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We have a

Many Amateurs are protfessional
electronics engineers. This message is for them.

In the beginning Henry Amplifiers
were for communications. Many still
are. Amateur, commercial, MARS.
military, short wave broadcast, FM
broadcast, VHF link, domaestic,

foreign. .. Henry ampilifiers go
everywhere for diverse services. HF
point-to-point, VHF, UHF, SSB, AM,
FM, RTTY, packet, meteor burst, digi-
tal, marine shore station. . .are you
beginning to get the idea? if you need
a special purpose vacuum tube
amplifier for a specific frequency from

2 MHz to 500 MHz at power levels up
to 10,000 watts, we invite your inquiry.

But communications is only the
beginning. Think about plasma
generation, sputtering and etching,
thin film depaosition, laser excitation,
nuclear magnetic resonance {(NMR),
photo-emissions and mass spec-
trometry, scientific research, industrial
production. .. Henry equipment is
used in all of these applications. We
have always been customer driven
and still are.

Recent projects include:

10,000 watt 41 MHz Meteor Burst
LS, Air Foree

(UR-3

numerous customers including SHAPE Hea

U.5. Dept. of Interior, The Mitre Company, M-A

2,000 watts 1

Plasma generalor for vacuum etching, many cu
1,000 watts 1

Same apphcanon as pravic E

5,000 watts 1

Same application as pravio

5,000 watts various Marine HF freqd;

Laser Excitation, A
2,000 watts 1 1 0to

If you have a requirernent for high power RF, p

4,000 watts 145 MHz VHF
Point-to-Point — Indonesia
000 watts 320 MHz
@ fgr Satellite Test station. Hughes Ausrcratt.
watts 400 MHz
Laser Excitation, University of California

tts 27.12 MHz

Fatts 40 MHz

ifsplication as above — The Baird Corporation
atts 27.12 MHz

%sctrometr\r. VG Isatopes, England

Watts 13.56 MHz

g — Munich, Germany

Watts 6 MHz

Fve AM — Broadcast, frag

Watts 70 MHz

Radar Resedrch, England

ic Amplifiers

annon, Mary Silva or Ted Henry {Los Angeles office).

And don't farget, Henry Radio still prouces the world's broadest line of fine Amateur amplitiers!
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2050 S. Bundy Dr., Los Angeles. CA 50025
Butler Missouri 64730

Telex: 67-3625 (Henradio)  FAX (213) 826-7790

@ Argon Torch Photo-Ermissions Spectrometry — Switzerland

213) 820-1234
816) 679-3127



“DX-cellenc

408

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

¢ 100% duty cycle iransmitter.
Super efficient cooling system using
special air ducting warks with the inter-
nal heavy-duty power supply to allow
continucus transmission at full power
output for periods exceeding one hour.

e High stabhility, duai digital VFOs.
An optical encoder and the flywheel
VFO knob give the TS-9408 & positive
tuning “feel’

e Graphic display of operating
teatures.
Exclusive muiti-function LCD sub-
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CTOIIDIEEe se i mEials dre avaldakle
for all ing-Kenwgod ransceners and
maost ducasiones

Apeciicatans and prees aie subject to
change without nohce or obhigatian

display panel shows CW VBT, S8

slope funing, as well as rrequency

time, and AT- 940 antenna tuner status.
= Low distortion iransmitier.

Kenwood's unigue transmitter design

delvers top "quality Kenwood" sound.

e Kevboard eniry freauency ssiection,

Operating frequencies may pe directly
enfered into the T$-94085 without using
the WFO knaob.

= DIRM-tighting features.
Remove “rotten QRM" with the SSB’
slope tuning, CW VBT, notch filter, AF
tune, and CW pitch controls,

& Built-in FM. pius 598, CW. AM. FSK,

e Semi or full break-in {QSK) CW.

& 40 memory channeis.
Mode and freguency may be stored in
4 groups of 10 channels each,

& Programmable scanning.

e (3eneral coverage receiver,
Tunes from 150 kHz to 30 MHz.

e 1 yr. limited warranty.
Another Kenwood First!
Optional accessories:
e AT-940 full range (160-10m) auto-
matic antenna {uner ® SP-940 external

O (G, BRI 7R
EMORY FUNCTION s

Interface IF-232C/IF-10B

speaker with audio filtering » YG-455C-1
{500 Hz), YG-465CN-1 (250 Haz),
YK-88C-1 (500 Hz! CW filters; YK-884A-1
(6 kHz) AM filter  V3-1 voice synthesizer
e 50-1 femperature compensated
crystal oscillator # MC-43S UP/DOWN
hand mic. & MC-60A, MC-80, MC-85
deluxe base station mics.  PC-1A phone
patch o TL- 922A linear amplifier

& SM-220 station monitor € BS-8 pan
display ® SW-2004 and SW-2000 SWR
and power meters.

SEE THE T5-9405 PRODUCT REVIEW IN THE FEBRUARY 1986 ISSUE OF QST

HOTCH -~ 801 PITCH -2—AF TRNE
a .
. y . .

RI T ——KIT-~—GLEAN  NOTEH AF TUNE
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AT T &F @ RF
c A 3

WMore T3-3405 information is avallable
from authorized Kenwood dealers.

KENWOOD

KENWOOD U.S.A. CORPORATION

Communications & Test Equipment Group
2201E. Dominguaz St., Long Beach, CAS0810
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MICROPHANE

¢ Built-in AC Power Supply
® Built-in Automatic Antenna
Tuner

® SSB, CW, FM, AM, RTTY
@ Direct Keyboard Entry

& [60-10m/General Coverage
Receiver

® Passband Tuning plus IF Shift
® QSK up to 60 WPM

The IC-761 ushers in an exciting
new era of amateur radio communica-
tions; an era filled with all the DX'ing,
contesting, and multi-mode operating
pleasures of a fresh new sunspot cycle.
The innovative IC-761 includes all of
today's most desired features in a sin~
gle full-size cabinet. Thi$ is ham radio
at its absolute best!

Worl the World. The IC-761 gives
you the competitive edge with stand-
ard features including a built-in AC

power supply, automatic antenna tuner,

32 tully tunable memories, seli-refer-
encing SWR bridge, continuously vari-
able RF output power to 100 watts in
most modes, plus much, much more!

1COM America, Inc.,

Superb Design, Uncompromised
Queality. A 105dB dynamic range re-
ceiver features high RF sensitivity and
steep skirted [F selectivity that cuts
QRM like a knife. A 100% duty cycle
transmitter includes a large heatsink
and internal blower. The IC-761 trans-
celver is backed with a full one-year
warranty and ICOM's dedicated custom-
er service with four regional factory
service centers. Your operating enjoy-
ment is guaranteed!

All Bands, All Modes included.
Qperates all HF bands, plus it includes
general coverage reception from
100kHz to 30MHz. A top SSB, CW, FM,
AM, and RTTY performer!

Passband Tuning and IF Shift plus
tunable IF notch provide maximum op-
erating flexibility on SSB. CW, and
RTTY modes. Additional features in-
clude multiple front panel filter selec-
tion, RF speech processor, dual width
and adjustable-level noise blanker,
panel selectabie low-noise RF preamp,
programmable scanning, and all-mode
squelch, The IC-761 is today’s most
advanced and elaborate transceiver!

2380-116th Ave. N.E., Bellevue, WA 98004 Customer Service {
3150 Premier Drive, Sulte 126, Irving, TX 75063 # 1777 Phoenix Parkway, Suite 201, }\tlanta 3

RIT aTX

ICOM IC-761

A NEW ERA DAWNS

Direct Frequency Entry Via Front
Keyboard or enjoy the velvet-smooth
tuning knob with its professional feel
and rubberized grip. |

|
Special CW Attractions include a
built-in electronic kever, semi or full
break-in operation rated up to 60
WPM. CW narrow filters and adjustable

sidetone.

Automatic Antenna Tuner covers
160-10 meters, matches {6-(50 ohms
and uses high speed circuits to follow
rapid band shifts.

Complementing Accessories in-
clude the CI-V computer interface
adapter, SM-10 graphic equalized
mic, and an EX-310 voice synthesizer.

You're The Winner with the new
era IC-761. See the biggest and best

HF at your local ICOM dealer.

& 30349

ICOM CANADA, A Division of ICOM America, Inc., 1071 - #5 Road. Unit 9, Richmond, B.C. V6X 2T4 Cina,da

All stated specifications are approximate and subject To change without natice or ohligation. Al ICOM radios significantly exceed FCC regulations limiting spurlous euissions, fﬁ-sa?\
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This year's National is sure to be hospitable.

Even if you're a Yank. . .ah, from the North! Join
your friends for a weekend to remember in Atlanta.
The story’s on page 45. (Logo design by Jim
Massara, N2EST/; photo courlesy Steve Hoghen
Architectural Photographics, Atlanta, Georgia)
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New PK-232 Breakthrough

Six Digital Modes - Including Weather FAX

I‘S’E.ll} -’5?‘68? "8{-1-4 _

Qiiﬁ.i 783l br?fﬂmliﬁm-’

A new software enhancement
makes the AEA PK-232 the only
amateur data controller to offer
six transmit/receive modes ina
single unit.

* Morse Code
* Baudot (RTTY)
* ASCII

* AMTOR

* Packet

* Weather FAX

$3 ﬁ- 9 AMATEUR NET

$379.95 AEA RETAIL

Your home computer (or even a simple terminal)
can be used for radio data communication in six
different modes. Any RS-232 compatible com-
puter or terminal can be connected directly to the
PK-232, which interfaces with your transceiver.
The only program needed is a simple terminal pro-
gram, like_those used with telephone modems,
allowing the computer to be used as a data ter-
minal. All signal processing, protocol, and
decoding software is in ROM in the PK-232.

The PK-232 also includes a no compromise
YHF/HFICW modem with an eight pole bandpass
filter, four pole discriminator, and 5 pole post
detection low pass filter. Experienced HF
Packeteers are reporting the PK-232 to have the
best Packet-modem available.

Operation of the PK-232 is a breeze, with
twenty-one front panel indicators for constant

status and mode indication. The 240 page manual
includes a “‘quick start” section for easy connec-
tion and complete documentation including
schematics. Two identical back panel radio ports
mean either your VHF or HF radio can be selected
with a front panel switch. Other back panel con-
nections include exiernal modem disconnect,
FSK and Scope Qutputs, CW keying jacks, and
R3-232 terminal interface.

The BS-232 connector is also used for attaching
any Epson graphics compatible parallel printer for
printing Weather Fax. Weather maps and satsllite
photos, like the one in this ad, can be printed in
your shack.

Contact your local AEA dealer today tor more
information about the one unit that gives you six
modes for one low price, the PK-232.

Brings you the Breakthrough

2006-196th St. SW
Lynnwood, WA 98036
{206) 775-7373

4 O&T=



Element U

AZ36.31 320 Mtz
Directional

Make the mosi 6 vour new privileges.

For the best performing station, select
Cushgcraft fixed, mobile, and portable
antennas. They are the popular choice
because of their performance, durabil-

ity, and ease of assembly. More hams :

choose Cushcraft than any other brand
of amateur antennas.

' 10-15-20 Meier

P.bf Bbx 4680 |
Manchester, N.H. 03108 USA
Telex: 4949472 CUSHSIG MAN
AVAILABLE THROUGH

DISTRIBUTORS WORLDWIDE

ireciional




Full-featured Hand-heid Transceivers
Kenwood brings you the . o —
greatest hand-held trans- pLiN e
ceiver ever! More than just

“hig rig performance,” the

new TH-215A for 2 m and

TH-415A for 70 ¢m pack the

most features and the best

performance in a handy size.

And our full line of accesso-

ries will let you go from ham-

shack to portable to mobile

with the greatest of ease!

¢ Wide receiver fraguency range. < Large, easy-to-read multi-
Receives from 141-183 MHz. function i.CD display with night
includes the weather channgis! light.
fransirut from 144-1 = sudible beeper to confirm key-
Moditiable to cover 141-151 MH? pad npemtlon et 5
IMARS ar CAP permit required), unigue tone fo
= TH-4154 covers 444)-
£44.995 MHz.
& 5, 2.5, or 1.5 W autput, depend-
ing on the power source. 3up-
| NICd packs
for extended operation or higher
utput available,

210 memory :..hanneis store gry_
affset, in 100-kHz steps. E
merury channel ¢ e fr . ‘ R
quency, frequency slep, otfset, ‘ ; : o TH-2IBA
reverse switch pasition, and : i : Iy
CTCSS frequency.

¢ Hine types of scanning$ Includ-
ing new “seek scan” and priority
alert,

L intelluqent 2-way batterv saver

@ Easy memory re-r‘all “:lmr)l\,r
press the channei number!

& 12 YDC input terminati for direct
miobile or hase station supply
aperation. When 12 volts 1s applied,
AF autput is 5 W1

& New Twist-Lok Positive-

e

Zonnect” locking battery case.
e Fraguency entry by keyboard
or UP/DWN keys.
= Priority aiert function.
® Monltor switch to defeat squeich. 5 imers Lri-4, 5
the treguency s IMR-4 motile bra
‘i‘if.:ude.frjecode is (3-TY ]

able tar alt 1ne-Reowaood ransceners and mast 4nce
change wihau! natne of vhigation




2 mi70 cm EM busl Bander

A Kenwood original just got better!
Kenwood was the first to develop a
2 m/70 cm mobile radio in a single,
compact package. Since then,
other companies have imitated the
concept, but still have not done it
the “Kenwood way’ The all-new
TW-4100A is mere compact, more
powerful , and packed with more
features than ever before! With
many new features and accesso-
ries, and backed by Kenwood’s
experience, the all-new Kenwood
Dual Bander is light years ahead

of the rest!

o Selactable full dupiex cross band
{“telaphone style”) operation.
Remote base or cross band repeater
function possible (a controi operator
is needed for remote or repeater
operation*),

® 45 watits on 2 m. 35 waits on
70 em. 5 watts (adjustable) low.

» Frequency coverage: 142-149 MHz
iallows opetation on certain
MARS and CAP frequencies) and
£40-449.995 MHz.

VEO/MCH  MHz

s Digital Channel Link (DCL) option. KENWOOD U.S.A. CORPORATION

Vease check FOC reqgnlations oty taetmaler aperation
AN o TICAROR 1t dry ior repedier nperabon
SHeCHCAlOng atd pnce 18
Complete sanvice marni

First Again!

= lon-volatile operating system.
Even after memary back up cell dies,
all operating features remain intact!
Mo re-prograrmming or "board-
swapping” necessary!

