity of modem-
based digital communication (RTTY,
packet radie, and so on) has led to the
increased use of small, used oscilloscopes—
often based on vacuum tubes instead of
transistors—as tuning aids. Although tube-
based scopes can be well suited to tuning-
indicator applications, they should be
thoroughly checked for compatibility
before solid-state gear is connected to them.

The Heath® HO-10 monitor scope is an
example of why such caution is necessary.
This 3-inch-CRT oscilloscope was
produced a number of years ago and is
common at swap meets. Unmodified, the
vacuum-tube-based HO-10 may damage
solid-state equipment connected to it,
Here’s why—and how to modify the
HO-10 for compatibility with solid-state
gear.

The first fix involves the HO-10’s MODE
or FUNCTION switch, (This switch is
marked MODE on the HO-10 schematic,
but is labeled FUNCTION on the scope’s

front panel.) With age, this switch (see
Fig 1A) may deteriorate to the point that
it acts as a shorting switch (a switch
containing moving contacts that connect to
one circuit before breaking contact with
another) instead of the non-shorting switch
it was intended to be. When this happens,
170 V dc may appear at the HO-10's
HORIZONTAL INPUT jack as the MODE
switch is moved from SINE to AF TRAP, A
voltage of this magnitude can instantly
destroy low-voltage, solid-state circuitry.

Cure: Replace the defective MODE switch
with a switch that reliably breaks one circuit
before making contact with another.
The second of the HO-10's problems is
C186, the coupling capacitor between the
HO-16’s MODE switch and horizontal
amplifier V3C. When the MODE switch is
in the sINE pesition, C16 (2 xF at 200
WVDC) charges to about 170 V. If this
happens, moving the MODE switch to aF
TRAP (the position sefected when the
HO-10 is used as a ®TTY tuning indicator)

to V1A
RF Demodulator

19
HORIZONTAL
INPUT

{RF demodulatar)
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-
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p
Rze2
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Fig 1—Deterioration of the Heath HO-10's MoDE switch can
terminals when the switch is cycled (A). When

switch. Even if the HO-10"s mopE switch Is in good shaps, however, the high
SINE position Is applied to the HoRIZONTAL INPUT jack when the switch is move
maoving C16 and adding two capacitors as shown at B. (The 2-4F capacitors
your editor's high-tech fix to thumps caused by sudden charging of blocking
ble, make the resistance of pull-down resistor R

cause momentary short circuits betwean the switch’s ar TRar and siNE

t v this occurs, VaB’s cathode potential (as high as 170 V) appears at the HORIZONTAL INPUT
jack, spelling almost certain doom for solid-state equipment caonnected to the jack. Daltas Williams suggests curing this with a new mopE

-voltage charge C18 acquires with the MobE switch in the
d from SINE to AF TRAP. Dallas’s solution to this consists of
are nonpolarized paper- or plastic-dielectric units.) C shows
capacitors in audio circuits. To keep cireuit loading negligi-
pp 4t least ten times the impedance at the point across which the resistor is connected.
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connects the charged capacitor across the
HO-10’s HORIZONTAL INPUT jack. A
voltage of 170 can be fatal to a solid-state
device connected to the HORIZONTAL
INPUT jack. Cure: Add two 2-uF,
200-WVDC capacitors and refocate C16 as
shown in Fig IB.

Modified in this way, the Heath HO-10
makes a fine tuning aid for digital
communications. It's likely that other
monitor scopes—and, for that matter,
other vacuum-tube-based equipment—may
have similar problems. Because of this, it’s
# good idea to check vacuum-tube gear for
safe operation before connecting it to solid-
state equipment.— Dallas Williams,
WAPMRG, PO Box 1, Sedgwick, CO
80749-0001

AK7M: Although Dallas’s equipment-
compatibility hint may seem to be
equipment-specific, it isn’t. One of the first
facts we learn about capacitors is that they
can “block de¢ while allowing ac to pass.”
This quoted statemant is a bit simplistic: A
capacitor can block de onfy after it has
charged to the dc voitage it's expected to
block. If the simplistic view were true, you
could connect cne lead of a 0.01-gF, 1-kV
capacitor to, say, 500 V and grab the capa-
citor’s free lead with no il effect. in fact—
and depending on how close your body is
to ground potential—you may receive &
short, dangercus jolt as the capacitor
charges to 500 V through you. This happens
because an uncharged capacitor “"looks
like”' a short circuit until it charges.

tnplanned-for capacitor-charging effects
may be no more than annoying. Have you
ever put a pair of headphones on before
plugging them into an unloaded solid-state
audio amplifier and heard a deafening
thump as vou plugged the headphones in?
Such thumps occur when an amplifiet’s de-
blocking output capacitor charges through
the output transducer (your headphones or
speaker). This situation can be more than
&n annoyance: | once biew the headphone-
circult blocking capacitor in a 1930s-vintage
ham receiver merely by plugging in head-
phones. The capacitor had been on the
verge of failure; the sudden charging-
current pulse finished it off and caused a
headphone pop that made my ears ring for
several minutes. What would have hap-
pened if I'd plugged in a solid-state amplifi-
er instead of headphones?

If component failure causes voltage to
appear where it dossn't belong, the cure
is simple: Replace the failed componant.
If suboptimal circuit design is the cause,
the circuit can be modified for safer (or
less annoying) operation. Audio thumps
r clicks that occur when a load is connec-
ted or switched can often be cured simply
by the addition of pull-down resistors at
the “‘floating’” side of culprit capacitors
(Fig 10).

INSULATION SUPPORTS AS RADIAL
TIE-DOWNS

[l Verticals are useful antennas for DX
work on the low bands. For many hams,
the tedious job of burying radials for a
vertical-antenna ground system is a major
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drawback. Some studies have shown that
radials laid on the ground, rather than
buried in it, provide a more-efficient RF
ground than buried radials. On-ground
radials require special installation
techniques, however: They must be securely
fastened to the ground so that they do not
trip people or foul lawn mowers.

For several years, I have successfully
used insulation supports as on-ground-
radial tie-downs. Insulation supports
resemble very long, headless nails and are
pointed at both ends. Designed to support
thermal insulation between house floor
joists, they are generally sold by building
supply houses in 16- and 24-inch sizes at
312 to $15 per thousand.

Install the insulation supports on a given
radial as follows: Lay the radial wire on the
ground in its proper position. Prepare a
dozen or 50 of the supports by bending
them into a U shape. Drive these “‘staples™
into the ground and over the radial every
few feet along the radial, Space the staples
closely enough along the length of each
radial to secure the wire and keep flush with
the ground.

‘The best time to install surface-tnounted
radials on a lawn is during colder months
when grass is dormant: Turf will cover the
radials as soon as warm weather arrives and
the grass resumes growth. As a warm-
weather alternative, mow the grass just
before installing the radials.—Drayion
Cooper, NA4ALBJ, Bowling Green
Presbyterign Church, PO Box 5, Bowling
Green, SC 29703

AN IMPROVED CIRCUIT FOR
INTERCONNECTING THE S$B-200
AMPLIFIER AND SOLID-STATE
TRANSCEIVERS

1 I encountered a problern similar to that
discussed by James Hebert (**Using the
$B-220 Amplifier with Solid-State
Transceivers,” ()ST, jan 1988, p 45), when
I sought to drive my Heath® SB-200
amplifier with a newly acquired Kenwood
TS-9408 transceiver. The hot contact of the
SB-200°s relay-control jack exhibits an
open circuit voltage of ~ 130 to ground; the

short-circuit current of the 3B-200's relay-
control circuit is 50 mA. The open-circuit
voltage could rise to as high as 170 under
fault conditions in the SB-200. The Ken-
wood manual states that the TS-940's con-
trol relay is intended for low-current
applications; 1 infer that ““low current’™”
also means ““low voltage.”” As a result, [
did not want to connect the SB-200s 130-V
control line to my TS-940S. Instead, and
in order to get on the air guickly, 1 used
a relay between the TS-9408 and SB-200.
[ wasn’t satisfied for long: It seemed
ridiculous—and rather noisy—to use the
transceiver relay to drive another relay that
finally switched another relay in the
3B-200.

To solve this problem, I designed an
interface circuit {Fig 2) that uses a high-~
voltage, P-channel MOS power
transistor—an IRF9612--4s a switch. The
[RF9612 has a source-to-drain breakdown
voltage of 200, can switch up to 1.5 A,
exhibits a channel resistance of 4.5  when
turned omn, comes in a TC-220 plastic
package, and costs $3.50/unit in small
guantities. The iRF9612 aiso includes an
integral drain-to-source protection diode
capable of clamping transients that can
result from switching inductive ioads.

The circuit is powered by a 9-V batiery,
which provides enough voltage to drive the
MOSFET in this low-current switching
application. The I1-kQ resistor limits the
peak current flowing in the transceiver relay
to approximately Y mA and sets the
MOSFET turn-on time to approximately
0.3 us (this assumes that the MOSFET’s
effective input capacitance is 300 pF). The
470-kQ resistor sets the turn-off time
constant to 140 ps and limits the closed-
circuit current to 20 xA, The 15-V Zener
diode protects the transceiver should the
MOSFET develop a gate-to-drain short
circuit. (In that unlikely event, the Zener
diode will limit the voltage applied to the
transceiver to --24, If vou intend to
substitute a diode with a different Zener
voltage for this part, remember that the
Zener diode’s breakdown rating must
comfortably exceed the battery voltage |9

avy
TSI?MO “"J\:‘n . IIM -

_control

bu!pu?o—‘l 15 v
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.._...................:'..0 to $B-200
relay

I-j'—Q control jack
oy

k =1000

Fig 2—Richard Jaeger's solid-state iransceiver-to-amplifier interface uses a power
MOSFET instead of a relay for amplifier control. For amplifiers that use a positive relay-
control voltage, reverse the polarity of the Zener diode and battery, and use an IRF&12 N-

channe! MOSFET instead of the IRF9512,



in this application]).

I built the circuit on a piece of perfboard,
mounted the board in a small metal box,
and used shielded cable for connections
between the interface box, amplifier and
transceiver. Stray-RF problems have not
occurred with this arrangement. Because
the interface circuit is self-contained, the
SB-260 and TS-940S need not be modified
for operation with the interface.-—Richard
C. Jaeger, K4IQJ, 711 Jennifer Dr,
Auburn, AL 36830

MORE ON MODIFYING GLOVES FOR
INCREASED DEXTERITY AND
BETTER FEEL

[J When 1 read the suggestion about cut-
ting the fingertips from work gloves (Ray
Lustig, ‘‘Modified Work Gloves,”” (ST,
May 1988, p 40), it reminded me of some-
thing that may be of further value to your
readers. As a police officer, I’ve learned a
trick passed down from the old timers on
the force: Cut a slit into the palm side of
the glove’s trigger finger to allow your
trigger finger to slip out when you hoid a
pistol. Of course, this modification alsc
allows the finger to be returned to the
glove!

For doing antenna work in cold weather,
a pair of gloves modified this way {(perbhaps
the thumb and first finger of each glove,
or at least these fingers on the glove for the
dominant hand) would allow these fingers
t0 be kept warm between instances of
handling small parts.—Harry Blesy,
NOCQX, 7810 Central, River Forest, IL
60305

SWITCHING AN 80/75-METER
IMPOLE BETWEEN 80/75% AND
160 METERS

{1 A coax-fed 75/80-meter dipole can be
used on the 160-meter band by connecting
the dipole-feed-line inner conductor and
shield together and feeding the coax and
dipole as a random wire. Changing bands
is inconvenient with this arrangement,
however; moving from 75 or 80 meters to
160, for instance, involves disconnecting
the antenna feed line, adding a shorting
adapter to the feed-line connector, and
connecting (or reconnecting) the shorted
feed line to an antenna tuner.

Fig 3 shows my solution to this problem.
When the BAND switch is thrown to s0s7s,
the coax line is connected to the
transmitter, transceiver or antenna tuner as
usual. When the BAND switch is thrown to
160, the inner conductor and shield of the
coax feed line are connected together and
to the center conductor of the TX or
FUNER conpector. At the same time, the
shell of the ANT jack is isolated from the
TX OR TUNER connector shell.

Construct the switching adapter as
shown in Fig 3. if you cannot locate a
chassis-mount male connector for use as
the TX OR TUNER connector, use a chassis-
mount female connector in conjunction
with a male-to-male adapter.

ANT
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BAND Ty 8071
L) TX or TUNER
S0-239
NoL 4-40 1 174" SHOT rogale

screw {6 ploces)

;i

3 Shidkr g 22 plncas
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Fig 3—Robert Stein uses this arrangement
fo switch a coax-fed 75-meter dipole
between dipole and random-wire modes.
The BaAND switch is a standard-sized toggle
switch; don't use a miniature or
subminiature switch in this application.

I have used this scheme at the 100-wait
level without encountering arcing between
the coax imner conductor and shield or
between the BAND switch contacts.
Nonetheless, be aware that RF voltage will
be present on the antenna feed-line shield
when a coax-fed 80/75-meter dipole is used
as a I60-meter random wire—and don’t
touch the BAND switch when transmit-
ting.—Robert Stein, W6NBI, 1849 Middle-
ton Ave, Los Altes, CA 94022

BETTER S8B FOR THE COLLINS
R-390A RECEIVER—REYVISITED

(Zl In my recent Hints and Kinks item,
“‘Better SSB for the Collins R-390A
Receiver’ (ST, Jan 1989, p 38), every
reference to the R-3904 should read R-390.
[The blunder was mine.—AK7M] The de-
tails of the modification and all circuit
references described in that article apply
only to the Collins R-390 receiver, and not
the R390A, because of the differences in

their circuits.

Some receiver aficionados think that the
R-390 and R-3%0A arc identical except for
their method of [F filtering. (The R-390
uses LC IF filtering; the R-390A uses
mechanical filters and is generally
considered to be more desirable because of
this.) The R-390A is actually a pared-down
R-390: It has one fewer RF amplifier and
two fewer 1F amplifiers than the *390. This
seems to make the R-390 a little more
sensitive than the *390A. The °390 and
390A also differ in their power supplies and
tube complements. These differences make
circuit modules and most parts non-
interchangeable between the two receivers.

My modification concerns the R-390°s
AGC circuitry; the AGC circuits in the
R-390 and R-390A are similar. Both
receivers use 12A1J7/5814 tubes for AGC-
rectifier and AGC-time-constant functions;
however, the part numbers and tube-pin
references differ between the two receivers
for the circuitry that serves these functions.
Anyone wishing to improve the SSB
performance of an R-390A by trying my
modification should consult a schematic
diagram of the *390A for circuit details.
Please note that 1 have not attempted this
modification on an R-390A; the basic idea
should be applicable to this receiver,
however.—Ken Johnsen, N5US, PO Box
10063, Austin, TX 78766

A SIMPLE FIELD-STRENGTH METER

] Fig 4 illustrates a field-strength meter
that can be used for antenna or matching-
network tuning. It consists of a short dipole
antenna, a detector and a digital multimeter
(DMM). With A and A’ equal to about 2
feet, the field-strength meter provides
adequate near-field sensitivity from 80
through 2 meters. (This is the range over
which Pve tried the circuit; the meter’s
actual useful range may be wider.)

I built my version of the detector on a
small piece of copper-clad board and coated
it with epoxy resin for permanent outdoor
use. To minimize the pickup of feed-line
radiation, 1 mount the meter antenna
horizontally when sampling energy from my
horizontal HF dipoles and vertically for use
with my 2-meter groundplane antenna.—
Albert E. Weller, WDSKBW, 1325
Cambridge Bivd, Columbus, OH 43212

\
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Technical Correspondence

Conducted By Paul K. Pagel, N1FB
Associate Technical Editor

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

ELEVATED VERTICAL ANTENNA
SYSTEMS Q&A

{1 Several amateurs who read my article,
“Elevated Vertical Antenna Systems,”!
wrote to ask me some questions about it.
I thought their questions and my answers
to them would be of interest to others.

(: Do I have io use a metal mast to hold
up the monopole? Do I have to use metal
masts for the supports at the end of the
radials? Do I have to use ground rods at the
base of all the supports?

A: No. The monopole and the radial(s) must
be metallic, of course, but you can use any-
thing you have available to support the
structure. Wooden posts, plastic pipe, tree
limbs, etc, are suitable. You don’t have to
run a ground wire from the coax shield to
a ground rod. The entire antenna can
“float" above ground, or you can tie the
coax shield and the inner ends of the
radial(s} to the metal support mast, if vou
use one.

Q: Can [ let the radials droop so that their
otter ends are lower than at the center where
they join the coax feed line?

A; Yes. It’s okay to let the radials slope
downward from the base of the monopole
toward their outer ends. This configuration
will increase the feed-point impedance some-
what, which may provide a better match to
50-2 coax. However, the gain of the antenna
at low take-off angles also decreases when
you allow the radials to droop. The more
droop, the lower the gain. I have not
modeled the case where the radials are
higher at the ends than at the feed point,
but [ intuitively feel that this is not a good
idea.

Q- What happens if | have a ground-
mounted vertical and I vary the number of
radials? What about varying the fength of
the radials on a ground-mounted vertical?
FHow will it work compared to an elevated
monopole with elevated radials?

A: | have run quite a few NEC? models on
this toplc, and the information presented in
Table 1 summarizes the results. The gains
listed are in dBi, at a take-off angle of 10
degrees. The radiator is ground-mounted,
has a physical height of A/4, and the opera-
ting frequency is 3.8 MHz. The radials are
buried shallowly at a depth of only 3 mm,
50 the results for radials that are simply laid
on the surface of the soil should be very
similar. The ground constants (for average
s0il) are not exactly the same as those that
I used in the QST article, but they are fairly

1A, Christman, “Elevated Vertical Antenna
Systems,” QST, Aug 1988, pp 35-42. See also
Feedback, QST, Oct 1988, p 44.

Numerical Electromagnetic Code; a mainframe
computer program that is used to analyze
antennas.

50 05k

Table 1

Power Gain (dBi) at a 10° Take-Off Angle for an NEC-Modeled Ground-Mounted

Venrtical Antenna with Shallowly Buried
Average soil {s) = 0.003 ¢ = 13)
Radial

Radials

Length Number of Radlials
A 4 15 30 60 120 240 360
1/8 —-4.51 -348 -329 -319 -314 -3.10 -3.08
1/4 ~4.86 ~3.20 -258 227 -213 -207 -205
1/2 -4.82 ~309 -232 -170 ~-134 -1.18 -1.14
3/4 - 4.83 -3.08 -224 -154 -1.10 -093 -0.89
1 -4.81 -3.02 -2145 -134 -070 -0368 -0.28
Good Soil (¢ =0.06 ¢, = 42)
1/8 1.45 1.85 1.98 207 212 213 2.14
114 1.48 1.88 206 221 232 237 238
172 1.48 180 209 227 242 253 256
34 1.49 1.91 210 229 246 257 261
1 1.49 1.91 210 281 249 284 270
Poor soil (¢ = 0.00015 ¢ = 42)
178 -6.60 ~6.03 -589 -~580 ~574 =570 -5.69
1/4 -5.97 -451 -—-438 -—-428 -—-421 -415 —-413
1/2 ~7.68 -53% -397 -310 ~278 -~2.66 -2.62
3/4 ~-9.04 -548 -3.85 -3.00 -263 -248 -2.44
1 -1023 ~573 -365 -206 -128 -111 =110

close, so that a comparison between the data
shown here and that in the article will be
meaningful. Notice that when only four
radials are used, shorter radicls are some-
times superior to longer ones!

Table 1 also reveals that, when given a
fized total length of wire, some radial
configurations work much better than
others, As an example, consider the
situation where 30 wavelengths of wire are
available, and the soil is **average.”” The
wire may be arranged four different ways,
producing gain as follows: 240 )/8 radials,
gain = —3.10dBi; 120 \/4 radials, gain =
--2.13 dBi; 60 \/2 radials, gain = —1.70
dBi; 30 A radials, gain =~ —2.15 dBi. For
this case, 60 /2 radials perform best.—A/
Christman, KBSI, Elecirical Engineering
Dept, Grove City Coilege, Grove City, PA
16127

BAUDS V BITS PER SECOND

[ There seems to be some confusion
among radio amateurs as to the meaning of
the terms “*bauds’’ and “*bits per second"’
as used to describe data-transmission rates.
The two terms are nof interchangeable.
Bauds are used to describe the signaling (or
symbol) rate. This is a measure of how fast
individual signal elements could be transmit-
ted through a communications system. Spe-
cifically, the baud is defined as the reciprocal
of the shortest element (in seconds) in the
data encoding scheme. For example, in a
system where the shortest element is 1 ms
long, the signaling rate would be 1000 ele-

ments per second. Instead of using *‘ele-
menis per second,” the term “baud’’ is used
(incidentally, this is why it is not actually
correct to refer to the **baud rate;”” since
baud already means elements per second,
“‘baud rate’” means “elements per second
rate,” something like *‘miles per hour
speed’). Continuous transmission is not
required, since signaling speed is based only
on the shortest signaling element.

Signaling rate in bauds says nothing about
actual informeation ftransfer rate. The
maximum information transfer rate is
defined as the number of equivalent binary
digits transferred per second; this is
measured in bits per second.

So far, everything seems fairly simple.
The complications arise when more sophisti-
cated data encoding schemes are used.
When binary data encoding is employed,
each signaling element represents one bit. In
a quadriphase system, a phase transition of
90 degrees represents a level shift. There are
four possible states in a QPSK system; since
two binary bits are required to represent
four possible levels, each state can represent
two binary bits. 1f 1000 elements per second
are transmitted in a quadriphase system
where each element can represent two bits,
the actual information rate is 2000 bit/s.

