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| .anononsense

| radiothat provides
“more power,

| broader frequency

| range and simplicity
“ofoperation

7...;t__l,1le-'k‘i'nd of hand held most people want...simple,
P _ruggded, reliable, easy to use. The S-15 offers a full
5 watts of power...power that extends your range and

improves your talk power. Its state-of-the-art integrated circuitry provides far
more reliability and ease of maintenance than conventional circuitry.

Consider these teatures before you decide on any hand held:

e § watt output (1 watt low power switchable)

¢ 10 MHz frequency coverage: 140-150 MHz {For export only: B
version 150-160 MHz, C version 160-170 MHz)

¢ Electrically tuned stages. Receiving sensitivity and output
power are constant over entire operating range.

¢ Three channel memory. {1 channel permits non-standard

repeater offsets. 200 micro amp memory maintenance

{standby)).

A new “"easy remove” battery pack

Qine hour quick charge battery supplied (450 ma/HR)

Plug for direct 13.8 volt operation

Speaker/microphone conhector

BNGC antenna connector and flex antenna

Extremely small and light weight (oanly 17 cunces).

Ample space for programmable encoder,

Fully syntheslzed

Extremely easy to operate

Its low price includes a rubber antenna, standard charger, 450

ma/HR battery (quick charge type} and instruction manual.

e 3 o ® & 0 & & & @

OPTIONAL ACCESSORIES: 1 hour quick charger (AGH 15) « 16 button
touch tone pad (8 15T) » DC cord « Solid state power amplitier {S-30 & S-
&) o Holster (CC 15) = Speaker/mike (HM 15)

@Arailable at
your local Gempo
Healer or fieom..

jable]

A ...the proven Tempo
1 CS-15, plus three new commercial model
Tempo synthesized radios

The CS-15 is a fine quality radio with 5 watt
output, 10 MHz receiver coverage, is fully
synthesized, and is 10 channel internally
programmabile. It's also sturdy, compact
and affordable.

The new Tempo FMH-158, FMH-24S &
FMT-258 {mobile)
...all feature 16 channels, CPU controlled EPROM PLL,
CTCSS encode/decode programmable per channel,
priority scan to Channet 1, and time-out-timer.
FMH-158...138-174 MHz (10 MHz) frequency coverage

1 watt (low)/5 watts (high) RF power output
FMH-445...400-512 MHz (20 MHz) frequency coverage

1 watt (low}/4 watts (high) RF power output

FMT-258... 138-174 MHz (10 MHz) frequency coverage
25 watis RF power output

O W il

931 N. Euclid, Anaheim, CA 9280

Butler, Missouri 64730 (816} 679-3127
TALL FREE ORDER NUMBER: (800] 421-6831
For all states except Calitornia.
{:alif. residents please call collect on our regular numbers.

2050 S, Bundy Dr., Los Angeles, CA 90025 {213} 820-1234
1 3714 772-9200



i The CT2200 and KB2100 give you an integrated system that In-
¢ cludes video, RTTY demoduiators :(hEgh, low, modem low, an.d.

_ pionsered the radio malthox technigue with the MPT3100, and
~ now the new DSK3100 disc drive option glves you 326,000 char-

" isrenowned for its weak-signal performance and relability. Add
" the ARQ1000 for full AMTOR operations, including an AMTOR

formance and reliability, this systemis the proven world leader.

MPT3100 + DSK2100 + 578000:
MPT3t00—the acknowledged top-of-the-line system for both
commercial and serious amateur RTTY and CW stations. HAL

acters of message storage. The system |s designed particularly
for the amateur, commercial, or military operator who has to
handle a large amount of traffic. You can ceollect, edit, and ra-
transmit traffic perfectly with a minimum of effort. The ST8000

mailbox. If you are serious about your code and need high per-

| ARQ1000 for ALL AMTOR featuras (not just some ofthem) The 7

RS2100 RTTY Scope gives you the acknowledged best tuning fn-
4 dicator for a complete RTTY system. Also included in the.
| CT2200 |s seléctive-call ASCII printer output, split scresn, 36 or
i 72 characters per line, smooth scroll, and 2 or 4 pages of display

i “brag-tape” memoaries that are programmable and non-volatile.

¢ teurs around the world. -

CRI-200:
At last, acomputer interface that realfy works and has an accur-
ate tuning Indicator. Take advantage of HAL's years of experi-

ence in RTTY and see how good computer RTTY can be. Best of

up the GRI-200 and work ALL the stations!

- BOX 365

! memory. In addition, the CT2200 has 2 HERE IS and 8 large” ‘

% This is our most popular system, used by thousands of ama-

- a one-package complete RTTY system. All you need is your

all, it’s universal and you can setect the computer and software

of your choice. Why be frustrated with computer RTTY? Hook- ‘shifts and either high or low tones s bullt-in. AND, the system is

- .Scope, and an ASCII printer, and you have a no-compromise

HAL COMMUNiCATIONS CORP e T
URBANA, IL 61801 (217) 367- 7373

CWRGBSO'
Have a space problem or want portahle RTTY? The CWRG850 is

transceiver and 12 VDC—the rest is in the CWRE850, including
the screen. The high-performance RTTY demodulator for ail

expandable! Add the ARQ1000 for AMTOR, the RS2100 RTTY

base Stat;on for ali modss,
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D, TIME FOR AN ~A d
BREAKTHROUGH

]T'- The high quality of AEA products is appreciated long after the price ll
paid is forgotten.

anna
Mo A o THE FANTASTIC DOCTOR DX HOT ROD™
CW Band Simulation That Is 50 Real " Yol Ant o405 / s
No Ty You Won't Beligve it} s Wave Talascops Antenna~ § ‘ £
lescopic sdctions than wava J
« Will improve the oparating skifls of ANY CW operator] ° Sﬁ%e;.te P than any %
: ﬂgﬁifg :’g‘g:ﬂ gf;sa:g::; f;?'::;ggf dévlasd. * Shorter and lighter than all % wave whips, o
= Exparlence the thrill of a *DXpedition” o anywhere I the worlg, | * Speclal maiching network designed by Pro- it
/ * Oparata ariytime you want, (deal for travalers, fessar D.K. Reynolds {co-inventor of Iso'. :
. ". * Umpragaive award certificates avallable for verified performance. poleT™™ antenna) makes Hot Rod competitive- i
i $179.95* + Or-going contests: B-hour sprint and 24-hour marathon, ly pricad. :'!.u, yl“
i
* Most gatn attainabie for length
cfantenna %
+ Besi decaupling of any commer l
<tal VHF base station antenna .
i available,
} «Mora gain than many antannas PKT-1 Packet Controller $586.95
3'3*""“;‘0 up te:7 48 03'“"“"} » First commercially avallable packet controller for ~ « Multiple conversations on simplex channel.
. ;:rfgg:drgz :‘rfs:iaodf"r‘:dm;?:' Amateur Radio. » EVERY PKT-11s a diglpeater.
« Factory quned ratehing net. - * Uses TAPR cireultry and Hirmware. « Sond computer files error tree,
wark. = Digltal radio communications tor computer to * Dperates irom 2-15 VDO for portable or fixed l‘\
» Greater bandwidth fhan any computer. aperation.
compatitive product, » Easy to uge—five usual commands.

* DG grounded for static dis-
sharge protasction,

» Dacumented cases of wind sur-
vivai in 140 + mph hurricangs.

ELECTRONIC KEYERS

» Easler than any compatitive zn. i
teana to assembie
Mast b ll
Not o B
Inciuded P LR 2 ,
_ . 0 $108.05* Ytiie $149.05% CK2 Contest Kaye
IS0 = 144 of 220—$59.95 g ¥ $220.95"
IS = (44 JRor 220 JB~$49.95* L |  BT.1 Basic Morse Trainer KT-2 KeyerTrainet 49 gott.partioned™
180 = dd0—$84.95* E * Proficiancy Trainer.  memories. MM-2 MorseMaticTM .
. Teaches code at 20 wpm. » 01-43 WPM. * Automnatic serial number, = Memaory keyar, l 3
ANTENNA * Aandom practice mode,  + Full-feature keyer (no  « Stepped variable spead.  » Auto serial number,
= Yariahle monitor tone. meamoryl. » Two spead memorles. ¢ Proficiancy trainer.

All AEA Keyers opsrate from 9-15 VDC (power supply not Included) and offer many more advanced
features than can be listed hars. it is no accident that AEA keyers are regardad as the best in the world.

Ti-1
RTTY/AMTOR MAP-84/2

2 - Unmatched Software For C-84
Tuning Aid  $119.95 $200.95 And VIC-2¢ Computers

23

cpt $230.95*

MBA.TORTM_The most advanced soH-
wars wriiten for Morse-Baudal-ASCil-

. o —_— AMTOR including mail drop.
* Plug lfgfggfzfmam;:fm Computer Patch™ Interface MARSTEXTTM—4 special Marse.Baudot:
o Dual channel filters, + Batter parformance than any coir- aiCR"s al:!:;?:;?; 1::211:82;: ;ﬁ’:&'ﬂl[v for ‘Ll
* Ext, 12 VDC reduces load on . ge“‘l"‘h""’?"'lcg.lt nq with auto SWLTEXT™™—The most sophisticaied
* Spactral display of RTTY camputer (power supply not val chanriel liltering with auto o uvaitable for the shariwave fis-
tones, included). threshold corraction tening enthusiast Automatic data analy.
= Instant indication of shif! » Morsa-Raudot-ASTI - « Variable shifl sis; Morss, Baudot, ASCIl, AMTOR, and
{THAEE RANGES). AMTOR. * 117 YAC power supply included S1Y0R.
* Built-in speaker with switch » Most advanced software AEA algo cflers Morse, Baudot, and ASCH software for the tollowing comput-
far quiet monlioring, available. ars: Apple 11, {1+, lle; IBM-PG,

For Orders and Quotes Call Toll Free: 800-336-4799

Virginfa Orders and Quotes Call Toll Free: 800-572-4201

Order Hours: M-F 10 a.m:-? p.m. N {l
13646 fefferson Davis Highway Store Hours: MWF: Noon—@ p.m, Saturday 10 &.m.-4 p.m. WE [@] :
Woodbridge, Virginia 22131 TThS: 10 &.m.—4 p.m. Send 3 20% stamps for a flyer. —
Information & Service: (703) 643-1063 Dealer Inquiries Invited




" )

CORPORATION

A4, with wideband performance, easy installation, 4
band operation and moderate price will give you more
enjoyment and satisfaction from your hobby. You'll
like the 40 meter operating possibliiities with the A744
add-on kit.