» Programmabie band scan and
memory scan with memory chan-
nef lock-out.

« [ arge, illuminated LCD display
and main kneb. For excellent visibii-
ity in direct sunlight or darkness,

» Selectabie frequency step for
guick and easy QSY.

e New compact sizel Only 58" W x

wH R

Hx 7.87" D and weighs less
than 4 pounds!
o Proven high performance

Kenwood (3aAs FET front end * Yoice synthesizer VS-2 option.
receiver. ' Optional accessories:
© Eaay to operate! Only 3 knobs and & PS-50/PS-430 DC power supplies
8 kays on the front panel. & MU-1DCL modem unit  TU-7 CTCSS en-
« Separate antenna ports for | coder » V8§-2 Voice synthesizer » SW-100B
&ﬁg?lg;fﬂinfnizesplggsarg VHF SWR/Powernolt meter 140-450 MHz tor

et e o T ) rmobile use « SW-200B SWR/Powel meter
increases reliability and performance! for base station use 140-250 MHz, D-200 W

s 10 memory channels. Lithium battery | i 9 ranges  SWT-1/6WT-2 2 m and 70 om

backs up memory. Store frequency, antenna tuner  SP-40 Compact speaker
offset, subtone. Two channels store » SP-50B Maoblle speaker « PG-2N Extra
the transmit and receive frequencies  § DC cable  PG-3B DC naise filter » MC-60A,
independently for odd split or 3 MC-80, MC-85 Base station mics.  MC-55
cross band operation. & (8-pin) Mobile microphone « MA- 4000

Dual hand mobile antenna
with duplexer {mount not
inciuded; « MB-11 Exira
maobile mount

» Front panet-seiectable CTCES
tone {when optionai TU-7 is
insiafled.}

SCAN SHIFT TONE

YOL /Low @VOICE /8QL

1 .

- KENWOOD

Communications & Test Equipment Group
2201E. Dominguez St., Long Beach, CAS0810

o1 to change without nolice of chiigation,
& availzhie 1or el Tnn-Keowoord IRANSCEVErs st minst gecessonies
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Directors

Canada

THOMAS B. J. ATKINS, VEICDM,

&5 Havenbrook Bivd, Willowdale, ON M2J 1A7
(416-494-8721)

Viee Director: Harry MacLean, VE3GRO,

500 Riverside Dr, London, ON NBH 2R7
(519-473-1668)

Atlantic Division

HUGH A, TURNBLILL, W3ABC, 6903 Rhode Island
Avs, College Fark, MD 20740 (301-927-1797)

Vice Directer: James M. Mozley, W2BCH, 126
Windcrest Dr, Camillus, NY 3031 (315-488-2051)

Centrat Division

EDMOND A, METZGER, W8PRN, 1520 South
Fourth 8t, Springfield, Il 62703 (217-523-5861)
Vice Director; Howard 8. Huntington, K9KM,

G5 South Burr CGak Dr, Lake Zurich, IL 60047
Dakota Division

HOWARD MARK, WOOZG, 11702 River Hills Dr,
Burnsville, MN 55337 (612-890-8114)

Viea Director: Richard Whiting, WETN, 4749 Diane
¥, Minnetonka, MN 56343 (612-938-6652)
Delta Division

CLYDE Q. HURLBERT,* W5CH, PO Box 502,
Biloxi, MS 395330502 (601-435-5544)

Vice Director: Lionel A, “"Al" Qubre, KSDPG

a1 Su%ar Mill Rd, New Iberia, LA 70860
{318-367-3901}

Great Lakes Division

GEOHGE 5, WILSON, Ill,* WAOYI, 1649 Griffith Ave,
Crwensboro, KY 42301

Vive Director; Allan L. Saverson, ABBP, 127% Ethel
Ave, Lakewood, OH 44107 {216-521-1565)

Hudson Division

STEPHEN A. MENDELSOHN, WA2DHF, 3718 New
Milford Ave, Dumont, NJ 07628 (201-384-0570/DB80}
Vice Diractor: Paul Vydareny, WB2VUK,

259 N Washington $t, N Tarrytown, NY 10591-2314
(914-631-7424)

Midwest Division

PAUL. GRAUER,* WOFIR, Box 190, Wilson, KS
67490 {913-658-2155)

Vice Diractor: Claire Richard Dyas, WRJIGP,

PO Box 386, Oxtord, NE 689670386 (308-824-3138)

New England Division

TOM FRENAYE, K1Kl, 23 Pinehurst Rd,

Bex 62, Unionville, CT 08085 {203-673-5429}
Viee Director: Robert Weinstack, KN1K, PO Box 331,
Cambridge, MA 02238 (517-492.9225)
Nerthwestern Division

RUSH 8. DRAKE, W7RM, Ate 2, Box 372 AG
La Center, WA 98629 (206-263-3048)

Vice Director; William H. Shrader, WTOMU
2042 Jasmine Ave, Madtord, OR 97501
(BO3-7T73-0624)

Pacific Division

RODNEY J. STAFFQRD, KBBZV, 5155 Shadow
Estates, San Joss, CA 95135 (408-274-0492)

Vice Director: Jamas Knochenhauer, K&ITL,

133 Sylvan Ave, San Mateo, CA 94403
{415.345-9511)

Roanoke Division

GAY E. MILIUB, J&, W4UG,

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

Vice Director: John C. Kancde, N4MM,

RFD 1, Box 73-A, Boyce, VA 22620 {703-837-1340)
Rocky Mountain Division

MARSHALL QUIAT, AGOX, 860 Wynkaop, Suite 8450
Danver, CO 80202 {303-333.0819)

Vice Chrector: Hugh Winter, WSHD, Box ‘14804
Albuquerque, NM 87191 (505-293-5735)

Southeastern Division

FRANK M. BUTLER JR,* W4RH,

323 Elliott Rd, SE, Fort Walton Beach, FL 32548
(804-244-5475)

Vica Diractor: Mrs, Evelyn Gauzens, WAWYR,
2780 NW 3rd St, Miam, FL. 33125 (305-642-4139)
Southwestern Division

FRIED HEYN, WASWZ0, 462 Cheyenne 5t,
Costa Mesa, CA 92626 (714-549-8518)

Vice Director: Wayne Overback, N6NB,

11552 Gail La, Garden Grove, CA 92640
(714-539-6849)

West Gult Division

HIM HAYNIE, WBSJBP, 3226 Newcastie Dr
Dallas, TX 7H2207(214-352-6180) homs;

11837 Judd Ct, #114, Dallas, TX 75243
{214-437-1363) business

Vice Director: Thomas W. Gomstock, NSTC,
1700 Dominik, Cojlege Station, TX 77840
(409-693-1181)

“Executive Committee Member
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Section Managers of the ARRL

Reports Invited: The ARRL Board of Directors (see list at left) determines the policies of ARAL.
The 18 divisions of the League are further arrangad Info 74 administrative “‘sections,”” each
headed by an elected Saction Manager. Your SM welcomes reports of club and individual activity,
ARRL Field Organization appoiniments are available covering a wide range of Amateur Radio
volunteer interests. Whatever your license class, your SM has an appointment avaitable. Check
with your SM {below) far further information, :

Canada

Alberta Bitl Gillespie, VEGABC, 10832 68 Ave, Edmonton, T6H 2C1 (403-438-2510)

British Golumbia H. E. Savage, VE7FE, 4563 Waest 12th Ave, Vancouver VB 2R4 (604-224-5226)
lanitoba Jack Adams, VE4AJE, 227 Davidson Ave E, Dauphin H7N 2Z4 (204-838-3270)
Maritime-Nild Leigh Hawkes, VE1GA, Box 8864, Armdale, NS B3L 4K5 (902-443-5360)

Ontarlo L. P. Thivierge, VE3GT, 34 Bruce St W, Hentrew K7V 3W1 (613-432.8967)}
tiebse Harold Moreau, VEZBP, B Principale, 5t Simon Co. Bagot JOH 1Y# (514-798-2173)
Saskalchewan Giordon Kosmenko, YESGF, 59 Kowalchuk Cres, Ragina, S4R 8W7 (308-543-7923)
Atlantic Division

Delaware Harold K. Low, WASWIY, Ate 6, Box 66, Millsboro 19966 (302-945-2871)

Eastern Pennsylvania kay . Craigie, KG3ILM, 128 Berkeley Rd, Devon 19333% 159-688-5045)
Maryland-DC John A, Barolet, KJ3E, 108 Elliott Ct, California. MD 20619 (301-862-3201)
Sovthern New Jersey Richard Baier, WARHEB, 1226 Audubon Dr, Toms River 08753 (201-270-8292)
Wastern New York William Thompson, W2MTA, RD 1--Rock Ad, Newark Vallay 13811 (607-6842-8930)

Wastern Pennsyivania Otto Sehuler, KISMB, 3732 Colby St, Pittsburgh 15214 (412-231-689D),
Central Division

Winois David E. Lattan, WDSEBQ, RR 1, Box 234, Makanda 62958 (618-528-1578)

Indiana Ronald J. Koczor, K§TUS, 2512 Glenwaod Ave, Fort Wayne 46805 (219-483-1385)
Wisconsin Richard B. Aegent, K9GDF, 5003 South 26th St. Milwaukes 53221 (414-282-0312)
Dakota Division 1

Minnesota Gearge E. Fredericksan, KCOT, RR #2—Baox 352, South Haven 55382 (612-558-6312)
North Dakota Roger “Bill” Kurttf, NGAFP, Rural Route—Box 34, Rock Lake 58365 (701-266-5646)
South Dakota Roland Gory, W@YMB, 1010 7th §t, W. Mobridge 57601 (605-845-2400)

Delta Division ) .
Arkansas Josl M. Harrison, 8r,, WBSIGF, Rte 1-Box 2198, Judsonia 72081 (501-728-3301)
Louislana John M. Wondergem, KSKR, 600 Smith Or, Matairie 70005 (504-837-1485)
Mississipof James N. Davis, KKSZ, PO Box 332, Senatobia 38668 (601-562-6081)

Tennesses John €, Brown, NC4Q, PO Box 37, Eva 38333 (901-584-7531) '

Great Lakes Division i

Kantucky John A, Thernes, WM4T, 60 Locust Ave, Covington 41017

Michigan James R. Gaelay, WBBMTD, 21615-20% Mile Rd, Springport 49284 (517-857-2013)
Chio Jefiray A, Maass, KBND, 9256 Concord Rd, Powell 43065 (614-873-3234)

Hudson Division

Eastern New York Paul 5. Vydareny, WB2VUK, 259 N Washington, North Tarrytown 10591 {914-631-7424)
NYC-Long Island John H, Smale, K2IZ, 315 Kensington Ct, Coplague 11726 (516-226-4835)

Northem New Jersey Robert A. Anderson, KZBJG, 69 Page Dr, Oakland 07436 (201-337-9644)
Midwest Division

lowa Robert W. Walstrom, WEEJ, 7431 Macon Dr NE, Cedar Hapids 52401 (319-393-2982)

Kansas Aobert M. Summers, K8BXF, 3045 North 72nd, Kansas Clty 58109 (913-268-1128)

Missour Benton C. 8mith, KEPCK, 3301 Sinclair, Rie 3, Box 195-A, Columbia 65203
{314-443.5168)

Nebraska Vern J. Wirka, WB2GQM, 3106 Vinton, Omaha 68105 (402-341-4572)

New England Division )

Connecticut Jehn T. Renan, K3Z4J, 114 Cld Redding Rd. Waeston 06883 {203-226-3388)

Eastern Massachusetts  Luck Hurder, K'Y 1T, PO Box LL, North Eastham 02657 (817-255-2029) '

Maine Clovis O. Laverty, W1RWG, 17 Fair $t, Norway 04268 (207-743-2353)

New Hampshire William Burden, WB1BRE, i1 Briand, Nashua 03083 (603-982-0021

Rhode Island John Vata, WB1FDY, 41 Brookside Ave, Centerdale 02911 (401-231-1934}

Vermaont Frank 1. Suitor, W1CTM, 727 North Ave, Burlington 05401 (B02-863-59

Western Massachusetlts  William C. Voedisch, W1UD, 240 Main $t, Leominster 01453 (617-534-6256)
Northwestern Division

Alaska James L. Moody, Jr., NL7C, PO Box 102841, Anchorage 99510 (907-694-4077)
idaho Onn Clower, KATT, 5103 W. Cherry Ln, Meridian B3642 (208-838-7020).
Montana Kenneth G. Kopp, KBPP, Box 848. Anaconda 59711 t406-797—3340}
Qregon Randy Stimson, KZ7T, 9890 8W In%lewaod St, Partland 97225 [504-297-1175)
Washington 8rad Wells, KR7L., 1290 Puget Dr, E, Port Orchard 98366 (206-871-6548)
Pacific Division ‘
East Hay Beb Vallio, WERGG, 18655 8hefiield Ad, Castro Valley, GA 94546 (4151537-6704)
Nevada Joseph D. Lambert, WBIXD, PO Box 1201, Boulder City 89005 {702-294-0505)
Pacific Army Curtis, AHBP, PO Box 4271, Hilo, HI 96720 {808-935-559%%
Sacramento Vallay Raobert H. Watson, WEIEW, 10994 Clinton Bar Rd, Pine Grove, TA 95685 (208-223-0101)
San Francisco Re?hsn Of&gﬁﬂtm. NABT, 820 Park St—PO Box 1425, Fort Bragg, CA 95437
70796