This scheme can be extended. It is
possible to transmit three bits at a time using
eight different phase angles (bit/s = 3 =
bauds). In addition, each angle can have
more than one amplitude, A standard
9600-bit/s modem uses 12 phase angles, four
of which have two amplitude values. This



vields 16 distinct states; each state can then
represent four binary bits. Using this tech-
nique, the information transfer rate is four
times the signaling speed. This is what
makes it possible to transfer data over a
phone line at a rate that would produce an
unacceptable bandwidth using binary
encoding. This also makes it possible to
transfer data at 2400 bit/s on 10 meters,
where FCC regulations allow only
1200-baud signals.

When are transmission speed in bauds
and information rate in bit/s equal? Three
conditions must be met: binary coding must
be used, all e¢lements used to encode
characters must be equal in width and
synchronous transmission at a constant rate
must be employed. In all other cases, the
two terms are not equivalent. Bach term is
important at a different location in a com-
munications link. Information transfer rate
is most important to the commusicator;
how the information gets where it is going
makes no difference. The link designer,
however, need only worry about the
signaling rate; the number of ‘*bits per
baud”’ is unimportant at this level.—Bruce
S. Hale, KBIMW, ARRL Lab Engineer
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ELIMINATING TV “BIRDIES”

["1 Those of us who operate in the 75~ and
I60-meter bands are not strangers to the
raucous, grinding buzz caused by the family
TV receiver, or from TV sets in the immedi-
ate neighborhood. This birdie appears every
15.75 kHz as we tune across the amateur
band. Weak-signal copy is often impossible
when one of these TV horizontal-oscillator
harmonics (each of which is a multiple of
the horizontal-gscillator frequency, 15.75
kHz) falls on 2 frequency we are using.
Although we may copy louder amateur sig-
nals solidly through this racket, it is trau-
matic to endure it for more than a few
minutes. What can be done fo lessen or
eliminate this form of QRM?

Recently, 1 had the ogcasion to suppress
the interference caused by our Zenith
console TV. Most of the TV trash was elimi-
nated when 1 installed a “*brute-force”
ac-line filter at the TV set. I use the filter
described in December 1986 QST It is im-
portant that you ground the fiiter case to
the chassis of the TV set, or to an earth
ground. The filter will not keep the horizon-
tal oscillator harmonics from radiating via
the ac line if the filter does not have a
ground.

The TV-antenna feed line is also capable

3D, DeMaw, "'A Ham-Shack AC-QOutlst Strip with
Filtering,” Q8T, Dec 1986, pp 25-27.

of radiating TV birdies. A TV high-pass
filter may be of help in cleaning up
horizontal-oscillator harmonics that are
radiated in this manner.—Doug DeMaw,
WI1FB, ARRL TA

THE GSRV—WHICH COAX TO USE?

[1 The GSRV is a popular multiband
antenna. Basically, it consists of two 51-foot
collinear elements fed with 30-1 coax
through a 34-foot matching section made of
twin lead. An antenna tuner is used between
the coax and the transmitter. Some hams
and G5RYV antenna retailers pick RG-8X as
the feed line because it provides low loss
and—compared to RG-8 or RG-58—is
physicaily lighter.

RG-8X has a foam dielectric that has a
maximum RMS voltage rating of 300, The
design of the GSRV makes it a voitage-fed
antenna on 30, 15 and 10 meters. Even
taking the matching stub into account, the
feed-point impedance will be on the order
of 500 to 1000 ohms, resulting in an SWR
as high as 20:1! ’ve measured three GSRVs

and found the SWR to be between 8:1 and
10:1,

With high SWR and power levels, the
peak voltage rating of RG-8X coax can be
exceeded.? Damage to the ¢coax can occur
slowly over a period of time, with symptoms
such as increased receiver noise not being
recognized as a coax problem. In other
cases, damage can occur suddenly, [ spoke
with one ham who ran a kilowatt into a
G3RV using RG-8X, and the resulting coax
fatlure damaged his antenna tuner.

For low-power opetation, I recommend
using RG-58 to feed the GSRY. It has an
RMS voltage rating of 1900, and its loss per
100 feet at 30 MHz is only 0.6 dB higher
than RG-8X (2.3 dB v 1.7 dB). For high-
power use, use RG-8 or RG-213, which both
have voltage ratings of 3000. Do not use
foam-dielectric RG-8 coax, which has a
600-V (RMS) rating.—Richard Broomfield,
KITAV, 391 Gurlevville Rd, Storrs, CT
05268

4J. Hall, “EMP Revisited,” Technical Corres-
pondence, QST, Oct 1987 p 38. ¥

Feedback

{.] Please refer to ““A Speaker Amplifier
for Hand-Held Transceivers,”” (ST, Jan
1989, pp 26-22. In Fig 1 on p 22, I've
shown the polarity of C2 incorrectly; it
should be reversed. Also, the correct
Radio Shack® part number for C3 and
C4 is 272-1070, and for C1, 272-1013.
Mitchell Lee, KB6FP'W, Linear Appli-
cations Engineer for National Semicon-
ductor, recommends adding a 1-Q
resistor in series with C4 to assure sta-
bility of the amplifier. This addition is
recommended because of process
changes in the manufacture of the
LM383.—Leonard Van Prooyen,
KSKWD

[ Six resistor labels were inadvertently
omitted from Fig 6 of “* A Three-Channel
CW Emergency Transceiver,”” Oct 1988
QOST, p 30. A corrected portion of the
parts-placement guide accompanies this
item. In Fig 7, Nov 1988 QST, p 18, the
capacitor labeled R26 should be C26.
(Tnx VEITHC),

{71 In Fig 1 of “Power-FET Switches as
RF Amplifiers,” April 1989 (ST, p 30,
T1 should be grounded at point 3, and
the RF input should be applied at 1. (Thx
W3NQN).

In addition, pass-through component
leads should have been indicated at
several places on Fig 3B, p 33. A
corrected portion of the drawing accom-
panies this item, In Fig 2, p 31, FL1 uses
four of the same capacitor labels (C2-C%)
as are used in the amplifier schematic.
Don’t mix the labels; they are for two
discrete items. e
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Dallas/Fort Worth Diamond Jubilee

National Convention:

By John Flest, WASOHG

4348 Potomac
Dallas, TX 75205

Convention, in its 12th vear, is

pleased to host the Diamond Jubilee
Convention of the American Radio Relay
League. 1t will be the biggest Amateur
Radio gathering ever in the State of Texas!
Ham-Com represents 43 Metroplex
Amateur Radio clubs who will provide a
volunteer force of more than 200 for the
convention. There will be activities for every
interest: from serious ham radio to clowns
for the kids. Plan to spend June 2-4, 1939
in Texas at the ARRL National!

T he Ham-Com Amateur Radio

Programs and Forums

The program is as big as Texas! There will
be features on every aspect of Amateur
Radio:

Friday night:
7PM  CW for Instructors and
Students
Operating Procedures for
WNew Hams
Technician Cram Course

Saturday:
9 AM  ARRL Instructors’ Class
Contesting Forum
MARS Joint Service Forum
10/10 International Forum
Packet-radio Forums
{to 2 PM}
AMSAT Forum
DX Forum
Traffic-handling Program
Understanding Radio Waves
ARRL Forum
Antenna Forum
Foreign Amateur Program
Red Cross Forum
YI. Seminar
ARRL Instructors’ Workshop
Basic Electronic Theory
Program
DX Program on Palmyra
and Kingman
IJHF Forum
[60-Meter Forum
Packet-radio Forums
Wouff Hong Ceremony

it AM

I PM

5 PM
Midnight
Sunday:

9 AM  Contesting Forum
Packet-radio Forum

(to 1 PM)
Power-line Conditioning
SWL and Scanning Program
10/10 International Program

52 nsT=

11 AM  Alternative tower guy wiring
AMBSAT Forum
Publishing Amateur Articles
Surplus FM Gear Forum
2 PM  Skywarn School

Get Your Ticket! Upgrade!

There will be testing for all levels from
Novice to Extra Class. The Friday session
begins at 6 PM. On Saturday, there are
sessions at 9 AM, | PM and 6 PM. The
Sunday sessions begin at 9 AM. Tesis are
on a first-come, first-served basis. Bring
your original license, a copy of vour license
which we may keep and photo ID. Testing
fee is $4.75.

Giant Indoor Flea Market

The giant indoor, air<onditioned flea
market boasts 444 6-ft tables with electricity
available, if desired. Tables are $15.00 each
for the first three, You will find everything
you ever wanted from ham gear to com-
puters, and much more.

Friday Hospitality Gathering
Ham-Com will host a Hospitality (Gather-
ing beginning at 6 PM on Friday in the

Y’All Come!

lobby of the Sheraton CenterPark Hotel,
adjacent to the Arlington Convention
Center. There will be a cash bar, com-
plimentary snacks and roast beef sand-
wiches. Live Texas Country Music will be
provided by the *Hams,” and ves, they are!
YL Hospitality

The YLs of the Texas YL Round-Up Net
will host the YL Hospitality room during
the convention, YL Hospitality will be open
from 9-5 Saturday and 9-1 Sunday. At 1:30
PM on Saturday, this same group will
present a program for the YLs, entitled Yis
in Amateur Radio.

ARRL Banquet

On Saturday evening, Ham-Com will host
the ARRL Banquet for 500 hungry folks.
Seats are $16.00 each. We will feature a very
special guest speaker and a very special
Honorary Convention Chairman, ABA will
be on hand to present their ““Ham of the
Year” award. Be sure to get vour tickets
early, as seating is limited.

Wouff Hong

Saturday night at midnight we will present
the Royal Order of the Wouff Hong to
some very deserving hams. If you have never
attended this secret ceremony, plan to
include it in your convention plans. Our
local presenters are a hoot you don't want
to toiss.

Commercial Exhibits

You will find 100 commercial exhibit
hooths with every major manufacturer of
Amateur Radio equipment represented.
There will also be several regional dealers
to sell you that new piece of gear vou have
been saving up for. In fact, you will find

Band CW

10 28.100-28.200

15 510 kHz above start of Gen
plus NoviTech 21.100-21.200

20  5-10 kHz above start of Gen

40  5-10 kHz above start of Gen
plus Nov/Tech 7.100-7.150

80  5-10 kHz above start of Gen
plus Nov/Tech 3.700-3.750

Convention Special-Event Station

In celebration of the 75th Anniversary of the American Radio Relay League, the
Metrocrest Amateur Radio Society (MARS) will operate WSAW as a special-event
station from Arlington, Texas during the ARRL National Convention from 1700Z
June 2 through 1800Z June 4, 1989. Suggested frequencies are as follows:

Send SASE for QSL to MARS, PO Box 117381, Carroliton, TX 75001-7381

Phone

28.300-28.500
5-10 kHz ahove start of Gen

5-10 kHz above start of Gen

7.230 and up—Listen for DX
at 7.050-7.100

510 kHz above start of Gen




that Ham-Corm is a great place to save some
money when buying new gear.

Commemorative Station W5SAW

The Metrocrest Amateur Radio Society
will operate the special Diamond Jubilee
Commemeorative Station at the convention.
This station will operate for 49 continuous
hours on all bands and modes. ICOM
America, Inc is contributing the radio gear.
The League is printing special QSL cards for
the station to confirm all contacts. The sta-
tion will be open for inspection during the
entire convention. Be sure you contact this
station, s0 you can receive one of the special
QSL cards.

Delta Official Airline

In cooperation with the ARRL and Ham-
Com, Delta is offering special rates which
afford a 5% bonus off Delta’s published
round-trip fares within the United States and
San Juan. Seven-day advance reservations
and ticketing will be required.

To take advantage of this discount, call
Delta at 1-800-241-6760 from & AM-8 PM
Eastern Time, daily, for reservations. Refer
to File Number E-0539,

Invited Foreign Amateurs

Ham-Com will present the Invited Foreign
Amateur Program at 1 PM on Saturday.
Each year Ham-Com invites and sponsors
a foreign amateur who is known to make
frequent contacts with area hams. This
year’s puest is Ing. Karel Karmasin,
OKZFD, Karel is a member of the HF Com-
mittee of the Czechoslovakian Central
Radio Club, founder of the Commodore
computer Users Group in OK fand, and
should be a fascinating speaker. Be sure to
meet this very interesting foreign ham while
you are at the convention.

Transmitter Hunt

The amateurs of the North Texas Region-
al Communication System are sponsoring
the Transmitter Hunt scheduled for Satur-
day afternoon. Anyone can sign up to hunt.
The trequency will be 146,52 MHz and the
competition is fierce. The North Texas boys
are very good at hiding transmitters, so it
should be loads of fun.

Saturday DX Breakiast

Come gather with the DX crowd at 7:30
AM on Saturday. There will be a special
breakfast gathering at the Sheraton Center-
Park Hotel. Tickets arc $8.85 each for a full
Texas breakfast.

Sunday QCWA Hospitality And
Continental Breakfast

On Sunday at 7:30 AM, the combined
Dallas and Fort Worth chapters of the
QCWA will host a Hospitality Continental
Breakfast at the Sheraton CenterPark
Hotel. Tickets are $3.50 each, but vou need
not purchase breakfast to attend the hospi-
tality. Just come and enjoy your fellow
QCWAers.

Nonham Activities
You can come to the convention even if

you don’t want anything to do with radio -

and still have a great time.

The Saturday tours offer an excellent op-
portunity to sample the best shopping in
Texas (Tour #1) or the best food and sight-
seeing (Tour #2). Buses leave the Conven-
tion Center at 10 AM Saturday and return
at 4:30 PM, so you have the whole day away.

Ham-Com offers a professional kid-care
room with clowns and cartoons free of
charge for all kids over two years of age so
you can have the day to yourselves. We'll
even feed them lunch if you’ll leave the
money. For kids under two, just call the
convention office at 214-423-7636 to make
special arrangements.

The Arlington Convention Center is
located right in the middle of the largest

entertainment complex in Texas. The Six -

Flags Over Fexas amusement park is just
next door and the Wet N*Wild water park
is just across the freeway, Ham-Com will

operate shuttle buses to these attractions and
discount tickets will be available for Six
Flags.

Hotel

There are plenty of hotel rooms for you
here in Texas! The special convention hotels
for 1989 are as follows:

Sheraton CenterPark Hotel $70 S/D

Radisson Suite Hotel $74 S/D/T
Rodeway Inn Arlington $47 8, $54 D
Quality Inn Arlington $375/D

All reservations are made through the
Housing Bureau at the Arlington Visitors
and Convention Bureau. For reservations by
mail, just fill out the preregistration form
on this page. For reservations by phone, call
Shirley or Brenda at the Arlington Visitors
and Convention Bureau tel 817-265-7721.

See you at the Diamond Jubilee! E&%)

HAM-COM 1989
ARRL "DIAMOND JUBILEE" NATIONAL
AMATEUR RADIO CONVENTION
JUNE 2-4, 1989
ARLINGTON CONVENTION CENTER

ARLINGTON, TEXAS

STATE

ZIP

Single Ham-Com Pre-Registration, $7.00 Each

$

Family Pre-Registration for 1 Ham & _ Non-Hams (Max of 3) $10.00........ -1

Flea Market Tables - Max of Three, $15.00 Each

Additional Ftea Market Tables over first 3, $25.00 Each

Flea Market Electrical Outlet, $25.00 Each

Tour #1, Shopping Tour to Dallas Galleria Mall $12.00 .
Tour #2, Tour to Old City Park & West End Market Place, $17.00. ... .

Saturday Moming DX Breakfast, $8.85 Bach

Sunday Morning QCWA Continental Breakfast, $3.50 Each..........

ARRL Saturday Night Banquet & Program, $16.00 Each

I have enclosed my check or money order in the amount of v s mvesieeeens

Hotel Room Reservations Request Form

Type of Room Requested: __ Single;

Arrival Date & Time:

Departure Date & Time:

___Double;

Hotel Preference: (Indicate first choice. Indicate 2nd and 3rd choice also.)

___Sheraton CenterPark Hotel, Convention H(, $70.00 Single or Double
__Radisson Suite Hotel, $74.00 Single /Double/T'riple /Quad. King/Double Suites,

Rodeway Inn Arlington, $47.00 Single, $54.00 Double or Twin.

. Quality Inn Arlington, $37.00 Single/Double, $39.00 Tripke/Quad, $59.00 Apt.

Guarantee:  VISA;  MC,

Signature:

___AMEX; Card No.

Exp.

PRE-REGISTRATION
DEADLINE: MAY 26, 1989

Mail Your Check Or Money (rder To:
Ham~Com/ARRL National
P.O. Box 361829
Mano, Texas 75086
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The Great 1989 HF Packet
Design Quest

There be dragons: multipath, intersymbol distortion, group delay,

QRM, QRN, bursty errors, contention and retries.
Here’s a chance for serious designers to make
a valuable contribution.

By Paul L. Rinaldo, W4RI
Editor, QST

edieval mariners knew that the

earth was flat. As they sailed near

the edge of the earth, it was com-
monly accepted that “‘beyond this place
there be dragons.”” Hams now know that
amateur packet radio works well on
VHF/UHF, but not too well on HF. Sure,
many of the HF ham bands are buzzing
with packet activity, What’s more, quite a
volume of traffic is being handled by
packet-bulletin-board-system (PBBS) sta-
tions. The problem is efficiency; ie, too
many retries to get past the monsters.
Because the AX.25 protocol includes an
error-checking feature, packets with even
itty-bitty errors are shunned by the
receiving station. Then, the automatic
repeat request (ARQ) feature of AX.25
takes over and keeps on retrving until a
packet runs the ionospheric gauntlet com-
pletely unscratched,

We are no longer alone. What started out
as terminal node controllers (TNCs),
modems and AX,25 link-layer protocol
developed by North American amateurs for
our own use has spread to hams in all con-
tinents. Moreover, amateur packet tech-
nology is now used by some commercial
enterprises, police, military, ocean
research, weather reporting, the US Forest
Service, the Federal Emergency Manage-
ment Agency (FEMA) and others, The rea-
sons? It is inexpensive, readily available
and it works (at least on VHF/UHF).
These nonamateur radio services have the
need and the wherewithal to design their
own solutions to the HF packet reliability
problem, possibly by contracting the
development to the US electronics industry.

WAN for the Realm .

The major snag is cost, [f Government
or industry does it, the chances of getting
something in the few-hundred-dollar class
are mighty slim. If hams do it, the costs
naturally have to fall within that price range
or fail to meet amateur market realities.
FEMA indicated their willingness to con-
sider 2 modest grant to the ARRL to
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underwrite out-of-pocket costs of the
designers.

Now, wait a minute! Shouldn’t we just
be worrying about amateur packet radio
and let the other guys find their own solu-
tions? Some Federal agencies, particularly
FEMA, want to stay interoperable with
whatever hams use for packet radio. They
know that hams are usually first on the
disaster scene. If the Government contracts
for the development, per-unit cost of
production models would probably be in
the range of kilodollars rather than one-
tenth that. There would be no assurance
that the Government units would be able
to intercommunicate with hams. Would
hams likely purchase new gear at a much
higher price than they’re used to paying just
on the off chance they might talk to the
Government in emergencies? Hams may be
frugal, but not silly.

There’s another reason why it makes
sense for amateurs to tackle this design job:
It’s part of our basis and purpose, specifi-
cally paragraph 97.1(b), “Continuation
and extension of the amatewr’s proven
ability to contribute to the advancement of
the radio art.”” From an enlightened self-
interest viewpoint, we need to solve this
problem for our own reasons. Having
accomplished that, we would have ad-

vanced the state of the art, reduced the risk
inherent in the design process, created a
market and produced a low-cost product
that others can afford in quantity. No less
important, we woulid have earned another
feather in our cap, which would come in
handy when someone coveteth our little
oases of green space in the radio spectrum.

Protocols: Avoiding the Dragons

Why not just use AMTOR? Of course,
it is a partial solution that’s here today.
There are even packet-to-AMTOR gate-
ways. However, AMTOR has its problems.
AMTOR is based on the older Baudot
character set rather than the newer ASCII
character set which is repiete with upper
and lower case, more symbols and com-
puter control characters. At best, even
when band conditions are perfect, AMTOR,
has a maximum efficiency of 50 percent,
as only three characters are sent at a time,
then the sending station must get an
acknowledgment (ACK) before proceeding
with new characters. While the symbol rate
is 100 bauds, the throughput is between 0
and 50 bauds depending on band condi-
tions. When the concept on which AMTOR
is based was first conceived some vears
ago, designers didn’t have the luxury of
today’s microprocessors and other digital



integrated circuits, Now, of course, it is
relatively easy to implement a mutation of
AMTOR that would dynamically adjust the

transmission block length to circuit con- -

ditions, However, to do that with the older
Baudot character set is an inelegant solu-
tion to the need to operaie HF links as
pieces of a growing worldwide packet net-
work. In packet, the ASCII character set
is widely used, and some countries are using
8-bit extended character sets to accommo-
date their non-Latin-alphabet written
languages. And we have to keep reminding
ourselves that packet can handle non-
alphanumeric data transparently, some-
thing for which AMTOR is unsuited.

AMTOR has both ARQ (automatic
repeat request) and FEC (forward error
correction) modes. ARQ is used for point-
to-point linking, and FEC is the mode to
use for point-to-multipoint transmissions
such as for bulletins and roundtables. It
seems desirable to retain the point-to-point
and point-to-multipoint capabilities of
AMTOR and its robustness. However,
AMTOR’s limited character set and
throughput are problems. Then there’s
AMTOR’s pit bull persistence to hold onto
a channel, which is a blessing to the two
stations involved, but which doesn’t let
anyone else get a transmission block in
edgewise. Whether or not AMTOR is used
as a point of departure for a new HF packet
protocol, it nevertheless sets a standard for
comparison.

For an HF packet protocol to fit into the
network snugly, it should be able to act as
a bridge between distant VHF/UHF packet
nets. It may be desirable for the sending HF
packet station to take standard AX.25
packets and segment them into smaller
transmission blocks for individual ACKing
and glue the AX.25 packets back together
at the receiving HF packet station. Trans-
mission block lengths could be adjusted
dynamically according to circuit condi-
tions, at least in the point-to-point case.