A4 is designed with you in mind because it has fewer
parts to assemble, less weight and minlmum wind load
on your tower. With the 18 ft. boom, A4 gives ex-
cellent gain and front-to-back ratio. if your interest is
rag chewing, DX-ing or contesting, A4 is the perfect 4
band bearm for you,

MODEL A4 10, 15, 20 METERS
MODEL A744 40 METER ADD ON KIT

SPECIFICATIONS SWR 1.2-1 band-
width 500 + KHz, boom 18 ft., longest element 32 ft.,
wind area 5.5 ft.%, turn radius 18.4 fi., weight 37 ibs.
Excellent gain.

MORE CONTACTS, MORE SATISFACTION WITH

CUSHCRAFT BEAMS

More contacts, less interference and a better signal at
the recelving end are yours with this 2 element 40
meter Skywalker Yagi, The computer design max-
jmizes gain and reduces side lobes. The design also
gives low SWR with excellent bandwidth,

Holder of the Morth American contact record. This
compact two element antenna has quickly become
“the most wanted™ 40 meter beam. Make it your first
choice.

MODEL 40-2CD 40 METERS

SPECIFICATIONS boom 23 ft., i/l
longest element 42 ft., beamwidth 70° 1.5-1 band- ,[

width 180 KHz, turn radius 24 ft., windload 6.3 ft.2, P.0. BOX 4680 I~M 48 PERIMETER ROAD

1.5-1 bandwidth 180 KHz, turn radius 24 ft., windload hd -627-
6.3 ft.2, weight 40.7 ibs. Excellent gain. MAHCHTZSLTEE(R'QSQ{_ ;'-32 Ogul;flg{(f oﬁ :: 77877
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Directors

Canada

THOMAS B. .l ATKINS,* YEICDM,
55 Havenbrook Blvd., Witlowdals, ON M2J 1AT
{418-494.8721)

Vice Director: Harry MacLean, VE3GRO,

143 Meridene Cr. Wast, London, ON MN5X 1G3
519-433-1198)

Aflantic Division

HUGH A. TURNBULL,* W2ABC, 6903 Rhode Island
Ave., College Park, MD 20740 (301.927-1797)

Vice Director: Gaorge W, Hlppiale\;, K2KIR,
7932 Irish R4., Colden, NY 14033 {T16-941 5287
Cenlral Division

EDMOND A, METZGER. WBPRN, 1520 South
Fourth St., Springfield, 1L 62703 (2175235881}

Vice Director: Howard S. Huntington, KBKM,
65 South Burr Qak Dr., Lake Zurich, IL 60047
Bakota Division

TOD QLSON, KaT0
292 Heather La., Long Lake, MN 55256 (§12-473-8478)

Vice Director: Howard Mark, WOOZC, 11702 River
Hills Dr., Burnsvilte, MN 55337 (612-890-6302)
Dalta Division

GLYDE 0. HURLBERT, WSCH, P.0. Box 541,
Biloxi, MS 39333 (801-435.6638)

Viee Direcior: Robert P. Schmidt, WSGHP,
5100 Press Dr., New Crleans, LA 70128
Great Lakes Division

GEORGE 5. WILSON
Owansbora, KY 42301

Viee Director: Allan L Severson, AB&P, 1275 Ethel
Ave., Lakewood, OH 44107

Hudson Division

LINDA 8, FEADIMAND, N2YL, 8unset Trail,

Clinton Corners, NY 12514 (914-266-5398)

Vice Director: Stephen A, Mandelsohn, WAZDHF,
64 Maiden La., Little Farry, NJ 07643 (201-641-6081)
Midwest Division

PALIL GRAUER,* WGFIR, Hox 190, Wilson, KS
67490 {913-658-2155)

Vice Diractor: Claire Rlchard Dyas, WAICP,

1826 Tildan St., Holdrege, NE 83549 (306-595-8454)
New England Division

THOMAS W, FRENAYE, K1Kl, 23 Pinahurst Rd.,
Unionville, CT 05085 (203-673-5429)

Wice Diractor: Richard P. Beabs, K1PAD,

6 Tracy Clrcla, Billerica, MA 01821

Northwestern Division

MARY E, LEWIS, WTQGP, 10352 Sandpoint Way, N.E.,
Seattle, WA 98125 (206-525-91 1M

Vice Director; Rush §. Drake, W7AM, 41385 Foui
Waather Bluff Rd., M.E., Hansvlila, WA 98340
(206-638.2330)

Pacitic Division

WILLIAM J. STEVENS, " WBZM, 2074 Foxworthy Ave.,
San Jose, GA 95124 (408-371-3819)

Vice Director: Kip Edwards, W8SZN,

1823 Hillman Ave., Baimont, CA 24002

Roanoks Division

GAY E. MILIUS, JR.. W4lG,

1416 Rutland Dr., Virginia Beach, VA 23454
(804-481-5095)

Vice Director; John €. Kanode, NAMM,

BFD 1, Box 73-4, Boyce, VA 22620 {705-837-134D)
Rocky Mounlain Division

L5 J. CAREY, KOPGM, 13495 West Center Dr.,
Lakewood, CO' 802285 (303-936-5420)

Vice Directar: Marshall Quiat, AGEX, 1624 Market 5t,,
Suite 200, Denver, GO 80202 {303-333-0818)
Southesaslarn Division

FAANK M. BUTLER JR., W4RH.
323 Elliott Rd. S.E., Fort Walton Beach, FL 32548
194-244.5425)

Vice Director: Mrs. Evelyn Gauzens, WAWYR,
2750 N.W. ¥d St., Miami, FL 33125 (305-642-4139)
Southwestern Divislon

FRIED HEYN, WASWZ0, 962 Cheyenne St.,
Costa Masa, CA 82626 (714-549-8516)

Viee Dirgctor; Wayne Dvarback, NENB, 11552 Gall La.,
Garden Grove, CA 92640
Wast Gulf Bivision

RAYMOND B. WANGLER, W5EDZ, 542 Beryl Dr.,

San Antonio, TX 73213 (512-733-9632 home,
512-684-5111 busingss)

Vice Diractor; Thomas W. Comatock, N5TC,

1m0 Dominik, Collage Station, TX 77840 (409-893-1181)

*Executive Committes Member

16, WAOY1, 1649 Griffith Ave.,

8 05

Section Managers of the ARRL

Foports Invitad: The ARRL Board of Directars (sae list at laft) determines the policias of ARRL The 16
divislons of the League are further arranged Into 73 administrative “sections,” each headed by an elected
Saction Manager, Your SM welcomes reports of club and individual activity. ARRL Field Organization ap-
pointments ats available covering a wide range of Amateur Radio voluntesr interests, Whatever your licenss
class, your SM has an appointment avallable, Check with your SM (below) tor turther information.

Canada

Alberta

British Columbiz
Maritoba
Maritime-Nfid
Qntario

Quebec
Saskafchewan

Atlantic Division
Deiaware

Eastern Pannsylvania
Maryland-D.C.
Southern New Jersey
Wastern Now York
Western Pannsylvania

Caniral Divigion
iftinofs

tndiana
Wisconsin

Dakota Division
Minnesota
North Dakota
South Dakota

Delta Division
Arkansas
Lovistana
Misslssippf
Tennessee

Graat Lakes Division
Kentucky

Michigan

Ohio

Hudson Divislon
Eastern New York
N.Y.CrLong lsiend
Northern New Jersey

Midwest Divigion
towa

Kansas

Missour]
Nebraska

New England Division
Connecticut

Eastern Massachusetls
daine

New Hampshire

Rhode fstand

Vermont

Western Massachusetts

Northwastern Division
Alaska

{daho

Montana

Cregon

Washinglen

Pacific Divislon
East Bay

Navada

Pacilic
Sacramento Valley
San Francisco

San Joaquin Valiey
Santa Glara Valley

Roanoke Division
North Cavelina
South Carolina
Virginia

West Virginia

Rocky Mountain Division
Colorado

New Mexico

Utah

Wyoming

Southeastern Division
Alabama

Georgia

Nontiern Flarida
Sauthern Florida
West [ndles

Southwestarn Division
Arizona

tos Angeles

Orange

San Dlege

Santa Barbara

Wast Gulf Division
Northern Texas

Qilahoma
Suvuthern Texas

E. Roy Eflis, VESXC, P.Q. Box 2, BB 1, Fort Saskatchewan TBL 2N7

H. £ Savage, VE7FB, 4553 West 12th Ave., Vancouver VBR 2R4 {G04-224-5206)
Juck Adams, VE4AJE, 227 Davidson Ave. E., Dauphin R7N 274 (204-838-927()
Benald R, Welling, VETWF, 36 Sherwood Dr,, St John, NB E2J 3M6 (506.696-2913)
L. P. Thivierge, VE3GT, 34 Bruce 51. W., Ranfrew KIV 3W1 (813-442-506

Harold Morsay, VE2BP, 80 Principale, St. Simon Co., Bagot JOH 1Y@ (514-798-2173)
W. G, Bill™ Munday, VESWM, 132 8hannon Rd., Aagina 545 581 [308-506-4963)

John D. Hartman, WA3ZBi, 32 Nantlcoke Oir., Seafard 19973 (302-620-2686)

James B, Post, KAJA, 15 Monarch Rd., Wilkes-Barre 18702 177825-3915%]

Karl R. Medrow, W3FA, 02 W. Central Ave., Davidsonville, MD 21035 (201-261-4008)
Richard Baler, WA2HER, 1226 Audubon Dr., Toms Rlver 0B753 (204-270-9292)
William Thompson, W2ZMTA, KD 1—Rock Rd., Newark vallay 13811 3&07-642-893{))
Otto Schuler, K3SMB, 3732 Colby St., Pittsburgh 15214 (412-231-8890)

David E. Lattan, WDAEBGQ, BR 1, Box 234, Makanda 82958 {618.520-1579)
Bruce Woadward, WBUMH, 8208 Bramnshaw Rd., Indianapolis 46220 {317-251-5608)
Aichard A. Regent, KIGDF, 5003 South 26th 51, Milwaukes 53221 (4142820312

(Gaorge E, Frederickson, KCET, AR #2—Box 352, South Haven 55382 (612-656-6312)
Joseph M. Gregg, KNQA, A #1—Box 31, Horaca 558047
Fradric Staphan, KC8QQ, Box 771—Wind Cave Ranch, Hot Springs 51747 (605-T45-6005)