San Joaguin Valley Charles P. MeConnelf, WEDPD, 1658 W Mesa Ave, Fresno, CA 93711 (209-431-2038)
Santa Clara Vallay Glenn Thomas, WB6W, 554 Simag Dr, Milpitas, CA 95035 (405-263-9450)
Roanoke Division
North Carolina Rae Everhart, K4SWN. PO Box 41, Lexington 27293-0041 (704-249-8734)
South Caroling James G. Walker, WD4HLZ. Ria 1, Box 5395, Marion 28571 (B03-423-3645)
Virginia Claude E. Faigley, W3ATQ, 135 The Main—BR #1, Williamsburg 23185 {804-253-0658)
West Virginia Karl 5. Thompson, KBKT, 5303 Pioneer Dr, Charleston 25312 {304-776-4352)
Rocky Mountain Division
Colorado Willlam “Bill” Sheffiefd, KQ@J, 1444 Roslyn St, Denver 80220 {303-155-2488)
New Mexico Joe Knight, WEPDY, 10408 Snow Heigis Bivd, NE, Albuquergue 87112 8505—299-4581 1
Litah James R, Brown, NA7G, 865 Manchester Ad, Kaysville 84037 (801-544-0056)
Wyoming James E. Raisler, NYGYY, 1102 East oth &t, Gillette 82716
Southeastern Division \

abarna Joseph E. Smith, Jr., WA4RNP, 1211 13th 51, N, Bessemsr 35020 (205-424-4B66)
Georgia Edmund J. Koscbucki, K4JNL, 5525 Parry Ave, Columbus 31909 (404-322.2856)
Northern Florida Hoyal V. Macke\%Nle, 161 Bhell Point W, Maitland 32751 {305-644-5905)
Southern Flotida Richard D. Hill, WA4PFK, 3800 SW 11th 5t, Ft. Lauderdale 33312 {305-583-69:437)
West indies Albarta L. Validejuli, WP4CSG, V-11 19 5, Berwind Estates, Rio Piedras, PR 00924
Sauthwestern Division
Arizona James E, Swafford, W7FF, 5906 W Miramar Dr, Tucson 85715 (602-298-7793)
Lo§ Angeles Eugene R. "Bob" Poale. AJEF, 205 Reynosa Dr, Tarrance, CA 90501 (213-326-2801)
Orange Joe H. Brown, WEUBQ, 5444 La Sierra, Riverside, CA 92505 (714-687-5394)
San Diego Arthur R. Smith, WEIN], 4515 Mefisa Way, San Diego, GA 92117 (618-273-1120)
Santa Barbara Syron W. Loonaey, K6F|, 6540 Bucklay O, Cambria, CA 93428 (805-927-8733)
West Gulf Division
North Texas Phil Clements, KSPC, 1313 Applegate La, Lewigville 75067 (214-221-8873)
Oklahoma William E. Goswick, KSWE, 12717 5. 124th E. Ave, Broken Arrow 74011 (918-369-2115)
South Texas Arthur R, Ross, WEKR, 132 Sally La, Brownsville 78521 (512-8111-4458)
West Texas Oscar “Gens"” Smitl, AES, 5343 Encino Rd, Abilene 79605



THE AMERICAN RADIO
RELAY LEAGUE, INC

The Amgrican Radio RAelay League, Ing, is a
nencommercial association of radio amateurs,
nrganized for the promation of interest in Ama-

tanr Radio communication and experimentation, fer the
astablishrment of networks to provide communications in
the event of disasters or ¢ther emergencies, for the
advancement of the radie art and of the public welfare,
{or the represantation o1 the radieo amateur In legislative
matters, and tor the maintenance of fratemalism and 2
high stanctard of conduct,

ARAL {5 an incorporated assaclation without ¢apital
stock chartgred under the laws of tha State of Conhnec-
ticut, and is an exempt organization under Section
501(c}3) of the Internal Revenue Cuda of 1954. s affairs
are governad by a Soard of Directors, whose voting
members are elacted every two years by the generai
membership. The officers are elected ar appoinied by the
Directors. The League is noncommercial, and no ene who
could galn financially from the shaping of its affairs is
aligible for membership on its Board.

Of, by, and for the radio amateur,” ARRL numbers
within its ranks the vast majority of active amateurs in the
nation and kas & proud histary of achlevement as the
standard-baarer in amateur affafrs.

A bona fide interest in Amateur Radio Is the anly sssen-
tial quatification of membership; an Amateur Radie license
is nat a prerequisite, although full voting membership is
granted anly o licansed amateurs in the US and Canada.

Membership inquiries and general correspongence
shauid be addressed to the administrativa headquarters at
225 Main Street, Newington, CT 06111 USA
Telephone: 203-866-1541 Telex: §50215-5052 MCL.

MCI MAIL (elecironic mail gystem) 1D: 215-5062

Canadian membership Inquiries and correspondence
should be directed o CRBL Headaguarters, Box 7009,
Station E, London, ON N5Y 4J9, tel 519-225-2138,

Founding President
Hiram Percy Maxim, W1AW [1868-1936)

Officers

President: LARRY E. PRICE,” W4RA
PO Box 2067, Statesboro, GA 30458

First Vice Prosident; JAY A, HOLLADAY,” WEEM,
5128 Jessen Dr, La Canada, CA 91011
(818-790-1725)

Vice President: LEONARD M. NATHANSON,
WS8RC, 20833 Southfield Rd, Suite 240,
Soutifield, M1 48075 {313-563-3191)

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

International Affairs Vice President: TOD OLSON,
KATO, 292 Heather Ln, Long Lake, MN §5356
(612-931-8629)

Executive Vice President: DAVID SUMNER,* K12Z

Secrefary: PEARY F. WILLIAMS, W1UED

Treasurer: JAMES E. McCOBB JR, KilLU

Staff
Washington Area Coordinator
Parry F. Williams, W1UED
Publications
Manager: Paul L. Rinaldo, W4R]
Peputy Manager: John Nelson, W1GNGC
Adverfising Depariment
Lee Aurick, WISE, Manager
Sandy Gerli, AC1Y, Deputy Manager
Circulation Department
Debra Chapor, Manager
Beth A. Douglass, Deputy Manager
Production/Editorial Depariment
Laird Campbell, W1CUT, Manager
Juel Kieinman, N1BKE, Deputy Manager
Technical Depariment
Charles L. Hutchinsan, KBCH, Manager
Gerald L. Hall, K1TD, Deputy Manager
Membership Communications Services
Manager: John F. Lindholm, W1XX
Daputy Manager; Rokert J. Halprin, KK1XA
Volunteer Resources
Manager: Stephen G. Place, WB1EYI
Volunteer Examiner Department
Jim Clary, WB9IHH, Manager
Ciub Services Departrent
Manager:
Field Services Depariment
Richard K. Palm, K1CE. Manager
Administrative Services
Controlier:
Purchasing/Office Services Department
Kathy McGrath, Manager

Counsel
Christopher D. Imiay, N3AKD

*Executive Committee Member

“It Seems to Us ...”

220: What Else Can You Do?

Ever since the FCC proposal to withdraw the
bottom two megahertz of the 220-MHz band
from amateur use hit iike a bombshell in
February, thousands of concerned amateurs have
been looking for constructive ways to express
their outrage. The first target was, appropriately,
the Commission itself; and judging from the high
quality of the comments that fill the Com-
mission’s files in General Docket 87-14, a lot of
research and thought was expended in the effort
to convinee the FCC of its wrong-headedness on
this issue. Many of vou also shared your ideas
and vour data on utilization of the band with
ARRL Headgquarters, which assisted us in the
preparation of the comments being filed on
behalf of all League members. We're most
grateful for your support.

Qutrage turned to outright apoplexy in April,
with the appearance in land-mobile com-
munications magazines of advertisements placed
by Aecrotron, Inc., of Raleigh, NC, advising of
the availability of amplitude-compandored
single-sideband equipment for voice and data
transmission “‘in the 216-222 MHz range."” The
League believes that the ads violate the Com-
mission's rules prohibiting the marketing of
equipment for which type acceptance is required,
before such is granted. On April 30, the League
submitted a formal request to FCC seeking the
issuance of an order directing Aerotron to show
cause why a Cease and Desist Order should not
be issued emjoining them from unlawful
activities.

8¢ as to leave no stone unturned in the battle
to save 220, many League members have thoughi
of {urning to their efected UJ.5. Senators and
Representatives for support. Some alreadv have
done so. When vou receive this issue the com-
ment deadline will have passed and the Com-
mission will be in the “‘reply comment’’ phase,
in which comments are accepted supporting or
refuting the comments made by others. Linless
you ¢an gel to Washington to inspect the public
file of comments, as an individual League
member you're unlikely to be able to participate
in the reply-comment process; so it’s quite
natural that vour thoughts might furn in another
direction, toward Capitol Hill,

Every day, a Congressman’s office is
inundated with letters, postcards, and phone calls
from constituents expressing opinions on every
subject imaginable, and asking for help in
dealing with all sorts of government agencies.
How do you make it clear what action vou want
your Congressman to take? How do you make
your request stand out?

First, remember that you can’t expect your
Congrassman to be an expert on frequency
allocation matters. On the other hand, you don’t
want him simply to transmit your views fo the
FCC; you’ve already done that yourself, right?
And you don’t waat him simply to send a
“What's this all about?”’ sort of inquiry to the
Commission, since this will trigger a form-letter
response (we've already seen some) that suggests
the Comumission is being really nice to amateurs
in proposing to give us three megaherfz on an

exclusive basis. What vou want is for your elected
representative to give well-deserved support to
a group of constituents who have amassed an
exemplary record of public service in his state
ot district. Get his attention by reminding him
of the ouistanding examples of emergency
and/or public-service work by radio amateurs
in your area; tell him that an FCC proposal in
General Dacket 87-14 threatens to reduce your
ability to perform similar work in the future;
point out that regardless of what the Commission
might tell him, amateurs in his state or district
have enjoyed full use of the 220-225 MHz band
and have a continuing need for the entire band;
and ask for his active support in getting the FCC
to withdraw its ptoposal. If you can, offer to
bring together a group of his constituents to meet
with him or his staff to provide additional
information. Avoid exaggeration, and go easy
on the conspiracy theories; he knows there’s
bound to be another side to the issue, and you
must protect your credibility as if it were a
precious and fragile commodity.

It you've previously established a relationship
with him or his staff, you'll already know how
to use it; if not, there’s no time like the present
to start.

Can’t do all this? Some League members have
suggested inundating Congressional offices with
QSL cards with simple messages asking for sup-
port. 1f done tastefully, it can’t hurt! Similarly,
we understand some [ocal clubs are undertaking
petition drives,

If vour Senator or Congressman happens to
serve on the respective subcommittee that
exercises oversight over the FCC, you can expect
him to take a greater interest in telecommuni-
cations issues. The Communications Subcom-
mittee of the Senate Committee on Commerce,
Science and Transportation comptises Senator
Inouye (HI), Chairman; and Senators Hollings
(S8C), Ford (KY), Gore (TN}, Exon (NE), Kerry
(MA), Packwood (OR), Pressler (3D), Stevens
(AK), Wilson (CA), and McCain (AZ). The Tele-
communications and Finance Subcommittee of
the House Energy and Commerce Committee
comprises Rep, Markey (MA), Chairman, and
Reps. Hall {TX), Eckart (OH), Richardson
(NM), Boucher (V A}, Cooper (TN}, Swift (WA),
Leland (TX), Collins (IL), Synar (OK), Tauzin
(LA}, Dowdy (MS), Slattery (K3}, Bryant (TX),
Rinaldo {NJ), Moorhead (CA), Tauke (IA),
Ritter (PA), Coats (IN), Bliley (VA), Fields (TX),
Oxley {(OH), Nielson ( UT), Dingell (MDD, and
Lent (NY).

Senators are addressed “*The Hon. ____,
LInited States Senate, Washington, DC 20510
and the proper salutation is *‘Dear Senator
s Representatives are addressed “The Hon.
s HoUse of Representatives, Washington,
[3C 20515 and the proper salutation is **Dear
Mr. ...’

If you get more than a form-letter response,
we'd be interested in hearing about it. The
League’s Washington team stands ready to
provide additional backup, as required.—Larry
E. Price, WdRA, and David Sumner, KIZZ



, er,dtrplane seats
Tse, you've prohably

; szmilantv to its pre-
cessor, the FT THTGX. That's

- purely mnentmna] And now its
S perfnrmanCP is even better.

-~ With new features like mem-
ory storage of operating mode.
Slow/fast tuning selection. Auto-

~matic step-change according

et.an iambic elec-

wer. Woodpecker noise
or. b00-Hz CW fitter. AM
nd FM modes. AF speech pro-

‘cessor. And 26-kHz marker
- generator. All at no extra charge.

Three microprocessors.

:Dua 1 VFOs. Single-button VFO/

memory swap. Receive cov-
erage from 500 kHz to 30 MHz.
Transmit coverage from 10
fo 160 meters, including WARC
bands. All-mode coverage
(LSB, USB, CW, AM and FM).
100-watt, RF output.

QSK operation. Massive

operation for up to 30 minutes.

Computer Aided Trans-
ceiver (CAT) System for com-
puter control via optional
interface (software is available
from your Yaesu dealer).

Of course, the FT-TH7GX/II
offers the kinds of options
you'd expect from Yaesu, too.
Including standard and heavy-
duty power supplies, auto-
matic antenna tuner, and more.

So no matter where you
work the DX take along Yaesu's
FT7HTGX/1L. The fuil-featured

HF rig you'll have a real held
day with.

heatsink and duct-flow cooling YAESU
system for continuous RTTY




Hams in Jeopardy? You bet! But not the kind that can
get you in trouble. On the contrary, Amateur Radio
got some excellent attention nationwide via the
popular game show Jeopardy this past March when
this item popped up on the game board. The call
belongs to Neil Dorfman, K8IGW, of Southfield,
Michigan, who was quick enough to photograph his
television screen as the item appeared. He probably
had advance notice, though, because his son, Steve,
N6DIW, s a writer for the show. By the way, a
contestant did answer correctly.

UN on 70 cm: 4UtUN, the United Nations Head-
quarters station in New York, has expanded its
operation. Usually QRV on 14/21/28 MHz, 4UTUN
became active on 70 cm for the first time March 28,
chalking up a total of 27 two-ways with amateurs in
five states. Incidentally, 4UTUN is a DXCC country
separate from the US. Shown here are (kr) JRGNWN,
N2GKL (operating 432.1-MHz 55B) and [S1DLC/W2.

{NZATT photo)

A Fitting Tribute: The first ARRL International Humanitarian Award has been given
posthumously to Victor C. Clark, W4KFC, former League President and an out-
standing radio amateur for many vears. A specially designed plaque (lower right
corner} was presented to Vic's wife, Hester (left), on March 28, at a Quarter Century
Wireless Association banquet in Rosslyn, Virginia. The Banquet was sponsored

by the Vic Clark and Washington Chapters of the QCWA. Members of the

Clark family and many
prominent amateurs
were present as ARRL
Secretary Perry Williams,
W1UED, presented the
plaque to Mrs Clark.
{N4MM photo}

Get Caught in the
ARRL Net

Don’t know where to find
a good roundtable? Then
get yourself a copy of the
latest ARRL Net Directory.
Included in the 1987
edition are updated
listings of all National
Traffic System nets and
many local, regional and
international net opera-
tions. You’ll also find
many special-interest and
Novice nets. In addition,
there are helpful articles
on traffic handling and
other aspects of operating,
as well as handy resource
material, such as a listing’
of countries with which
the US has a third-party-
traffic agreement, For your
copy, send $1 (to cover
postage and handling)

to ARRL HQ, 225 Main St,
Newington, CT 06111,
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Keeping up the Good Work: Shawn Wakefield, WK5P,
shows one of the many reasons why he was named
Westlink’s Young Amateur of the Year. Here, he
demonstrates 2-meter amateur RTTY to a group of

5th graders in Bartlesville, Oklahoma late last January.
Shawn was at the school to promote ham radio in
general, and to recruit students for a Novice class
sponsored by the Rartlesville ARC, for which Shawn is
one of the instructors. Shawn’s presentation was
filmed by a local news team and appeared on the local
cable-TV news that night. Helping out with the demo
i5 10-year-old Novice Jennifer Christie, KBSBBB.