Some special attention needs to be given
to the point-to-multipoint case where at
least some of the stations are having
marginal reception. What happens if the
protocot calls for sending some fancy FEC
format or simply repeats the transmission
block ¢ times, yet the receiving station
almost got the transmission but not
quite—the frustrating close-but-no-cigar
syndrome? AX.235 packets have to get there
unscathed or “‘sorry, no ACK.” This
problem leads one to dream about a
majority vote or anagram feature. Majority
voting could be used where the packet was
sent three times, but circuit conditions
caused three different versions to be
received. If 2 out of 3 transmissions of a
particular character agree, then why not
take a chance? If the particular character
was received only twice, then why not dis-
play both somehow, perhaps anagramati-
cally, and let the reader flip a coin? That
might work fine for textual messages, but

not so well for data where the integrity of
each bit must be chaperoned. Then there’s
the soft decision. What if a whole packet
is good except for one bit? Foiled—the
frame check sequence (FCS) doesn’t
check—REJECT. But, what if the modem
knew that bit no, 87 was a weak little bit?
Wouldn’t 2 smart packet disassembiler like
to know that so it couid flip that bit, try
the FCS and celebrate?

My Empire for a Modem

The de facto standard for HF packet
modulation was based on the Bell 103
modem, which was available surplus and
easy to home-brew. It uses frequency-shift
keying (FSK), lopes along at 300 bit/s, and
can fit into a CW filter bandwidth of 500
Hz. The two tones, being only 200 Hz
apart, tend to fade together in the presence
of frequency-selective multipath. That
makes it likely that both tones will be gone
some of the time. Thus there is little in-
band diversity effect. The data rate, of
course, is not breathtaking compared to
some of the 2400-hit/s commercial HF
modems. Right now, the 300-baud (not
bit/s) speed limit is written into section
97.69 of the FCC rules. It may or may not
be necessary to petition the Commission to
change its rules in this regard depending on
the type of modulation used. For example,
a QPSK modulation system could transmit
symbols at 300 bauds but have a data rate
of 600 bit/s (said to be two bits per baud).

Also ricocheting off the ozone layer these
days is some 600-Hz-shift FSK, The wider
shift makes them less vulnerable to selec-
tive fading. Empirical observation shows
that tones on the order of 400 Hz apart or
greater tend to be more or less decorrelated;
ie, they fade independently in the presence
of multipath propagation. If the demodu-
lator is designed to do so, it can keep
demodulating during fades when one tone
is down in the soup.

Thus far, we’re using only serig/ (more
technically, serici-by-bity modems—the

kind that takes a bit in and spits a2 modu--

lation symbol out. Serfal modems have
been made to work on HF in speech band-
widths at speeds up to 9600 bit/s using
training techniques; ie, send some known
test bits, measure them, then do some
adaptive egualization. But there’s another
camp that says that parallel (aka multifre-
guency) modems are best. Parallel modems
use multiple tones throughout the speech
passband and key each one at a much
slower rate, maybe as slow as 75 bauds.
Then all the keyed tones add up to some
higher data rate. It’s an old technique for
HF data and one that’s received a lot of
attention lately.

Under Tucson Amateur Packet Radio
(TAPR) and Radio Amateur Satellite Cor-
poration (AMSAT), there is a move afoot
by Bob McGwier, N4HY, Tom Clark,

WA3IWI, and others to dispense with
hardware-type modems and do it all with

software. Of course, they have to use some
hardware in the form of special-purpose
computers known as digital-signal-
processing (DSP) boards. Two designs
exist: One around the Texas Instruments
TMS320 series, the other using the
Motcorola DSP56000 chip. Several design-
ers in TAPR, AMSAT and Amateur Radio
Research and Development Corporation
(AMRAD) groups have a software develop-
mental capability for these DSP engines.
Most of the DSP investigations thus far
have been directed toward parallel, rather
than serial, HF modems. DSP appears to
offer excellent possibilities, provided that
the cost of the boards can be reduced some-
what in production.

Some Sleepless Knights

You don’t have to have a PhD in HF
packet technology to participate in this
project. Participation is open to all radio
amateurs whao have the necessary technical
abilities. A prior track record in completing
design projects is desirable. Participation
is not necessarily limited to individuals. In
fact, there may be an advantage to a group
of hams taking on the project. It is likely
that most individuals would be more at
home with either hardware or software
aspects of the project rather than being all
Renaissance types. Because it will be neces-
sary for the software deliverables to work
o the hardware deliverables and for
understandable documentation to be
generated, an interdisciplinary group
appears to be an ideal approach.

Logistics

Some maodest funding will be available
to cover participants® direct out-of-pocket
costs necessary for hardware and software
prototype development. Funding will not
cover indirect costs such as labor, over-
head, fees or general and administrative
(G&A).

Plans are to have at least one in-person
meeting of the project participants to make
sure that everyone involved fully under-
stands the design goals and shared
resources available. Also, the 8th (October
7, 1989, Colorado Springs) and %th
{Ontario locations and dates are under con-
sideration) ARRL Amateur Radio Com-
puter Networking Conferences will provide
opportunities for public disclosure of
design progress and achievemenis.

Prospective participants in this design
project should immediately contact Lori
Weinberg at ARRL HQ to be added to the
mailing list and receive some preliminary
information on the project. Subsequently,
we will release additional data on how and
when to submit proposals, the evaluation
process to determine the winning
proposals, and the timetable. In the mean-
time, if you plan to participate, it wouldn’t
be a bad idea to update your resume and
give some thought to how you might slay
or elude the dragons. HEF]
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Committee Releases Report
for Comment on Possible
Code-Free Amateur License

ARRL study committee submits its recommendations to ARRL Board,;
member views sought before Board adopts League position.

special committee appointed by
A ARRL President Larry E. Price,
W4RA, has submitted a report
recommending the creation of a class of
Amateur Radio license not requiring a
knowledge of Morse code. The mission of
the committee was ““‘to explore the implica-
tions of a no-code amateur license.”
The report was presented to the ARRL
Executive Committee, which met on April
1; the Executive Committee did not take
a position on the substance of the report,
bat authorized its publication in full in this
issue of QST and referred it to the full
Board of Directors for consideration.
ARRL members, other licensed radio
amateurs, and others interested in Amateur
Radio are invited to review the report and
to make their views known to ARRL
Division Directors before the next Board
Meeting, July 21-22.
it proposes a new class of Amateur
Radio license, with a written examination
somewhat more comprehensive than the

present Technician exam but with no
requirement for a Morse ¢code examination.
Holders would be permitted to operate on
all freguencies and with al privileges now

Anyone reading the report and
wishing to have his or her
views considered is urged to
write the Director of their
Division sometime prior to the
July Board Meeting.

available to Technicians above 30 MHz,
except that 2-meter operation would be
limited to frequencies between 144.9 and
145.1 MHz and to digital modes only.
Examinations would be given only by

accredited Volunteer Examiners, and
distinctive call signs would be assigned. The
committee carefully reviewed a wealth of
input from interested individuals and clubs,
as well as information it had requested
from IARU member societies in other
countries which already have a code-free
class of amateur license, A large number
of alternatives were considered by the com-
mittee in developing its recommendations.

Executive Vice President Surnner stressed
that the committee’s report does not
represent League policy at this time. The
Board of Directors is the policy-making
body of the organization, and as such will
determine whether the report, with or
without modifications, will become League
policy. He pointed out that the League is
a representative democracy, with Directors
elected to represent the members of their
Divisions.

A list of Division Directors is given on
page 8 of this issue. A verbatim copy of the
Committee report follows.

Report of the Committee to Examine a
Possible Codefree License in the Amateur
Radio Service

This Committee was appointed by the
President pursuant to direction of the
Executive Committee at its meeting of
December 10, 1988 (Minute 2.6.1), ““to
explore the implications of a no-code
amateur license and make a report to the
ARRL Second Board meeting of 1989.”
The extent of the Committee’s investigation
and exploration, and its recommendations,
are contained in the body of this report,
which is herewith respectfully submitted.

Conclusions

1. No licensee should lose any present
privileges.

2. The present Technician (3A) pool is
already being revised to- correct short-
comings in its syllabus. The Committee
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feels this action is needed, and its com-
pletion s a foundation of our recom-
mendations. The examination length for
this element should be increased to 30
questions to accommodate the slightly
expanded syllabus.

3. The present Technician class will be
renamed ““Technician Plus.” Each holder
of the present Technician class license on
the date of implementation of this proposal
by the FCC will become a ““Technician
Plus.”

4. A new class of license, called the
“Technician,’” will be created. To abtain
this license, an applicant will be required
to pass the present Novice (Element 2) and
the revised Technician (Element 3A) written
examinations. Both of these examinations
must be administered through the Volun-
teer Examiner Program and credit will not
be given for having passed Element 2

before Novice Examiners.

5. For a Technician to become 2 Tech-
nician plus, he or she need only pass the
Novice Code (Element |A) examination at
five words per minute. This must also be
done through the Volunicer Examiner
Program.

6. The licensees of the new class should
have distinctive callsigns. These would be
2% 3s beginning with NA#AAA. Upon
obtaining a Technician Plus license, the
first letter would change to “K** (or the
appropriate 1 X 3 if the licensee requests).
In practice, these licenses would probably
begin with NE#AAA to avoid duplications
with suffixes already issued in the KA-KC
series.

7. The new Technicians should have ail
privileges now allowed present Technicians
above 30 MHz except in the two meter
band. On two meters, the new Technicians



should have only digitai privileges from
1449 to 145.1 MHz.

Committee Composition

The Committee consisted of;
John M. Crovelli, W2GD, At Large
Y. E. (Ed) Juge, W5TOQ, Industry
Representative
Kenneth G. Kopp, K#PP, At Large
C. Mike Lamb, N7ML, Industry
Representative
Rod Stafford, KB6ZV, ARRL Director,
Pacific Division
George S. Wilson III, W40YI,
ARRL ¥P, Chairman
Consultants to the Committee who pro-
vided helpful participation at all stages
were:
Thomas B. I. Atkins, VE3CDM,
CRRL President
Larry E. Price, W4RA, ARRL President
Leland Smith, WSKL, QCWA President
David Sumner, K1ZZ, ARRL Executive
Vice President
The Committee thoughtfully considered
all material received directly from the
amateur community at large or forwarded
to it by various Directors and by recipients
at ARRL headquarters. As Chairman, I
must note that the time between appoint-
ment of the Committee and its March 11,
1989 meeting atlowed each member to do
his homework well. Each member demon-
strated thorough familiarity with the file.

Rationale

National and international pressures on
our spectrum, the continuing increase in the
average age of amateurs, the expected
decrease in the number of young people
coming of ‘‘ham age,” a desire to help
improve the human technological resources
of the United States, and fundamental
fairness have led the Committee to recom-
mend a code-free license class be estab-
lished which requires unmistakable
technical competence.

Pomestic pressures on our spectrum are
50 ¢lear that they need not be documented
here; and it appeared to the Commiitee that
serious international pressures, including
the possibility of a WARC, exist as well.
An increased number of amateurs may aid
in our defense of those frequencies. The
proposals made by this Committee should
increase the number of persons joining the
Amateur Service without introducing un-
contained or unrestrained growth. Popula-
tion studies indicate that there will be a
dramatic decrease in the number of young
people reaching **ham age’” in the next few
vears. To hold our own in the number of
lcensees, we must recruit an ever-higher
percentage of the total pool of young
people as they reach an appropriate age.
Indeed, to attain growth figures which
would be of significant assistance in
frequency defense, the Committee feels an
aggressive recruiting campaign, far beyond
anything previously attempted, must be
considered. International experience with
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The ARRL special study committee met in New Harmony, Indiana, March 10-11, 1989,
Standing (--r): Thomas 8, J. Atkins, VE3CDM; Leland Smith, W5KL; George S. Wilson [I}, W40OY];
C. Mike Lamb, N7ML,; Ed Juge, W5TOOQ; Rod Stafford, KB6ZV. Kneeling: Ken Kopp, KOPP;
John M. Crovelli, W2GD; David Sumner, K122,

codeless license classes confirms this view.

The Committee did not opt for a codeless
license class with an idea that it would, by
itself, guarantee the successful defense of
our frequencies. We were well aware of this
Nation’s loss of its technological edge. This
is seen in the transfer of technology over-
seas and in the decline of technofogical
skills here at home. Anything we, as
amateurs, can do to help reverse this trend
is important to our Nation. We are aware
that many of today’s leaders in technology
began their careers in ham radio, and are
painfully aware that many rising tech-
nologists today do not see the code as
relevant. The Committee feels that this
proposal, in its own way, can help restore
the technological viability of the United
States.

In analyzing how to reach the goals of
technological improvement and controlled
growth the Committee kept before it these
concerns most commonly raised by the
amateur community:

1. Will existing amateurs lose any
privileges? The answer is an unqualified,
sﬁNo"!

2. Will we create another CB debacle
with uncontrolled growth and irresponsible
behavior? Again, ‘‘No!’" The anticipated
growth will not be overwhelming, and it
will be carefully controlled through the
examination system. Frequency and mode
selections are common, in all cases, with
existing activity and will not place new-
comers to the service in a ghetto in which
they can develop unacceptable operating
techniques. Further, the effort required
should ensure respect for the license and
for good operating practices.

3. Would existing amateurs be over-
crowded? Again, ““No.”" The privileges

What the Committee Report
Recommends

* No licensees to lose any present
privileges.

= New license fo be called “Technician.”
Old “Technicians” o be renamed
“Technician Plus.”

* New Techs to have all present
Technician privilegess above 30 MHz,
except that 2-meter operation
restricted to the subband {44.9 to
145.1 MHz and to digital operation
only.

* New Techs to have distinctive call
signs, such as NA#AAA.

= Upgrading to Technican Plus to require
only Element 1A exam at five WPM;
call sign would change to counterpart
in KA#AAA serles, o to Group C
call sign.

* New Techs to take Element 2 and 3A
exams only. Element 3A exam to be
expanded from 25 to 30 questions.

+ All examination elements for
Technician to be administered by
Volunteer Examiners.

recommended by the Committee will he
those portions of the spectrum where
additional activity can be accommodated,
yet newcomers can be assimilated with an
anticipated growth rate on the order of that
experienced in the middle 1970s.

While a new *“‘doorway’’ is recom-
mended for ham radio, the license structure
we propose is not one of easy access.
Rather, one must demonstrate technical
knowledge and knowledge of the rules that
equals and surpasses that now required by
present Technicians.
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The Committes strongly believes that
Morse Code does not work well as a filter
to weed out undesirables. It is quite clear
that code does act as a “*filter’’; but there
are hundreds of cases indicating that
technically qualified persons of good
character did not become hams, not be-
cause they did not wish to spend the
necessary study time, but because they saw
no relevance in the code requirement.
INustrative is this excerpt from a letter to
the Committee from Willlam L. Call,
KJ4W, as Assistant Professor in Engineer-
ing Technology at Murray State University
in Kentucky. The school has a long and
proud history as the location of a college
radio club; but the club is now in a serious
decline:

*“The Department has allowed me to
give extra class credit to students who
attend my free license course and get
their novice ham license. College credit
for getting a free ham license! You
know what: very few students will take
me up on it. The stopper, of course,
is the Code. These kids are bright,
polite, disciplined, and would make
good hams, but won’t do it because of
the Code. Their extracurricular in-
terests in electronics are in computers,
audio, musie, video, satellite TV, eic.
Some of them would easily get in-
volved in ham radio if it weren’t for
the Code,”

Thus, code is believed to be an un-
discriminating, and thus unfair, filter that
rejects the good as well as the bad.

On the other hand, the dedication re-
quired to learn the code has not worked
well to keep undesirables out of the Service.
One would have to listen but a short time
on some of our more popular HF phone
bands to hear any number of persons we
would all just as soon not be among us.

Having concluded that the code was not
acting as a proper filter, the Committee
sought to determine what sort of filter
should be used. Considered were: man-
datory study requirements (which was
rejected as being unfair to brighter, or more
experienced, applicants), 2 mentor program
{rejected as being too difficult to
standardize and fairly administer), and a
written test. This last is the only one
that seems fair and capable of consistent
administration.

The Committee caused a questionnaire
to be mailed to each 1ARU Society which
is known or believed to have 4 codeless
license in compliance with the [TU Regula-
tions. Information was requested on the
date the license was instituted, the licensing
figures before and after its institution, and
the extent to which licensees later converted
to the more traditional licenses. In every
case the license structure could be dis-
tingudished from one that might be insti-
tuted here. For instance, in Japan, often
pointed to as some sort of a model, code-
tess licensees remain on the books; but
there is strong evidence from which it must
be concluded that there is little or no
expectation that an individual so licensed
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will be more than a transitory member of
the Amateur Community.

Some countries have shown little or even
negative growth despite such a license being
available, Great Britain is an example of
a country in which there is believed to be
little growth in real or percentage terms,
while New Zealand reportedly has had a
recent loss of hams. Except for the
Japanese example, which is believed by the
Committee to be an anomaly and an
undesirable format for the United States,
New Zealand has the highest ratio of hams
to population—closely followed by us.
Both statistical and anecdotal evidence
indicates little tendency anywhere for code-
less licensees to mainstream without
geruine incentives being deliberately in-
¢luded in the structure. This Committee
believes that the structure of the system in
the Linited States should encourage such
licensees to do so. Qur proposal, especially
the integration of new licensees into the
overall licensing structure, has some
kinship with the Australian, Belgian and
‘West German programs, ¢ach of which has
a very high percentage of their codeless
licensees joining the more traditional ranks.
Indeed, Australia reports 95% of those
who initially take a codeless license even-
tually move to a full privilege license. These
countries indicate the presence of active, on
the air, code activities among their codeless
licensees who are working on joining the
mainstream. Such activity can and should
be encouraged by sponsored on-the-air
events,

In addition to being required by the ITU,
there are many good ‘reasons to retain
Morse Code a5 a requirement for operation
below 30 MHz. These include, but are not
limited to, its unique function as 2 universal
language crossing all cultural and language
barriers, thereby fostering international
friendship. This, alone, is adequate reason
to retain Morse Code as a requirement on
the HF bands. Few amateurs in the United
States, however, will need to use this
universal language beyond our own borders
on VHF/UHF. Therefore, this reason for
learning Morse Code is not valid above
30 MHz,

There are other good reasons to retain
the Code as a requirement below 30 MHz.
For instance, the recent Region III IARU
conference in Seoul reaffirmed its insistence
on a world-wide code requirement below
30 MHz. The policy of our Region Il is
even stronger. This Committee, even if it
were within its scope, would not recom-
mend either the elimination or any easing
of present code requirements for operation
below 30 MHz.

The committee had a long discussion
about permitting newly licensed Tech-
nicians on six meters. Six meters, with its
unique propagation and widespread ham
population, is the ideal training ground for
the new codeless licensees and presents the
best opportunity for their assimilation into
the general ham population. Its character-
istics can pique their interest in moving to
the HF bands; and the distances attained,

even without exceptional propagation, can
expose them to enough diversity of opera-
tors to properly educate them in the
operating techniques needed when they
mainstream to a full privilege license. The
Committee feels that of all the available
bands, six meter operation may do the
newcomer and the Amateur Service the
iost good. The Committee is aware that
this band has a reputation for causing TVI
problems in some parts of the country.
Amateurs have been able to cope with TVI
in the past. There is no reason to believe
the newcomers cannot do so as well, or that
knowledge of the Code would help them
to do s0. As in all Amateur activities, the
assistance of peers will help newcomers
overcome the problem. This subject should
be touched upon in the study materials and
in the guestion pool.

The Committee debated long on two
meter privileges for the newcomers. This
band is full (even over-occupied) in many
areas, and has been fully developed by
existing amateurs. The prohibition of voice
operation on this band to Technicians will
give them a strong reason to learn the Code
and join the mainstream and will present
a minimal deterrent to entry. The Commit-
tee did feel that the newcomers should not
be denied the opportunity of using digital
communications in this band and the
privilege of joining other amateurs while
contributing to improveinent of the digital
system. For that reason, the Committee
recommends that 144.9 to 145.1 MHz he
permitted to Technicians using digital
modes only. The distinctive call sign will
help prevent abuse of this privilege.

Testing

In theory, the present General written
test is no more difficult than the present
Technician test. Indeed, they were one test
until rather recently when the question pool
was simply divided. The two tests cover
different subjects, with the Technician
being more strongly oriented to VHF/UHF
techniques and theory, while the General
is directed more toward HF. The present
Technician question pool does need some
modification to more accurately include
subjects with which Technicians need to
cope. This should (and will) be done
regardless of the outcome of the codeless
license proposal. The new Technicians
should pass both the Novice (Element 2)
and the newly modified Technician
(Element 3A} written examinations to
achieve the license.

The Committee believes that the codeless
Technictan test should be administered only
through the VE program. The privileges to
be granted the new licensees are sufficiently
broad to mandate the most carefully con-
trolled testing. Likewise, the five words per
minute Code test required to mainstream
to “Technician Plus™* should also be ad-
ministered through the VE Program.

Incentives to mainstream to the Tech-
nician Plus are adequate under the
Committee proposal. The primary dif-
ferences between the two grades of Tech-



nicians are that the Technician Plus is per-
mitted HF CW, and existing ten meter
phone privileges, and aill-mode operation
on two meters.

Other Considerations

The Committee also considered the fol-
lowing concepts:

1. The Committee does not believe that
every ham needs to know Morse Code for
possible emergency work. While there may
be some validity to this argument on the
HF bands, the rarity of the use of CW for
such an occurrence on VHF/UHF does not
justify excluding prospective hams from the
Amateur Service.

2. The Committee does not believe that
every ham must know the code because it
gets through in adverse propagation condi-
tions. Digital modes have the same advan-
tage. That the code does 50 s certainly true,
but this is no reason to require it. There will
be no prohibition against anyone using the
code, but if the amateur can’t get through,
50 be it. It happens to each of us almost
every day. There is no absclute NEED to
communicate through marginal conditions.