Joel M. Harrison, Sr., WBSIGF, 1403 Forrest Dr., Searcy 72143 (501-268-0540)
John M. Wondargf fm, KEKA, 800 Smith Dr,, Metairie 70005 {504-357-1485)
Paul Kemp, KW4T, 3581 Beaumont Dr., Pearl 39203 (601-939-7812)

John C. Brown, NO4Q, P.O, Box 37, Eva 38333 (901-584-7531)

Rose Marie Perciful, KA4SAA, P.OLB, 30, Big HIN 40405
James A. Seeley, WBBMTD, 21615294 Mile Rd., Sr.urln%go:t 49284 517-857-2013
Jdetfrey A, Maass, K8ND, 9256 Concord Ad., Powell 43065 (814-873-3234)

Paul 8, ngarem{(.zmzvui(. 259 N. Washlngtun, Narth ‘I‘arqgown 10591 (914-831-7424)
John H. &mate, K2IZ. 315 Kensington Ct., bopiaﬂue 11726 { 16-226—483%)
Rabert E. Neukomm, K82WI, 103 Godwin Ave,, Midiand Park (74320060 (201-891-3064)

Bob McCatirey, KRCY, 3913-29th S§t., Des Moines 50310 (515-279-9848)

Robert M. Summers, KPHXF, 3045 North 72nd, Kansas City 66109 (913.299-1128)
Benton C. Smith, KOPCK, 3301 Sinclalr, Rte. 3, Box 196-A, Columbia 65203
Vem J. Wirka, WB2GQM, Rural Route, 81 Capehart Ad., Paplilion 68133

Robert Koczur, KIWGO, Whetstone Ad.. Harwinton 06791 (203-485-033

Luck Hurder, WA4STS, P.O, Box LL, Narth Eastham 02651 (817-256-202

Glavis Q. Laverty, WIRWG, 17 Fair 51, Norway 04268 (207- 43-23533)

Robert Mitchall, WINH, RFD 4, Blueberry Hill, Raymond 03077 (603-895-3456)
Gordon F, Fox, W1YNE, 13 York Dr.,, Coventri/ 02816 (401-828-6045)

Ralph T. Stetson, lll, KD1R, P.C. Box 123, Milton 05468 {B02-893-4856)

A. Donald Haney, KA1T, RD 1—Box 237, Myrick La., Harvard 01451 ($17.772-4128)

David W, Stavens, KL7EB, POB 103421, Anchorage 99510 (907-274-3051)
Lemuel H. Allen, W7JMH. 1800 S. Atlantic St., Boise 83705 (208-343-915%)

L. G. “Legs™ Belyea, N7AIK, P.Q). Box 327, Belgrada 59714 (408-388-4253)
Willlam R. Shrader, W7QMU, 2042 Jasmine Ave., Medford S7501 (503-773-8624)
Joseph N. Winter, WATRWK,. §19 N. Mullen St., Tacoma 98406 {206-759-9857)

Bob Vallio, WBRGG, 18655 Sheffield Rd., Castro Vallay, CA 945439&41 547G T04)
Leonard M. Norman, W7PBV, 1310 Hazelwood $t., Boulder City 80005 ;sm‘sas-sass)
James F, Wakefiald, AHECO, 847 Kunawal La., #201, Honolulu, HI 96817 (808-524-0050)
Ron Menet, NBAUB, P.0. Box 244, Cedar Ridge, CA D5924 (916-272-4873)

Hobert Odell Smith, NAST, 320 Park 5t.—P.0, 1425, Fort Bra%%, CA 95437 g?D?-QGMQ&I)
Charles P, McConnall, WSDPD, 1658 W, Mesa Ave., Fresno, CA 395711 (209-431-2038)
Rodney J. Stafford, KBSZV, 5155 Shadow Estates, San Jose, CA 95135 (40B-274-0482)

Fae Everhart, K45WN, P.O. Box 41, Lexington 27293.0041 sm-a-mam)

James G, Walker, WD4HLZ, Rte. 1, Box 5395, Marion 29571 (803-423-3845)

Clauda E. Feigley, W3ATL, 135 The Main—AR #1, Williamsburg 23185 (804-253-0658)
Karl 8. Thompsen, KEBKT, 5303 Pionear Dr., Charleston 26312 (304-7756-4352)

William “BIlI” Sheilield, KOM, 1444 Roslyn St., Denver 80220 {303.255-2438)
Joe Kni%IJI. WEPDY, 10408 Snow Heights Bivd., N.E,, Albuguerque 87112
Ronald ¢. Todd, K3FR, 2112 W, 12060 S., Riverton B4065 {801-254-6051)
Richard G, Wunder, WATWFG, Box 2807, Cheyenne B2001 [307-634-7:385)

Joseph E, Smith, Jr., WA4RNP, 1211 13th 5t., N., Bessemer 35020 (205-424-4856)
Edmund J, Kesobucki K4JNL, 5525 Parry Ave.. Columbus 31904 (404.322-2856)

Philllp O'DWH\{er, WF4X, 543 Moon\%{ Rd., N.E., Fort Walton Beach 32548 (804-862-2353)
Richard D. Hill, WA4PFK, 3800 S.W. 11th St.. Ft. Lauderdale 33312 {305-583-8432)
Gregorio Niavas, KP4EW, 1390 San Bernardo $t., Altamesa-San Juan, PR 00921
{B09-TR2-4375)

Erich Holzer, NYEH, 3526 E. March Pl., Tucson 85713 (802.326.8975)

John V. Walsh, NGUKA 12680 E. Sierra Madre, Glendora, CA 91740 (818-335-0038)

Sandra Mas Heyn, WABWZN, 962 Cheyanne, Costa Masa, CA 92626 {114-549-8518)
Arthur H, Smith, WEIN), 4516 Melisa Way, San Disgo, CA 92117 (818-273-1120)

Ernest L. Kapphahn, WBEHJW, 1404 Grand Ave., Arroyo Grande, CA 93420 (805-481-0311)

Phil Clemants, KBPC, 1313 Applegats La., Lawisvilla F8067 (214-221-222%)
Dave Cox, NBSN, 1812 S, Umbrella Ct., Broken Armow 74012 (918-250-2285)
Arthur R. Ross, WEKR, 132 Sally Lea., Brownsville 78521 (512-831.4458)
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“It Seems

Are the Bands Too

The January editorial about the need for growth
in our ranks clicited a good deal of thoughtfuf
comment. Setting a goal of 600,000 licensed
radio amateurs in the United States by the end
of the decade has gotten people’s attention, and
there’s been a flood of worthwhile introspection
and of good ideas as to how we get from here
to there.

There’s also been some concern expressed by
amateurs who don’t like to think about what
their favorite band may sound like if that goal
is achieved. They ask, Aren’t the bands crowded
enough? If there are more newcomers, won't that
simply mean more QRM and less enjoyment for
the rest of us? What guarantees do we have that
they will be good operators?

As we said in January, it’s true that some of
our bands are crowded. But the real problem is
unequal distribution of activity. Even as we com-
plain of overcrowding in one part of the spec-
trum, other parts lic fallow. Also, we've allowed
an unrealistic expectation to develop — an ex-
pectation that we should ail be able to enjoy
interference-free communication, all the time.
The fact is, operating on the most popular
amateur bands not only constitutes acceptance
of a responsibility to avoid interfering with others
whenever possible, but also is tacit acceptance
of the incidental interference which may arise
from others engaging in their legitimate amateur
pursnits. The only kind of amateur radiocom-
munication that is given absolute protection from
interference by the rules is emergency com-
munications, and rightly sa. If interference-free
communication is important to you as a radio
amateur, you can probably find a place to do
it — but you must choose a less-travelled path.

One way of viewing the radio spectrum is as
a limited, but infinitely renewable, natural
resource. [t is renewable in the sense that it is
not consumed through use, and can be recovered
simply by turning off the transmitters that
occupy it; the “limit*’ is the number of different
uses to which it can be put at a given time. In
setting aside certain bands of frequencies for our
exclusive use, and by permitting our access to
other bands on a shared basis, our government
has said, in effect, that the public will benefit
more from this use of the spectrum than from
some alternative use. We are at grave peril if we
take our spectrum allocations for granted, for
there are strong economic forces at work
whenever allocations questions are raised. For
example, recently a VHF television station in a
major metropolitan area changed hands - a
rather unusuval occurrence, since licenses for such
stations are popularly equated to licenses to print
money. The price of the station was neatly a
quarter of a biliion dollars! 'The station consisted
of equipment, personnel, and goodwill that had
been built up in the community over the vears,
all of which had a value to the purchaser of no
maore than a few tens of millions of dollars. What

0 Us..."

Crowded?

he was really paying for was access to 6 MHz
of spectrum in a major market — spectrum that
is not much different from the spectrum you
gainad access to by passing your license examina-
tion, Little wonder that other radio services cast
covetous glances in our direction.

We have long argued that the amateur bands
must remain exempt from economic market
forces. One cannot put a price tag on international
goodwill, or on lives saved by volunteer emergency
communications. Consider, too, the analogy of
the public park. At the federal, state, and local
levels, our government has set aside tracts of
prime land as off-limits to commetcial develop-
ment. The land is there for all of us to enjoy, as
long as we pay the minimal fees required for
upkesp and as ong as we obey the rules that pro-
tect the park for the enjoyment of others. In the
same way, the amateur bands are available for
the noncommetcial use of all who pay the en-
trance fee — demonstration of the skills required
of licensees — and who agree to obey the rules,

There are about 250,000 of us licensed to
operate on 20 meters, and each has just as much
right to be there as any other. Now, if we all
chose to do so at the same time, whether or not
we were joined by our overseas brethren, there
would be absohite bedlam. Fortunately, we don't
all, simultaneously, find ourselves wanting access
to the band, any more than all Americans want
to visit Yellowstone Park on the same weekend.
At any given time, some of us are pursuing other
interests, such as earning a living or getting reac-
quainted with our families; others are operating
VHF; and still others are operating on some
other HF band, or just listening. In spite of these
alternatives being available, some weekend after-
noons it sounds as it every ham must be on 20
meters, so it’s understandable why some would
question the wisdom of adding to the din! At
other times of the day, week, or sunspot cycle,
the same could be said about any of the other
HF bands with the possible exception of 10 MHz,
which is a special case because of its shared
status, In the more densely populated parts of
the country, some of our VHF and UHF bands
are reputed to be in similar shape.