(WBSKFP photo)

Fun in the Sun with Ham Radio: Members of the San
Angelo (Texast ARC teamed up with other amateurs
from Brady to give some 400 Boy and Girl Scouts a
good look at how Amateur Radio operates. The scene
was the 1987 Amangi Trail lambaree at Camp Sol
Maver, in west-central Texas, in April. Under the super-
vision of control operators using the call sign W5QX,
Scouts were treated to a variety of hands-on demon-
strations, including this packet-radio operation by
Charles Cathey, K5/EZ, who headed the amateur
outing. Each Scout also received a copy of the require-
ments for the Radio and Computer Merit Badge and
copies of the Archie’s Ham Radio Adventure comic
hook and Ham Radio: A Community Resource.: (photo
courtesy SAARC)

Phase 4 Design Meeting: This group of AMSAT and
ARRL representatives met in Boulder, Colorado April
46 to discuss initial design plans for the newest
generation of amateur satellites, Phase 4, Unlike its
predecessors, Phase 4's geosynchronous orbit would
make it accessible to amateurs 24 hours a day, thereby
increasing the opportunities for using satellite
communications, such as in a national emergency. For
a detailed look at Phase 4 and its communications
possibilities, see January 1987 QST, page 41.

{W4PUJ photo)

Fieid Day Bonuses

in addition to the usual
scoring opportunities in
this year’s Field Day,
June 27-28, participanis
will have a couple of extra
bonuses. Entrants will
have four additional
chances to pick up

100 points fur copying the
traditional W1AW Field
Day message: An extra
CW hulletin will run at
1400Z and an extra phone
bulletin at 1500Z—-on both
Saturday and Sunday
fApril QST, page 15, has 4

detailed bulletin schedule).

Also, Military Affiliate

Radio System (MARS)
stations will be on the air
during this year's event—
good for another 100
bonus points for one or
more Q50s. The usual
honus stiuations include
100% emergency power,
public relations, message
origination and/or relay,
satellite communications,
packet radio and natural
power. Field Day rules
and details on the MARS
uperations {including
frequenciesi are in May
QST, page &7.

Tip of the Cap: Lou Schurrer, WBEQOON, of Ventura,
California, sent in this postscript to a piece that
appeared in this column in March on how hams can
identify themselves clearly at public events. Lou agrees
that the earlier suggestions
of banners, 1D badges and
magnetic signs are good for
getting the public's atten-
tion, but adds that a cap
such as this one also has
good visual impact.:Of
course, a call sign would
add the finishing touch.
Our hats are ofi to you,
Lou, and the other |
members of the Ventura
Poinsettia ARC for the
suggestiorn.

AMATEUR
RADIO

EOMMURICATIONS

12 0ST=




Thanks! The Hewlett-Packard Foundation recently
donated a Model 8970A automatic noise-figure meter
and a Model 346A noise source to the ARRL
Laboratory. This equipment allows precise noise-figure
and gain measurements from 10 MHz well into the
microwave region. The ARRL Lab uses the 8970A
regularly to test commercial equipment for product
reviews and advertising acceptance. Qur new noise-
figure meter also gets quite a workout during the
development and testing of construction projects and
circuits published in ARRL books and periodicals.
Thanks, Hewlett-Packard!

Thinking of Operating
Overseas?

If you're traveling abroad
and would like to operate
in the host country, you'll
need to get a reciprocal
license. The ARRL
Regulatory Information
Branch maintains an
extensive file on how to
apply for an amateur
license in virtually every
country in the world. We’l|
send you the name,
address and telephone
number of the government
agency to contact, and the
application forms. if they’re
available. All we need from
you (preferably about two
months before vou leave
the U%) is the name of the
country or countries in
which you wish to operate
and a large SASE with 3
units of First Class postage.
Figure on the host country
taking at [east six weeks to
process your application
{althcugh a few countries
may issue a license on a
wall-in basis), We'll be
listening for vou stateside.

Trivia Quiz

W1IAW is the most familiar
call sign of ARRL's
cofounder, Hiram Percy
Maxim. In 1937, shortly
after Mr. Maxim’s death,
the call was reassigned to
the Maxim Memorial
Station, which is on the
H(} grounds in Newington,
Connecticut. Our guestion:
What were HPM's ather
amateur calls? (Hint: There
were three,)
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League Lines

The FCC has decertified four more ¥ ECs: Adirondack ARC/VEC (New York), AE4AN/Mark4 VEC (North Carolina),
Dunedin VEC (Florida) and Director of MARS VEC (Puerto Rico). According to the FCC, these VECs were decerti-
fied due to inactivity or failure to provide the FCC with the required annual Cost Recoupment Certification.

Attention, attorneys. The Legal Strategy Committee of the League’s Board of Directors will present a four-hour
seminar at the ARRL National Convention entitled *Land Use Regulation of Federally Licensed Communications
Facilities and the Doctrine of Federal Preemption.” The seminar will be open to all amateurs at the Convention,
to be heid July 10-12 in Atlanta, but it is intended primarily for League Volunteer Counsel, other attorneys, and
city planners and other officjals involved in land use restrictions of communications facilities. ‘The syllabus for the
seminar has been submitted for CLE approval to all states with continuing legal education requirements. The only
cost will be to offset the printing of bound resource materials for those seeking CLE credit, Details next month.

When you first heard about Amatenr Radio, did you go to the local library looking for information? In all too many
libraries, perhaps ail you found were outdated License Manuals and Handbooks. Let’s share the world of Amateur
Radio by donating books to your local library. ARRL HQ has put together a special set of 20 ARRL publications
at a discounted price, which makes it perfect for donations ro public or school libraries, or perhaps even as an addition
to your own! The 20 books include the latest editions of The ARRL Handbook, Tune in the World, ARRL Antenng
Book, Antenna Compendium, The FCC Rule Book, the Gil Cartoon Book, all License Manuals and more. The price?
$90 postpaid. This represents a substantial discount from list price and is available only from HQ.

The new tariffs against certain Japanese products do not affect Amateur Radio equipment. Products affected include
color TV sets, certain electrical tools and desk or laptop computers,

The seventh edition of The FCC Rule Book should be hot off the presses about the time yon read this. This edition
contains all updated FCC rule makings, including Novice Enhancement, and will have a distinctive fuchsia cover.
It will be available for $5 from your local dealer. if ordered separately from HQ, add $2.50 for postage and handling,

Field Day June 27-28! This is a last-minute reminder to send for your FD entry package. The package cousists of
a publicity kit, summary sheet, dupe sheet and check list to ensure that your entry is complete. 1t’s available from
HQ for a Y- X 12-inch SASE with 4 units of First Class postage. Field Day rules appear on page 87 of May QS7.

Field Day ops are also reminded that no credit is given for contacts made on the 10-MHz (30-meter) band. Although
LS amateurs have exclusive status on 30 meters, in many other countries the band is shared with other radio services
and all amateurs, including those in the US, must avoid interfering with them. Contest-style activity could cause
harmful interference and threaten our use of the band. The interference potential is why US amateurs are limited
to CW and digital communications only, with a maximum output power of 200 watts.

in the 5th call area, the FCC is about to run out of 2 x 1 Extra Class call signs. When the 2 % 1 calls are exhausted,
the Commission will begin issuing 2 = 2 calls beginning with the prefix AA35, such as AASAB. The 5th call area
will thus join the 4th and 6th call areas, which are issuing AA 2 x 2 call signs to Extra Class licensees. .

HQ is looking for a Field Organization Coordinator. This new full-time position at HQ will be responsible for
administering the ARRL Amateur Auxiliary and Interference Reporting System (AIRS), editing Field Forum and
Section Leader and the Field Services Manual. The successful candidate will also undergo on-the-job training with
the goal of assuming full responsibility for the development and administration of all Field Organization Functions
next year. Requirements include a bachelor’s degree, preferably in English, Journalism, Communications or Liberal
Arts; demonstrated writing skills; strong oral communications skills; General class or higher amateur license; and
solid experience in the ARRL Field Organization. This is an exciting, leadership position in the Field Services Depart-
ment, reporting directly to the Field Services Manager, Salary of $16,120-22,568, depending on qualifications. For
more information call Richard Palm, KICE, at HQ.

Other HQ staff opportunities include: Club Services Department Manager: a degree or equivalent experience in
Volunteer Management, Psychology, Education or other relevant areas; strong program management and writing
skills essential; starting salary $25,428 to 30,194, Training Manager: degree and/or equivalent expetience in Educa-
tion, Radio Electronics; stromng writing skills essential; starting salary $22,334-26,806. Volunteer Resources Assistant;
degree or equivalent experience in Journalism or Liberal Arts; strong writing skills and some Amateur Radio experience
essential; starting salary $13,754-$15,132, Resumes and writing samples to Volunteer Resources Manager at HQ.

In addition, the Production/Editorial Dept is looking for an Editorial Supervisor, to write and edit for (ST and other
League publications. Journalism, English or related degree, Amateur Radio license and supervisory skills required.
Starting salary $18,954-22,740. Contact the Assistant Managing Editor at HQ for more information.
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The W2CXM 2-Me{S g
Receiver and Scaglii=y

Turn an $18 Weatheradio into a
2-meter receiver? You bet—
and you can add squelch ana
scanning for a few dollars more!

By Steven Powell, N2BU

Cornell University Amateur Radio Club, W2CXM

401 Barton Hall
Ithaca, NY 14853

ould you like to have a 2-mater
W FM receiver for under $207 All
it takes is & Radio Shack mode!
12-181B Weatheradio® , one capacitor and
a few minutes of work. This article will
show vou how to do it, why it works and
how to perform several other modifications
to add advanced features like squelch and
scanning. This is an ideal project for new
or prospective hams who would like to
listen to 2-meter communications without
spending much money. You may wish to
modify a 2-Meter Cube and then lend it to
friends or relatives so that they, too, may
bacome interested in Amateur Radio, If
you already own a 2-meter receiver but
were thinking of upgrading to a scanning
model, this may be just right for you. The
2-Meter Cube Receiver is a great way to
tnonitor local 2-meter action from work or
home. The 2-Meter Cube can even be used
to monitor packet-radio transmissions!
This project was developed for a Tech-
nician/General licensing class sponsored by
the Cornell University Amateur Radio
Chub. The 2-Meter Cube Receiver enables

the students to monitor code practice sent -

over the local 2-meter repeater. The success
of the initial project prompted several club
members to design the squelch and
geanning features. .

Converting the radio from the weather
band to the 2-meter amateur band provides
an opportunity to learn about LC gircuits,
squelch circuits, variable-capacitance-diode
tuning, and digital scanning technigues.
This article details the procedures for three

1
otz ' c4l
F 5 pF

Sp

Fig 1—The tuned circuit of the existing
local oscillator showing capacitor C, added
to iower the resonant frequency. (From
Radio Shack Weatheradio owner’s manual,
catalog number 12-181B.) C,: 2-10 pF
trimmer capacitor (ODSE part no. R-2952).
C12, C4 and L5 are Radio Shack part
numbers.

modifications: The first is frequency re-
tuning to the 2-meter band, the second adds
squelch pperation, and the third adds four-
channel scanning. One, two or all three
modifications may be performed, de-
pending on the features desired.

Modification 1: Frequency Retuning

There are three controls on an un-
modified Weatheradio: The white bar on
the top of the radio turns the power on, and

the voLumE and TUNING coutrols are
located on the bottom. The radio tunes
from approximately 160 to 164 MHz. The
first modification changes the fre-
quency coverage to approximately 145 to
147.5 MHz, which is sufficient to cover all
standard repeater output frequencies. Any
other 2.5-MHz segment between 140 and
160 MHz may be covered it desired.

Fig 1 shows a portion of the resonant
circuit that determines the local oscillator
{LO) frequency. The relationship between
the LO frequency and the component
values is given by

1

fro =

(Eq 1)

This modification consists of adding a
trimmer capacitor, ,, in parallel with C4,
C12 and L35 in order to lower the resonant
frequency, The new frequency is given by

flo =
i

C2r X V15 X (C4 + C12 T Cy)

(Eq 2)
Modification 1 Procedure

It’s a good idea to keep the Weatheradio
instruction sheet handy as you go through
the modification process. It contains the
schematic of the unmodified Weatheradio
and other useful information.

Remove the bottom panel and the four
screws that hold together the case. Loosen,
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P2 BOARD =

SEE FIGS 5 ANDA3
FOR REFERENCE

Fig 2—Foil side view of the original circuit
board. Solder the trimmer capacitor, C,, t©
the foil at the two Xs.

but do not remove the screw at the base of
the antenna. Push the antenna screw
through the enfarged hole in the case.
Separate the case from the speaker as-
sembly, being careful not to tear off the
antenna.

Bend the leads of C, and solder it to the
foil side of the circuit board at the location
shown in Fig 2, Use a generous amount of
solder to ensure a good mechanical con-
nection and to prevent microphonics.

Turn the TUNING knob to its lowest
frequency (fully clockwise as viewed from
the foil side of the circuit board}. Connect
an RF signal generator set to 145 MHz to
the antenna input. Adjust C, with a non-
metallic tool until you hear the signal.

A low-power 2-meter transmitter may be
used in place of the signal generator as long
as the trangmitter is at teast 100 feet from
the receiver. It is very easy to adjust the
capacitor to the receiver image frequency
if the transmitted signal is too strong.