3. The Committee does not feel it neces-
sary that every new ham be required to
know the code because it is most simple
technically and least expensive mode.
Relatively few hams who operate
VHFE/UHF even have rigs capable of
receiving CW or transmitting MCW on
those bands. The days of building a junk
box CW rig for these frequencies are long
gone—if, indeed, they were ever really
here. For those who might wish to use
code, they certainly may,

4. That CW enhances ability to listen,
discriminate and react cannot be denied, of
course; but other activities serve the same
purpose, and it is not vital that every
operator use the code as a means to
enhance those admirable qualities. Again,
use of the code is not forbidden to anyone,
nor is it discouraged. It is just “not
required”” for the privileges we propose.

5. The Committee agrees that the code
provides an end in itself and a sense of
accomplishment. However, we need not all
share the same sense of accomplishment
nor the same goals for our Amateur
careers.

6. The Committee is well aware that
432 MHz is overcrowded in a few areas,
and also that it is not available in others.
However, this band is not at full capacity
in many areas and is the most practical
band from which the Technicians may
enjoy satellite communications. AMSAT
has specifically requested that the new
licensees be able to operate via the new
satellites now in the planning stages. It is
illogical to allow satellite communications
while not allowing terrestrial communica-
tions on the same band.

7. Many of those who will become Tech-
nicians are likely to be technically trained
persons of the highest order, will pass an
examination at least as demanding as that
now required of Technicians, and will have
been adequately tested to permit full-power

operation. We should not stifle their ability
to contribute.

8. The Committee rejects limitation to
commercially manufactured rigs for the
same reasons that caused it to reject power
limits,

9. New Technicians should not be limited
to voice subbands tighter than those
permitted present Technicians. This would
so isolate the newcomers that a new and
perhaps undesirable culture could arise
unchecked. The newcomers should not be
confined to a ghetto of their own kind, but
given needed exposure to the existing
Amateurs to expedite their assimilation.

10. The Committee recommends against
a limited license term for the nmew Tech-
nicians, These new hams will have passed
an examination more rigorous than present
Novices and at least as rigorous as that
passed by present Technicians. They will
have demonstrated their “‘sericusness” by
taking the test. There is no valid reason to
limit their terms. They will be in a position
to contribute to the radio art and the
Amateur Service from their first contact.

11. The Committee considered a two-
level codeless structure with an entry level
test similar to the present Novice. Were the
new Technicians to have more privileges
than those recommended, the Committee
felt that insufficient additional privileges
would remain to encourage their upgrade
to Technician Plus; and the Committee also
felt that no additional privileges should be
given the Technicians Plus for this would
discourage their upgrade to General, Like-
wise, were the newcomers to be granted
privileges less than we suggest the license
would be unatiractive. The balance of
privileges among these classes of license is
delicate. The effect of each privilege must
be weighed for its attractiveness and its
impact on the other classes of license.
Therefore, the Committee befieved that the
privileges for each class are appropriate and

will encourage both prospective hams to’

enter the Service and to work to obtain the
further privileges. Further, an entry-level
license would unnecessarily, and unwisely,
compticate the structure.

12. The Committee considered restricting
Technician Plus operation either in, or
from, the portions of the bands recognized
as utilized in “weak signal” operations. It
would perhaps be desirable to forbid FM
operation entirely from these portions of
the specirum. To so recommend would be
to recommend removal of present privileges
from existing licensees. That is beyond the
scope of this study of a codeless license.
While a total FM restriction might be a
good thing with respect to these subbands,
it must be done outside of these proceed-
ings. This leaves the question of forbidding
FM by new Technicians in, or forbidding
them from, the weak signal spectrum. The
Committee feared that to do so would
aggravate, not ameliorate, the problem.
‘That Technicians Plus could operate FM
in those subbands would be seen as an
additional ““privilege’® or ““incentive’ of
that class, and they would be encouraged

to use it. Thus, restriction of new Tech-
nicians could easily have the adverse effect
of encouraging even more encreachments
by Technicians Plus. At present, occasional
encroachment can usually be handled by
peer pressure. Repeated encroachment
might even he considered as a violation of
““good amateur practice.”

Summary

For several years, it has been the goal of
the League to increase the number of hams.
This position is well-advised, The Com-
mittee does not for one moment accept that
the code is antiquated or obsolete. Neither
does the Committee encourage the slightest
easing of code requirements below 30 MHz.,
However, as a filter against undesirable
operators, Morse Code has demonstrated
its own lack of validity, Many undesirables
have, at one time or another, demonstrated
skill in the subject. On the other hand,
there is much evidence that the code is
filtering out far too many desirable and
technically qualified operators. These
individuals COULD learn the code, but
they see no relevance in doing so and spurn
participation in a hobby guarded by what
they erroncously believe to be an antiquated
requirement. No matter how hard we might
try, we cannot demonstrate to them the
folly of their thinking. They must learn this
for themseives. Thus, to expose them to the
benefits of Amateur Radio while at the same
time exposing them to the opportunity to
see the benefits of Morse Code, we permit
them to enter and allow them to find the
value of the Code a5 a means of practical
communication. The proposed structure
encourages them to fit into the matnstream
of Amateur Radio. We can also take
advantage of the skills and knowledge they
will bring to the Service, We believe only
a proper written examination will nrovide
an appropriate filter. The privileges we
suggest for the new ‘Technicians both
demonstrate a proper level of competence
and expose them to more mature operators
and their techniques while permitting these
newcomers to join the mainstream with an
appropriate level of effort. Likewise, we
believe the privileges we recommend be
reserved to traditional licensees present
adequate incentive to the new "l'echnicians
to join the mainstream.

Further, the Committee believes the
claims that vast hordes of newcomers will
join ham radio as a result of the creation
of the codeless license are purest folly.
Rather, we propose a fairer system with a
more realistic e¢gamination Ffor those,
especially voung people, who might join
our ranks—and one that will permit and
invite qualified prospects into the Amateur
Service. 73

Respectfully Submitted,

é-/% L &ort

George S. Wilson, III, W40YT
Chairman BEES]
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Phonetics:
to the Wise

Proper usage of phonetics can go
a long way toward smoother
operation. Here’s the lowdown
on the dos and don’ts of

phonetics.

By Rick Booth, KM1G
ofo Qffshore Publications
PO Box 817
Needham Heights, MA 02194

ou can find applications for
Y Amateur Radio in the darndest

places. When [ was an editor at a
small newspaper, one of my jobs was
reading the Associated Press wire and
alerting reporters to items that might be
useful on their regular beats. Each wire
entry had a number/letter 1D tag, and the
usual practice was to call the tag across our
small newsroom to the recipient.

It happened that my best friend among
the reporters was a former Army radio
operator. We often shared stories about
our respective radio experiences, he in the
service and 1 on the amateur bands, Qne
day 1 had an AP item for him, and on
impulse I ad-libbed a little experiment.

*Jeffrey,”” 1 said crisply, “*traffic, your
station.””

‘Without blinking, he reached for a
pencil. **Ready,”’ he said.

P smiled, as newsroom eyes widened.
“Roger,”” I said, ‘*please copy Two Five
Seven Three, Romeo November,”

“Roger vour traffic, Two Five Seven

A--Alfa (AL FAH)
B—Bravo (BRAH VOH)
C—~Charlie (CHAR LEE
or SHAR LEE)
D—Deita (DELL TAH)
E-~Echo (ECK OH)
F—Foxtrot (FOKS TROT)
G—Galf (GOLP)
H—Hotel (HOH TELL)

Words

LT

Three, Romeo November,” Jeff said, and
put his pencil down, He never fooked at
me, never 50 much as twitched, I turned
back to my word processor screet, S0 my
face wouldn’t give our private joke away.

As sometimes happens, the gag became
routine format between us. At first, it was
a newsroom joke; people tried ridicule by
imitation. But they failed—they didn’t have
a standard phonetic alphabet. When
groping for a word starting with a
particular letter, they either couldn’t think
of one or found one unsuitable because it
wasn’t distinct. Unable to duplicate what
Jeffrey and 1 were successfully doing, they
returned to the usual derision.

“Laugh if you will,”” 1 said, “*but you
say your tags three and four times. Jeff and
I only say them once. And we’re never
misunderstood.” They had to admit | was
right. Sophomoric as it was, our little game
illustrated the importance of common

international Telecommunication Union Phonetics

l--india (IN DEE AH)
J—Juliett (JEW LEE ETT)
K—Kiio (KEY {.OH)

L~Lima (LEE MAH)

M—Mike {MIKE)
N—November (NO VEM BER)
O—Oscar (0SS CAH)
P—Papa (PAH PAH}
Q—Quebec (KEH BECK)

Note: The Boldfaced syllables are emphasized. The pronunclations shown in this table were designed for speakers from all international
languages. The pronunciations given for “Oscar” and “Victor” may seem awkward to English-speaking people in the US.
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phonetics and at least some semblance of
procedure. We succeeded because we had
hoth.

Amateur Radio is not the military. It's
not even MARS, the Military Affiliate
Radio Svstem, which passes messages to
and from service personnel overseas
{although the vast majority of MARS
members are amateurs). Buf amateurs
often  find themselves the only
communications link in disasters, and when
the chips are down is not the time fo
bumble around. Good procedure is some-
thing we need to practice every day. You
may not plan on being in ARES, the
Amateur Radio Emergency Service, or
NTS, the National Traffic System, but
plenty of others before you weren’t in it
when circumstances called on them to
provide emergency comumunications or

B—Romeo (ROW ME OH) !
5—Sierra (SEE AIR RAH)
T—Tango (TANG GO}
U—Uniform (YOU NEE FORM)

or 00 NEE FORM)
V—\ictor (VIK TAH)
W-—Whiskey (WISS KEY
X--X-RAY (ECKS RAY)
Y---Yankee (YANG KEY)
Z—2Zulu (ZOO LOO)




handle heajth-and-welfare traffic,

Besides, ¢ven when chewing the casual
rag, who wants to say everything two and
three times? Novice voice frequencies have
not only cpened up wonderful opportuni-
ties, they’ve also created the need for
beginning operators to know standard
voice comventions (a convention in this
context is not the place where you find a
big flea market and manufacturer displays,
but a generally accepted custom, mode of
behavior, or rule). In Amateur Radio
operaiing, many such have proven useful
through the years. You probably used them
beginning with your first QSO (on-air
contact), whether you realized it or not,.

Think for a minute, those of you with
a few filled logbook pages. You’re making
a contact, but copy is spotty. It could be
QRM (interference from other signals) or
QRN (static). The words come and go.
Judging from what you've learned, and on
CW how fast the other station is sending,
you can make a fair guess at what’s being
sent: Call signs first, then signai report
(readability and strength, along with tone
on CW), then the other station’s TH
(location), and finally a name. If you miss
part, if the signal drops and then re-
emerges from the muond, an experienced
operator’s mind almost automatically
expects the next installment in that series.

There’s no rule that says we shouid send
things in that order; we simply do. And
knowing that convention can help you
copy, so long as you don’t anticipate too
stubbornly, and get lost when the other
fellow sends in a different order (a good
reason not to vary the order).

Phonetic Alphabet

The phonetic alphabet is a very useful
convention. Over the years, several
phonetic alphabets have come and gone.
Many services use their own. Remember
the TV show Adam-12? “*Adam’ meant
the letter ““A."" Remember police officers
Reed and Malloy calling in license plates
for a check? *‘Lincoln, X-Ray, Ida...”
Phonetics again. If you've seen the movie
FT 109 about John F. Kennedy’s wartime
exploits in the Pacific, perhaps vou
remember the Australian coastwatchers
talking about *‘Peter Tare.”’ In World War
11, Peter was phonetic for P and Tare for
T, ie, PT, the kind of boat Kennedy was
on.

Today, most countries in the world are
members of the International Telecommu-
nication Union, a United Nations agency
which regulates radio communications
worldwide. The ITU has its own phonetic
alphabet, which all amateurs should know
and are encouraged to use:

Nobody says you have to use those
phonetics. You'll hear an amazing variety
of others on the bands, Lots of hams devise
cute phonetics specifically for their call, to
help people remember it. My friend Rick,
ANV, advises, **Always Include One

m
-The Phonetic Aiphabet: A Short History
" When voice operation started becoming popular in the thirties, the League
recommended the use of the Western Union alphabet (Adams, Boston, Chicago,
Denver and so on). Dur}n%oWorld War 1, the Joint Army-Navy (JAN) alphabet
--{ie, Able, Baker, Charlie, Dog and so forth) came into vogue, and the Wastern
-Union alphabet was all but forgotten, After the war, there was widespread feel-
ing among radio amateurs that they had had enough military stuff, so the
League adopted its very own phonetic aiphabet (Adam, Baker, Charlie, David,
slc}, a hybrid list adopting words from several other alphabets. Nevertheless, the
JAN list continued to be heard most often on the amateur bands, purely as a
matter of habit. - _
- Not until the fate fifties did the ICAQ (International Civil Aviation Organization)
list start being used officially by the' military, its principal advantage being that it
contained words that could be understood in any language. It was the ICAQ list

‘nally prormulgated by the ICAD.

same time, the postwar AR

good operating practice; see text).

~-Robert Halprin, K1XA

Vegetable.”” Not only sound nutrition, it’s
a handy way to remember Rick’s call.

Experienced single-sideband (SSB)
operators also vary from the approved I'TU
phonetics on occasion, especially in pileups,
when many stations are calling a rare
DXCC country. *‘Germany’’ and
*Kilowatt’* are popular substitutes for
Golf and Kilo, respectively, in
circumstances like that. Being longer and
stronger words, they may have a better
chance of being heard. And, for example,
in the push and shove of a pileup, just the
“‘watt’’ might get through, and the DX
station might call back, *““Ending in
kilowatt, go ahead.”’ Some hams think
other phonetics play better in the slightly
strange sound of sideband. They may be
right, too.

So why the ITU phonetics? Why are they
reconunended by the ARRL? Why doesn’t
everyone just make up his or her own in-
stead? Language, for one thing. Though
English is becoming the world’s universal
language, your cuie phonetics, the ones
that play so well in domestic QSO% and the
local FM repeater, may not be as catchy to
4 foreign car. But even spoken with a
foreign accent, “*Uniform,” **Whiskey,*’
“¥ictor’” and so on are easily recognizable.

Standardization is another reason, and
it translates into speed. If you've practicad
your CW, you've probably noticed it’s not
that different from learning a foreign
language. In the beginning, you translated
“dit dah™ into A, But that step will soon
disappear, if it hasn’t already, Dit dah will
be the letter A, Same with phonetics. When

" that was adopted by the ITU and the ITU phonetic fist is identical to that origi-

Although the 1CAO/NTU list is a generally accepted operating convention today
{see text), amateurs ori'ginalg resisted its introduction on their bands. At the
L list never took hold. Most amateus continued to
use the JAN list or lists of thelr own devising (the latter being inconsistent with

- Through the influence of the governments of the many Spanish, French and
English-speaking nations, the ICAO/ITU list eventuaily gained acceptance
- throughout the mainstream of Amateur Radio, and thus its widespread use in
.phone operation today. Recognizing that the ICAOANTU list had becoms the de
facto standard on the amateur bands, the ARRL Board of Directors first ordered
it to appear in the ARRL literature alongside the ARRL phonetic alphabet, and
later, at the May 1969 Board Meeting, adopted it as the ARRL standard.

I W

someone spells their name as ** juliett Oscar
Hotel November,”” you won’t hear those

» words—your mind will instantly register

J-0-H-N, with no middle step. Without
standard phonetic words, you couldn’t do
that.

If you’re going to go your own phonetic
way, and you’re going to have to go some
phonetic way because you can hardly do
without them, pick words that don’t clash
with the accepted ones. For instance, don’t
use “Motel’’ for M—it thymes with Hotel,
the accepted word for H. Think about the
complications of creating your own
alphabet, and chances are you'll stick with
the ITU. Most everyone else has.

Nobody wants to be welded to rules for
the sake of rules. But conventions are
sotnething else. We need them for smooth
operation, to better our chances of being
understood the first time, And there may
well be a time in your ham career when
you'll need to be understood without delay.
Remember, somebody else just might be
counting on you.

It's happened before.

Strays -8

I would like to get in touch with. ..

[J any hams who attend or are graduates of
the University of Southwestern Louisiana.
Jeff Kilgore, KCIMK, 28 Caro!l Dr, Plain-
ville, CT 06062.

1 o]
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How to Interest Significant
Others in Amateur Radio
Without Losing Them Forever

By Linda Mayer, N1EER

20 Driftwood Dr.
Tawksbury, MA 01878

1y o ahead, it's OK, want to say

G something on the air?”’ queried

an enthusiastic Elot, WIMJ

(my ““OM’") while holding up to my face

the microphone of his 2-meter rig. I shook

my head a little too hard. ““No thanks, I'm

not interested,”” 1 replied breezily. We

locked into each other's eves, and 1 knew

it would never end until [ had my license
in hand.

I put up a good fight, dragged my feet
for six vears, but on a ¢ool rainy day in
May of 1986, 1 walked out of a building
at MIT in Cambridge, Massachusetts with
my General-class license., Proud as could
be, I announced my newly acquired status
10 an even prowder WIMJ. We had
survived to become a two-ham family! But
how did we get from there to here?

Listen my friends and you shall hear,
Of how I got from there to here.
While shedding a few tears,

And taking 6 years,

! got my license tike afl of my peers.

It started ever so slowly. ““Want to go
to a really neat thing called a hamfest?”’
A whatfest? | went to several and dis-
covered that evervone wears their call signs
on anything and everything: hats, badges,

shirts, car license plates, and hand-held
transceivers. This was a whole new world
to me. They talked their own jargon and
had their own jokes. They were fun,
though!

I no longer wanted to appear foolish at
these hamfests. In seif-defense, 1 learned
the lingo. At the next flea market, 2 ham
friend happened to ask me what frequency
the others were conversing on. “*64,” |
replied. *5.64 or 6.647"" he asked. **3.64,”
1 said. “Direct?™ “Of course!”

Later, **Tim said you told him what fre-
{quency we were on,”’ spouted Eliot with
that all-too-familiar gleam in his eye. ‘1
sure did.”* ““I didn’t know you knew it.”
“Of course [ do. I'm not stupid you
know.”” “l know, and that’s why vou
shouid get vour license.”

Now that I knew the language, and even
partially understood it, | began to feel
naked without some letters and a number
with which people could address me. I
especially liked the way people used call
signs as a special form of a nickname,
K1BA is “KEY-BA.” W1MJ is **Mumbo
Jumbo®* or just plain “*Mumbo”’ to those
who know him well,

Eliot took every opportunity to expose
me to the enjoyable aspects of Amateur

Eliot, W1MJ, and Linda, N1EER, Mayer and their three-year-old daughter, Jennis,
{photo courtesy NTEER)
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Radio: the exciting (Q80s with hams
around the world, hamfests, making
friends on 2 meters.

But what really pushed me along that
final road to my destiny was meeting other
female hams. ““Well, if they can do it, 50
can 1.”* “*Exactly,” Eliot would respond,
“‘you’re at least as smart as they are, if not

My conclusions on how to
interest significant others without
losing them forever:

+ Talk about how much tun ham
radio is.

= Try fo involve your significant
other in as many ham activities
as possible.

= Acknowledge their fears.

This step is crucial. Of course,
isarning the code and theory is
sasy for many, but for others it’s
not so simple. If you keep telling
them how easy it is, then they
may becoms more afraid of fail-
ing and appearing stupid.

+ Do point out others who have
recently obtained their licenses
and try to tnvolve your SO in a
conversation with them.

« Talk a ot about the joys you
experience from ham radio;
enthusiasm {s contagious.

+ Don't nag!

» Offer them your heip in learning,
or get a close friend to offer help
or have them fsarn on their own.
It may be more threatening to
lgarn from your spouse or friend.

* Involve them in a community
service using and relying on ham
radio. Example: The Walk For
Hunger or The Boston Marathon.
This provides an exciting demaon-
stration of how Amateur Radio is
used as a public service.

= Leave a copy of Tune In The World
With Ham Radio on your coftee
table.

* Teach them an easy [etter in cods,
E, T or A, for examples. Then they
only have 25 more to go.

e Leave a copy of this QST on your
coffee table and make sure it's
open to this article.




smarter.”” Clever boy, that Eliot. I took the
bait.

The code was next. I was afraid of not
being able to master the code. How could
1 ever face WIMYJ and all the others if 1
faited? I would be humiliated, made an
outcast] Despite my fear, I bought the
ARRL’s Tune In The World package and,
along with help from Eliot, set to work.

I passed my Novice test easily. *“Call me
KA1GQJ,” I would now say to my friends,
WIMJ and 1 had ““his and hers” eall
badges made up. I had my own call! It truly
was an unanticipated thrill,

However, it didn’t take me long to
realize that being an inactive Novice wasn’t
going to cut it with the OM. *“You know,”
whispered a most subtle WiMJ into my
ear, “‘wouldn’t it be grand if we could talk
on our favorite 2-meter repeater together?
Maybe you could become a Technician.’”

“A Technician?”’ I groaned. (0K, OK, I
confess, I wasn't satisfied to stop at Novice
either and it bugged me that | couldn’t talk
on 2 meters.)

So, I studied for the Tech test, wailked
out of the exam session, picked up the
microphone of our 2-meter rig, tuned into

64 and proudly said, **'W1MJ, WiMJ, this’

is KA1GQJ/Temporary KT, are you
there?’’ I was proud. Eliot was thrilled! At
last, I felt like a real ham.

Six weeks later my new call arrived:
NIEER., On a roll, 1 decided to get my
General quickly. A month later, after
intense study, I took the 13-WPM code
test. When the examiners corrected my test
and told me 1 had passed, they said ““come
take the Advanced theory test.”’ Foolish
examiner, He assumed I wanted to further
upgrade. 1 looked at MJ and smiled
proudly. “*No thanks, I like it just fine

here.””