The answer to overcrowding of a particular
band is not to discourage entry into Amateur
Radio, any more than the answer to traffic jams
at Yellowstone is to reduce the number of citizens
who are entitled to visit their national parks. The
park system in this country would not survive
for long if only an elite group could enjoy its
benefits. lnstead, the answer is to popularize the
alternatives. 1f Yellowstone (2 meters) is
craowded, suggest that people visit Canyonlands
National Park in Utah (220 or 1240 MHz, and
soon possibly 902 MHz) instead. 1i’s harder to
get to, but those who have made the trip say it*s
a great experience! Besides, if few of us visit, how
can we complain about its being put to some
other use? — David Sumner, KI1ZZ

March 1985 9



YEARS ==~

]

EIMAC celebrates its 50th Anniversary
with an extensive line of
FM Broadcast Cavity Amplifiers.

Varian EIMAC celebrates 50
years of service to the broad-
cast industry with a spectrum of
FM from a powerfu! 60 kW to a

mini power 150 W solid state IPA.

The cost-effective path
{o a modern FM transmitter.

No one knows more about
broadcast tubes and cavities
than EIMAC. Our strong cavity
development capability reduces
RF engineering problems.
EIMAC cavities are inexpensive
and simple to use.

For more information call or
write Varian EIMAC or contact
any Varian Electron Device
Group sales office worldwide.

EIMAC FM BROADCAST CAVITY

PRODUCT LINE

POWER | CAVITY | EIMAC TUBE
60 KW | CV-2230 ; 40X30,000G
J0kKW | Cv.2202 | 4CX20,000C
25kW | CV.2200 | 4CX20,000A
16 kw Cv2210 4CX12,000A
10 kW | CV-2228 4CKX7500A
5 kW CV.2225 43X3500A
15kW | ©v2220 JCXIS00AT
150W | AM-2215A | Solid State

Varian EIMAC

301 Industrial Way

San Carlos, California 84070
Telephone: 415+582-1221

Varian AG
Steinhausersirasse
CH-6300 Zug, Switzerland
Telephone: 0422325 75

varian




UP FRONT in

Antenna and Interference Rellef on the Way?

Help in rasolving two nag-
ging problems may be on
the way from Congress in
the form of Amateur Radio-
related bills submitted by
Senator Barry Goldwater,
K7UGA. §. 36 asks the
FCC to act favorably on
PRB-1, which seeks federal
preemption for amateur
antenna systems. The

other resolution, S. 66,
would amend the Com-
munications Act of 1934 to
make willful or malicious
interference to radio
communication a statutory
offense. Amateurs can
help ensure passage of
these bills by writing to
their LL.§. Senators. Details
are in this month's
Happenings.

VE Walk-ins

Some Volunteer Examiner
Teams working with the
ARRL are now accepting
walk-in candidates. If you
know of a test session and
did not submit your FCC
Form 810 before the 30-day
registration deadline,
check with the VE Team to
gee If they accept walk-ins.
The VE Team has the right
to limit the number of can-
didates because of
available VEs or size of
their facilities. But why
take a chance when you
can get a printout of
available test sessions in
your state, updated weekly,
for a business-size s.a.8.e.
to ARRLVEC Office, 225
Main St., Mewington, CT
06111. Persons living near
a state line may request a
listing of exam sessions in
the adjacent state as well.

Spread-Spectrum
Beacan Activated

Spread-spectrum experi-
menters have an on-the-air
point of reference. In sarly
January, the Amateur
Radio Research and
Development Gorp.
(AMRAD) activated its ex-
perimental 2-meter spread-
spectrum beacon, K4RS,
under Speclal Temporary
Authority from the FCC,
The beacon, which
originates from Vienna,
Virginia, will provide (1} a
gignal for experimenters to
raceive, {2) a signal for use
in detection and direction-
finding exercises and (3) a
means to assess inter-
ference to other 2-meter-
band users. Those wishing
to hear the signal should
first listen to the WD4IWG
repeater output on 147.21
MHz,

Jim Lomasney, WASNIL (center} ARES Emergency Coordi-
nator for Palo Alto, California, surveys the disaster area
after a simulated collision between two buses at Stanford -
University. Forty-seven radio amateurs participated in the
MEDEX (medical exercise) as part of a drill held twice a
vear by the Santa Clara County Medical Society. About 75
“victims” were treated at 13 nearby hospitals, all staffed

by radio amateurs. Several of the participating hospitals
were connected by packet radio. (N6BIS photo)

&

Some radio amateurs in West Germany have ventured
where no other amateurs have gone before. On December
10, a group of experimenters at the First Physical Institute
of the University of Cologne made a split-frequency QSO
over 46 km using 77 GHz and 430 MHz. Manfred Bester,
DLSKR, Karl Jacobs, Rudoff Scheider, DLEKAM, and Tom
Pauls, N4CDS/DJOKP, believe this may be the first QSO on
the 75.5-81.0 GHz band. The receiving system was a radio
telascope. The battery-powered transemitting systermn used a
10-mW-output, PLL-stabilized Gunn oscillator coupled to a
30-cm portable dish antenna. Their return link was the
70-cm Cologne repeater, DBESK.

Conferonce Speakers Sought

Are you well-versed on low-
noise recelivers, microwave
techniques, computer ap-
plications to RF design or
any other topics pertaining
to the bands above 50
MHz? Organizers for the
11th Eastern VHF/UMF/SHF
Conference are looking for
speakers to share their
knowledge May 17-19 at
Rivier College, Nashua,
New Hampshire. Contact
conference Chalrman
Thomas J. Kirby, P.O. Box
455, Meadow Knoll, Pelham,

MM 03076, tel. 603-635-2514
or 617-449-2000 {ext. 3505)
for further details.

QRQ, Anyone?

Interested in sponsoring

an official ARRL code com-
petition at a hamfest or
convention? Send an
s.a.6.@. {0 Fisld Services
Pepartment, ARRL, for a

copy of the guidelines.
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As two dozen radio amateurs in the Los Altos, California,
area found out, providing public-service communications
can be rewarding in many ways. Here, WABVAQ (lett, with

If most young hams are
anywhere as enterprising
as Alex Clifford, KB1PB, of
Deer Isla, Maine, the future
of Amateur Radio is in
good hands. Alex, shown
here operating portable
VEZ2 in Quebec City, began
his ham career last year
through a course for gified
and talented students be-
ing offered at his school.
He attained his Novice
ticket in March, worked his
way up to Advanced by
August, and plans to shoot
for Extra later this year.
Most of the 13-year-old’s
gear was bought with

a small friend) and KT6W mix some work with a littie
pleasure from their front-row seats at the Festival of
Lights parade last November. (N6BIS photo)

Another Packet Radio Breakthrough

Amateur packet radio users
have taken a big step in
developing the communica-
tions technique for
worldwide use. Using
UoSAT-OSCAR 11 as it or-
bited about 429 miles (690
km) above the earth, Larry
Kayser, WA3ZIA, operating
at the Pacific Telecom-
munications Council con-
ference in Hawali, sent
{etter-perfect messages to
Martin Sweeting, G3YJO, at
the University of Surray,
England, and received
replies, The messages —

digitized “packets” of infor-

mation — were stored in the

UO-11 on-board computer
and downloaded to a per-
sonal computer at the
University as the satellite
passed overhead. This
operation represents a
breakthrough in the use of
packet radio in low-orbiting
satellites as a means of
communicating worldwide,
The first full-service Packet
GCommunications Satellite
{PACSAT} is tentatively
scheduted for launch in
early 1987.

money he eamed from
mowing iawns and doing
odd jobs. Alex is very in-
terested in computers and
hopes to be operating
computerized CW and
RTTY by next year.

VEC Fee Increase

in some parts of the
country, candidates may be
paying slightly more to take
an amateur exam, The FCC
has okayed an increase,
from $4 to $4.18, in the
maximum amount Volunieer
Examining Coordinators
can recoup for out-of-
pocket costs. This is based

on & 4% increase in the
Department of Labor Con-
sumer Price Index between
September 1983 and
September 1884, The ARRL,
a 13-area VEC, has notified
the FCC, however, that it
intends to hold the line at
$4 throughout 1985.

Call for Packet Radio Papers

Amateur packet radio en-
thusiasts are invited to sub-
mit papers to the third
SOFTNET Waorkshop, to be
hetd May 11 at Linkdping
University, Sweden. Sug-
gested topics are high-
gpeed packet radio hardware
and propagation, distributed
routing in PR networks, and
SOFTNET applications and
specification issues.

Camera-ready summaries of
less than two standard A4
pages should be received by
the SOFTNET User Group
no later than May f. Pro-
ceedings from the workshop
will be available through the
SOFTNET User Group. For
more information, contact
Per Lundgren, SUG, Dept. of
EE, Linkbping University,
Link&ping $-581 83, Sweden,

Stubby Duckie or Quarter Wave?

Confused as to what anten-
na works best oh what
UHF/VHF band? You can get
the answer to this and more
by listening in on a talk by
Jim Larsen, K7GE, on the
North American Tefecon-
ference Radio Net on March
29, beginning at 8 P.M. C8T.
Jim has been designing and
building antennas for a good
many of his past 50 years as
an amateur. Access to TRN

is provided by mora than
180 gateway stations, mostly
YHF repeaters, linked
together to cover virtuaily
avery metropolitan area in
the U.S. and much of
Canada. For information on
linking your repeater into
the net, send an s.a.5.e. to
NTRN Net Manager Timothy
Loewenstein, WAQIVW,
Midway ARC, P.Q, Box 1231,
Kearney, NE 68847-1231.

Most radio amateurs quake at the very mention of the

WOUFF HONE

name, but when John Morrig, K60O, hears the words
Woulf Hong he conjuras up visions of sunny skies, a
stiff sea breeze and the smeli of salt air. For the past 12
years, John (center) has been sailing in and around the
San Diego Bay with a bit of Amateur Radio lore proudly
displayed at the boat's stern. Never far from the air-
waves, John operates using a mast-mounted 2-meter
antenna — which he says gets out great. On this day,
John enjoyed a cruise around the bay with shipmates
San Diegc SM Art Smith, W6EINI, and Nanette Craig, who
is studying for her Novice ticket.

Don’t know what a Wouff Hong is? Check out Jan.

1982 QS8T, page 9.




League Lihes...