If a signal generator or 2-meter {rans-
mitter is unavailable, trv this alternative
approach: Set the tuning knob to its mid-
position and slowly adjust C, until you
hear a 2-meter repeater. Try to identity the
repeater frequency. 1f it is more than a few
hundred kitohertz from the center of the
desired tuning range, set the tuning knob
to the approximate repeater frequency and
readjust C,; until vou hear the repeater

Fig 4—8chematic diagram of the squelch =
circuit. Capacitors are ceramic unless other-
wise noted, Capacitance is in microfarads.
Resistors arg -W carbon-compasition type.
Resistance is in ohms {k=1000), Part
numbers are in parentheses. “RS’ dasig-
nates Radio Shack, “DSE™ designates Dick
Smith Electronics, 390 Gonvention Way,
Redwood City, CA 94063.
GC4—2.2-4F tantalum (RS 272-1435,
DSE R-4730).
HB7—5-kilohm audio taper potentiometer
(RS 271-1720, DSE R-1819).
An etched and drilled circuit board is
available. See nofes at end of article.
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Linear and Interface Integrated Circuits Handbaok, pp 110-113, Motorola Ing, 1983.) This is
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Fig 5—Close-up view of the squelch circuit board mounted on the foil side of the original
circuit board, Note the trimmer capacitor, C,. at bottom center, (photo by Kevin Wrenner,

WB2LJK, and Brian MclLeod)

20
Sin

1INCH 5
i
e ] ¢

Fig 6—Full-size efching pattern for the
2-Meter Cube Receiver squelch circuit
hoard. Black areas represent unetched
copper fail.

again. That’s it! You've turned your
Weatheradio into a 2-Meter Cube!

Hint: You may want to mark the tuning
knob with paint or nail polish to indicate
the position of local repeaters and simplex
frequencies. This makes frequency changes
quick and easy.

Modification 2: Squelch Operation

After using the 2-Meter Cube receiver
you may find that vou want to add a
squelch circuit to keep the speaker quiet
when no sigaals are present. Since weather-
band signhals are transmitted continuously,
there is no need for squelch in the un-
modified Weatheradio. Fortunately, the
Weatheradio is based on a Motorola com-
munications IC, the MC3357P, which has
squelch capability built in, making the
addition of a squelch function quite simple.
A block diagram of the MC3357P is shown
in Fig 3. The frequency-modulated IF
signal enters the chip at pin 16, and

demodulated audio is available at pin 9,
Squelch operation is achieved by adding a
few components at pins 9, 10, 11, 12 and
14, These components comprise 21, 22 and
the noise detector shown in Fig 3, Their
function is to check for the presence of
noise above the normal audio band. If
noise is present, pin £4 of the MC3357P i3
pulled lTow. The speaker is muted by
connecting pin 14 of the MC3357P to pin
I (MUTE input) of the LM386 audio
amplifier.

Fig 4 shows the schematic diagram of the
squelch circuit. The resistors and capacitors
connected to pins 9, 10 and 11 form the
Z1/72 combination—a band-pass filter
centered at about 8 kHz, (This frequency
is above the normal audio passband and
therefore only passes noise.) The negative
noise peaks are conducted through the
diode and decrease the voltage at pin 12 of
the IC. Squelch action takes place when the

voltage at pin 12 is less than about
700 mV de. As a result, pin 14 is pulled low,
muting the audio amplifier. When a signal
is received, the 8-kHz noise disappears and
the voltage at pin 12 rises above 700 mV
de, opening the squelch., The SQUELCH
potentiometer sets the squelch threshold by
varying the dc bias on D1.

The squelch circuit design presented here
has been proven by nearly 100 successful
modifications by members of the Cornell
University ARC. The 2-Meter Cube be-
comes much more enjoyable with a squelch
function—it is also far less battery-hungry
with this option!

Modification 2 Procedure

The easiest construction method is to
mount the sqquelch components on a small
printed circuit board. This subassembly is
then attached to the foil side of the original
circuit board, as shown in Fig 5. Alterna-
tively, a small piece of perf board and
point-to-point wiring may be used. A PC
board etching pattern and parts-placement
guide are shown in Figs & and 7, respec-
tively, Etched and drilled circuit boards and
parts kits are available.

A potentiometer must be added for the
squelch circuit. This can be installed on the
front of the plastic case, but the club’s
extensive use of the 2-Meter Cube suggests
a better arrangement. The volume control
is the most frequently used control, and is
best located in the front of the case; the old
volume control may then be used for
seuelch.

1) Refer to Fig 7 and solder all com-
ponents onto the squelch circuit board, or
use point-to-point wiring on perf board.
Mount any tall components so as to
minimize board height.

2) Drill a 3/8-inch-diameter hole in the
front of the case for the new volume
control. Refer to Fig & for the proper
location. Attach three 6-inch-long wires to
the potentiometer.

3} Remove the case of the radio as
explained in the modification | procedure.

'Notes appear on p 21.

Pin 4 of
MC3IBSTP

SOUELCH
VR-1

(LD YOLUME
CONTROL)

TO SCAN CIRCUIT

(IF USED)

PIN NUMBERS
OF MC3357P
(G-1)

Fig 7—Parts-placement guide for the 2-Meter Cube Heceiver squelch circuit. This view is
from the component side of the board. Gray areas represent an X-ray view of the

unetched foil.
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Fig 8—Full-size drill-
ing tempiate for the
front of the plastic
case, Modification 1
tequires no hole drill-
ing, modification 2
requires adding only
the voLuME control
hole and modification
3 requires all holes.
Photocopy or cut out
this drawing and
directly mark the case
for acourate hole
locations. See text for
hole diameters.
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4) Install the new volume control on the
front of the case.

5) Solder a wire between pin 14 of the
MC3357P and pin 1 of the LM386. Very
small wire, such as no. 30 wire-wrap wire,
works well.

6) Cut five ¥1-inch lengths of the same
small wire and remove 1/8 inch of insula-
tion from both ends of each. Wrap one end
of one of the five wires around pin 9 of the
MC3357P and soider it to the pin. Do the
same with pins 10, 11, 12 and 13 of the
MC3357P—one wire on each pin, Note:
The connection to pin 13 is used only for
scanning and may be omitted if you do not
intend to add this modification. However,
if you are consicering adding scanning
later, add this wire now, as it is quite
difficult to do so later.

7% Solder a solid wire (a piece of &
component lead works well) securely to pin
[5 of the MC3357P. This will serve as a
ground connection and mechanical support
for the squelch circuit board.

8) Solder a 1-inch wire to pin 4 of the
MC3357P.

9) Slip the squelch circuit board, com-
ponent side down, over the wires from pins
9, 10, 11, 12, 13 and 15 of the IC. Solder
the wires to the main-board locations
indicated in Fig 7.

10) Solder the wire from pin 4 of the
MC3357P to the junction of R4 and RS on
the squelch board,

11} Unsolder the wiper of the old
YOLUME control (VR-1 on the Weathera-
dio circuit board) and bend it up from the
circuit board. Solder a wire from the wiper
of this control to Ré.on the squelch board.
Solder another wire from the wiper of the
riew volume controf to the circuit board pad
that went to the wiper of VR-1.

12y Unsolder the high side of VR-1 (the
right-hand terminal as vou look down on
the board with the potentiometers toward
you} and bend it up from the circuit board.
Solder a wire from the high side of VR-I
to R8 on the squelch board. Solder another

18 n57=

wire from one side of the new volume
control to the circuit board pad that went
to the high side of VR-1,

13) Solder a wire from the other side of
the new volume control to the ground
terminal of VR-1.

14) Check to make sure that there are
no shorts from the new connections to
other connections or components. Connect
the 9-V battery, press the white bar, and
rotate the squelch control, The speaker
audio should mute when the squelch
threshold is reached. Verify that the new
volume control is functional

Troubleshooting

If you have trouble, start by checking for
poot solder counections and again verify
that the new connections are not touching

nearby connections. Pin 4 of the MC3357P
should read approximately +5 V de.
Pin 12 should read approximately +1 V dc
when fully unsquelched and should
decrease as the squelch potentiometer is
turned. When the voltage at pin 12 drops
below +700 mV de, pin 14 of the
MC3357P should go low, causing the audio
amplifier to squelch the speaker audio.
Make sure that you bave connected pin 14
of the MC3357P to pin 1 of the LM386.

Modification 3: Four-Channel Scanning

There are various technigues that may be
employed to add scanning to a receiver. If
the radio contains a phase locked loop
(PLL) frequency synthesizer for its 1O,
sequentially changing the inputs to the
divide-by-N counter in the PLL makes the
radio step from one frequency to another.
This is the method most often used in the
latast 2-meter equipment and generally:
requires the use of a microprocessor.

Fortunately, there is a simpler scanning
scheme that may be used in the 2-Meter
Cube. Fig 9 shows a portion of the existing
LO including the TUNMING potentiometes,
VYR-2. As the tuning knob is turned, the
voltage at the wiper of VR-2 can be set to
any value between zero and approximately
+ 1.2 V de. These limits correspond to the
highest and lowest frequencies in the tuning
range, respectively. For any frequency in
this range, there is a corresponding de
voltage at the wiper of VR-2, This dc
voltage determines the capacitance of
variable-capacitance diode D3, and there-
fore the resonant frequency of the local
oscillator. To scan several fixed frequen-
cies, VR-2 is replaced by an array of poten-
tiometers, each of which can be set to bias
D3 to a different tuning voltage. As one
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Fig 9—Schematic diagram of the frequency determining portion of the existing
Weatheradio LO. Tuning is dong by adjusting the dc bias across the variable-capacitance
diode, D3, with the VR-2 potentiometer. Note that G, is set to a lixed value for 2-meter
band reception, as detalled In the first modification. {From the Weatheradio owner’s
manual, Radio Shack catalog number 12-1818B.) All parts shown on this diagram except

C, use original Radio Shack nomenclature.
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Fig 10—Schematic diagram of the four-chan
D2, D3—Small-signal diode, 1N4148 or
equiv (RS 276-1122, DSE Z-3120).
DS1-084, incl—{0.2-inch-diameter LEDs
{RS 276-041A, DSE Z-4085).
M—MPS2807 PNFP transistor or equivalent
(RS 276-2023, DSE Z-1348).

potentiometer at a time is switched into the
circuit, the radio changes frequency ac-
cordingly.

Circuit Description

The upper portion of Fig 10 shows the
array of potentiometers just mentioned.
Note that only three additional potenti-
ometers are required for the four-channel
scanning modification, The fourth channe]
potentiometer (CHO) is the original VR-2
iuning potentiometer, The CHO frequency
is set with the TuNING knob. The CHI,

nel scan circuit.

Q2-Q5, incl—2N2222 NPN transistor
or equivalent (RS 276-1617,
DSE Z-1308).
R10-R12, incl—10-kilohm miniature
potentiometers (RS 271-335).
81-84, incl—SPS3T microminiature
toggle switch (RS 275-624, DSE 8-1173).

CH2 and CH3 freguencies are set with a
screwdriver through the bottom of the case.

The wipers of all four tuntng potenti-
ometers feed the inputs of the quad analog
switch, Ul. Only one of the wipers is con-
nected to the output of Ul at a time, when
the corresponding ENABLE line is high.
For example, when ENABLE A is high, the
wiper of the CH2 potentiometer is con-
nected to the output. The output of Ul is
connected to the variable-capacitance
tuning diode by way of R and C27 on the
original circuit board,

U1—40866 or 4016 CMOS quad analog

switch (RS 276-2466, DSE Z-5666).
U2—4017 CMOS decade counter

(RS 276-2417, DSE Z-5617).
U3—TLC556 CMOS dual timer

(RS 276-1704).

It is important to note that the three
additional potentiometers are biased by the
Weatheradio’s regulated -+ § V line and not
directly from the 9-V battery as is the
remainder of the scanning circuit. Using a
regulated +3 V supply keeps the preset fre-
quencies constant as the battery voltage
drops. Regulated -+ 35 V dc is conveniently
accessible at pin 4 of the MC3357P.

Oscillator L3A produces a clock signal
that is high for about 160 ms and low for
about 12 ms. Every rising edge advances
the counter, U2, and turns on the next
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decoded output. The counter turns OUT-
PUT 0 (O0) high, followed by 01, 02, O3
and (4. A high on O4 resets the counter
and the cycle repeats. When power is first
applied, (1 resets the counter to zero if it
starts in disallowed states 5, 6, 7, 8 or 9.

As the counter steps from 0 through 3,
the corresponding LEDs (DSI through
D84} are turned on by transistors Q2
through (5. Each step also selects one of
the analog switches in U1, connecting one
of the potentiometer wipers and its
corresponding de voltage to the R8-C27
junction in the LO circuit.

Two kinds of scanning are performed by
the circuit in Fig 10: carrier-operated scan
(CO scan) and time-operated scan (TO
scan). Both scanning modes stop the scan
whenever a signal is detected and the
sguelch opens. CO and TO scan differ in
how the scan resumes after stopping. With
switch 84 set to €O ScaN, the 2-Meter
Cube will stay on a channel as long as a
signal is present. When the signal goes
away, scanning resumes. With 54 in the To
SCAN position, the Cube stays on the busy
channel for a time determined by R24 and
C8 {about ¥ seconds for the values shown),
before scanning resumes. This allows the
other channels to be scanned even if one
or more channels are constantly busy.

1J3 operation in the scanning function is
as follows: Oscillator J3A generates clock
pulses and advances the U2 counter channel
by channel until a signal exceeds the squelch
threshold. When the squelch opens, pin 13
of the MC3357P goes low, removing the
reset signal from Q6 and thus U3B. When
€0 SCAN IS selected, the output of U3R goes
high, exceeding the input threshold of TJ3A.
This holds the output of L/3A low and pre-
vents the U2 counter from advancing. U3A
remains disabled until the 2-m signal goes
away. Pin 13 of the MC3357P goes high
when the squelch closes, resetting U3B, al-
lowing U3A to oscillate and advancing U2
to the next channel.

If Time-Operated SCAN is selected, a
slightly different series of events take place.
The rising edge of the U3A output signal
still advances U2 to the next chanpel, but
if a 2-meter signal opens the squelch (pulls
pin 13 of MC3357P to a low), a positive
pulse is generated at the output of U3B on
the falling edge of the U3A output. The
positive pulse generated at the U3B output
disables U3A for a period of time deter-
mined by R24 and C8 (about 9 seconds).
After this delay, U3A advances U2 to the
next channel, resuming scanning. However,
if the 2-meter signal on the busy channel
goes away during the delay period, Q6 will
turn on, causing U3B to ge low, and
seanning will resume immediately.

Modification 3 Pracedure

Designing the scanning circuit was guite
straightforward, but the real challenge was
designing a circuit board to fit inside the
2-Meter Cube. Also, the three potenti-
ometers on the scan board had to be ac-
cessible to set the frequencies to be scanned,
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Fig 11—Full-size eiching
pattern for the 2-Meter
Cube Beceiver scan

' ¢ircuit board. Black areas
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Fig 12—Parts-placement guide for the 2-Meter Cube Receiver four-channal scanning
circuit. This view is from the component side of the board. Gray areas represent an X-ray

view of the unetched foil.