We are now truly a ham radio family.
Our three-year-old daughter knows five
letters in Morse code. She welcomes her
father home some nights by exclaiming,
*Yeay, WIMJ is home!”’ She loves to talk
to Eliot on the radio. ““See vou on the
radio, Jennie,”” WIMJ will say as we all
leave the house together and he climbs into
the W1MJ mobile and we climb into the
NI1EER mobile. “On 64 Papa?”

I can honestly say that I am proud to be
2 ham. I'm only sorry it took me so long
to discover the joys and satisfaction of
Amateur Radio.

“What does that lightning bolt on your
license plate mean?’’ people often ask.
‘“That means I'm a ham radio operator,”
1 reply with pride, ““and the number and
fetters are my call sign. Let me tell you
about ham radio...” REF=)

New Books

RADIOWAVE PROPAGATION

By Lucien Boithias, Published by McGraw-
Hill Inc, 11 W i9th 8¢, New York, NY
0011, First edition, 1988. Hardcover,
9% x 6%, 324 pages, $49.95.

Reviewed by Bob Rose, K6GKU, ARRL
Technical Advisor

This book’s title, Radiowave Propa-
gation, is somewhat misleading. The first-
time reader who wants to know how ham
radio propagation works may be surprised
to find that this textbook was primarily
written for engineers and experimenters
who design communication systems for
frequencies above 100 MHz.

Lucien Boithias is chief telecommunica-
tions engineer at the Centre National d’Eu-
tudes des Telecommunications (CNET) in
France. He is recognized as an authority
in tropospheric propagation, and is a

primary contributing consultant to the In- -

ternational Radio Consultative Committee
(CCIR). In the preface, the author
contends that modern telecommunications

no longer rely on the spectrum from 2 to

32 MHz, except for unimportant short links
in developing countiies and for some
military uses. Based on this, Boithias
contends that propagation theory for
telecommunications using ioneospheric
refraction can be drastically reduced, and
added to a volume with information on
line-of-sight (L.OS) and transicnospheric
propagation that supports satellite or high-
data-rate point-to-point communications
systems. This book is a testament to this
contention.

The first six chapters deal with LOS

propagation. Chapter 1 provides a
traditional description of free-space
propagation, In chapter 2, Boithias
describes the types of LOS propagation.
Chapter 3 introduces the effects of the
Earth and its curvature. Chapter 4 presents
tropospheric propagation, and chapter 5
describes atmospheric conditions that effect
tropospheric propagation. Chapter 6
describes the problems in LOS communi-
cations. For the most part, pragmatic for-
mulation and charts are provided for an
audience that is assumed to have the back-
ground to use this information.
Non-LOS propagation is discussed in
chapters 7 through 9. The chapters on
diffraction and scattering (chapters 7 and
8, respectively) are quite good for someone
who has no background in these
phenomena. On the other hand, the
discussion of ionospheric propagation
regarding HF signals (chapter 9) is partic-
wlarly weak when compared to other
references. This same section deals with
transionospheric propagation, which is
important to satellite communications,
Radiowave Propagation is full of
practical nomographs and charts that the
serious VHF/UHF/microwave enthusiast
will find invaluable, This book is written
in the conservative, traditional style of
CCIR documents, and is not light reading.
Although this book is part of the McGraw-
Hill series for electronics engineering, I, as
both a teacher and a practicing engineer,
would not use it as a teaching textbook, but
as a working handbook. This is as the
author intended. This book is a useful
document in the electromagnetic domain;

it was written form and reflects the author’s
years of experience in tropospheric
propagation science. Radiowave
Propagation was not written for the
Amateur Radio community, and is not
recommended for the newcomer who wants
to know how “‘skywave ham radio” works.

Strays -8’

ARMENIA EQUIPMENT THANKS

t] The lInternational Amatenr Radio
Network has advised that MFEJ, AEA,
Mosley, Kenwood, Cushceraft and Catholic
Relief Services were responsible for the
generous donation of equipment shipped to
Armenia by IARN following the earthquake
last December. The ARRL wishes to
acknowiedge these contributions.

Chuck Sheffer, KI4TY, accompanied the
equipment to Armenia and has asked us to
convey his thanks to those amateurs and
listeners who provided moral support and
other assistance.

T would like to get in touch with...

[7] anyone with a manual er info on Motorola
6- and 2-meter VHF transceiver MOD-
1.4100B, trans type TA104, and a manual for
a Hallicrafters SR-108 receiver. Tony Furnari,
KAIRKR, PO Box 539, Goshen, CT 06756.

{1 anyone with & manual for a Realistic

DX-300 receiver. Craig Hinton, NM@L, 2668
N Riviera Drive, White Bear Lake, MN 55110
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« At the Foundation

How To Write A Proposal With

Punch

Planning to propose? Get off those bended knees and read
below. We'll help you learn a few fundamentals!

By Mary Schetgen, N7IAL

Secretary
The ARRL Foundation

flow. That’s the idea behind many in-

quiries we receive at the Foundation.
Representatives of community organiza-
tions, schools and clubs often call to ask
how they might secure funding for a special
Amateur Radio project. When appropriate,
we naturally encourage application to the
Victor C. Clark Youth Incentive Program
with its matching-fund mini-grants of up
to $500. We also underwrite major grants,
such as the current SAREX project.
However, many worthy projects fall out-
side of the guidelines for our current
Foundation programs. Since Amateur
Radio education, preservation and
innovation is what your Foundation is
about, we can’t sit by and let good projects
die on the vine.

Before we get to the proposal structure
itself, let’s _discuss the purpose of a
proposal and when and to whom to make
one, When we say proposal, we're actually
discussing 2 grant request. The true
proposal part refers (o our intention to
propose or suggest funding for a specific
project with specific outcome or results.
When do we use a proposal? Whenever we
want to present the most professional and
comprehestve plan outline to a prospective
sponsor. Finally, to whom do we submit
a proposal? To any individual or
organization with sufficient commitment
and means to fund our project. Where do
we look to discover potential sponsors? At
the library! Current reference books listing
the financial status of local businesses/
wealthy individuals who maintain granting
programs or foundations are available for
your use. Write to all grant programs of
interest and request information on how to
apply. This information will give you a feel
for the types of grants normally made by
said sponsor.

Don’t get discouraged if it looks as if
vour project can’t be pigeonholed into any
preexisting grant category. Organizations
which grant for local educational and
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I nto every club, a little cash should

scientific projects may give preferential
consideration to your project based solely
on the goodwill community-service
publicity generated by a tie-in effort with
your group. However, the logical first
choice for finding sponsors would be to
investigate the grants programs of any
major or medium-sized business directly
related to radio or electronic applications.
Trade publications are the best source for
learning about industry grants programs of
either a local or national nature. The not-
for-profit status of many research
organizations often goes hand in hand with
an active grants program. Be vigorous and
feave no stone unturned in your group’s
search for funding. When you think vou’re
ready to apply, here’s how to write a
proposal that will stand out:

I) Write a paragragh of infroduction for
YOur group or organization. Include
all important contact names, addresses
and phone numbers.

2} State the reasons or needs for seeking
funds.

3) Qutline the objectives of vour project.

4) Qutline what methods you will use to
meet your objectives.

5) State how you will measure or evaluate
your project.

6) State how you will maintain vour
project when the grant is depleted-—
in other words, vour plans for future
Junding.

7 Include a budget breakdown showing
how funds will be used and if any
matching or co-funding is to be used.
If your project is underway when
applying for funds, include a progress
report and photos, if available.

8) Close your proposal with a summary
paragraph or statement and thank the
reader for their consideration of vour
proposal.

Use a good typewriter or printer, good
stationery and call on the editing skills of
your group’s best writers to produce a

letter-perfect, professional-looking docu-
ment. Notebook paper and pencil is out.
Let’s go first class and offer a profession-
al first impression.

To learn more about writing proposals,
the following references can provide more
in-depth information:

Stewart, Proposal Preparation. New York:
John Wiley & Sons, lnc, 1984,
Ammon-Wazler and Carmel, How To
Create A Winning Proposal. Santa Cruz:
Mercury Communications Corporation,
1978.

Manning and Rugh Associates, Proposal
Management Using the Modular Tech-
nigue. Los Altos: Peninsula Publishing,
1973.

ENCOURAGING RESPONSE TO
SIMPLE WILL KIT INTRO

Just a few days after the March QST
reached mailboxes across the US, we began
to receive posteards and ietters requesting our
Simple Will Kit informational materials,
We've heard from good folks in Texas, Penn-
sylvania, Kentucky, California, Louisiana—
and many other states—uall seeking to learn
how they might include a gift to the Founda-
tion in their wills, Thanks to all who have so
far sent in requests. We're gratified to iearn
of vour interest. To send for our information,
write: Simple Will Kit, The ARRL Founda-
tion, 225 Main Street, Mewington, CT 06111,

WE’RE ALL FRIENDS ON THIS PAGE

Take a look on the next page at
Contributor’s Corner. You'll see quite a few
names listed as contributors to our General
Fund. Others prefer to designate their con-
tributions to a specific scholarship fund or
perbaps a grants program. We appreciate
your support of any Foundation program and
are happy to list your name in addition to that
of a Silent Key for whom you may have made
a memorial contribution.

Recently, we were asked if contributions



could be made in honor of a friend, relative
or clubmate who might be celebrating a
special occasion, in need of an encouraging
word or just to salute that special someone,
We think it’s a fine idea, so. ...if you wish to
make a contribution to honor a friend, we’ll
list the names of you or your group, the
names of the friend(s) you wish to fete and
the reason for the tribute. See the examples
below.

Ex: The Jesse Bieberman Meritorious
Membership Fund
Mary E. Schetgen, N7IAL
in honor of Rosalie White, WA1STO,
Friendly and Helpful Co-Worker

-OR-
Ex: The Victor C. Clark Youth Incentive
Program Fund

Steven R. Ewald, WA4CMS
in honor of Phillip R. Ewald, W4EWR,
Happy Birthday, Dad!

Contributor’s Corner

We wish to thank the following for their
generous contributions to:
The Victor C. Clark Yowth Incentive Program
Fund
George R, Leone, K6SG
The Jesse Bieberman Meritorious
Membership Fund

George R. Leone, K65G
Amold Cohen, KF7MK
Stephen P, Rector, KASQHC

The Bill Bennett, WIPHO Scholarship
Fund

John L. Dack, W7KH

The Edmond A. Metzger Scholarship Fund
Wheaton Community Radio Amateurs (IL)

The Goldwater Scholarship Fund
Stephen P. Rector, KABQHC

The General Fund

Harold V. Randall, NOERH

Ernest T. Howell, Jr, WIDQI

Pete Ladjimi, Jr, KAGLWX
Edward Litfin, KC2ZAN

James 8. Evans, N7KRB]

C. Durfee Marshali, KC4CAC
Donald L., Pipkin, N6DTB

Victor Fabrega

Edwin S. Guilford, WAZYWF
William M. Hampton, Jr, WA1OIR
Robert Acosta, KB7DZE

John D. Pieniadz, NL7AJ
Frederick L.. Rayman, Jr, WDBEIT
James W, Sullivan, K4TSC

Ralph H. Plumb, K4WGW

Nelson W. Lawhorn, KM4DS

Dorothy F. Sohn

in memory of Samuel D, Sohn, WAILMW
St Charles Amateur Radio Club, Inc (MOQ)
Hugh van Valkenburgh
Rikio Nishioka, KHBALF
Robert C. Colbert
Adolph Darr, WOMCR
C. Spencer Powell
Lanny Phillips, W3BOS
Clifford W. Hess, N2CRP
Hubert F. Worthy, WB4LLQ
Walter G, Kenney, W2IZC
Richard D. Lindgren, WDYBFV
Richard Shafer, N2CFD
Michael 1. Levine, N9HEL
John E. Schlueter, W8WYH
Peter Lefferson, K4POR
Camille 8§, Marie, W3IEPR
Barry F. Maguire, WB41ZR
Tad Shibuya, W7TYWS
John W. Swancara, WASLOD
Donald F. Fleischhauer, WODIP
Marion J. Chelkowski, W5DBN
Joseph ). Mercuri, WA2ZTB

Received and acknowledged during the month
of February. [@EF=]

THE ARRL FOUNDATION, INC.

‘for the advancement of amateur radio”

£350,000

How to Contribute

W1AW is your station. You've been updating your home station periodically,
keeping up with the constantly evolving technology of the Amateur Radio
Service. After 50 years of nonstop code-practice and bulletin service to the

>

L @ntire amateur community, W1AW now needs 1o upgrade as well, This is not,
however, simply a case of replacing one box for a newer one as you might do
in your own shack. This is a massive renovation, inside and out. After years of
—_— wear-and-tear, W1AW is in dire need of numerous repairs structurally and

; technicafly, just to remain functional. Please help us make W1AW a modemn

7 station at the cutting edge, one that any ham (and all ARRL members) wm be

$300,000

. £250.000 proud of. Here's how to contribute to the Fund Drive:
,/ ' + By Mail: Address all contributions to W1AW Fund Drive, 225 Main $t,
Newington CT 06111, Please make your check or money order payable to

. W1AW Renovation Fund.

200,000 * By Phone: For your convenience, credit-card contributions can be made by
calling Jennifer at ARRL HQ, tel 203-666-1541, between 8 AM and

4 PM Eastern Time, weekdays.

All contributions are tax deductible 10 the extent allowed by law, as ARRL is a
501(c){3) tax-exempt organization. Please be as generous as you can to help
W1AW maintain its leadsership on the frontlines of Amateur Radio technology.
Thank you.

$150,000

$100,000

$50,000

¢ e .. \
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Field Day Friendship

The spoken word isn't necessary to confirm the bond between

these two hams.

By Tom Kravec, WBTK

1282 McCoy Rd
Columbus, OH 43220

have long ago forgotten the
I teacher’s name and face, but not

his words: “*True friendship is an
unspoken bond. [ have a friend of many
vears with whom I may spend an evening
watching television or reading a book,
neither of us feeling obligated to utter a
word. We know each other so well, we have
become so comfortable in our friendship,
that words are not necessary to confirm it.”

Half the class of eighth-grade boys had
wandered to thoughts of lunch or football,
and the other half wondered what the man
was talking about. We boisterous teenagers
weren't confident enough about anything to
treat it quietly. Rapidly developing and
fading friendships needed constant verbal
support. We communicated everything
loudly. Nevertheless, the teacher’s thoughts
got quietly filed in a dusty corner of my
brain’s RAM.

In that same vear my Novice ticket
arrived, 1 got on the air and discovered Field
Day, an activity which has become a hob-
by within a hobby—a real obsession for me.
I earned my Novice license on my own,
without any friends to share my interests.
I got on the air a lot that first year and
learned to handle fast CW easily, as only
youngsters can. | learned how to operate
proficiently, simply because 1 spent 5o marny
hours operating. T found a local radio club
and was swaltowed up by my first Field
Day!

Surrounded by others who enjoyed radio
as much as I did, I operated around the
clock with equipment 1 had only seen in
magazine ads. A DX-100 is 2 boat anchor
to me now, but then it was a dream come
irue. After that 24 hours of heaven, my
parents drove me home. [ remember waking
up the next morning on the living room
couch with a mouthful of peanut buiter
sandwich that 1 was too tired to chew.

At college, I managed to organize a club
rooftop FD effort that lasted only a couple
hours until the generator died in the park-
ing lot five floors below. The other opera-
tors not only didn't understand my love for
FD, they honestly thought | was crazy, like
Captain Queeg!

Off the air for a few vears of graduate
school and postdoctoral training, my mind
still wandered to the low end of 40 on those
warm late-June weekends. A college friend
introduced me to Bud, WIDY, in Chicago,
whose real name is Elmer (not just by
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Author Tom Kravec, W8TK, rigs a tower in
preparation for his 1B entry.

coincidence). 1 joined his neighborhood club
Field Day, and he taught me how it should
be run. Murphy doesn’t stand a chance
against a group that is properly prepared.
If you don’t believe that, then yvou have
never operated FD with W9DY. Finishing
my schooling, beginning a career, taking a
wife and buying a house left little time for
hamming, but T still made the trip back to
Chicago for FD each summer for a few
years.

One day a blond kid appeared at my door
with a baseball giove under his arm, but
ham radio on his mind. He had recently
gotien his Novice license and didn’t know
of any other hams in the area until he
spotted my beam in the yard, He waated to
talk about antennas, Morse and the ham
radio experience. I easily recognized myself
in this kid!

Poug spent hours at the key as I had,
operating in some contests, learning the
ropes and growing up. His first FD was at
my farm, the highest point in the county,
with a group from the Mad River Radio
Club—contesting’s hard core. Doug
acquitted himself well at the key and loved

Doug Klein, WDBAUB, at the Field Day
aperating position.

every minute of it. He was a victim of Field
Day mesmerism, as | was.

In the next couple of years, Doug and I
operated FD from my farm as class 1B, just
the two of us. He had developed into quite
a talented contester and practiced his skills
frequently. Busy with my work, I operated
much less than he did. While I didn’t notice,
['m sure he saw that he was getting better
as | was getting slower. I know he would
never say anything about it, but he carefully
checks the hourly rates from the computer
log. As 1 get older, I’m glad to let him have
a couple hours more at the key, especially
on Sunday afternoon.

Doug moved to another part of the state.
He got martied on FD weekend a half dozen
years ago. My wife said that would be the
end of his Field Day activities. I knew FD
would win out over a wedding anniversary,
and I was right.

We don’t have much contact with each
other anymore except to exchange a guick
hello during Sweepstakes or NCJ Sprint, but
there’s always that phone call about mid-
June announcing his arrival time and maybe
a brief discussion about antenna strategy.

The last Friday in June arrives—along
with Doug. We have a few beers, pore over
iast year’s logs and take a dip in the pool.
Each of us politely inquires about the
other’s family and career. He shares my joy
at the birth of my kids. | share his grief at
the deaths of his parents. The conversation
is mostly radio, specificafly Field Day, We
won it last year, and we’re going do it again
this year,

Saturday dawns, and we're off to the
farm. There’s no time to talk because we
drive two cars full of gear. Qur work is cut
out for us getting the antennas up and the
rig working. Somehow each of us knows
what to do and goes about his task quietly.
With an hour to spare, the station is on the
air and we seek out a burger in town.
Operating strategy is the topic of
conversation now. Doug likes the fast hours
at the start, and I am willing to let him take
them. Once on the air, we are sentenced to
24 hours of communication with only the
outside world. Experience and preparation
keep Murphy at bay. We post another
personal best for us.

Teardown is automatic. We’re tired, and
we just want to go home and get some sleep.
Everything is packed up and in the cars
within an hour. We shake hands and vow,
“Wait until next year!”

Qur friendship is an unspoken bond. For
a decade we have seen each other for just
one day each vear, speaking little, yet
enjoying our quiet friendship throughout the
vear. Field Day has made us neighbors once
moIe. hEr]



Happenings

Conducted By Phillip Sager, WB4FDT
Regulatory Information Department, ARRL

Canada’s Proposed Deregulation Addressed

The Canadian Department of Commu-
nications (DOC) has published a notice in
the Cangda Gazette (February 18) outlining
proposals for deregulation of the Amateur
Service in Canada.

The proposals would (1) eliminate
restrictions on the type of emissions
Canadian amateurs may use within the
amateur bands and instead, simply specify
maximum permissible bandwidth in each
band without specifying subbands by
mode; (2) permit foreign amateurs visiting
Canada to operate with the same
frequencies and emissions as Canadian
amateurs (at present, “‘lowest common
denominator” restrictions apply); (3)
eliminate endorsements to the Amateur
Radio Operator’s Certificate, the legal
authority for which apparently is
questionable, and incorporate the privileges
now granted by endorsement within the
basic Amateur Certificate (one popular
endorsement, available to a licensee after
six months, permits (0-meter phone
operation); and (4) accomplish some other,
relatively minor, updating and revision,

The Canadian Radio Relay lLeague
(CRRL} recognizes the problems likely to

be created by deregulation of subbands in
Canada, and at its August 1987 meeting,
the CRRL Board of Directors went on
record to request that DOC recommend the
use of IARU band plans should
deregulation occur. To place ARRL con-
cerns on the record, President Larry Price,
WA4RA, sent a letter to CRRL President
Tom Atkins, VE3CDM, with the request
that our comments be incorporated in the
CRRL filing (deadline for which was
March 18).

President Price stated that DOC’s
proposals for privileges to be granted to
foreign amateurs visiting Canada are quite
generous, easy to understand, and adoption
of these proposals would resolve some
ambiguities associated with reciprocal
licensing. The proposals for HF mode
subband deregulation, however, appear to
be based on an incorrect premise and raise
serious concerns among UUS amateurs. The
DOC states “Such an elimination of
emission restrictions permits the Canadian
amateur to enjoy equal privileges on a par
with other radio users in the international
radio environment and particularly with

those privileges currently extended to US
radio amateurs.” At least with regard to
US HF privileges, this statement is fun-
damentally incorrect.

Canadian amateurs already enjoy
considerably greater freedom to use the
most popular HF mode, 3SB emission,
than do their US counierparts, If the
purpose of DOC’s proposal is indeed to
bring about equity between US and
Canadian amateurs, then the proposal is
unnecessary and should be abandoned or
significantly modified.

The real question is how Canadian
amateurs will respond to deregulation. We
have faith in our Canadian brethren to act
responsibly, if given the proper guidance.
However, we believe that it is a
responsibility of the DOC, in proposing to
upset the existing equilibrium, to emphasize
to its licensees the extreme importance of
Canadian amateurs observing the voluntary
band plans that have been developed
through the representative international
mechanisms of the [ARU. We were
disappointed to find no such reference in
the notice, nor in the proposed regulatory
text.

FCC PROPOSES NEW BEACON
SUBBANDS ON 2 METERS, 70 CM

In response to an ARRL petition filed
fast September, the FCC has proposed, in
Docket 89-65, to relocate beacon operation
in the 2-meter and 70-cm bands. The
ARRL petition had requested the changes
since present beacon frequencies are very
close to frequencies used for moonbounce
and other weak-signal activities. The
ARRL said that it had filed the petition
after consulting with weak-signal operators
and beacon users.