By Order released January 29 and effective immediately, FCC has revoked the rule reguiring 30
days advance notice to FCC District Engineers of examination sessions being conducted in the
Volunteer Examiner Program. The Commission found that most applicants were already Ticensed
amateurs seeking upgrades; they tended to have good communications with clubs and VE teams and
were aware of local examination opportunities.

At the request of the Dayton Amateur Radio Association, the Commission has amended Section
97.28(f)(1) to require that Volunteer Examiners enter only their names and Amateur Radio

call signs on the back of FCT Form 610 when certifying the results of an examination. The
other information requested on the form, already available on ]icense records, is no longer
required (except ‘that each VE must still sign and date the form, of course). The Order,
released January 25 and effective February 14, also encourages anyone reproducing the forms to
block out the VE's mailing address, operator class and license expiration date blanks on the
form until revised forms become available.

On a third matter, the Commission proposes to abolish the 30-day waiting period before
retaking a failed exam, PR Docket 85-Z1 released January 29 would amend Section 97.26 of the
Amateur RuTes by deTeting paragraph (h). It would also amend paragraph (a) to require public
announcement of an examination only for sessions intended for five or more candidates. FCC
said that the 30-day waiting period was "based on the administrative requirements of our Field
Operations Bureau. We concur with the petitioner [Phil H. Miller, RM-4835] that this rule.
should be revisited." The Commission does not believe that examinations would be compromised.
"VECs are already charged with the tasks of maximizing the number of available examinations,
frequently changing the questions, and assuring that the same set of examination questions is
not used in successive examination sessions." Comments must be filed hy April 8, and reply
comments by May 10, 1985,

FCC has released a Notice of Proposed Rulemaking (NPRM) concerning repeater coordination. The
NPRM, designated PR Docket 85-22, proposes to add the definitions of & "coordinated repeater,"
“frequency coordinator® and "harmful interference" to Part 97, and proposes to adopt a rule
that where there is interference between a coordinated repeater and an uncoordinated repeater,
the burden of resolving the interference falls on the uncoordinated station., In the NPRM, the
Commission asks for comments Trom the amateur community. FCC seeks comments on whether an ama-
teur operator should be required to seek frequency coordination for a new repeater in a metro-
politan area, and comments as to whether FCC should recognize a single natfonal frequency
coordinator for the Amateur Service, Comments are due by July 1, 1985, and reply comments are
due by September 30, 1985. Until FCC takes further action on this Docket, there is a mora-
torium on new repeater operation in metropolitan areas; at press time the League was con-
sider ing requesting that the Commission reconsider its moratorium. Details on this Docket
appear 1in the January 31 ARRL Letter, and Jim Clary, WB9IHH, is handling calls to Hg. con-
cerning the moratorium at™ 203-866-1541, extension 241. Copies of the NPRM are available from
Hg. for a large s.a.s.e. with 56 cents postage.

To aid in the production of our upcoming UHF/Microwave Experimenter's Book, the ARRL Lab is
seeking tax-deductible donations of microwave-related components and equipment. In addition,
good articles and projects are being sought for the book. Please contact the Microwave Book
Editor at Hg. for details.

The ARRL Headquarters building and WIAW, the Hiram Percy Maxim Memorial Station, will be open
on Saturday, March 30, and Sunday, June 9, from 10 AM to 5 PM. If your club would Tike

to schedule a visit to your Headquarters on one of these dates, please give as much notice as
possible to the Membership Communications Services Office. If you intend to operate the Maxim
Station WIAW, please bring a copy of your operator's license with you.

The 1985-1986 ARRL Repeater Directory will be bigger and better than ever. It should be
available in late April. The price for this new edition will be $3. Watch April QST for
detaqils.

The ARRL Office of Development is looking for someone to fi11 the position of Public
Information Officer, The Office of Development is Tocated in Washington, DC. ~Comtact Bill
Lazzaro, N2CF, at 1920 N St., N.W., Suite 520, Washington, DC 20036.
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0 me, there is nothing more frustra-
ting than having to dig through a
construction article to find out
exactly what performance you can expect
from the finished product. So here it is:
1Y Grounded-grid 7289/2C39 cavity
amplifier, single tube,

23 Linear operation (what you put in, you
get out, only more of it),

3} Covers 1240 to 1300 MHz.

4) Power. gain ranges from 12-20 dB
depending on output power, input power,
loading, anode voitage and grid bias voltage.

5) 50-ohm input and output -— no stub
tuner required.

6) Power output greater than 200 W with
about 12-W drive.

This is Part 1 of a two-part article, In this
installment, | describe the design and con-
struction of the RF deck. Part 2 describes
power-supply construction, testing and
operation.

This amplifier is a tried and proven
design. Much development work has gone
into this project. The amplifier works well,
is refliable and can be duplicated. More than
50 of these amplifiers have been built to
date. I have successfully worked many

296-MHz EME (earth-moon-carth) sta-
tions with one of these amplifiers and a
384-element loop-Yagi array during the past
year. Amplifiers of this design were used on
both ends of the first California-to-Hawaii
0OSO on 1296 MHz. Another unit has

logged more than 20,000 hours of con- -

tinuous operation at the KH6HME beacon.

General Design Approach

A cavity amplifier is similar to a conven-
tional amplifier designed for lower frequen-

*25308 Andreo Ave., Lomita, CA 80717
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T4 FILAMENT AND BIAS
SUPPLY

Fig. 1 — Schematic diagram of the 23-om,
amplifier.

C1 — 3-pF dipped mica capacitor.

2, C3 — 1- to 10-pF piston trimmer capacitor
(Johanson no. 3957, 5201 of equiv.).

C6 — Anade-tuning capacitor. See text and
Fig. 11.

C7 — Anode-hypass capacitor, 90 pF.
Homemade from copper plate and Teflon
sheet, See text and Figs. 5, 12 and 15.

C8 — Disc ceramic, 0.0047-uF, 3-kV capacitor.

J1 — 5-mm SMA connector, chassis mount,
female.

J2 — Madified Type-N connector. Sea text
and Fig. 7.

J& — Female chassis-mount BNC connector.

L1 — Loop of no. 18 bus wire soldered
batween G2 and G3. Ses Fig. 15.

L2 — Qutput-coupling lcop. Part of output-
connector assembly. 8ee text and Fig. 7.

RFC1, RFC2 - 5 turns no. 20 bus wira,
3M6-inch 1D.

RAFC3 — 3 turns no. 20 bus wire wound on a
20-ohm, 1-W carbon-composition resistor.

A Quarter-

Kilowatt 23-cm

Amplifier

Imagine, a linear amplifier with
great efficiency and long-term
stability that is super quiet and
small in size. Sounds like HF?

Not exactly . ..

By E. H. “Chip” Angle,* N&CA

ctes. The tube anode excites a resonant cir-
cuit, and power is in turn coupled into a
{oad, usually 50 ohms. Instead of using coils
and capacitors, as at lower frequencies, the
cavity provides the resonant circuit necessary
to tune the amplifier output.

The ancde cavity of this amplifier is a
squat cylinder. Cylinder height is set by
mechanical tube requirements. The inside
diameter of the cylinder seis the highest
resonant frequency. Any capacitance added
from the top to the bottom of the cavity will
lower its resonant frequency, as will increas-
ing the cavity diameter.

This amplifier uses 1/8-inch-thick copper
plates for the cavity top and bottom, and
a thick-wall aluminum ring, cut from
tubing, for the walls.' This heavy construc-
tion virtually eliminates all resonant-
frequency vanations caused by thermal and
mechanical changes.

Fig. 1 is a schematic diagram of the cavity
amplifier. The circuit is siraple. Filament
voltage and cathode bias enter the RF deck
through feed-through capacitors (C4, C5)
and RFCI1 and 2. High voltage is fed to the
anode through RFC3. C8, the anode bypass
capacitor, is homemade from
Teflon® dielectric sandwiched between a
copper plate and the chassis.

"The input pi network easily tunes the en-
tire band at any power level. It is made from
two Johanson piston trimmer capacitors and
a “coil” made from copper wire. An input
cavity is not necessary at 23 cm.

Output coupling is through a rotatable
loop that serves as a variable loading con-
trol. This allows amplifier-tuning flexibili-
ty; it may be tuned for maximum gain or
for maximum power. Light loading can pro-

'Notes appear on page 20.



duce stable power gains of up to 20 dB.

Amplifier tuning is accomplished with a
homemacle cylindrical coaxial capacitor with
Teflon dielectric (C6). There are no moving
metal parts to cause erratic performance.
The Teflon rod/tube screws in and out of
the coaxial capacitor, increasing or decreas-
ing the capacitance by changing the amount
of Teflon dielectric inside the cylinder. With
the rod all the way in, the dielectric is all
Teflon; with the rod all the way out, the
clielectric is all air.

Teflon has a relative dielectric constant
(relative to air = 1) of 2.05, which means
that the value of the capacitor with the rod
all the way in is twice the value of the
capacitor with the rod afl the way out. Full
capacitance will pull the resonant frequen-
¢y of the amplifier down to 1240 MHz. Use
of only one tuning adjustment means the
amplifier will have more gain because cavity
shunt capacitance has been minimized.

Thermal Considerations

The cavity walls are formed by a thick-
wall aluminum ring, which is sandwiched
between two thick copper plates. RF and
thermal properties of these two metals are
reasonably close, whereas brass is rather
poor in both respects. The 7289/2C39 tube
used in this amplifier is being run at 2-2'4
times its normal dissipation rating; therefore
it’s important to have a cavity that remains
thermally stable.

Most previously described amplifiers have
used sheet brass in their construction, This

has usually meant constant retuning of
resonance to maintain output power at or
near maximum.

The copper and aluminum construction
in this amplifier has solved all thermal
stability problems. The amplifier can easily
be run key down for over an hour at 200-W
output without retuning. This, of course, is
obtained only with a good tube and water
cooling. A practical water cooling system
will be described in Part 2 of this article.

Water cooling keeps the internal structure
of the tube thermally stable. When air cool-
ing is used for output levels of 100 to
150 W, output power fluctuations are a
direct resuit of internal tibe changes. These
changes vary from tube to tube and must
be tested for. In some cases, otherwise

perfectly good RF tubes have had poor ther--

mal stability, Such tubes can make good
drivers at lower power levels.

“Using Simple Hand Tools Will ...”

Hand tools are great if you are skilled and
patient. Most people want to hurry up and
finish their new project. If that’s vou, then
have a machine shop make all of the parts,
teaving you only the final assembly, It
should cost about $200. The parts are not
difficuit to fabricate, but the process is time
consuming. If you have the time and
patience to do it yourself, this amplifier can
be very inexpensive.