Several circuit board layouts and locations
were considered; the best arrangement was
found to be that shown in Figs 1 through
13, The etching pattern and parts-
placement guides for this board are shown
in Figs 11 and 12, respectively. Etched and
drilled circuit boards and paris kits are
available from the Cornell ARC.?

Follow these steps to perform the scan
modification:

1} Solder all components onto the scan
circuit board as shown in the parts layout
of Fig 12. Leave at least 3 inch of lead on
each of the LEDs. Bend the LED leads into
an L shape so that the board can fit inside
the case (see the detail in Fig 13). Solder the
five insulated jumper wires onto the board.

2) Drill eight holes in the front panel for
the LEDs and switches using a no, 10
(0.193-inch-diameter) drifl. Use the full-size
template in Fig 8 to mark the hole
[ocations. Mount the toggle switches in the
four [ower holes.

3) Remove the case from the radio and
slip the scan circuit board over the two
mounting studs as shown in Fig 13, Drill
a 3/16-inch-diameter hole into the battery
compartment at the missing corner of the
circuit board (see Fig [3—just behind the
left-most toggle switch on the case). This
hole will be used to teed wires from the scan
circuit board to the toggle switches.

4} Using a no. 22 (0,157-inch-diameter)
Jdrill, make thres holes in the battery
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compartment, each centered on one of the
three potentiometer adjustment holes,

5} Solder the 12 interconnect wires to the
scan ¢ircuit board. Six of these will connect
to the switches and six to the foil side of
the original circuit board. Position the scan
cireuit board inside the case as shown in
Fig 13. Push the four LEDs through the
holes in the front of the case and seat the
board firmly.

6) Feed the six wires that connect the
scan circuit board to the switches through
the 3/ 16-inch-diameter hole that was drilled
in step 3. Solder the wires to the switches.

7} Unsolder the wiper of the TUNING
potentiometer (VR-2 on Weatheradio
board), and bend it up from the circuit
board. Connect the wire from the C input
of Ul on the scan board to the wiper of
VR-2. Connect the wire from the output
ot U] to the circuit board pad that used to
g0 to the wiper of VR-2.

8) Connect the +9 V wire on the scan
board to +9 V on the original circuit
board. (The red wire on the power switch
i a convenient source of +9 V)

9) Connect the +35 V wire on the scan
board to pin 4 of the MC3357P. Connect
the ground wire to the original circuit board
ground at the ground terminal of the
SQUELCH potentiometer.

10) Connect the wire from R25 on the
scan board to the pad on the squelch board
that connecis to pin 13 of the MC3357P.

11} Bend the wires from the original
circuit board around the edge of the board
near the metal 1F transformers. Be careful

-

Fig 13—Interior view of the 2-Meter Cube
showing the scanning circuit board and
connections to the original circuit board.
(photo by Kevin Wrenner, WB2LJK, and
Brian MclLeod)

not to short any connections together or
pinch any wires. Feed the 9-V battery clip
through the large slot in the battery
compartment and close the case.

1) You may want to letter the new
controls with dry-transfer lettering or tape
labels.

Operation

The four LEDs indicate what channel the
2-Meter Cube is tuned to at a given time.
The first LED is labeled with a “*V*’ for
variable frequency oscillator (VFQ). The
frequency of the VFQ is set by the TUNING
control on the bottom of the radio. With
the SCAN/VFO switch in the vFO position,
the scan circuit is disabled and the radio
operates normally, With toggle switches set
to scaN and Go, the radio scans the VFO
and channels I, 2 and 3.

Preset the channel 1, 2 and 3 frequencies
by stopping the radio on the desired
channel with the sTOP switch. Insert a
screwdriver through the battery compart-
ment and adjust the corresponding po-
tentiometer on the scan board until the
desired repeater or test signal is heard.

The current drain of the 2-Meter Cube at
9 V is about 15 mA squelched and 30 mA
at moderate listening levels. The scan circuit
adds only | mA. of additional current drain,
thanks to the CMOS circuitry. However, the
LEDs will add 9 mA more to the current
drain. (The LED OFF switch has been added
as a handy battery-saving feature.j A
rechargeable 8-V NiCd battery or an exter-
nal 9-V de¢ power supply is probably best for
those who plan on using their 2-Meter Cubes
for extended periods of time. Beware of the
wall-transformer type 9-V dc **battery elimi-
nators,” as they produce several hundred
millivolis of ac ripple, resulting in a 60- or

120-Hz hum in the receiver, It would be
better to build a simple 9-V regulated power
supply such as the one recently described in
QST

Troubleshvoting

In case of trouble, review the circuit
description given earlier for a better under-
standing of the circuit operation. Check that
the interconnect wires go to their correct
destinations, as shown in Fig 12. Verify that
+5V, +9Vand ground are present on the
scan circuit board. Look. for the clock signal
at the output of U3A with an oscilloscope.
Check that the sCan control line from the
MC3357P pin 13 goes low when the squelch
is opened. Make sure that the 1C and tran-
sistor’ orientations are correct,

Conclusion

The performance of the 2-Meter Cube is
more than adequate to monitor local
2-meter signals, To those who would like
better performance, two suggestions are
offered. It may be possible to improve IF
selectivity by replacing the LC IF filter with
a crystal filter, With such a selectivity
enhancement in place, the further addition
of an FET in the front end to boost sensi-
tivity would turn the 2-Meter Cube into a
truly first-ciass receiver. 1 welcome cor-
respondence regarding improverments made
to individual 2-Meter Cube receivers. The
next challenge is for someone to design a
matching 2-Meter Cube Fransmitter!
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Notes

TEtched and drilled printed circuit boards and
parts kits for each of the modifications are
available from the Cornell University Amateur
Radio Club, W2CXM, 401 Barton Hall, Ithaca,
NY 14853. Send an SASE for current pricas.

2See note 1.

3P. O'Dell, “The Perfect 10: A Power Supply for
FM Portables,” QST, Mar 1984, pp 16-18.
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The Magic of

MOLI

Properly applied, Moli Energy’s
rechargeable lithium cell is
superior to its nickel-cadmium
counterpart. Here’s how it
works—and how you can use
a MOLICEL® battery in your
hand-held transceiver.

By Christopher Dollard, VE7FKS
Dollard’s Radio West Ltd
762 SW Marine Dr
Vancouver, BC V6P 5YF, Canada

and

Noulan Bowker, VE7BLA
Moli Energy, Lid

3958 Myrile St

Burnaby, BC V5C 4G2, Canada

held transceiver battery, what would be
its characteristics? Your wish list might
include features such as longer operating
time, smaller size and less weight; a state-
of-charge indicator accurate at any time:
freedom from the “‘memory” problerns that
plague nickelcadmium (NiCd) batteries;
and constant readiness for use. Youwd
probably want it to retain its charge for
years, Such a battery is #or science fiction,
but it may just have a dose of *‘magic.”
Moli Energy, Ltd of Vancouver, British
Columbia, Canada, has produced the first
commercially available high-energy,
rechargeable  [lithium  battery—the
MOLICEL power system. Like other
lithium batteries, the MOLICEL battery
takes advantage of lithium's high electrical
energy potential and light weight, but offers
the additional benefit of rechargeability.
MOLICEL AA size cells are presently
being produced in Moli's pilot plant for
limited release to manufacturers, product
developers and radio amateurs, By early
fall 1987, Moli Energy will be producing
the cells in its high-volume manufacturing
plant. Why is this new battery of interest
to the Amateur Radio community?
First, with the ability to read its state of
charge and its long charge retention, the
MOLICEL baitery is particularly well-
suited to the varied and intermittent use
typical of Amateur Radio operation. It
possesses 4 igher ampere-hour rating and

I f you could imagine the perfect hand-
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higher full-charge voltage than its NiCd
counterpart. Second, amateurs have always
been at the forefront in applying innova-
tive technologies, Their pioneering efforts
have translated into tangible benefits for
both consumers and industry over the
years. The development of the MOLICEL
battery presents another opportunity for
amateurs to get in on the ground floor of
a new technology. The purpose of this
article is to unravel the mysteries of the
MOLICEL power system and describe how
amateurs can use it.

Operating Theory

The power cell is the basic building block
of all battery systems. By configuring a
number of cells in a series and/or parallel
arrangement, and perhaps adding a
charging mechanism and case, a battery is
produced. This is an important distinction
to make since the terms battery and cell are
often used interchangeably. A cellisto a
battery as a link is to a chain.

A power cell is comprised of three es-
sential parts. The anode is the nepative
electrode, the cathode is the positive
electrode and an elecirolvie acts as the
carrier of ions between the two electrodes.

The heart of the MOLICEL battery is
the lithium (Li) anode. Lithium is a de-
sirable material for power cells because of
its high electronegativity and light weight.
The cathode material is molybdenum
disulfide {MoS,), a graphite-like sub-

stance, stable and nonreactive.

The efectrolyte is the unifying agent, con-
ducting the lithium ions back and forth
between the anode and cathode. The
electrolyte also oxidizes the lithium anode
when unused. This sealing effect prevents
the charge from leaking from the anode,
resulting in the excellent charge retention
of the MOLICEL battery,

Prior to the development of the
MOLICEL battery, there were two
stumbling blocks that held up development
of a viable secondary (rechargeable) lithium
cell. First, the oxidization effect discussed
above interfered with the ability to recharge
the cell. Second, lithium ions tended to
chemically react irreversibly with the
cathode material. Moli overcame the first
hurdle by finding a unique chemical
method to replate the lithium anode when
a recharging current is applied.

The second key breakthrough lies in the
ability of the MoS,; cathode material to
remain stable while charged with lithium
ions. The Mo, cathode also allows the
lithium ions to leave when a recharge
current is applied to the cell.

The process that oceurs in the cathode
by which ‘“‘guest” [ithium atoms are
absorbed into the **host”” Mo8,, with no
resulting change in the host's structure, is
called intercalation (see Fig 1). In the case
of the MOLICEL battery, the guest lithium
ions move from the lithium anods through
the electrolvte and embed themselves in the
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Fig 1—The process that ocours in the
cathode by which guest lithium atoms are
absorbed into the host with no resulting
change in the host’s structure is called
intercalation. During discharge (A), lithium
ions from the anode move across the cell
alectrolyte and are absorbed into a
molybdenum disulfide cathode. B shows
what happens during the charging stage of
the lithium cell; lithium ions leave the
cathode and return to the anode through
the electrolyts.

host MoS, cathode structure during dis-
charge. The lithium ions do not react with
the surrounding host material, but simply
insert themselves into ““slots’” between the
cathode’s molecular layers. Upon recharge,
this process is reversed. The guest atoms
abandon the host structure, leaving it in its
original state, and return to the anode.

Unilike other cells that use a chemical
reaction to create electricity, the MOLICEL
battery undergoes a physical reaction. After
recharge, the anode and cathode retain their
original chemical makeup, a factor critical
to long battery life.

The cell voltage varies almost linearly with
the amount of lithium ions present in the
cathode structure at any given time and
thereby relates directly to the percentage of
capacity remaining in the cell. This linear
relationship results in another significant
benefit: the ability to give the user an
accurate state-of-charge indication.

The electrodes of the MOLICEL battery
are wound in a jelly-roll fashion and con-
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Fig 2—Construction of the MOLICEL celi.

tained within a steel case (see Fig 2). The
electrolyte fills the pores of the separator
and cathode material. The cell is hermeti-
cally sealed by laser welding, ensuring
maintenance-free operation.’

Cell Operating Characteristics

A MOLICEL power cell does not behave
like other ceils. The prime characteristics
that set it apart are its voltage slope on
discharge, the ability to make capacity
versus cycle life trade-offs and impedance
variation.

As discussed earlier, the cell output
voltage can be sampled at various points on
the curve to inform the user of the percen-
tage of capacity remaining (Fig 3). By using

high- and low-voltage sensing cutoff circuits,
designers have great flexibifity in optimizing
the operating mode of the battery for differ-
ent applications.

If your application calls for high capaci-
ty, you would choose a wide voltage
operating range, such as 2.4 Vdecto 1.3 V
de per cell. This would deliver .60 Ah or
1.10 Wh per AA cell (based on an average
voltage of 1.8 V) with an effective cycle life
of 400 cycles. The wide operating voltage
range makes the cell work harder and there-
fore shortens its cycle life, Conversely, if you
require many more cycles at a lower capacity
vou would choose a narrow voltage range,
such ag 1.95 V de to 1.75 V dc. The result,
using AA cells, would be 0.15 Ah or
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Fig 3—Discharge curve of & single MOLICEL rechargeable AA lithium cell at a constant

discharge current of 120 mA.
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Fig 4—Block diagram of the MOLICEL transceiver battery pack kit.

0,27 Wh with a greatly increased cycle life
of 2000.

Nickel-cadmium cells operate most relia-
bly when completely discharged and
recharged every cycle. Repeated shallow
cycling reduces the effective capacity of the
cells, 2 phenomenon known as the mmemory
effect. MOLICEL power cells, on the other
hand, are particularly well-suited for partial
discharges and recharges over any portion
of the voltage range. This tvpe of operation
is easily managed by the user, as the state
of charge can always be monitored. Since
a 25% discharge and recharge counts as onlv
one quarter of a MOLICEL battery cycle,
the effective_useful lifetime of the battery
is generally longer than that of a NiCd with
the same specified cycle life.

The cell impedance varies over the dis-
vharge cycle—from about 200 milliohms at
2.4 V¥ to 150 milliohms at the midpoint and
increasing again to about 240 milliohms at
1.4 V. The resulting battery internal voltage
drop must be taken into account when
selecting the lower voltage cutoff and in
specifying operating time.

Transceiver Battery Design Considerations

The energy advantage of a MOLICEL
battery pack over present NiCd transceiver
batteries comes from both a higher ampere-
hour rating (capacity) and higher voltage.
For best results, the hand-held transceiver
must have the capability to convert the
higher upper voltage advantage to usable
energy while at the same time accom-
modating its variation. This extra energy can
best be used through the design of new
radios.

With most existing transceivers, RF
output power and current drain increase sig-
nificantly when the battery voltage rises over
the normal operating voltage. In addition,
many radios will overheat if the nominal
voltage is exceeded by more than 20%.