The Commisston said that it agreed that
the beacon subbands in the 2- and 70-cm
bands should be relocated. The
Commission followed the ARRL proposal
to move beacon operation from
144,05-144.06 MHz to 144,275-144.300
MHz, and from 432.07-432.08 MHz to
432.3-432.4 MHz.

The ARRL had also requested the
Commission te change the beacon
subbands on 220 MHz. The Commission
declined to propose changes in the 220
MHz beacon subbands at this time, citing
its decision to reallocate the bottom two
MHz of the 220 band to the Land Mobile
Service. Comments on this propoesal are
due on or before June 12, 1989,

FCC DENIES REQUEST FOR SSB ON
30 METERS

The FCC Commissioners have upheld the
Private Radio Bureau's decision denying
Anthony Sivo’s (W2FJ) request to amend
the amateur rules to authorize single side-
band
Commissioners agreed with the Bureau’s
conclusion that the need for SSB transmis-
sions in the 30-meter band had not been
established and there were already ample
HF f{requencies available for SSB
emissions.

FCC DENIES TECHNICIAN FiB
PETITION

The FCC has denied a petition

(RM-6559) which would have allowed

Technician class operators to use F1B emis-
sions (teleprinting, packet) in the
Novice/Tech segments of the 80-, 40- and
15-meter bands. The petitioner, Nicholas
Sayer, N6QQQ, said that the additional

privilege for Technician operators would be
an incentive for Novice operators to

upgrade.

The Commission said that
Technician class is currently the fastest-
growing amateur class, and there was no
need to offer addtional incentives for

in the 30-meter band. The

the

Novice class operators to upgrade to the
Technician class. Additionally the
Commision stated, ‘““the opening of these
small segments to such a large number of
stations for teleprinting, moreover, could
have a serious negative impact upon their
usefulness in providing an opportuaity for
Novice and Technician class operators to
improve their telegraphy skills sufficiently
to qualify for a General class operator
license. Such a result would be undesirable
because the General class shows the slowest
rate of growth.”

The Commission noted that Technicians
could upgrade to the General Class and by
doing so, could obtain access to the HF
bands for F1B emissions. Thus, the Com-
mission felt that to adopt the proposal
““would actually have a negative impact of
removing some of the incentive to upgrade
from Technician class to General class.”
The Commission denied the petition on
March 2.

ARRL FILES REPLY COMMENTS ON
6-METER SUBBAND EXPANSION
The ARRL has filed Reply Comments on
the FCC proposal to expand the 6-meter
repeater subband, Docket 88-527. This
NPRM would expand repeater operation
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FCC-ISSUED CALL S!GNS UPDATE

. The foliowing is a list of the FCC’s most recently issued call signs as of
December 1.
District Group “A" Group “B"”.  Group “G” - Group "D

Extra Advanced Tech/Gen Novica

- @ WRoT KFaBD NOKGH KBBEAQ
1 NviM KCINT N1GIL KA1ITID
2 WN2R KEZLT N2JBS KB2HHC
3 NT3W KD3LG N3GXE KASUFG
4 AB4NG KMAOV N4VDB KC4ICA,
5 AASKQ KGSSE NBNZS KBSION
6 AABMW KJBRK NGUMN KCBBZK
7 WXTY KF7RV NTMJIU KB7GZA
L] wosz KESWT NBKLI KBaGOQvV
g Wrgz KE8QY NBIFH KB9CDV
Guam KH2K AH2CE KH2DR WH2ALY
Hawali . AHBJQ NHESQ WHECBV
Alaska - o ALTKW NL7QT WL7BTX
Virgin Islands NP2E - KP280 NP2CV WP2AGP
Puerto Rico v KP4PV WP4UC WP4IHF
“*indicates all 2 x 1 calls have been lssued in these areas.

to encompass 51-54 MHz. The League
agreed with the Commission that ‘it is
apparently desirable to expand the repeater
subband, at least in certain areas of the
country.” Our ¢omments discussed the
comments filed by the Six Meter
International Radio Klub (SMIRK) which
were concerned about the possible impact
of the expansion of the repeater subband
on the Pacific DX Window (51.0-51.1
MHz). This portion of the 6-meterband is
used for weak-signal, long-distance
communications primarily with Australia
and New Zealand and other areas in ITU
Region 3. SMIRK is concerned about
interference to the window which could
result from repeater operation on the same
or nearby frequencies.

The (eague said that it *‘is cognizant of
the need to protect these operations, and
absolutely will insure, through vigorous
efforts to properly develop and administer
a revised band plan for this band, that
weak-signal operation is protected as long
as operation in the Pacific DX Window is
necessary.”’

The League’s comments concluded by
again emphasizing that expansion of the
repeater subband on 6 meters to include
51-52 MHz was desirable ““and can be
accommodated on a planned, coordinated
basis within the Amateur Service’” without
velying on FCC regulatory restrictions.

GEORGE S. TURNER, K4AP, SK

George S. Turner, K4AP, former Chief
of the FCC Engineering and Monitoring
Bureau, died February 7 at his home in
Boca Raton, Florida. He was 89 vears of
age.

Turner joined the FCC in the 1930s and
remained there until his retirement in 1964.

WILLIAM W. EITEL, W6UF, SK

The Silicon Valley lost a pioneer with the
passing of William Eitel, WeoUF, on
February 26. He was a past President of
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the ARRL Foundation and Vice Director
of the ARRL Pacific Division in 1976-77.

In 1934, Eitel joined with another
enthusiastic radio amateur, Jack A.
McCullough, W6CHE, to form FEitel-
McCullough, Inc. Their dream was to build
more powerful vacuum tubes that would
operate at higher frequencies than anything
then available.

The tubes, originally designed for
Amateur Radio usage, were quickly
adopted for military and commercial
transmitters as well, and led to important
advances in radio communications.

Eimac, as the new company became
known, went on to become one of
America’s leading producers of electron
tubes and related devices.

Eimac continued producing technical
data and equipment for radio amateurs
worldwide, including Project OSCAR. In
1965 Eimac merged into Varian Associates,
which remains in existence to this day.

Bill had a fully equipped laboratory at
his Nevada retirement home where he
continued work on ideas of interest to him.
The amateur commumnity shall miss W6LIE.

SIDDALL NAMED ACTING
ASSISTANT CHIEF, LAW, MASS
MEDIA BUREAU

David R. Siddall, K3ZJ, former
President of the Potomac Valley Radio
Club and Capitol Hill ARS, W3USS, has
been named acting Assistant Chief, Law,
Mass Media Bureau, FCC. He is
responsible for legal review of Mass Media
Bureau items.

Siddall has been Senior Attorney in the
Policy and Rules Division, Mass Media
Bureau. Prior to joining the ¥CC Siddall
worked as a Legislative Attorney with the
Congressional Research Service of the
Library of Congress.

AMATEUR AUTOPATCH UPDATE
US West (Mountain Bell) has approved

residential phone rates for Amateur Radio
autopatches regardless of whether they are
in a commercial or business location.

The basis for Mountain Bell’s decision
was that radio amateurs are prohibited by
law from using the service for business
purposes whether the line terminated in a
commercial location or not.

For further information, contact the
Regulatory Information Department at

HQ.

NEW ASSISTANT CONTEST
MANAGER AT HQ

Newly arrived from the snow and cold
of the Midwest, Phil Rice, WBSJKI, has
joined the ARRL. Contest Branch as
Agsistant Manager.

Phil’s duties at HQ will include assisting
the Contest Manager in administering
League contests, scoring logs, QST results
preparation, Special Events and Contest
Corral,

Phil’s interests fall into the areca of
contesting. He has held call signs in the UK,
Belgium, Switzerland and Belize. He is a
past member of the Society of Midwest
Contesters and looks forward to contesting
from his new home in New England.
Welcome aboard, Phil!

FIRST 17-METER WAS AWARD
ISSUED .

The first [7-meter Worked All States
award was issued fo Christopher M.
Merchant, KAIT.MR, on March 1. Chris
was the first to submit his cards to the
Awards Branch at HQ, according to
Awards Manager FEileen 8Sapko.
Congratulations Chris!

SPREAD SPECTRUM SYSTEMS IN
902-928 MHz

A number of inquiries have been received
from members concerning the local-area
network (LAN} use of spread spectrum in
the 902-928 MHz band as offered by
Telesystems, Don Mills, Ontario, Canada;
PA Consulting Group, Hightstown, New
Jersey; and possibly other suppliers.

Spread-spectrum systems, for LANs or -
other purposes, are permitted at a [-watt
power level in the 902-928 MHz band as
authorized under section 15.126 of the
FCC's rules. Such operation is also
permitted under this section in the
2400-2483.5 MHz and 5725-5850 MHz
bands. Of concern to amateurs is the
potential interference from such operations
to amateurs operating in the 902-928,
2390-2450 and 5650-5925 MHz bands.

The rules place a number of limitations
on spread-spectrum operation in these
bands. The main point to bear in mind is
15.126(c), which requires that the spread-
spectrum systems not cause harmful inter-
ference to any other operations which are
authorized the use of these bands under
other Parts of the Rules. Also, they must
accept any interference from these sources.
As far as the FCC is concerned, the



Amateur Service, and the Amateur-Satellite
Bervice where applicable, both have priority
over the spread-spectrum systems despite
our secondary status relative to a number
of other services in these bands.

On the practical side, it is unlikely that
these spread-spectrum devices will cause
harmful interference to amateurs except
when the amateur is physically close to the
spread-spectrum transmitter. Interference
from spread-spectrum devices, watt for
watt, will be at least an order of magnitude
less than from narrowband transmitters in
the same frequency bands. Because the
modulation rate of these transmitters is
much higher than the audible range (66
kbit/s in the case of the PA Consulting
system), any interference should not result
in an audible output of an amateur radio
{voice) receiver. Desensing could occur, but
only in the near zone.

Spread-spectrum system designers are
cautioned by FCC to keep the potential
high EIRP emanations from government
radars in mind when developing their
designs for these bands, and are also cau-
tioned that the l-wati power limit on
902-928 MHz operation may be reduced in
the future.

¥CC TERMINATES RECEIVER
ADVISORY LABELING PROPOSAL

In May 1988, the FCC proposed
amending Part 15 to require labeling radio
receivers to advise users that it may be
unlawful to intercept radio communica-
tions protected by the Electronic Com-
munications Privacy Act (ECPA) of 1986.

The FCC said that although the ECPA
prohibits interception of certain classes of
communications, the frequencies on which
these communications are transmitted can
be used for unprotected communications
as well. The FCC decided that, given the
complexities of the ECPA, it was
impractical for a label to provide sufficient
information to properly advise users of the
legal requirements.

The FCC also said that it agreed with

some of the commenters that, in some
instances, a warning Iabel might encourage
prohibited activity by calling attention to it.

Lastly, some manufacturers are
voluntarily informing users of ECPA
provisions or by redesigning equipment to
omit certain frequencies. The FCC
concluded that an advisory label on radio
receivers was unnecessary and terminated
the proceeding, Docket 83-281.

FCC DENIES SENIOR CITIZEN
UPGRADE PETITION

The FCC’s Private Radio Bureau has
denied a petition by Shannon Cisco,
WBJ4AZT, to change the amateur operator
license requirements for senior citizens.
Cisco had requested that amateurs over 65,
licensed for 20 years, be automatically
upgraded from Technician to General,

General to Advanced, or Advanced to
Extra Class respectively, without any
examination. Cisco appealed the Order to

the FCC Commissioners, who upheld the
Private Radio Bureau’s decision.

MIAMI FCC FIELD OFFICE MOVES

Bffective immediately, the Miami field
office of the FCC is now at: Rochester
Building, Room 310, 83%0 NW 53rd St,
Miami, FL 33166. Recorded phone
information, tel 305-592-0399, Public
phone tel 305-526-7420.

Are You a Lawyer?
Amateur Radio Wants You!

Your legat expertise is nseded in the
Amateur Radio community to help build
and maintain the legal foundations for
our hobby. The League's Volunteer
Counsel (VC) Program is designed to
help stem the tide of overly restrictive
regulations on Amateur Radio. You can
help if you have an interest in this
exciting area of communications law, are a
reputable member of the bar of at least.
one state and are a League member,
please contact us. As a Volunteer
Gounsel, you will be kept well informed
about areas of law affecting Amateur
Radio. For further information, write to
the ARRL Volunteer Counsel Program,
225 Malin 8t, Newington CT 06111.

if you live in one of the following ARRL
Sections, your legal experience is
aspecially needed: Arkansas, Hawaii,
idaho, Kansas, Maine, Mississigpi.
Montana, New Hampshire, North Carolina,
North Dakota, Nevada, Qregon, South
Carolina, South Dakota, Southern New
Jersey, Texas, West Virginia and Wisconsin,

NEW ADDRESS FOR HAWAII QSL
BUREAU

Effective immediately, the new address
for the Hawaii QSL Bureau is:

Hawaii QSL Bureau

PO Box 788

Wahiawa, HI 96786

SECTION MANAGER ELECTION
NOTICE

To all ARRL members in the Colorado,
Georgia, Los Angeles, Sacramento Valley,
San Francisco, South Texas, Eastern
Washington, Western Washington, and
West Virginia Sections: You are hereby
solicited for nomination petitions pursuant
to an election for Section Manager. Incum-
bents are listed on page 8 of this issue.

A petition, to be valid, must contain the
signatures of five or more Full ARRL
members residing in the Section concerned.
Photocopied signatures are not acceptable,
No petition is valid without at least five sig-
natures on that petition. 1t is advisable to
have a few more than five signatures on
each petition.

Petition form (FSD-129) are available on
request from ARRL Headquarters but are
not required. The following is suggested:

{Place and Date)

Field Services Manager, ARRL
225 Main Street, Newington, CT 06111

We, the undersigned Full members of the
...ARRL Section of the. . . Division, here-
by nominate. . .as candidate for Section
Manager for this Section for the next two-
vear term of office.

(Signature. .. Call.. City...ZIP).

Any candidate for the office of Section
Manager must be a resident of the Section,
a ficensed amateur of Technician class or
higher, and a Full Member of the League
for a continuous term of at least two years
immediately preceding receipt of a petition
for nomination.

Petitions must be received at
Headguarters on or before 4:00 PM
Eastern Standard Time June 9, 1989,
Whenever more than one member is

- nominated in a single Section, ballots will

be mailed from Headquarters on or before
July 1, 1989. Returns will be counted
August 21, 1989, SMs elected as a result of
the above procedure will take office
October 1, 1989.

If only one valid petition is received for
a Section, that nominee shall be declared
elected without opposition for a two year
term beginning October 1, 1989,

If no petitions are received for a Section
by the specified closing date, such Section
will be resolicited in October 1989 QST. An
SM elected through the resolicitation will
serve a term of 18 months.

Vacancies in any SM office between
elections are filled by the Field Services
Manager.

You are urged to take the initiative and
file a nomination petition immediately.
Richard K. Palm, KICE
Field Services Manager

REPEAT NOMINATING
SOLICITATION

Since no petitions were received for the
Wyoming Section Manager election by the
deadline of December 9, 1988, nominating
petitions are herewith resolicited. See the
above notice for details on how to
nominate.

SECTION MANAGER ELECTION
RESULTS

Balloting results: In the North Texas
Section, W. W, “*Dan’’ Dansby, WSURI,
received 605 votes and George E. Lyons,
K35MXQ, received 460 votes. Mr. Dansby
was declared elected.

In the lowa Section, Wade Walstrom,
WBEJ, received 328 votes and Rollin J.
Sievers, WBOAVW, received 207 votes.
Mr. Walstrom was declared elected.

In the Montana Section, A. F. Peters,
KF7R, received 175 votes, and Ken Kopp,
KOPP, received 166 votes. Mr. Peters was
declared elected.

In the Mississippi Section, Vessen
*Butch™ Magee, KFSDE, received 233
votes, and James N. Davis, KKSZ, received
151 votes. Mr, Magee was declared elected.

The above Section Managers will begin a
two-year term of office beginning April 1,.
1989,
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League Advisory Committee Members

This list contains the names and addresses of the members of the ARRL's five advisory committees. Correspondence for any of the committees
may be addressed to the committee cfo Administraticn Llaison, Lisa Clark, ARRL, 225 Main St, Newington, CT 08111

DX ADVISORY COMMITTEE

Atlantic Division—TYony Gargano, N28S
32 Bryant RAd, Turnersville, NJ 08012

Ceantral Division—8&teve Lamb, WINUF
143 Willow Ave, Deertfield, IL 60015

Dakota Division—Robert Parlin, WOSFU
1507 Kaltern Ln, Minneapolis, MN 55416

Delta Divislon—Richard Roderick, KSUR
Chairman, PO Box 1463, Little Rock, AR 72203

Groat Lakes Division—Theodors Pauck,
Jr, KBNA, 2820 Lenox Rd, Troy, Ml 48098

Hudson Division—David Beckwith, W2QM
151 Whitney Ava, Pompton Lakes, NJ 07442

Midwaest Divisilon—lames Spancer, WOSR
3712 Tanager Dr NE, Cedar Bapids, |A 52402

New England Division—Jos Reisert, W1JR
17 Mansfield Dr, Chelmsford, MA 01824

Northwaestern Division—Jim Fenstermaker,
KaJF, 10312 NE 161st Ave, Vancouver, WA
98602

Pacific Division—James Maxwell, WSCF
PO Box 473, Redwood Estates, CA 95044

Roanoke Division—Gay E. Milius, W4UG
1416 Rutland Dr, Virginia Beach, VA 23454

Rocky Mountain Division—Ron Stockton, NBRR
Bonanza Star Route, Nederland, CO 80466

Southeastern Division—Robert R. Beatty I,
W4V, 11 Heritage Cove Court, Casselberry, FL
32707

Southwasiarn Division—Bill F. Mauzay, Jr,
WBRT, 1831 Comstock Ave, Los Angeles, CA
90024

West Gulif Division—George Huling, K5GH
721 White Court, Garfand. TX 75040

CRRAL—Barry Garratt, VE3CDX, AR #2,
Caledonia, ON Canada NOA 1AD

Board Liaison—John Kanode, NAMM
Bte 1 - Box 73A, Boyce, VA 22620

CONTEST ADVISORY COMMITTEE

Allantic Division—John Carioti, K2Z.f
6893 Pack Rd, Syracuse, NY 13209

Central Divisfon—Gerald Brunning, K9BG
16 Tilipi Court, Schaumburg, IL 60192

Dakota Division—Ron Dohmen, N8AT
125 Magnalia Ln, Plymouth, MN 55441

Dalta Division—38ill Rayburn, K4CXY
269 Taraview, Coflierville, TN 38107

Great Lakes Division—Randy H. Farmer, WBFN
81565 § Palmer Rd, New Carlisle, OH 45344

Hudson Division—Bill Inkrote, K2ZNJ
RD 10 - Box 204, Quakertown Rd, Flemington,
NJ 08822

Midwast Division—Richard Barnatte, KBAU
PO Bax 4798, Overland Park, KS 66204

New England Division—Rich Assarabowski,
K1CC, 306 Vernon Ave, Vernon, CT 06066

Northwestern Division—Dale Jones, KSMM/7
Rte 2 - Box 468, Bald Peak Rd, Hillsboro, OR
97123

Pacific Division—.John Hultquist, KEGSS
188 Noe Street, Kihai, HI 96753

Roanoke Division—David Siddall, K3ZJ
9763 Oleander Ave, Vianna, VA 22180

Rocky Mouniain Divisien—Walt Stinson, WQCP
4150 East Quincy Ave, Englewood, CA
801105051

Southeastern Divigion—Robin A. Gist,
NEA4L, Chairman, PO Box 975, Aubum, AL
36831-0975

Southwaesterr Division—Marty Woll, N6VI
17780 Ridgeway Rd, Granada Hills, CA 91344

West Guif Divislon—James Eppright, KSRX
123 Tower Traif, Dallas, TX 75228

CRAL—Garry Hammond, VE3XN
5 McLaren Ave, Listowel, ON Canada N4W 3K1

Board Liaison--Rush Drake, W7RM
Rte 2 - Box 372AC, La Center, WA 98629

VHF REPEATER ADVISORY COMMITTEE

Atlantic Division—Wilem Van Aller, K3CZ
7623 Qld Washingten Rd, Woodbine, MD 21797

Central Division—No appointee at this time

Dakota Division—Eric Fass, KDOZ
4815 Oakview Ln North, Plymouth, MN 55442

Deita Divisfon—Jean Giesler, W4TYU
4544 Lyons View Pike, Knoxville, TN 37919

Great Lakes Division—Steven Co-rso. KVBG
PQ Box 9072, Livonia, M| 48151

Hudson Divislon—Phil Bradway, KB2ZHQ
1119 Hedgewood Ln, Schenactady, NY 12309

Midwest Division—A. H. Groff, K8vM
1446 Council St, Cedar Rapids. 1A 52402

New England Divisfon—Mitch Stern, WB2J5J
14 Kimberly Dr, Essex Junction, VT 05452

Northwastern Division—Clay Freinwald, K7CR
8515 ldelwood Dr, Tacoma, WA 98498

Pacific Division--\William Waiters, WAZIBM
5§42 Papac Way, San Jose, CA 856117

Roanoke Divigsion—Sherman B. Starnes, W4TZU
Rie 1, Box 88, Franklinton, NC 27525

Rocky Mounialn Division—Hobert Q. Fugate,
W8GY, 8820 Delamar Ave NE, Albuguerque, NM
gri11

Southeastern Division—David L. Shiplett, WLTACY
107 Mossy Lake Rd, Perry, GA 31069

Southwestern Divislon—HKarl Pagel, N6BVL)
PO Box 8490, Orange, CA 92613-6490

Wast Gulf Division—Joe Jarrett, KSFOQ
Chairman, 13411 Overland Pass, Austin, TX
78736