Gathering the Materials
All of the materials used in this amplifier
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Fig. @ — Complete dimensions for the aluminum template.

are fairly common and should be available
from suppliers in most meiropolitan areas.
Some suppliers have ‘‘short sale’ racks,
where they sell odd pieces cut off standard
lengths or sheets at reduced prices. The parts
for this project are small enough to be
fashioned from cutoff stock. Surplus-metal
houses have some great buys, so start there
if one is nearby.

The key to success{ully completing this
project is careful layout work before cutting
or drilling any parts. Invest in a can of
marking dye, a sharp scribe, an accurate
rule, vernier calipers and several center
punches, These tools are available at any
machinists’ supply shop. The marking dye
will make cutting and filing lines much
easler to see, Measure all dimensions as
carefully as you can and then recheck them
before cutting. Mark with a sharp scribe
because the sharper the scribe, the finer the
marked line, and the finer the marked line,
the closer your cut will be to where it should
be. Remember — the accuracy of your
drilled holes is only as good as vour center-
punching ability, so use a fine punch for the
first mark and then a bigger one to enlarge
the mark enough for drilling.

Access to a drill press is a must. It's ex-
tremely difficult to drill holes accurately
with a hand drill. Although they are not ab-
solutely necessary, you should have access
to a lathe or milling machine.

Other tools that will aid you with this
project are & nibbling tool, a set of punches,
4 new set of files and some sharp drill bits.
If vou don’t already have one, purchase a
tile card to clean metal shavings out of your
files as you work. Clean, sharp files are
faster and more accurate to work with.
You'll also need an assortment of sandpaper
for the final finish work.

The Femplate Approach

I highly recommend fabrication of a
single tempiate for marking and drilling the
anode plate, anode bypass capacitor, cavi-
ty ring, grid plate and front panel. The
template shown in Fig. 2 has all of the holes
for these paris. If you use the template,
you’ll only have to make the careful
measurements once — after that, it’s simple
to mark and drill the rest of the parts.

The template approach offers several
other advantages. A template makes it much
easier to maintain accuracy between the
anode plate, cavity ring, grid plate and front
panel; these parts will fit perfecily because
they were all drilled from the same master.
The template approach also makes it possi-
ble to set up a small production line if you
decide to build more than one of these
amplifiers and combine them for higher
power, or if a friend wants to build an
amplifier along with you.

See Fig. 2 for complete template dimen-
sions. Start with a piece of 1/16-inch-thick
aluminum stock that is larger than you need
and degrease it with soap and water, Dry
it off and spray it with marking dye. Scribe
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a 4-inch square on the stock and cut the
template to size. A shear will make this job
much easier, but it can be cut with hand
tools and filed to size,

Carefully measure and scribe all holes.
Note that holes A and B are on the cir-
cumference of circles. Use a compass to
scribe the circles, and then locate the holes.
After you have marked and checked all
holes, centerpunch and drill them. The holes
should be drilled with a 1/16-inch or smaller
bit. Recheck all measurements. If you goof,
start again, The time you spend making the
template as perfect as you can will save you
much time and aggravation when you make
and assemble the other parts.

When you finish the template, mark the
front side for future reference. All plates
made from the template are marked and
drilled from the front side (as viewed from
the front panel).

Making the Copper Plates

Once you have completed the template,
it will be easy to make the copper plates. The
anode pilate, grid plate and anode-bypass-
capacitor plate are all made from 1/8-inch-
thick copper. See Figs. 3, 4 and 3 for the
dimensions of these pieces.

Measure and cut the three plates to the
proper dimensions. Carefully break (deburr}
all sharp edges to avoid small cuts to your
fingers and hands.

Clean the plates with alcohol and spray
them with marking dye. Clamp the
aluminum template to each plate, and
carefully scribe the correct holes. Remember
that all plates do not have the same holes.
The anode plate uses holes A, B, C, F and
H; the grid plate uses holes A, C, D, G and
H. The anode-bypass-capacitor plate uses
holes B, E and H.

Use a small center punch to punch all
holes lightly. if they then look accurate,
enlarge them enough for drilling.

Copper isn’t the easiest metal to work
with. It's very stringy, and drilling it can be
frustrating. You’ll need the proper drill bits
for best results. Special drills can be pur-
chased, or vou can use a grinder to careful-
Iy remove the sharp points on the outer edge
of the cutting surface of each side of a stan-
dard drill hit. This will eliminate any tenden-
cy for the copper to grab. Practice on an
old bit and be sure to grind it symmetrical-
ly. Modified drill bits can still be used on
aluminum and other metals.

Always start with a smaller drill and work
up to the final hole size. It’s safer and more
accurate. The larger holes can be cut with
a flycutter, or you can drill a series of
smaller holes around the inside of a larger
hole and file to finish. Either way is fine.
Use lots of cutting fluid to lubricate the drill
bit, and wear safety glasses and an old shirt.
Remember, some cutting fluids are not to
be used on atuminurp.

Start with a no. 50 (0.070-inch) or smaller
bit and drill pilot holes at each of your
punched marks. The details for finishing
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each hole are lisied in the drawings. Some
holes are countersunk or tapped. Pay atten-
tion to the details, and take your time.
‘When you are through drilling, you must
deburr each hole. Copper is soft, so it tends
to rise up around the hole during drilling
and deburring, Use a flat file for the initial
cut, and then remove any remaining
material with a countersink. File the copper
plates flat again; a flush fit on both sides
of the aluminum ring is important.
When all copper work is done, you
should be able to stack the plates and see
all pertinent holes align correctly. Enough
tolerance is included in the dimensions to
accommodate minor errors. After the holes
are drifled, it can be difficult to tell which
side of each plate is which, so mark the front
side of each plate with a permanent marker.

Machining the Ring

The aluminum ring that forms the cavity
wall is cut (sliced) from a length of 3%4-inch-
OD tubing with a 3/8-inch wall thickness.
See Fig. 6, The tubing ID is about 234
inches. The dimensions of the ring are the
most critical in this amplifier, Tolerance of
the ring thickness is + 0.005 inch to main-
tain full band coverage.

The ring can be hacksawed or bandsawed
out of the tubing, but take extreme care to
be accurate. Cutting tubing straight isn’t
easy. Clamp the tubing to prevent rotating
on the band saw. The final finish cut is best
done on a lathe or milling machine, but
careful filing will work.

Once the ring is the correct thickness,
deburr the sharp edges and spray it with
marking dye. Notice that the outside and in-
side diameters are not concentric. This is
normal for large tubing. Lay the ring flat
and find the thickest wall section. Scribe a
line across the wall at this point, across the
center of the ring and across the wall on the
other side. The scribed lines on each side of
the ring will be used to align the template.
The output connector will be placed at the
thick wall section.

Carefully align notch 1 on the tempiate
with the line scribed on the thickest wall sec-
tion on the ring. Clamp the template onto
the ring. Mark each of the 11 holes labeled
A on the template. After you mark the holes
and remove the template, check alignment
with the copper plates just in case. If
everything lines up, center punch all eleven
holes on one side of the ring only, and drill
each hole completely through the ring. Use
lots of cutting fiuid. File the ring flat before
and after deburring, taking care not to
change the wall thickness. Tap each hole to
accept no. 4-40) machine screws. Each hole
will have to be tapped to a depth of at [east
3/8 inch from both sides because long taps
don’t exist. The inside of the ring doesn’t
need to be polished.

The hole for mounting the output con-
nector can now be drilled. There are two
ways to mount this connector, and either
scheme works fine. Read ahead to the sec-
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tion on making the output connector for
more information, The first method of
mounting the connector involves tapping the
ring with a no. 5/8-24 tap and using a lathe
to cut matching threads on the output con-
nector coupling sleeve. Large taps are ex-
pensive, but a tap and die for Type-N con-
nectors are handy if you do much building.

If you don’t have access to a lathe or a
large tap, the second method is easier. Make
the cutput connector coupling sleeve from
5/8-inch-OD brass or copper tubing, and
drill the ring to just clear it. Then drill and
tap the grid-plate side of the ring above the
output connector to accept a setscrew. Also,
drill & clearance hole in the grid plate for
the setscrew. Use the setscrew to secure the
output connector.

Outpui Connector
A standard Type-N chassis-mount female

connector (silver plated) is used for the out-
put probe/connector. See Fig. 7. First,
remove the flange with a hacksaw and file
flush with the connector body. Next, make
the output-coupling sleeve that is right for
your application (threaded or-unthreaded,
depending on how you fabricated the ring).
The sleeve will be the same Iength in either
case. The output-coupling loop is fashioned
from a piece of 0.032-inch-thick copper

“

sheet that is 5/32 inches wide. Bend it to the
dimensions shown in Fig. 7. We will soider
the output connector together later.

Grid Compartment

The grid compartment measures 2 inches
square by 1% inches high. See Fig. 8. It is
made from brass and can be sawed out of
square tubing or bent from sheet. The cover
can be made from any material.

I use two small PC boards (Fig. 9) for
holding the finger stock that makes contact
with the filament pin and cathode ring on
the 2C39 tube. These boards are cut from
1/16-inch-thick, double-sided G-10 glass-
epoxy stock. The copper pattern is identical
for both sides of each piece. Mark and drill
or file the holes first, and then cut the
boards to size. Small boards are difficult to
hold while drilling them. Mark each side of
each board and score the copper foil with
a sharp knife.

The unwanted copper ¢an be removed
easily by heating the foil with a soldering
iron and lifting it off. Use a flat file to
deburr the boards. Do not use a counter-
sink because the copper foil must be as close
to the holes as possible to facilitate solder-
ing the finger stock it place.

The input connector that I use is 2 5-mm
SMA. type. This is an excellent RF connec-
tor, especially for low-power UHF applica-
tions. T highly recommend use of an SMA,
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but any small screw-on connector will do.
If you really feel vou have to use a BNC
then do so, but it’s a lousy connector at fre-
quencies above 200 MHz. Remember to
move the connector hole to accommodate
its larger size.

The input connector must be as close as
possible to the first input capacitor. The lead
fength of the input de blocking capacitor
must be as short as possible. The 3-pF
capacitor is series resonant at 1200 MHz
only with short {1/16-inch or less) leads.

Miscellaneous Bits and Pieces

There are still several small, but very im-
portant parts to fabricate. The front panel
1 use is shown in Fig. 10. It is made from

*a piece of 1/8-inch-thick aluminum sheet.