A good solution is to use a high ef-
ficlency de-de converter (switching regu-
lator) for the low-current standby mode
{typically less than 60 mA) and to use an
automatic level control (ALC) circuit in the
final amplifier. De-de converter technology
has recently improved to the point where
miniaturized hybrid products are available
that will accept the voltage variation of the

24 o5 0000

MOLICEL battery while providing a
constant output voltage with R5-90%
energy conversion efficiency.

Application of the ALC to the [inal
amplifier will regulate the RF output power
by limiting drive to the amplifier, reducing
its current drain when battery voltage is
high. Such ALC must be designed into the
radio. It would add little cost to the
radio—a similar ALC circuit is already in
common use in cellular phones. A de-de
converter for standby current levels could
possibly be incorporated into a practical
replacement battery pack.

A simple method of regulation that does
#ot optimize the energy capacity of the
MOLICEL battery is the use of a linear
series regulator. The primary inefficiency
of this method is the dissipation of extra
energy in the form of heat.

Several hand-held transceivers, such as
the 1COM 1C.02AT and the Yaesu
FT-209RH, do not have severe input
voltage restrictions. These radios do not
require a linear regulator because they can
operate from power supplies delivering up
to [5 V. The maximum supply voltage for

Fig 5—The MeliKit prototype includes an
ICOM BP-5 case, the 6-AA MOLICEL
assembly, and circult board. The circuit
board consists of the electronics for the
state-of-charge indicator, chargefdischarge
control and linear regulator. The kit offered
for sale uses a printed circuit board.

older hand-held models, such as the
Renwood TR-2600 and the 1COM IC-2AT,
is from 10 to 12 V. A regulator must be
used with such radios to prevent damage.

A Practical MOLICEL Replacement
Battery

There is no substitute for hands-on
experience when learning to understand and
apply a new technology. We have been using
a MOLICEL baitery pack in an ICOM
IC-O2AT for several months with excellent
results.” We have developed the design to
the point where it is now suitable for use in
several popular amateur hand-held trans-
ceivers. A block diagram of this battery
pack is shown in Fig 4. Fig 5 shows the
internal contents of the MoliKit prototype.

Moli Energy and another Vancouver
company have joined forces to make these
battery packs available directly to amateurs
in kit form. The kit includes six AA
MOLICEL celis preassembled and spot
welded into a pack configuration, a plastic
case (BP-5 size for the [COM transceivers)
with associated hardware, a wall trans-
former/rectifier to provide 18-20 V dc for
charging, a printed circuit board and kit of
parts for:

¢ recharge control with high voltage
cutoff;

® a 75-mA current limiter;

® discharge control with low voltage
cutoff;

* a state-of-charge voitage comparator
with LEDs;

® 3 6-cell MOLICEL assembly, complete
with fuses; and

* 3 linear regulator.

All of the parameters associated with these
functions can be controlled by selecting
specific resistor values.

In our 6-cell pack configuration, we have
chosen a voitage range of 13.6 to 6.7, Tests
have shown that the voltage drop on trans-
it is about 1.4 V maximum at the bottom
of the cycle because of cell impedance.
Therefore, when the battery open-circuit
voltage is 8.4, keying the transceiver will
result in a battery terminal voltage of 7.0,
For an 1COM IC-02AT, the RF output at
7 V¥V is about 2 W. By comparison, the
voltage drop using the ICOM BP-5 NiCd
pack is about 0.6, .

A linear regulator is used to limit the

1The MOLICEL battery pack kit, described in the
article, is currently available only with plastic
cases for [COM IC-2AT and IC-02AT trans-
ceivers, Depending on the demand, kits with
plastic cases for the Yaesu FT-209R and the
kenwood TR-2600 may also be made available.
Quantities will be limited until the fall of 1987
when shipments from Moli Energy’s high-
volume plant commence. Price of the pack kit
is $39 US, including shipping. Until November,
orders will be limited to one pack per custamer.
For further information on using a MOLICEL
pack with your transceiver, call MoliKit at
604-439-7889 or write MoliKit, PO Box 82460,
North Burnaby, BC Canada V5C 521. To order
your kit by credit card, call toll free
1-800-663-6658 (USA only}. The ARRL and QST
in no way warrant this offer.
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output voltage to 9 because some older
radios cannot withstand more than 10 V
from a power source., The regulator may
also be used with newer hand-held trans-
ceivers to limit current drain and thus
prolong operating time.

Fig 6 shows a performance comparison
between the MOLICEL battery pack and
a standard [COM BP-5 NiCd pack. The
area under the voltage curve corresponds
to energy used. The area between the cell
pack voltage and the regulated output
represents the energy dissipated as heat in
the regulator. As is, the MOLICEL pack
delivers only about 10-20% more operating
time than the BP-5 battery pack. If the
radios were designed to make use of this
additional energy, the MOLICEL pack
operating time could be increased to more
than 50% over the NiCd pack.

The charging circuit requires a supply of
at least 4 V more than the total upper-end
voltage of the pack, at a current in the range
of 60 mA to 100 mA. The wall trans-
former/rectifier, supplied with the Kkit,
provides this energy. When full charge has
been attained (13.6 V), the supply current
is cut off. Full charge time is about 10
hours.

One of the outstanding benefits of the
MOLICEL power system is it allows
measurement of the state of charge at any
time. The voltage comparator, which drives
any one of a series of green, yellow and red
1L.EDs dependent upon the pack voltage, is
activated by a push-button switch. During
recharge, the indicator is on continuously
unti] full charge is reached. When you get
accustomed to having a ‘‘fuel gauge™ on
your battery pack, you may never want to
use any other battery system again!

Conclusion
Rechargeable lithium-cell technology

stands on the threshold of a completely new
generation of rechargeable power systems.
Moli Energy’s research and development in
rechargeable lithium cells is focusing on
increasing deliverable energy, improving
low temperature performance, reducing
charge time and developing additional cell
sizes, both smaller and larger. The
company is already working on a 2 Wh,
low-impedance AA cell prototype.

The capabilities of the MOLICEL power
cell are already beyond the most enhanced
nickel-cadmium cell. Existing and future
generations of the MOLICEL power
system will meet the growing needs of a
society making increasing use of portable
electronics. This is your opportunity to
esperiment with the ““Moli Magic,” and
explore the many new avenues opening up
with this technology.

Additional Information

Further information on the MOLICEL
technology is available from Moli Energy
Limited, 3958 Myrtle 8t, Burnaby, BC
V5C 4G2, Canada, tel 604-437-6927,

Christopher Dollerd, VE7FKS, has been licensed
for seven years. He was instrumental in the start-
up and management of two radio businesses, in-
cluding the first cellular radio franchise in
Vancouver, He is currently a Business Counselor
for Tiem Canada, an organization sponsored hy
Control Data to help entreprencurs develop ideus
into viaeble commercial enterprises.

Noulan Bowker, VE7BLA, an electronics
engineer, ohtained his amatenr ticke! 25 yeors ago.
Operating as HS1AIX from Bangkok, Thailand in
1971-73, Noulan used ham radio as ¢ teaching aid
when he was an instructor at the King Mongkur
Institute of Technology. He is currently the Business
Development Manager for the communications and
computer markets at Moli Energy Limited, BEE]

[HERRNRREREN

mEET

ST L A HH

QEX: THE ARRL EXPERIMENTERS’
FEXCHANGE AND AMSAT SATELLITE
JOURNAL
Thinking of operating through FO-12, but
don’t know where to start? May (JEX has
information on constructing and using an
interface for your Kenpro KR-5400A az/el
rotator antenna system. A tracking program
in BASIC, templates for making your own
PC board and information on purchasing
boards are included.

The May issue also includes articles on:

s “Computer Interface for the Keopro
KR-3400A—¥Part 1,”" by Frank H. Perkins,
Jr, WRBSIPM

» “Calculate 5- and 7-Element Filter Com-
ponents,”” by Edward Wetherhold, W3NQN

e “Solid-State Construction Practices,
Part 5,”" by Bill Olson, W3IHQT

¢ “Windshield-Mounted Antennas,”’ by
Bill Conwell, K2PO
QFX is edited by Paul Rinaldo, W4RI, and
Maureen Thompson, KAIDYZ, and is
published monthly. The special subscription
rate for ARRL/AMSAT members is $8 for
12 issues; for nonmembers, $16. There are
additional postage surcharges for matiing out-
side the US; write to Headguarters for details.
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Feedback

{1 In Dr Steven Reyer’s article, ““The DIGI-
CAT” ((IST, Apr 1987, pp 40-43), note 6 has
the cost of the object code listing for the
DIGI-CAT as 33. The correct price for this
listing is $1. Anyone remitting $3 will be sent
a $2 refund.—Bruce Q. Williams, WASIVC

LL|

Strays -8/

I would like to get in touch with...

[l anyone with a schematic/parts list for an
AMECQ Equipment Co preamp, Model PLF-2.
Russ Smith, W60ONK, PO Box 141, Brownsville,
QR 97327.

[ anyone with a manual/schematic for a
Superior Instrument Co genometer, Model
TV-50A. Eugene Hecker, WBSCCF, PO Box
940, Magdalena, NM B7825.

[71 Dnisys Corp hams, for compilation of roster
of company amateurs. Frank Pfeiffer, KJ6V,
Unisys ARC, San Tomas and Central
Expressway, Santa Clara, CA 95052,

{7 submarine veteran hams, to participate in a
net on Saturdays at [800Z on 14.243 MHz. Greg
Ocfemia, Jr, KM31, 419 Brooks Ct, Glen Burnie,
MD 21061,
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A New Chip For Charging
Gelled-Electrolyte Batteries

Unitrode’s sealed lead-acid battery charger IC, the UC3906,
does a familiar job better, easier and with fewer parts.

By Warren Dicn, N1BBH

108 West Main 5t, No. 18
Terryville, CT 06786

mateur Radio has become the
A traditional last resort when other

communications means fail. This
has not only been a justifiable source of
pride, but also a beneficial way to ensure
protection of our on-the-air privileges. It
is a good idea, therefore, to keep a battery-
powered rig in standby, headed up by a
healthy, fully-charged battery. Indeed, with
so much ham gear running on low-voltage
dc, it’s a good idea to run the whole shack
on batteries. The introduction of the sealed
lead-acid cell, and now the UC2906/3906,
make it easier than ever.

Before listing all the things that the *3906
can do for your favorite battery (the '2906
is the military version), let’s review the facts
of life—long life, as it pertains to the lead-
acid cell. Lead-acid batteries with a gelled
glectrolyte are best kept charged and main-
tained by a charger at a float voltage
(betweent 2.25 V and 2.30 V per cell). To
obtain a full charge, the battery is charged
to about 2.4 V per cell, but holding or
forcing the cell to a higher voltage only
hastens its demige. Therefore, a good
charger must switch back to the float level
when necessary. When terminal voltages
exceed the float level, the battery is said to
be in the overcharge region.

During fast charge, the charger must
limit the current to 4 safe level known as
the bulk rate, then taper off in the over-
charge region to about 1/10 that. The bulk
rate is designated in terms of the battery’s
full ampere-hours (Ah) capacity, and stated
as a ratio. For example, a battery requiring
four hours to charge at the bulk rate is said
to be charging at C/4, though it actually
takes longer because of tapering.

A battery’s Ah capacity can fool vou.
Manufacturers often refer to it as the
20-hour rate. Henee, a 20-Ah battery can
be expected to deliver 1 A for 20 hours, but
not 20 A for I hour!

The UC3906 ““knows’’ about this, and
a few other matters that may never concern
you as a ham. It controls the bulk current,
taper and limits the overcharge voltage,

26 DaT=

after which it dutifully maintains vour
battery at the float level. The "3906 knows
when the power is on, when your battery
needs a fast charge, if a dead battery is
connected or the polarity is reversed. It can
even allow for the battery’s temperature
sensitivity.

A Practical Application

This charger is a modified version of the
battery pack and charger published in The
1987 ARRL Handbook." The charger in
this system lends itself to the use of the
*3906, but it is compatible to that presented

'Notes appear on page 29.

. Giossarv

Battefy*A group of celis connected
‘together 1o increase current andlor ’
- voltage ratings.
_Bulk Changing Rate— Current flow
- during the fast-charging part of the
cycle, itis often expressed ag the
- number of hours it takes to charge
@ cell fully at this rate. Theoreti- -
- -cally, G4 means that it would take
“faur hours for a full charge. For a
~10-Ah celi, chargmg at C/4, the
-z gharging current is 10/ or 2.6 A,
: Capacary (in ampere-hours, Ah)—A
.. -measure of the cell’'s ability 1o
‘dediver current over a period of
time. | is usually expressed as the
20-hour rate. -

. Float Voftage—Voltage at whlch a cell
clamage 2.26 to 2.30 V per cell.
_Overcharge Yoitage—Voltage to which
= 4 cell must be charged to achieve
- full capacity, about 2.4 ¥V per cefl.
~-Taper—A gradual reduction of charg- -
- ing current as full charge is
approached

in the Handbook; it simply requires sub-
stitution of a revised circuit board. 'Thus,
we already have all the ancillary hardware
as well as a proven device to which we can
compare our result.

A schematic for the charger is shown in
Fig 1. The screened portion is the new
board. First, let’s walk through a charging
cycle and see how the "3906 earns its living.
Its initial task is to ensure that power is on
and that a good battery is connected. Pin
5 monitors the supply voltage and enables
the chip when the voltage reaches 4.5 V or
more. Pin 12 senses the battery terminal
voltage. if the voltage is too low (a dead
battery) or of the wrong nolarity, the
charger is disabled. if this is the case, pin
11 is pulled high, sourcing a current of up
to 25 mA which may be used to operate a
signal or initiate a rescue procedure.

Assuming a good battery needs charging,
the UC3906 puts two watchdogs to work:
One regulates the charge current and the
other looks at the battery terminal voltage.
The current regulator senses the voltage
across serfes resistor RS, and limits it to
(.25 V hy controlling the current through
RS, Thus, the bulk charging rate is deter-
mined solely by the value of RS. For
example, if RS = 1 @, the charger current
is 0.25 AL

Battery terminal voltage is sensed at
pin 13. This voltage is compared to the
1906's internal voltage reference, nomi-
nally 2.3 V. Higher terminal voltages are
accommodated by using voltage divider RA
and RB, the values of which must be
selected so that when the critical terminal
voltage is reached, the voltage at pin 13
equals the reference. But how about the
two critical voltages, overcharge and float?
Well, initially, pin 10 is pufled to ground,
placing RC in paratlel with RB. This means
that the battery voltage has to rise higher
than the float level before pin 13 sees
2.3 V. When this happens, pin 10 is [atched
open and RC is out of the picture.