CRRL—Dr David Toth, VE3GYQ
499 Bobbybrook Rd, London, ON Canada
N5X 1G8

Board Lialson—Willlam R. Shrader, W7QMU
2042 Jasmine Ave, Medford, OR 97501

VHF/UHF ADVISORY COMMITTEE

Atiantic Division—Robert Benneit, W3WCQ
1008 Green Acre Rd, Towson, MD 21204

Central Division—Joseph Schroeder, WaJUV
Box 408, Glanview, IL 60025

Dakota Division—Terry Van Benschoten, WaVB
2326 - 11th Ave, NW, Rochester, MN 55901

Delta Division—R. A. “Bob” Taylor, WBSLBT
10715 Waverland, Baton Rouge, LA 70815

Great Lakes Division—David Smith, W8YZ
530 Hollywood Dr, Monroe, ME 48161

Hudson Division—Douglas A. Sharp, WB2KMY
PO Box 9408, 1197 Hillside Ave A-16,
Schenactady, NY 12309

Midwest Division—Larry Lambert, NELL
405 Shelton Dr, Smith Center, K8 86967

New England Division—Thomas Kirby, W1EJ
Chairman, PC Box 455, Pelham, NH 03076

Northwastaern Divislon—Rick Beatty, NUTZ
23115 84th Ave W, Edmonds, WA 98020

Pacific Division—H. Paul Shuch, N6TX
14908 Sandy Ln, San Jose, CA 95124

Roancke Division—Tad Mathewson,
W4FJ, 1525 Sunset Ln, Richmond, VA 23221

Rocky Mountain Divisfon—Lauren Libby, KXBO
6168 Del Par Dr, Colorado Springs, CO 80918
Scutheastern Division—Ronald E. Monk,
W40DW, 103 Keller Court, Niceville, FL 32578
Southwestern Division—S. Keith Thompson,
K8PVS, 15130 Fir St, Hosperia, CA 92345
Wast Gulf Division—Derwin King, W5LUU
7335 Wild Eagle Rd, 8an Antonio, TX 78255
GRRL—Dana A. Shtun, VE3DSS
500 Willard Ava, Toronto, ON Canada M&S 3R6

Board Llalson—Jay Holladay, WEEJJ
5128 Jassen Dr, La Canada, CA 91011
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Dakoia Division—Ray Munger, KABARP
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Midwest Divislon—Larry Staples, WBAIB

425 W 49 Terrace, Kansas City, MO 64112
New England Divislon—No appointee at this time

Northwestern Division—-John White, KZRUN
PO Box 13274, Portland, OR 97213

Pacifle Divislon—David B. Tvler, N6DRT
PO Box 6017, Albany, CA 94706

Roanoka Division—Charles Moellar, N4FVU
116 Wiliow Winds Dr, Columbia, SC 29210

Rocky Mountain Divislon—ioe Knight, WSPDY
10408 Snow Heights Bivd NE, Albuquerque, NM
B7T112

Southeastern Divislon—.Joel |, Kandel, KI4T
5463 SW 92nd Ave, Miami, FL 33165

Southwaestern Division—Jerry Boyd, KGSLF
345 B Ave, Coronado, CA 92118

West Guif Divislon—Tom Andarson, WWS5L
901 Forest Glen Dr, Bedford, TX 76021

CRRL—Jack Strangleman, VE3GV
512 Pinefres Dr, Landon, ON Canada
NEH 3N1

Board Lisison—Faul Vydaren, WB2VUK
252 N Washington St, North Tarrytown, NY
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How’s DX?

Canducted By Ellen White, W1YL/4
19620 8W 234 St, Homestead, FL. 33031

Chagos Archipelago

That snazzy operator VQ9QM (alias
W4QM/W4DQS) updates what’s new at
Diego Garcia, British Indian Ocean Terri-
tory. Dale is QRV with a TH7DX atop a
t00-ft tower. In addition, there are dipoles
for 40, 30, 17 and 12 meters and a quarter-
wave sloper for 80. 160 is a current impos-
sibility with the local AM broadcast-station
tower a stone’s throw away. Diego Garcia
is about 7 degrees south and 72 degrees
east, resulting in a tropical climate with lots
of rain. The rain is really needed to keep
the salt washed off the power lines. Diego
Garcia is part of the Chagos Archipelago,
British Indian Ocean Territory, leased to
the US. The British retain civil faw
authority and amateur licenses are issued
by the local British representative, a pain-
less operation (show your license, pick an
unused cail, license valid for a year). At the
moment the crew (see photo) uses a Ten-
Tec Corsair and TS-820. The equipment
situation is fluid as hams furnish their own.
Active as always, Dale has sent out over
10,000 cards. All requests, via W4QM, are

o

Chagos operators (see text); standing (L-R)
K584, K4GXY, VYQIQM, VQ9JS; seated
WASQLY. (VQOAA photo)

honored. The island’s ham complement
includes VQ9QM, VQ9IS, V(Q9AA,
VQ9ID, VQ9SG, VQITS, and awaiting
VQ9 calls K5SA, K4GXY, WA3QLY.

FULL CALL SIGNS

MN6RJ has been concerned over the “*last two
fetters’’ method of operating (check p 67,
Qctober 1988 QST). Jim took the plunge at
ZF2JR (CQWW) and actually did the fol-
lowing: ©Q CONTEST, LISTENING FOR FULL
CALL SIGNS. ZED FOX 2 JULIET RADIO, Well, it
really worked and Jim got wonderful cooper-
ation from the people calling. He was able to
set a new personal high of 340 QSO0s in his
best hour and had several 300-plus hours to
boot. N6RJ encourages other DXpedition/
contest operators to try this method, saying
everyone benefits.

K9KQ FARNS WAB DIAMOND
TROPHY

WAB award requirements are tough (see p 57,
November 1988 Q37), particularly for those
of us on this side of the pond, says G4GEE.
Jim, K9KQ, had to work 1100 of the 4000
WAB ““grid” areas. (Only about 20 percent
of the areas are likely to have resident hams,
5o Jim had to persuade people to go out
mobile to activaie some of the less-common
ones.) On top of this, he had to work 70 of
their 78 counties, work at least 125 offshore
islands, contact members in at least 10 dif-
ferent DXCC countries and work 600 WAB
members. in addition, K9KQ had to work 400
of their so-called districts. Whew! Jim has
since gone on to be accepted into the WAB
Honor Rell for working over 1200 areas,

DX REALITIES SOUTH OF THE
BORDER
XEIMD/6DSMD forwarded the following

material to your editor in hopes that it might
help both sides of a pileup. “A lot of our
hams and would-be DXers come from what
the US calls CB. Concepts such as split fre-
quency or a second VFQ are unknown to
them. Infermation about working a list or in
a pileup is nil. Contirmed DXers aren’t prone
to let out some of their “secrets® for fear of
being surpassed by their pupils. There are no
genuine DX books in Spanish or Portuguese.
Now, with the onset of monoband DXCC
awards, things pot worse. To avoid the end-
Tess calling/pileups, can DXpedition opera-
tors stand by for Caribbean and Latin
American stations only, after W5s and W@s?
Extend your kindness to work transceive. No
harm will result—we are not as yet so

RVBYF

numerous—and this will permit relatively new
operators using a 15-vear-old QRP transceiver -
to make the contact. Attend to your order:
Indicate clearly when you change mode/fre-
quency. Periodically repeat your QSL infor-
mation. You won’t waste time, you’ll get
more contacts in an hour and more hams will
be happy than frustrated, DX is 2 game and
a new one is a great reward.”

OKINO TORI SHIMA

DXers remain particulatly close to what is
happening in the world—albeit with a DXCC
viewpoint! There are more important perspec-
tives, however. Science Digest recently car-
ried a small item from Narure Magazine
indicating that salvaging the Japanese rocks
will cost an estimated $240 miliion!

“Two rocks poking a few feet out of the
blue-green sea are all that remain of Japan’s
southernmost territorial border. The rocks are
the highest points on the vanishing coral
island of Okino tori shima, and if they dis-
appear Japan stands to lose 400,000 square
kilometers of its exclusive 200-mile ‘economic
zone,” and the fishing and mineral rights
that go with it. Understandably, the Japanese
are trying to keep the rocks above water, and
helicopters already have lowered iron tripods
to serve as the backbone of a concrete sea-
wall arcund the coral pinnacles. The engineers
plan to be especially careful pouriag the con-
crete because if the rocks are covered, Qkino
tori shima will no Ionger qualify as a natural
island under international law.”?

ASSISTANCE

[7] The interesting Canadian DX Association
periodical Long Skip (nice format, lots of info
and DX photos) recently noted that the city
of Kanata, Ontario has honored the late
VE3SR/VE2NV by renaming the Riddell
Area ““Jack Ravenscroft Park.”” Membership
in CANAD-X brings this interesting publica-
tion ($25 US). Write to the club at Box 717,
Station **Q,”” Toronto, Ontario, Canada
M4T 2N7,

(3 The outgrowth of the famous Geoff Watts
DX News Sheei (published by Geoff
1962-1982) is now produced weekly by RSGB,
“aimed at experienced DXers operating
CW/SSB/RTTY on 10-160 meters,"" includ-
ing the WARC bands; 6 meters covered
occasionally. The weekly 4-pager includes hot
news by prefix, IOTA updates, DX calendar,
band reports, QSL roundup, etc, in an easy-
to-use, understandable format. Check with
RSGB, Lambda House, Cranborne Rd,
Potters Bar, Hertfordshire, EN6 3JW,
England.

[1] Speaking of Geoff Watts, note that he
produces a 15-page Radio Amateur Prefix-
Country-Zone kst (which includes informa-
tion on Antarctic stations, USSR club sta-
tions, etc). His L/SSR Oblast Guide contains
outline maps of all oblasts, oblast list, oblast
award info, CQM contest rules, etc; same
price as above. The DXNS CQ/ITU Zones
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Guide is a useful companion to the prefix list.
The DXNS DXCC Guide is a useful shack
addition with present/past prefixes back to
1945, reference material, a full list of deleted
countries, etc. The list also gives the islands
on the Air (I0TA) reference numbers. Each
of the four noted publications goes airmail
for $3.00 each (6 IRCs). No foreign checks,
please, Write CGeoff Watts, 62 Belmore Road,
Norwich NR7 0PUJ, England,

{L-R} Two of the most active Guadeloupe hams
are FGSBT and FGSEBG. (FSSUQ photo)

[J The 1989 edition of K/BV"s Directory of
DX Awards is a knockout, with the latest re-
vision 60 pages longer and containing 375
more awards. $15.50 postpaid first
vlass/priority mail for W/VE; DX surface
£14.00; DX air to Western Europe and South
and Central America $18.00; $21.00 airmail
to the rest of the world. Contact Ted
Melinosky, KIBY, 525 Foster St, South
Windsor, CT 06074-2936; tel 203-644-2358.
For general info, an SASE would be ap-
preciated. (This would make a super gift for
some DX friend.)

] OE2ZDYL. is now into the eighth edition of
his popular DX Nets Around the World, with
info on more than 100 active DX nets ($3 US
or 9 IRCs airmail). SAE from Dieter Konrad,
OE2DYL, Bessarabierstr 39, A-5020,
Salzburg, Austria.

] WHEL has released Version 3 Miniprop for
[BM and compatibles. It uses a unique version
of searching through the several ionospheric
modes to find the combination of E and F
hops yielding the strongest received signal at
each half hour UTC (on each of 7 frequen-
cies chosen by the user), making it significant-
iy more accurate. More from W6EL, 11058
Queensland St, Los Angeles, CA 90034-3029.

CIRCUIT

[J ¥J: Mid-May will see VK8AV operating
YJ1BKS mornings and YJITRS afternoons.
Look for Alan portable here and there for an
extended period. Meanwhile, back in Alice
Springs, VR8XX and XYL VK8MM will help
keep VKBAVY’s QTH radio-active.

[0 IX8A: This drifting-icepak station will
shortly close down. OQperated be
LA2FFA/IW2FFA the operation gets con-

firmed via Mathia Bjerrang, LASNM, Box
210, N-9401 Harstad, Norway.

'] Clubs: Alamo DYX Amigos (San Antonio,
TX)—K5DB Pres, W5LUU VP, NI58 Treas,
N5HB Sec’y.

1 4XAT: Kibbutz Tzora (4Z24Y]) is cele-
brating anniversary #40 throughout the year.
If you work the station on 3 bands, a special
certificate will be awarded to you. QSL to
4X#T, Kibbutz Tzora Club Station, POB
99705, lsrael.

[0 AH2CA: KIKOB reiterates he is not the
manager for this station. Ralph says to QSL
this Guam station direct: Box 8423,
N25MOV3, Guam 96912.

(] AP2NK: Green stamps by mail is illegal
many places, including Pakistan. Please send
only 3 IRCs for return QSLing. (Thanks

K3TLP)

7 ZPSXDW: Doug has retired to Caacupe,
Paraguay (PO Box 73) and hopes for
ZPGCW, but may wind up with ZP6XDW or
ZPGXCW.

21 XF4T: Look for this Revilla Gigedo opera-
tion early May for about 10 days. XE2TCQ
will handle $5B, 1850 3795 7050 7185 14250
21300 28500 (all this split, 5 up); XE2BDG
will be at the key on 25 kHz up from the
bottom band edges isplit, § uph
RKE2MRV/XE2JFG RTTY, normal DX fre-
guencies. XF4T with SASE to XE2TCQ, PO
Box 66-D, Tijuana B.C. 22150, Mexico.

{1 YASME: In mid-February the Colvins
concluded their 3B4KG-ZC4ZR-9HIIN-
W6QL/5NY 4-month Africa-Asia swing.
You're sure to get their seasonal recap at the
April DX Convention in Visalia and the DX
session i Davton, and learn of their up-
coming visit to all 15 Russian Republics!
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When are the bands open? These charts predict this month’s average propagation predictions for high-frequency circuits between the
LIS and various overseas points, One chart showing East Coast to West Coast is also included. On 10 percent of the days of the month,
the highest frequency propagated will be at least as high as the uppermost curve {highest possible frequency, or HPF). On 50 percent of
the days of the month, it will be at least as high as the middle curve (maximurn usable frequency, or MUF). On 90 percent of the days of
the month, it will be at least as high as the lowest curve (optimum traffic frequency, or FOT). The horizontal axis shows Coordinated
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Oct 23-Nov 28, 1988 operation. SPECIAL NOTES

I F87: Look for 6- and 2-raeter operation  The FCC has been issuing K6 call signs to
by KAMQG, WA4VCC, WWAT and AA4SC  amateurs in the 6th call district in California
for the June VHF Test, with possible PJ7  for quite sume time, and the majority of KG6
operation if plans jell. Plans have them  call signs are now held by amateurs in the
utilizing the intercom frequency of 28.885,  state of California and not by amateurs in
and an operational beacon on 50.085. A com-  Guam or in Saipan. The following are known
pletfle OSCAR 13 station will be on the air, Guam and Saipan call signs at this time:
with emphasis on Mode B. **Spare’* time may e .

! Py . Guam calls:

see the group on 10, 15 and 20. AH2(x) or AH2A(xx)

KH2(x) or KH2(zx)
WH2(xxx)
KGéxxx (any KG6 call followed by 3 letters)
KGeDX
KGHRN
QSL Corner 2. Saipan calls:
KGeil KG6ARL

Administered By Joanna Hushin, KA1IFQ Egggff KGeSL

Here is some information for those of vou o

who would like to QSL a QSL manager or 1. :]‘hese cards go to KH2 bureau in L:u.a.m.

direct to the station location. It is passed 2- These cards go to KH@ bureau in Saipan

along as we receive it and, therefore, may not . X B . R

be accurate. The call sign in parentheses is the ~ (-ards for any other KG6 call sign not listed

QSL manager. above should be sent to W6 bureau in
: California,

22,56([;{[55 EJH.EZS’JSSC‘;)) gé’ggg :gg&’) TNX to KH2D, Guam QSL. Bureau Manager

The Fareham and District Amateur Radio Club ODSMM  (HB9CYH) SW1HM (FHAIFF)

wili be operating GB4HMS on board the ppy (K1cEr) 601GG (12MQP)  [1 QSL Corner, December 1988 (ST, page
3-masted, square-rigged sailing ship HMS (g, (NM2Y) 8PONX (W@#SA) 74, contains information and addresses for
gagfoé 7660 this spring/summer. (Thanks  yafe  (yASS) 8Q7CQ (DK9FN) the ARRL Incoming Bureau. QSL Corner,
BERS) VIICV  (NASS) 8Q7CW (DK9FN) March 1989 OST, page 68, contains
YL2ZG  (UQ2aML) information on the operations of the ARRL
~ Outgoing Service. For additional information
L1 3WBCW/DX: At the end of January, the (QSL MANAGER VOLUNTEERS on bureau operations (Incoming and
Interndtional DX Association shipped 150 1bs  NM3B WB2PQG Outgoing}, send a self-addressed, stamped
of these ‘‘rare’” cards to Vienna for use by KC6AWX  N4SQZ envelope to ARRL QSL Bureau, 225 Main St,
HASPP/MY/WA, cards representing their WBSYEA Newington, CT 06111. [GEF]
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Universal Time (UTC), the vertical axis, frequency in MHz. See April 1983 QST, pp 63-684, for a more-dsetailed explanation. The 3rd
edition of The ARRL Operat!qg Manualicontains similar charls for a range of sunspot numbers and timas of the year. Data provided by
the Institute for Telecommunication Sciences, Boulder, Colorado. These predictions, for May 16 to June 15, 1889, assume a sunspot
number of 179, which corresponds to a 2800-MHz solar flux of 223.
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Administered By Don Search, W3AZD

DX Century Club Awards

The ARRL DXCC is awarded to amateurs who submit written confirmation for contacts with 100 or more countries on the official DXCC Countries
List. You may endorse your award in 25-country increments through 250, 10-country increments through 300, and S-country increments above
300. The Satellite and 160 Meter DXCC awards are endorsable in 10-country increments through 200, and S-country increments above 200.
The totals shown below are exact credits given to DXCC members from January 13 to February 7, 1989. An SASE will bring you the rules
and applications forms for participation in the DXCG program. Send $1.00 to request the ARRL DXCC Countries List.