Some builders may wish to mount the
amplifier on a rack panel. Wash and dry
your front-panel material and spray it with
marking dye, Clamp it to the template and
mark the holes. Check the hole alignment
with the copper grid and anode plates. If all
lines up correctly, center punch and drill the
holes. The only front-panel control is for the
anode tuning capacitor, which is adjusted
by a 1/4-inch shaft protruding through a
3/8-inch panel bushing in hole C.

The anode tuning collar, shown in
Fig. 11A, is made from a piece of 1/2-inch-
OD brass rod. This rod has a 3/8-inch hole
drilled through its center, and it is turned
down to 7/16-inch QD for half its length.

The inside of the i/2-inch-OD end is tapped

to a depth of 1/4 inch to accept 3/8-24
threads. This collar will be inserted into hole
C on the grid plate.

Fig. 11B also shows the anode tuning
post. It is simply a length of 5/32-inch-OD
brass rod that inserts into hole C on the cop-
per anode plate. This rod will form one plate
of the anode tuning capacitor.

The anode tuner (Fig. 11C) is machined
from a piece of 3/8-inch-OD Teflon rod.
One end of the rod is drilled out with a
no. 21 drill. The outer wall of this end is
threaded with a no. 3/8-24 tap. This is the
end that will thread into the anode tuning
collar and slip over the anode tuning post.
The other end is turned down to fit inside
a Vi-inch shaft coupler.

Fig. 12 shows the remaining parts, The
tuning shaft (A) is made from a piece of
L4-inch brass rod. A coupler (B} to.connect
the tuning shaft to the anode tuner may be

purchased or made. This also applies to the
front-panel spacers (C). The Teflon dielec-
tric for the anode bypass capacitor (D) is
made from 0.010-inch-thick Teflon sheet.
Use the template to locate holes B and H.
Teflon washers and inserts (E) are used to
insulate the mounting hardware for the
anode bypass capacitor from the chassis.
The inserts are made from ¥%-inch-OD
Teflon rod. The washers are made from
Teflon sheet. Sharpen a piece of 3/B-inch
aluminum tubing and chuck it up in a drill
press. This tool will cut neat, round washers
from the sheet.

The box that encloses the anode compart-
ment (Fig. 13) is fabricated from a Bud
AU-1083 utility cabinet. Clean the chassis
and spray it with marking dye. Secure the
template to the side of the enciosure that
contacts the anode plate and scribe the holes
labeled F. Make sure that these holes line
up with the holes on the copper anode plate.
if they do, center punch and drill them to
size. If air cooling is used, the blower will
mount to this box.

Soldering the Subassemblies

Onee all copper and brass parts are drilled
and deburred, they should be cleaned with
alcohol and Scoich-Brite® , a nonmetallic
pot cleaner, and washed in alcohol again.
Set the pieces aside and avoid touching
them. Fingerprints wilt inhibit soldering.

[ have found that the best way to solder
the heavy brass and copper parts is to first
build the soldering fixture shown in Fig. 14.
This soldering fixture, made from “-inch-
thick aluminum plate, will evenly heat the
entire assembly to be soldered, Even heating
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Fig. 11 — Anode-tuning capacitor details.
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Fig. 13 — Anode-enclosure details.

will allow you to do a much better solder-
ing job than you could otherwise.

The soldering fixture should be preheated
on a stove or hot plate until bits of solder
placed on its surface just melt. At this point,
reduce the heat slightly. Avoid excessive
heat. If the copper parts placed on the fix-
ture suddenly turn dark, it’s too hot.

Solder the grid plate assembly first. You
will need the copper grid plate, grid finger
stock, anode tuning collar and brass input
compartment.* Look at the drawings again
to be sure that you know which parts go
where. Insert the grid finger stock intd hole
H on the grid plate. As viewed from the
front-panel side, the curved fingers will pro-

&
OR LARGER “jrua“lﬂ—

(@ [R:TS : ..

2" pEa. sraz" peep
T ALIGN
SR FINGER
sloeK

L4 or
LONGER

-

o 32" DEEP

FAB. FROM ALL. PLATE

SOLDERING FIXTURE

Fig. 14 — Dimensions of the soldering fixture.
See Fig. 2 for more information on hale
location.

trude out the back side, away from you.
Apply liquid or paste flux and set the grid
plate in the soldering fixture, The finger
stock will fit in hole H in the fixture, allow-
ing the grid plate to rest flush with the sur-
face of the fixture. Next, apply flux to the
anode tuning collar and insert it in hole C
of the grid plate. Part of the tuning collar
will slip into hole C in the soldering fixture,
Make sure the collar seats flush with the grid
plate. The flux should start to bubble.
Carefully apply solder directly to the
joints of the installed parts. The solder
should melt almost immediately and flow
bright and smooth. Next, place the square
brass input compartment in place and apply

flux. In a few seconds, it can be soldered
by running solder around the joints, inside
and outside. If you have trouble getting it
to flow on both sides, merely tap the brass
box aside (1/16 inch) and return it to its
original position.

Now comes the hard part — getting the
soldered assembly away from the heat
without disturbing the alignment. A pair of
forceps is recommended, but long pliers will
do. Carefully lift ithe assembly off the
soldering fixture and set on a cooling rack.
Do this without moving any part, The cool-
ing rack can be any two pieces of metal that
will allow clearance for the protruding parts.
You can expedite cooling by using an or-
dinary hair dryer in the “‘cool’® position to
gently blow air across the assembly.

‘While the grid assembly is cooling, assem-
ble the output connector. See Fig. 7. Place
the modified Type-N female connector,
threaded end down, on the soldering fixture.
Apply flux to the top and install the output
coupling sleeve. Allow both parts to heat
before applying solder. Carefully remove the
soldered output connector from the fixture,
When it has cooled, solder one end of the
loop to the center pin of the N connector
and the other to the output coupling sleeve.

Now place the anode plate on the solder-
ing fixture and allow to heat. Apply flux to
hole C. Insert the anode tuning post
(5/32-inch-OD brass tube) and allow to
heat; apply solder. Remove the parts and
cool. Next, solder ihe finger stock in hole
H on the anode bypass capacitor plate.?

This completes the work with the solder-
ing fixture. Be sure to let it cool off before
handling! Save the fixture for future con-
struction; you never know when you might
want it again.

The anode plate and the anode-bypass-
capacitor plate must be filed and then
sanded flat on their butt surfaces to assure
that there are no solder bumps or sharp
poinis to puncture the Teflon dielectric, This
must be done after soldering. The Teflon
sheet is adequate insulation for many times
the anode potential of this amplifier, but
only if the surfaces it separates are smooth!

Next, clean the cathode and filament PC
beoards. Install the finger stock in hole H of
the cathode board. Apply flux to both sides
of the board. Heat with  hot iron and apply
solder around the circumference of hole H,
soldering the finger stock on both sides of
the board. Use the same technique to install
the filament pin.*

After all parts have cooled, use a spray
can of flux remover to clean them. Slighi
scrubbing with Scotch-Brite pot cleaner will
finish them nicely. Congratulations: You
have finished the pieces and are now ready
to bolt the amplifier together.

Silver Plating
Over the years, many people have pushed
silver plating as the only way to go. You

may wish to silver plate the amplifier com-
ponents before soldering them together, but
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I do not think it’s necessary. I ran several
tests to prove how much various types of
plating affect performance of this amplifier.
Remember that the RF skin conductivity of
aluminum and copper is pretty good at
23 ¢m; they are much better than brass.

Four amplifiers were built for this test.
They were plated as follows:

i) Nickel plated

2) Tin plated

3) Silver piated

4) Unplated

There was no difference in performance
among the tin-piated, silver-plated and
unplated versions. The nickel-plated
amplifier exhibited 3-dB less gain.

in other words, it is not necessary to silver
plate this amplifier; however, it does im-
prove appearance by making the parts a
sienilar color. Silver does tarnish, especially
with fingerprints. The decision to plate or
not to piate is up to vou.

Assembly

After fabrication of all parts, assembly is
simple. Figs. 15 through 17 show assembly
details. Loosely fasten the grid and anode
plates to the ring. Mount the input
connector and capacitors on the input com-
partment. Loosely install the cathode and
filament boards and their respective spacers.
See Fig. 15A.

Mow insert a 7289/2C39 tube, This will
center up all finger stock. Place the Teflon
anade tuner in its collar on the grid plate
and screw it most of the way in, Now tighten
all of the screws. The 7289/2C39 tube
should slide in and out sougly, and the
anode tuner should screw in and out
smoothly.

The Teflon sheet and anode bypass
capacitor plate can be tstalled now
(Fig. 15B). Assemble the remaining input

20 5T

(G

Fig. 16 — The completed cavity ring and
anode plate with anode tuning post soldered
in place are shown at A, The photo at B
shows the grid plate with finger stock, input
compartment and anode tuning collar soidered
in place. The completed anode tuner is at the
right. C shows the cavity ring attached to the
anade plate. The anode-bypass capacitor is
ready for instaliation. At D, the interior of the
cavity as seen from the grid plate side is
visible. The output probe/connector assembly
is installed. The anode bypass capacitor and
anode enclosure have been installed on the
anode plate,

&)

Fig. 17 — At A, the interior of the completed
input compartment 18 visible. The photo at B
shows the interior of the anode compartmant
with the anode bypass, RFG3, C8 and J3
instailed.

components, the filament feed-through
capacitors and RFCs (Fig. 15C). Screw the
output probe into the cavity ring (or push
in the  probe and tighten the setscrew,
depending on which method you chose). In-
stall the high-voltage connector and other
parts in the anode box. Mount the amplifier
on the front panel and install the anode
tuner shaft. This completes the assembly.
Part 2 of this article will describe a com-
plete power supply for the amplifier, a practi-
cal water cooling system, testing procedures,
microwave radiation safety hazards, and
amplifier tune-up and operation.

Notes

'mm = in % 5.4,

“The finger stock for this project is manafactured
by Instrument Specialities, P.O. Box A, Delaware
Water Gap, PA 18237, Contact them for the name
of the ¢losest distributor, The part numbers for
this amplifier are: anode bypass capacitor plate,
no. ¥7-70A; grid plate, no, 97-744A; cathode board,
no. 97-4204; filament board, no. $7-280A.

‘See note 2.

‘See note 2. IES¥



The VE3MWM All-Mode PTT

series of microprocessor-controlled

additions to my shack. The device is
an outgrowth of the belief that any
preampilifier loses sensitivity because it con-
tains RF-overload protection devices.
{These devices are meant to protect the
preamplifier from any burst of RF that
might reach the preamplifier before a con-
trol circuit has a chance to switch the TR
relays.) | think that positive pretransmis-
sion disabling of preamplifiers is a more
secure method of prolonging their life. In
addition, GaAsFETs cannot tolerate the
slightest amount of RF power at their out-
put port and, therefore, must be switched
out of the circuit prior to push-to-talk
(PTT) activation. With these thoughis in
mind, I designed a circuit that delays the
PTT-line closure to the transmitter until
preamplifier changeover has occurred.

T his is a description of the latest in a

Station Equipment

For satellite work, I use two rigs
simultaneously. My station contains an
FT-1018 for 10-meter reception or for driv-
ing a Microwave Modules MMT-432-288
transverter for 70-cm work, an PFDK
Multi-750X  all-mode 2-meter rig for
OSCAR Phase 11 satellite uplink and Phase
IIT downlink, and a Maki Denki
UTV-1200B II 23-cm transverter driven
from the FDK. The antenna system con-

*2391 Amold Crescent, Burlington, ON L7P 4J2,
Canada

sists of twin KLLM 2M-18C crossed Yagis
equipped with individual Advanced
Receiver Research GaAsFET preamplifiers,
a Cusheraft 20-element 70-cin antenna with
a Mutek bipolar preamplifier, and Kenpro
azimuth and elevation rotators connected
to another microprocessor system for
automatic tracking.

The preamplifiers, 70-cm transverter,
2-meter and 70-cm amplifiers, and the
antenna changeover relays are all housed
in a weatherproof box near the top of the
tower supporting the Yagi antennas.
Therefore, remote control is required for
functions such as preamplifier bypassing
and band switching.

Design

An carly control-system design using
discrete timers for all functions was too
clumsy; adjustments were interrelated and
too difficilt to change, A simpler design
had to be found.

I had successfully used single-chip
microprocessors for simple functions, such
as keyboard-scan code conversion and soft-
ware UART functions, so [ decided to base
the control-system design around the Intel
8748 microcomputer. This IC requires a
minimom number of external components
{a power-on reset capacitor and a crystal)
and provides three 8-bit [/0 ports, several
input lines, 2 counter/timer and timer-
processing-interrupt capabilities, An 8748
has 2 kbytes of EPROM and 64 bytes of
RAM, two banks of eight general-purpose
registers and an 8-entry stack. The instruc-
tion set provides for simple manipulation

Switch

The push-to-talk switch
in this litle box is a wee
bit more than a simple

SPST toggle switch.
In fact, it uses
a microcomputer!

By G. Stewart Beal,* VE3MWM

of the [/O ports and status-line sensing.

Because a large amount of EPROM is
available on the microcomputer, the proj-
ect grew (and will probably continue to
grow) from its initial concept to that
presented here. The switch offers the
following features:

* individual control of RF routing to the
transverters or antennas

* separate disabling delays for two sets
of preamplifiers

* independent selection of rigs for
transmission and reception

* 2 WORLD-CHIP™ modem offering
Bell 103/202 or CCITT V.21/V.23 full-
duplex operation with or without amplitude
equalization

* RS-232-C interface to a packet-radio
TNC (terminal-node controller)

* gutomatic routing of microphone and
data audio

* voice override and hold-off of data in
packet mode

® a 16-key tone encoder for CTCSS
fransmissions

* an iambic keyer with all routing and
control functions for use with the rig
selected as the transmitter

* o keying rate that is adjustable *‘on the
fly"” from the microphone UP/DOWN
switches

* all operating parameters adjustable
from switches on the microphone while in
the set-up mode.

Future enhancements will probably in-
clude RS-232-C access to the keyer and tone
encoder. Although room for & Morse-
decoding algorithm exists, it probably

March 1985 21



13, U4 SECTIGNS NOT {SED

48

o ANALOG BOARD

5 &
- - or, VROBTIY ¥ PR ALE
% RTS8 ﬂJt 4 »ig a5 Wk
\
t oBa 2
it
,w_,__ T o [l EE " om F22
! 1 14
i- ong
BOWN o :" 2 mz
[0 13
1 1a . A AT ey Ll
17 )
[ L1
H I¥N us
SETUR e one 18
3 S-BIT 19
# PE . COMPUTER D87
wjt OING ‘
!
L] pis 2t
22
Pi7 i
! - sk L I o
3 . H-t o
1AMBIC T 4
EY VI\__? | ey J
R bay-
L W w bui-s 39 an
—» i Prd o
7P p2s |28 b ! ! !
74 470 .
24876 MHZ . ren |2
1] 11 2 ATAL A 3x
L ¥ waT
330 gxso
use
7 4¥e 3 4 3] wTaL 3
- a FESET KM GNR
] T |20
. o1
:J:/
: ————
LAY -5y
|
13 |2 T4 12 i
T Yoo ves w1 18
XTAL S FOLR BRD ‘—zs "0 Nc
KTAL 2/GLE n
o .
B [ (a.oo:
DeND wan
hea 910
? us cap 2 Lo pp—
& 30 AMD Tt +hy
T FSK MUDEM
:.:1-1| 2 ues i v
S 2 Y Hive
power | »— @ —
Vii-12 2
St <2 Y J) esn: avo |28.
1 1)
NEPIL: T 2p NG
08y i B
4 iM
§ [
tg-1a y n w12 - S—
14
L L e 0.047
3 :I';y
4
‘S‘ £
EACEPT AS [NDICATED, DECIMAL VALUES OF -] . .
LAPACITANCE ARE 14 MIGROFARADS & iF ) 5 " ~q2v
GUYHERS AHE 1N PICOFARADSE (p¥ Ot puF); HEYE aawo e e
RESISTANCES AME IN OHMS | 4 z
£ (000, H=1000 00D,
Farai 4
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J1-J4, incl. -~ Single-row male PC-board
headers {(Molex 22-05-2101-P or equiv.).

JBA — 16-pin DIP socket.

J8 — 3-circuit key jack.

22 OS5

K1-K1Q, Incl. — Gordos 831A1 8PST relay or

equlv.
P3 — Single-row female connector
(Molex 22:01-2101-P or equiv.).

P5 — Double-aended 16-pin DIP plug
{connacts J5A and J5B).

BP1, BP2 — 2.2.kk in DIF.

51 — 4PDT in DIP,
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U1-U4, incl, — 74LS14 inverter.

US — Intet 8748 single-chip microcomputer
(Jameco Electronics, 1355 Shareway Kd.,
Belmont, CA 94002},

U6 — Am7811 modem. {Available from
Advanced Micro Deviges, 801 Thompson
Pl, P.O. Box 3453, Sunnyvale, CA 94088,
tel. 800-538-8450 or 408-732-2400. An
equivalent is the EF7910 from Thomson

won’t be implernented.! The switch is built
ofn prototyping boards.

Circuit Description

An examination of the schematic
diagram (Figs. 1 and 2) reveals that the
design of the controller is straightforward.
An éxternal clock circuit is used so the pro-

BT rograrn listing is avallable from the ARRL

echnical Dept. Please include an s.a.8.9. with
all corraspondence.

Semiconductors, 45 Ave de I’Europe,
78140 Valizy, France; tel. (3) 946 97 19,
U7 — 1488 receiver.
U8 — 1489 transmitter.
UZ-U11, incl. — 74L8373 octal D-type latch.
U12 — 555 timer.
Y1 — 2.4576 MHz.
Y2 -~ 3.4579 MHz.

cessor and the modem chip can be driven
in parallel, eliminating the need for another
crystal. Schmitt trigger 741514 inverters
with 2.2-k{ pull-up resistors handle ali the
switch closure inputs. Although the inputs
could have been wired direcily to the
microprocessor, | felt the protection given
to the expensive 8748 ($12.50, at flea-
market prices) is warranted. The inverters
also provide some immunity for the input
circuits. Only the RTS and CTS lines for
the TNC go to the 8748, although the 8748

generates and monitors RTS and CTS for
the modem chip, This allows the processor
to have complete control over the CTS
delay, required by the packet node. It also
means the processor can override the digital
communication when the operator picks up
the microphone and presses the PTT
button.

The output side of the schematic diagram
shows the 7418373 8-bit latches. These ICs
are used to control a multitude of functions
and devices. The LEDs indicate the selected
transmit and receive band (10 or 2 meters,
70 or 23 em). Relays (K1-K10) isolate all
the controlled functions from the
microcomputer circuitry., A 5535 timer is
used as a sound-generator for sidetone
during CW work (or practice in the setup
mode}, and for audio verification of selec-
tions in setup mode.

RS8-232-C transmitted and received data
(TXD and RXD) and the data-carrier
detect (DCD) lines come directly from the
modem chip. The lines pass through 1488
and 1489 line receivers and drivers to the
outside world.

Fig. 1 shows five lines (numbered 1-3, 7
and 8) that, along with +5V, +12 Vand
ground, pass via a 16-pin DIP jumper to
a companion board containing the analog
components. This board is mounted on top
of the digital board, on the side opposite
the microcomputer. This helps to eliminate
any coupling of the switching signals into
the audio path. Most lines on the analog
board are of relatively low impedarnice to
help with this isolation. One section of an
LM387 preamplifier IC is used to raise the
microphone level to about 1 V for mixing
with other stgnals from the tone-encoder
pad and the modem. All audio sources are
equipped with trimming potentiometers to
allow signal-level balancing before mixing,
The received signals (one input source is
amplified by the other half of the LM387
preamplifier [C) are then passed through
14066 CMOS analog switches. Control
signals for these gates are mutually ex-
clusive and are generated by a single
741.814 inverter from the RECEIVER
SELECT signal (J5-1) originating on the
digital board. The selected audio is then
passed to the modem chip via J5-7.

Microphone audio (possibly mixed with
tones from the tone encoder) is passed to
another pair of 4066 gates, one for each
transmitter. Data audio from the modem
chip arrives on J5-8 and exits to a cor-
responding pair of gates. The outputs are
mixed to become the transmitted audio.
Control lines J5-2 and -3 from the digital
board generate the appropriate paths to
select voice or data to either one of the rigs.
An output attenuator then reduces the 1-V
signal to a level more appropriate for the
specific transmitter,

Operation

The software operates in one of two
modes, depending on the position of the
SETUP switch (the only control switch on
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