New Members

Mixed
DJEMT/09 JOTADVI40 QiC1IVUfi02 T AALMOD N2DCHM00 w4BM07 KEUOME5 WYEFL/106 KASYMV/109
DLTAEJNM1T JAZNQGHES PAIDMH/185 KA1LLH/M24 WEWOEME0 WAKHL/265 KIBHT/102 WPTHY05 WaDDP/305
BLYEJ139 JHIKEA/256 PS7KMI270 KA1OFCH01 WERE/119 WB4HNM/M12 NK8AfST K85WC/108 WOEDAS209
GIXONM04 JHIVNC/2TT SV2TXM10 KA1PCN/104 KA3RGFM21 KGENW105 WEMSG/101 KDBKA/104 WePWI/109
HBIDC/122 LAIVFAI256 uys00/308 N1DGC110 WauLIf60 NEDKS/124 WBNIZHOS5 KD8RZ/04 NAJR/258
{KIFRY110 QH1UNN30 VE4XI2/263 WIZGP04 ABYUMO2 NEMJBMO5 WAGBKR/M101 NS30OM07 WRQEVH60
1BPJQY115 CH2BPA/ 151 XEAEEFHOT KC280/105 NAMWR/100 AABEQMO1 WASJCD/145 WASMZOQI155 wBaSYV/1o
JATORM/110 OK1DWCHO5 YU3XA/109 KF2C/103 NK4U/104 AABJHI112 NTEF{312 KASSMD/00
Phone
CPSCWI05 HLIOHP/ 104 JT1BQ/105 SMSEMR/151 WINXW/114 KAWJIB/217 KD8SEf09 KBCHN/128 HXQT/148
DFEQFM08 IK2DUWMG3 LAIMFA/218 SVBANJI124 KC280/104 NEK4U/104 WENIZ/105 KasSQL/100 WaDDP/293
E&ATCWA/228 14ZX0H21 LATVFAS256 TI2QP104 KC2YW/100 AGSZ133 WABJCD/121 KABYYZI1O3 NBJR/228
EATGEKN1E JO1RDV133 LUSMCO/110 AX1KP102 KA3RGF/115 WESLO/NES06 KATGXOQ/100 AAGF/100Q WAPEWU/100
FEBIUS/110 JESLKC/H104 OZ1ADLA13 TJ1AALIMOO wauLy1eo - WsTOON07 NYEF/307 KBIANR/102 WABWAL/ 105
GMAWEX/105 JH3VNC/266 PSTHM/270 TJACH130 K4QHAM 08 KsUOr138
cw
D44BCM02 JABKLT/1E JAGTSIMDS w1000 KA3HIE!152 WALIVEMD4 AABDVHDT WaDDP/250 KIR/103
2KAJ199 JHIKEA/153 PAIDMHME1 KAZLAS/100 AALOVIEE K5SL104 N7EF/293 WOEDA/ 207 KK&VIM07
JAZNQG/185 JH3IVNCHET? VBEUW/104 WIWOEMS54 Ki4LP/110 WN5W/H106 WASYWK/100 WAIPWPIO1 N&JRI207
RTTY
OF2UAM08 DF3NAMD1
160 Meters
D44BCHM 01 EITIWM21 RAJABMO2 WB40SN102 WaLYIM 26
10 Meters
I7u/122 I56PM14 M1ETT/A00 Kl4tP/108 NEEIN/133 KTNW/128 KaMDONM?7 KaTLM/239 WBRZKG/ 126
VE4UD/M00 4XAVFNOT AAdUINES N4ONII177 K7GEX/108 WABLLY/15
EBDXCC
KEBNL Naus FM5DN WA4BEC KFsDX CX2CB UBSILA WEUYD JAALILA
KBCID OH3JF JH3VNC JASBSQ Kl4LP Kv2] LILZNW WD4IKXB AEIVIC
New Honor Roll Members
Mixed Phone
33 311 210 311 310
WEMJG331 JASART/328 DJATF/313 KANYVIa14 TI2CCI323 K7ZBvials ITKXGI313 WDSDBVI31S
K28HE/327 VE3HO318 WBMAW!323
Endorsements
Mixed
DJ1XPI40 JATGLBf324 Z5201278 K2PEQ/250 K4JAR289 WB4BBH/276 NEIBP/221 W7KSHK/260 NBCAR/MSE7
DJABCR/337 JAGNLE207 AX1KP/221 KB2XJ/282 K4LW/286 WB4CBK/305 NENXV/180 W7OC280 NJeX/239
DL1LEN336 LADEW126 AXALI260 N2AMS/278 K4QE/228 WB4FLB/280 NEVI/300 WIXAI29 NKBX/TS
GIKLLI06 QE1ZL/aN K1MZB/150 W2AAN/293 KA4LRM/244 WBAMAI311 NSeD/220 WETW/184 NX9T/47
GAQKM 27 OH2ZDW/207 K1V8G/129 W2EKZ348 KCAMIKI2TT W.J45/199 WECTL/3186 K8LINP/280 WOAA/2E3
HBIBMZI219 QKi1RD/302 KIWVX/252 W2SR/M306 KI41.J1137 WN4G/229 WEMFC/312 KCHMK/260 WIMGJ/300
HHEICRV/201 ATSUN/A30 K1ZZIf250 WARIKL201 KI4LP/255 WE4G/225 WEPCS/237 KDBFO/294 WOTNZf201
HK3BFU/204 SMINJJI260 KAITMX/201 WARUDT/225 KJAMD/265 WT4Zfa21 WEPLJ/155 KD8YM/131 WAQZWIL/228
126M/347 SPeBZr3a2 KA1RRBLM75 K3SEW/301 N4BQD/280 AGRZI134 WEPMT/305 N8AGU/152 WBIBZE/175
IK2BLA/273 SVIJA/260 KC1DQ/150 KC3ILM/128 N4RU/266 KEHKXM 7T WBTZID/362 NEEL/313 ABDPP/2a0
IKBBQE/295 TGONX/I1T KC1GNI253 KD3AD/ 131 T NZ50/181 WABTJIM/249 NBEQA/158 KBQOI320
IKBDOI 282 VE3HD/356 KZiL/200 KD3FVI150 NK4L/3D4 WEOE/300 WABWZO/322 WASYRIZ10 KCAD/265
185NY /259 VESHO/312 N1CIXs261 KX30/261 NX4N/273 WEZF/326 KTJBGM30 WABNDL/292 KMeQi200
IKOAZ G300 VESJGG2T3 NCIEME2 N3AKD/292 WAJATIZT3 WNSMBS/250 K7LJ/282 WASPYL/328 KOBJI287
JATBIVISOT VEIGOW4/251 NG1IH22 N3CZJM81 W4KA322 WZ5U/305 K7SZIN/225 WASYTM/290 NICI151
JA2BHGI3S VEIMRX[152 W1ENE/203 W3SQOH/321 WAQQN/343 WZsvi2ar KCTMM/131 WBBHIW/215 WEBW.J251
JAZIRGI3N VE7CXN/143 WIFDRN77 AA4HI3 WAACTC/ 284 KBSDSN/150 KETCR/MTS WDSPKF/313 WOEFK/318
JAIYS/206 XETALH/208 WIYCOM25 AALWX/12T WAATLI323 KEGKT/182 N7BES/281 AlOYNT75 WARIDK/31B
JA4LXY /324 XETVIC/305 WA1UDH/290 AA4XA/251 WAAYLD/258 KEsJW/201 NT7ENMB7 KIEC249 WABQVC/253
JABBEE/330 XE1XAC/201 WB1BVQ/278 KAGXQ/216 WAAZNUI208 KJBNZ/179 WTHS/260 NoBLSr297 WDOHNCY289
JATARD{323 ZL1BWKi232 AFRKI251 K4I1QJ/230
Phona
CT1AMKI250 [28M/347 JAGNLE/285 K1WwvX/2s2 W2RKZ/341 KCAMIK/225 KSUKN/327 WEUVWHMES WBBIXV/205
CT1BGC201 IKZBLA2TS JYSLCHTS KATFSQ/75 W2RAGUI330 KI4LP/238 NJISX/268 WABTJIMI237 WD8PKF/311
CTIQF 214 IN3DEIf315 QE1PPC/200 KA10RB/55 WAZLWM/232 KJ4MD/260 NZ50/172 WABWZO/322 K9BSL/150
CHAABYM54 IKEEEG/216 PY40D/316 HE1F/280 wB2CV1J313 N4IQN/212 WSBWA/198 WBEPSY/307T KaK.J5/231
DLEOARI200 IKTDBB/251 SM7NJS210 W1FAB/290 K3SEW/281 N4RU/210 WBsIUU/M26 WWEF/270 N§BUS/288
DL7EPI325 18IHG/312 TGONX/A1T WIMMV/359 KCAINO/265 N4TL/283 WNSMBS/250 N7BES/27) WaTNZ/183
EA3CCN/233 IKBBQE/293 VK4ZM234 WIWRNI255 KD3Al/125 NI4Y/280 Y255 WETW/150 KOHBC2TY
EABAD/306 1KaDO/262 XE1ALHI206 WB1BVQRT7 NK4L/28Y WZ5U305 KBUNP/267 KBQQI318
EIBEW/225 1ASNY/256 XE1IL/179 AQ2K/248 N3AKD/271 W4FPS/335 WZ5VI287 KCBME/256 KpJr2a4
GAKLL/305 IKBAZG/209 XETVICIan4 KB2XJ/273 N3BOQSM51 WaKHL/285 KEBKT/178 KCBNUI254 MNARCH267
G4MBTHTE JA18JVI261 XE1XBC201 KB2XP/270 N3CZIM80 W4AQQNA31 NABSB/273 WOBWJI251
GRAEB/149 JHHWVI280 It KC2KURE00 W3YHR/288 WALMXD/1AD NENXV/150 NAFUMI157 WBGLG208
[tHAG/320 JAZIRG285 ZL1BWK/232 KQ20/279 AA4DOH270 WAA4TLIAZ20 WEBDDM74 NBHTT/284 WABGLUD/280
NZFT{318 JAGBEE/325 Z867B/158 NZAWM/238 AALIOf227 WB4aMAL/293 WEMFC/310 WaILH/282 WDRHNGQ/28T
IK1A0D/290 JATARDA21 AXAIL/253 NKZ2B/208 K4LHH1B6 WB4ZIM/280 WEPLJ/142 WABPYL/321 WHERIM44
12JSB/304 JATGLB/324 SB4ES/205 NX2H/150 KB4WY{250 WJLS/173 WEPMT/I305 WASYTM/283

74 05T~



cw

RBJ1XPIa0T HK1BYM/244 LABYN/234
DRSPR300 IK2CIHMTT PA3ICNINTE
DLEVWI262 JA18JVI200 PYAOD{283
EABIR200 JH10CGCH45 SM7NJJI204
G4QK/134 JA2JRG 283 TGBNX/314
HBSBMZ/161 JAALXY/298 VEIVX/150
HBSCRV/174 JATITIZ49 VE3HOI275
RTTY

ISFLN/280 WHAXM148 K2PEQ/161
160 Meters

VKEHD142 K1Zmizi0 K2FL{110
10 Metars

HB9RG/231 K2ARO/303 KAMF/T?
DXCC Notes

VKBHDA76 W2SR/286 N4IHT/152
ZL1AMO/202 KISEW/190 N4TLH27
Z82u/200 N3IAKD/232 NK4L/280
KAIEVY/125 W3FG/H65 WALYLD/149
KE1F200 AA4CMIZ02 WB4BBH/222
N1CIX/201 AAAXRI136 WB4MAJ/ 285
KA2DIVI279 KC4MK/200 WEB40SN/306
W2FXA/200 WALWIP/204

K3UAMSE NaJJyr2m w4QWJres -
KBSDZY{126 KSEMN/250 WeCTL/111

The OXCC Honor Holl Listing will appear in the July 1989 issue of QST.

WD4AHZ150 NEIBP/187 WOTNZM38
Wa4G212 WECTL/229 K@QCy239
ABSX/125 WEMFCH126 KCaD/250
NRSQ/155 KY7M/260 WaLYl2m
W5E0G294 NN7A/201 WeULU/200
W5XJ/181 WABYTM/270 WAQGLID/226
WDSDBV/281 WDBPKF/267
KeUWAMTO
WAEBYA/125 WBEPSYI260

)

Simple Low-Noise Microwave Preamplifiers

{continued from page 36)

Fig 13—The prototype self-biased 2.3-GHz
preamplifier. The large rectangular pads
near C3 and C4 are not needed and were
dropped from the final artwork.

diameter of the capacitors through the PC
board as shown. See Fig 12. Be sure to
place the holes so that the FET source leads
are 0,070 inch long when Q1 is centered
between Z1 and Z2. Solder a brass or
copper sheet across the holes on the

ground-plane side, and solder one side of

C3 and C4 to the sheet. Then solder the Q1
source leads to the tops of C3 and C4. Fig
13 is a photograph of the finished unit.
According to the computer simulation,
this technique yields unconditional stabili-
ty in the 7- to 8-GHz range. The overall sta-
bility of & preamp built in this way is
vomparable to the grounded-source design.
The measured performance of this config-

uration is good too. Compared to the
grounded-source model, the gain of the
bypassed-source LNA is within 1 dB, and
the NF is within 0.1 dB, of that obtained
with the grounded-source configuration—
and no stability problems are evident. This
technique is suggested for the 2304-MHz
model only.

Although the preamplifier circuits are
designed for minimum noise figure, the
ATF-10135 and the ATF-13135 devices are
capable of producing moderate power at
microwave frequencies. When biased at
4V and 70 mA, the ATF-10135 is capable
of producing +20 dBm (100 mW)—
operating at its 1-dB gain-compression
point—at 4 GHz. Slightly less power can
be expected at 5.7 GHz. At 12 GHz, the
ATF-13135 is capable of producing
+17.5 dBm at its I-dB gain-compression
point when biased at 4 V and 40 mA.

Summary

This article has described a series of low-
noise amplifiers that require minimal
adjustment for optimum performance.
Any one of them can be constructed easily
in an evening. They offer low noise figure,
acceptable gain, good input and output
SWR, and good stability.

I would like to thank Kent Britain,
WASVIB, for his valuable help in laying
out the artwork for all of these preampli-
fiers and their subsequent revisions, His
help, plus that of many other people, was
invaluable in testing out the prototypes.

Several dozen of these preamplifiers are
already in'use nationwide with good results.
Copies of the 10.368-GHz preampiifiers,
for instance, were used by WASVJIB and
WATCIO to make the first-ever 10-(GGHz
EME QSO! I also thank George Vendelin,
to whom I owe a great deal for his guidance
and advice.

Notes

1Avantek AN-AQ02, as well as other Avantek
application notes, are available from your local
Avantek distributor. If you do not know the
location of your local distributor, contact
Avantek, 3175 Bowers Ave, Santa Clara, CA
95054-3292, tel 408-727-0700.

2Microwave Components of Michigan, PO Box
1697, Taylor, MI 48180, tel 313-753-4581.

3Down East Microwave, Box 2310, RR 1, Troy,
ME 04987, tel 207-948-3741, UST and ARRL in
no way warrant this offer.

Al Ward, WB3LUA, earned a BSEE from the
University of Hiinois in 1973, He worked for
Texas Insiruments from 1973 until 1987 as a
microwave design and systems engineer. In 1987,
he joined Avantek as a microwave semiconduc-
tor field applications engineer. First licensed as
WNIQZE in 1955, Al is well known for his
technical and operating achievermenis on VHF
and above. He holds WAS and WAC on 50, 144
and 432 MHz, and WAS on 220 MHz. He has
worked 30 states and WAC on 1296 MHz, Al
holds a number of VHFE/UHF/microwave
distance records and has operated EME on afl
bands from 144 to 2304 MHz. He is presently

active on 858 and CW on all bands from 50
MHZ through 10 GHz, and can even be found
chasing DX on 160 mefers. ]
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Correspondence

Gonducted By John Hennessee, KJ4KB

Regulatory information Department Assistant

All letters will be considered carefully. We reserve the right to shorten letters selected in order to have more members’ views represented.
The publishers of QST assume no responsibility for statements made herein by correspondents.

THE NO-CODE DEBATE CONTINUES:
PRO...

["] Having been licensed more than 20 vears,
I never thought [ would be saying this.
However, I think the time has come to again
consider the idea of a no-code license. In the
past, 1 felt T had to learn CW-—s0 should
everyone else.” T still feel this way; however,
what has changed my mind somewhat is the
development of packet. | personally know
two people who, while having no interest in
talking on the radio, were very inierested in
my packet setup. Neither could understand
the need to learn CW.

I am beginning to feel we have no other
choice if we are to keep our VHF/UHF
bands.—David J. Hardingham, KE7JM,
Cheyenne, Wyoming
[1 As I read each letter carefully, | became
aware that some confusion on the subject
exists.

No-code does not mean totally
eliminating the current code requirements.
Nor does it mean a rash of new, pathetically
uninformed licensees suddenly appearing on
a favorite HF band to compete with each
of us for limited frequencies. International
treaties do .not provide for no-code
operations below 30 MHz.

What it does mean is an opportunity to
increase the number of amateurs in the
USA. And those new amateurs could be
placed on frequencies we risk Josing through
lack of use. What it does mean is an
opportunity to attract technically oriented
new amateurs. What it provides, through
the process of incentive licensing, is an
opportunity to increase the pool of fully
competent amateurs who know and practice
the honorable art of communricating via
Morse code. If the no-code license is
popular, it will guickly attract a large
mumber of new amateurs. These new
amateurs would have the incentives to easily
upgrade and acquire limited HF and two-
meter privileges by passing a 5-WPM code
test, I believe the net result would be more
amateur operators and actually an increase
in the total amateur population capable of
operating CW,

Regardless of what we say about the evils
of nocode, what we are really fighting is
increasing the total number of amateurs
because we are unwilling to share limited
frequencies with additional hams.—
Terrence R. Redding, WBSLMJ, Lawton,
Oklahoma )

[1  The US Air Force trained me as an
expert in electronic warfare and [’ve spent
six years with the Federal Aviation Adminis-
tration. i feel confident that I might qualify
as one of the people who Terrence Redding,
WB5LMJ, mentioned in his letter as being
the type who ocught to be attracted to
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Amateur Radio. Of those who took the con
position, not one of them gave a viable tech-
nical reason {o retain the code.

If CW can’t stand on it own merits, does
it deserve to [continue as a licensing require-
ment]?—Pat A. Hines, Morrisville, North
Carolina

[ Well, now that the great debate is on
again, 1 think that it is imperative for all of
us to stop counting the trees and look at the
forest! I remember well being 12 or 13 years
of age and taking my Novice test. I only had
15 minutes of code before the old boy
passed me and then a simple written test
followed, I didn’t know a thing about radio.
I didn’t really learn about radio until I put
together ray Heath transceiver and made a
dipole. We had to learn from each other and
from our Elmers. The point here is that we
hams learn by doing, not testing.

We have to change. OQur public service
will disappear as cellular telephones become
consumer items. Qur traffic handling is
going to the FAX and to the computer. We
alt love this hobby, but love ain’t enough!
We have to make it a growth industry and
we need more bodies. Let’s all talk about
how we would shape the hobby i we had
a blank piece of paper and [then go about
changing things.]—Bill Levy, WAXRUD,
Mt. Kisco, New York
[[1 CW will live as long as there are bands
with overcrowded spectrum resources,
uncertain propagation and frequent inter-
ference. While these conditions are usually
irue of the HF bands, they are not always
the case at VHF and above and the ITU
Radio Regulations reflect this fact by not
requiring Morse code proficiency for
amateur stations **making use of frequen-
cies above 30 MHz.” I know many people
who would make fine additions to the ham
fraternity, except that they cannot or will
not learn Morse code. 1t is time to bring
them into Amateur Radio and bring US
amateur licensing in line [with that of other
countries] by dropping code test require-
ments above 30 MHz.

Then, as now, the strongest influences on
an individual ham’s on-the-air behavior are
peer pressure and the examples heard on the
air, thus the lack of CW proficiency has and
will have little effect on other modes of
operation. Proponents of “CW forever”
will no longer be able to count on new hams
being forced to learn the code and instead,
they will have to try to attract other hams
to this mode of operation (called CW), just
as packeteers, EMEers and others do now
for other modes.—Avery Davis, WB4RTP,
Marietta, Georgia
[7 Why must every station be a top-notch
CW operator? To those who want to use
CW, fine, but why must vou continually try

to force vour likes on others? No other fac-
tion of our group insists that everyone must
learn and use a particular mode. The time
has come to look beyond the emotion and
personal opinion on the no-code issue.

I would like to see the League contact
other 1ARU member societies in countries
which have a no-code license and find out
what effect no-code has had on Amateur
Radio in those countries and then report to
[JS hams the results of that investigation.
We would then know whether no-code has
benefited Amateur Radio where it has been
tried. If it has worked in other countries,
it could work here; if it hasn't, it probably
wouldn’t work here either. The decision
should be hased on fact rather than fesl-
ings.—Bob Irvin, KBOCYQ, Fi. Mugu,
Cualifornia
[The ARBL has done just that—contacted other
IARU member societies who have had
experience with a no-code ficense. The infor-

mation has been provided to the ARRL No-
Code Study Committes.—Ed.)

AND CON
[21 1t’s my opinion that individuals refusing
the simple task of learning the code are no
asset to ham radio. It is evident that they
want a license, but only if they get it their
way. It is as simple as that.--Raymond P.
Gascon, W7SJS, Salem, Oregon

711 am not in favor of any no-code license
in any form. I stand for quality, not quan--
tity. We as a nation should be setting stan-
dards, not deleting them. Our licensing
structure need not be relaxed any more
and the code should always be a requisite
to becoming licensed.—-Orlin D. “0.J.”
Jenkins, KBOJ, Greeley, Colorado

[Jin all but an insignificantly small
percentage of society, a CW proficiency of
5 WPM is not impossible or even difficult.
it remains a skill that the prospective ham
must master to get a license, [t is an aspect
of the personality of he who puts forth the
effort to learn 5 WPM, not because he has
to, but because he is willing to take the
initiative. ..

Another thing no-code pundits do not
seem to be aware of is the sad lack in the
general population of interest in science.
Here is an area we hams can jump on with
both feet. What is sorely needed is for clubs
and individuals to put together programs
that can be taken into our high schools and
junior high schools and even grade schools
to promote and excite our children into the
fascinating world of science and its practical
application—Amateur Radio. How many of
us got our start in our respective fields
because of an interest in our hobby? We
need lots of voung people in our ranks: Let's
go get ‘em.—John Gebuhr, WBBCMC,
Omaha, Nebraska )
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Conducted By Luck Hurder, KY1T
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Hazardous Materials Awareness

Prepared by the staff of the Initiatives
Division, US Department Of Trans-
portation

There has been an increasing public
sensitivity about the apparent increase in
the number and severity of incidents
involving hazardous materials. The
Bhophal, India disaster raised the issues to
a concerned world that the potential for
disaster was present at every chemical
factory. A subsequent (and smaller)
incident at a similar facility in Institute,
West Virginia brought home the fears of
a similar catastrophe to this country.

There is also increasing public sensitivity
to the impact of hazardous materials
incidents on transportation systems.
Whenever a gasoline tanker overturns or
arail tank car derails, the public hears con-
cerned emergency responders discussing the
great dangers to the public, the length of
time required to open the road and the ex-
pense to repair or replace the road,
Remember, a single hazardous materials in-
cident has the potential for loss of lives and
millions of dollars in property damage!

It is impossible to imagine 2 community
which does not have hazardous materials
transported on its streets, under its road-
ways in pipelines and in use in its homes
and business establishments, 1t is important
therefore, that Amateur Radio operators,
as well as other concerned citizens, recog-
nize the widespread presence of these
materials, understand the possibie conse-
quences of a spill or release and be prepared
to take appropriate actions in case of an
incident involving hazardous materials,

What Are Hazardouws Materials?

They are substances which, because of
their physical and chemical properties (eg,
their ability to burn, explode or cause
sickness), present a high risk to people,
property and the environment if they are
released from their container.They may
pose unreasonable risk to health, safety and
property when transported in comimerce.
Some of the more commonly known
examples of hazardous materials are flam-
mable liquids, such as gasoline, which give
off vapors which can burn at ordinary
temperatures, and corrosives such as sul-
furic acid, which can damage skin tissue or
metals.

While one may not normally think about
the amount of hazardous material in trans-
port, one’s sensitivity improves when
stranded on a freeway because of a tanker
accident or when suddenly asked to com-
municate the details of a hazardous

maierial accident to the authorities. There
is an amazing amount of hazardous materi-
als being transported. The Congressional
Office of Technology Assessment has
estimated that more than 1.5 billion tons
are transported per year!

Labels

Warning labels are an indication of
hazardous materials and musi be displayed
on most packages containing hazardous
materials. Labels are diamond shaped, 4
inches on a side, color coded and show a
graphic symbol depicting the hazard class.
In some cases, more than one label must
be displayed, in which case the iabels must
be placed next to each other. In addition
to labels for each of the DOT hazard
classes, there are other labels with specific
warning messages such as ‘‘Magnetized
Materials,” and “DANGER—do not load
in passenger aircraft.”’

Placards

Placards are similar to the hazard
warning labels discussed above, except that
they are displayed on transport vehicles,
such as truck-trailers and rail cars. They are
also diamond-shaped (although 10 inches
on a side), color-coded and bear a graphic
symbol indicating the class of hazard.

The Trained Observer

If you should witness or come upon a
transportation incident, your first concern
should be for your owr safety. If a high-
way accident has occurred, hazardous
materials may or may not be present;
people may or may not be injured and the
authorities will certainly need to b