‘When the terminal voltage rises to a level
that is just below tloat, the voltage
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Fig 1—Schematic of the UC3906 charger. All resistors are ¥4 W, 5% tolerance unless otherwise noted. Part numbers given in paren-
theses are Radio Shack catalog numbers, Those in brackets are Mouser Electranics sfock numbers. Parts for this project may be
purchased from your local Radio Shack outlet or from Jameco Electronics, 1355 Shoreway Rd, Belmont, CA 94002, tet 415-592-8097,
and Mouser Electronics, 11433 Woodside Ave, Santee, CA 92071, tel 819-449-2222. The UC3906 is available from HamiltonfAvnst; call
800-421-0404 tor a dealer in your area, or A&A Engineering, tel 714-852-2114.

BT1, BT2~Gelled-electrolyte, lead-acid
battery, 6V, 4 Ah (Yuasa NP4-6 or equiv.
Available from Glynn Electronics,
£Q Box 800, Middleboro, MA 02348.)

C1—Electrolytic capacitor, 470 uF, 35 V
{272-1030).

C2—Electrolytic capacitor, 0.22 uF, 35 V
(272-1012).

D81, DS2—Red LED (276-082).

Fi--Fast-acting fuse, 0.5 A, 250 V
(270-1271).

F2--Fast-acting fuse, 5 A, 250 V
(270-1278),

regulator takes control away from the bulk-
current regulator and goes into the over-
charge state. The current then tapers as the
voltage continues to rise toward 2.4 V per
cell, the point at which the float state 15
instituted. As the charging current tapers,
the voltage across RS drops propor-
tionately. Another watchdog looks at this
voltage to see when it goes below 0.025 V.,
When 0.025 V is sensed, a latch is toggled
and pin 10 is ungrounded. Float conditions
are established and the battery-terminal
voltage drifts back toward 2.3 V per cell,
which is maintained until the battery be-
comes discharged or the power is switched
off and back on. Following either of these
events, the latch is reset and the cycle
repeats itself.

D81 and DS2 are optional, DSI is the
input-power indicator and {ights when the
supply voltage equals or exceeds 4.5 V. D82

J1, J2—1300 series, Anderson Power
Products, 145 Newton St, Boston,
MA 02135.

P1, P2—1300 series, Anderson Power
Products.

Q1—Power transistor, PNP, 80 W, TQ-220
case, TIP-42 or equiv (276-2027).

RA—Rasistor, ¥4 W, 100 kD,

1% tolerance [29MF250].

RB—Resistor, % W, 20 kQ,

1% tolgrance [29MF250].

is the overcharge indicator and lights when
the battery is in the overcharge region (over
2.3 V per cell). When the charger reverts
to the tloat state, DS2 goes out. Since the
tapering charging current slows down the
process, it is normal for this light to remain
lit for several hours.

Construction Notes

Construction is_straightforward. Lf you
start from scratch, 1 recommend that you
refer to the Handbook. Lead dress requires
nothing more than ordinary neatness.
Though the circuit board lends itself to
perfboard construction, a modified PC
board and parts kit is available from
A & A Engineering.? Their version of this
project allows any size battery to be
charged.

Q1 requires additional radiating surface
far cooling. To facilitate this, Q1 is located

RC—Resistor, 2 W, 357 ki,
1% tolerance [29MF250].
RS—Reslstor, 3W, 0.51 2,
5% folerance [28PR0O03].
S1—8P8T switch.
T1—Transformer, pri 117 V, 60 Hz; sec
18 V, 1.2 A (273-1515).
U1—Battery-charger chip, Unitrode UC3906
or UC29086,
U2—Full-wave bridge rectifier, 100 PIV, 4 A
{(276-1171).

at the edge of the circuit board so that its
tab can be screwed down fo the metal
enclosure. Since the tab is hot electrically
as well as thermally, it must be insulated
from the case with a thick mica washer and
insulated screw. The easiest way to do this
is to use a TO-220 mounting kit. Scrape the
paint from the area where the tab will be
mounted and be sure there are no rough
spots or sharp points that could pierce the
mica insulator. Mount Q1 first, then
position the PC board so that no strain is
put on the transistor leads, Fig 2 shows the
internal contents of the charger; note Q1’s
placement.

The values of the voltage divider re-
sistors, RA, RB and RC, are critical. Use
of junk-box resistors couid seriously
shorten the fife of your battery. Use metal-
film, 1%-tolerance resistors. If you can
obtain closer tolerance resistors, do so.
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Fig 2—A view of the charger circuit board. This is an ideal weekend project that will pro-
vide hours of usetulness and pay for itself when compared to the price of a good

battery.

If not, and you have access to a digital
ohmmeter with a 3'4-digit resolution,
match RA and RB. The ratio iz more
important than the absolute value and
should be close to 5:1 for a 12-V battery.
Since you may have to settle for less than
a perfect match, it’s best to select a higher
value for RB. The value of RC, though
important, is not as critical and any 1%-
tolerance resistor will do, Table 1 is a
BASIC program to facilitate caiculation of
the critical values used in Fig 1.

The value of RS is chosen to provide an
eight-hour charging rate (C/8). Thisis a
compromise between the fullest charge and
the shortest practical time. All other com-
ponent values are noncritical, and
$0-tolerance resistors are recommended.

2 introduces a short time delay to prevent
circuit oscillation. 3 prevents the latch
from being interrupted.

The supply voltage used in the Hond-
book charger is chosen to exceed the
minimum required by its LM317T regula-
tor under worst-case conditions. The pass

28 O5T=
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transistor in the 3906 version will work
with an emitter-to-collector voltage of less
than 1. it is feasible, therefore, to reduce
the worst-case supply voltage to as [ittle as
16 V, which means that Q1 runs cooler.
This is not necessary if Q1 is well heat-
sinked, but is worth considering in a new
design. Table 2 lists the operating charac-
teristics of a charger using the values shown
in Fig 1.

Expanded Uses

The ’3906 is more versatile than the
Table 2 specifications imply. If vour
requirements differ, you can still use the
circuit in Fig I by calculating new values
derived from the formulas in Table 3.
These formulas are a rationalization of
those in the manufacturer’s application
note.

A note of caution: The cutput-drive cur-
rent of the *3906 chip is limited to 25 mA.
This may not be enough to drive Q1 to meet
higher charging-current demands, and a
higher gain, more powerful current
amplifier may have to be substituted in its
place.

Among other complications, the lead-

Table 2

The Operating Characteristics of a
4-Ah, 6-Cell Lead-Acid,
Gelled-Electrolyte Battery

COvercharge voltage limit 14,445 V
Float Voltage 13.8V
Bulk Charging Current 05 A
Charging Rate cra
48V

Disahiing (fault} voltage

Table t

C64/128 BASIC Program for Calcuiating Charger Circuit Values

f REM COMPUTES CRITICEL VALUES FOR LEAD-ALLD BATTERY CHARGER UCHIF UC2904-3704
3 PRIMT®(CLRI":PRINT"UCRYRS 3924 BATTERY CHARGER CHIP Calys.*

+ PRINT*FOR LEAD—ACID BATTERIES.
S URSZLBPRINT

18 INFUT “CIMBER OF CELLS=" 1N

TB UF=3R_ 3=N

20 INPUT"AMPERE-HOUR RATING=":1nH
43 [NPUT “FeallT WELTE. (2.3 MIN. =" Ul

TIPRINT

58 PRINT:iPRINT'R& tMUST BE BETLIEEN 47ege & 1zo@sa OHME"

48 TMPUT “RA":RA

T8 RE=(URSUR*R&) /(1 -LIRAMN)

ad U0=1,0447#E

#@ RC=RA/ UGS 2.3 - L-CRASREDY )
8@ R2=(220000 U ) (1 =2, 3V
118 PRINT"RE="INTC(RR>

CHOOBE HIGRER FAULT LILTAGE" :GOTDL 4R

YINTCRH*1@W@).7 1888

£28 ROxRa 7 AL0/2, 37—t -4 RA-RB2 2

136 PRINT"RC="INTCRLC?

14 RZ=(2230000/0. /01 -2, 36

145 IF R2<BTHEN PRINT"RZ ERROR,

150 PRINT YRE2="INT(RZ}

148 RL=2/AH

i RH=Z,3/%H

1868 PRIMT"RE= aNY UALUE BETWEEN" INT(RL*#1688), 16007 &
179 PRINT

26 PRINT'TA TRY ANQTHER WaLUE FOR Ra, HIT ANY KEY"
210 GETAE:IFak=""THENZ!®

220

PRINT : GOTO 48

— - —— m— W=

R S ———



Table 3

Resistor Specifications for the
Battery Charger

RA = Any value between 47 and 180 kQ

RB = RA(L) where N = no. of cells

RC = 3.85 x RA

RS = 0.25
IcHaa
charging current

23 x R

where lgpg is the bulk

R2 = ~— where VL is the

2.3
YL [1 = e
VL
selected low-default voltage; R1
can be any value between 47 and
100 kQ

Table 4

Resistor Values for a 14-V Battery
Pack

RA 120 kQ

RB 20 kQ

RC 392 kQ

RS See Table 3

R2 392 kQ

Note: Above are stock. 1% values.

acid cell is temperature sensitive. To
accommodate this characteristic, the
voltage reference on the chip has a
temperature coefficien{ that matches that
of the cell. Self heating within the chip is
negligible. If it is placed in approximately
the same environment, gs the battery, it will
compensate for temperature shifts and you
don’t have to do anything else.

This chip will work with any lead-acid
battery it is implemented to serve, including
the big, ugly wet battery that starts your
car. Use the formulas in Table 3 to deter-
mine a new set of values and use a large
pass transistor with plenty of drive.

The Seven-Cell Battery

There’s no such thing, but maybe there
should be—you can make one. The seven-
cell battery has hecome the de facto
standard among glider pilots who depend
on batteries to power critical navigational
and communications gear during flights
that often exceed eight hours duration.
{Does this sound like a parallel to a long
power outage?) Maybe hams would do well
to emulate the pilots.

Here is why a 14-V battery is better:

¢ Many 12-V radios are designed to work
with vehicular batteries that are being
charged continuously at about 14 V,

* A 12-V battery on discharge is putting
out less than 12 V.

e Power input to your rig’s final varies
as the square of the applied voltage, Com-
pare a battery that is delivering power at
13 V to one at 11 V. The power ratio is

(132 / 112), or almost 40% higher.

If you decide to create a seven-cell
battery, be sure the extra cell matches those
in the batteries in series with it. Most of ali,
it should be of the same manufacture.
Table 4 lists values that will keep a 14-volter
in good shape.

If this seems like a lot of hassle to charge
a battery, try comparing the cost of a good
battery to the nonrecurring cost of a good
charger. (Maybe we should call it a
“battery malintainer.””) Furthermore, it
saves the embarrassment of having to shake
vour head in frustration when someone is
relying on you to get the message through
during an emergency.

Notes

M. Wilson, ed., The 1987 ARRL Mandbook
(Newington: ARRL, 1986), p 27-34.

2P boards and a kit of parts are available from
A & A Engineering, 2621 W La Palma, Unit K,
Anaheim, CA 92801, tel 714-952-2114. PC
boards and the parts kit (itlem no. 150-KIT} cost
$49.95, The PC board can he purchased sepa-
rately for $7.95 {item no. 150-PCB), and the
Unitrodea IC, UC3906, is $7.50. All orders add
$2.50 for shipping and handling. The ARRL and
QST in no way warrant this offer.

New Products

VOICE-ACTIVATED SQUELCH FROM
NAVAL ELECTRONICS, INC

[ The tiny “*Voice-Operated Squelch™ (VOS)
from Naval Electronics utilizes the latest
state-of-the-art techniques in surface-mount
and thick-film hybrid circuit technology. 1t
is small enough to install easily in most
modern receivers and transceivers to provide
commercial communications guality squelch
operation.

The circuit incorporates a syllabic rate
detector that provides superior squelch
aperation compared to the usual AGC type
squelch supplied with most receivers. The
manufacturer claims it is immune to noise,
static crashes, beterodynes and steady tones.
The circuit looks for signal changes similar
to the changes that normally occur in human

HEET

speech. When speech is recognized, the VOS
switches the speaker audio on—aotherwise the
receiver is kept quiet.

The standard version, shown in the photo,
requires hook up to the low level audio input
circuit in the receiver. The deluxe version is
packaged on a separate circuit board, and
includes a relay, keved speaker leads and extra
contacts for control of other circuitry. The
deluxe version can drive a speaker directly.

For futher information, contact Naval
Electronics, Inc, 5417 Jetview Cir, Tampa,
FI. 33634, tel 813-885-6091. Price «lass:
standard version, $79; deluxe version $99,
—Bruce Q. Williams, WASIVC

HIGH-FREQUENCY PRESCALERS
¥ROM NEC

[.1 NEC Corp has developed a family of new
digital high-frequency prescalers that divide
by 2 (UPB581) or divide by 4 (UPB 382).
Applications include frequency synthesis,
division and prescaling. Both prescalers are
available in two packages: an 8-pin can (pack-
age A) and an 8-pin DIP (package C). Both
devices can operate from 0.3 to 2,2 GHz
{package A) and from 0.5 to 2.8 GHz
(package C). Typical performance figures are:

Frequency Input Owiput  Supply
Parr No, Response Level Level  Curreni

(GHz)  (dBm) {dBm) (mA)
LpPBsgla 0,528 0-15 - & in
UPBS81C 0528 015 -8 70
UPBSB2A 0,522 013 -8 50
UPB382C 0.5-22 015 -8 70

These prescalers are available from Califor-
nia Eastern Laboratories, 3260 Jay St, Santa
Clara, CA 95054, tel 408-988-3500. Price
class: package A, $55; package B, 314,
—Bruce Q. Williams, WAGIVC los®_ ]
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Build Your
Own MCM ICs

MCMs (mini circuit modules)
are fun to lay out and build.
With a few IC headers and
some patience, you can

develop miniature

subassemblies that may be

used many times.

By Doug DeMaw, W1FB
ARRL Contributing Editor

PO Box 250
Luther, M| 49656

ave you considered building vour
H own ICs? The idea is not as

ridiculous as it may seem! We
must accept the fact that none of us are
equipped to construct classic monolithic
ICs, wherein the circuit elements are
developed on a common piece of silicon
(substrate). But, it is not mandatory that
circuits to be integrated are formed in that
manner. With a reasonable amount of
imagination and time, it is possible to place
your favorite small circuit on a tiny blank
DIP header. For lack of a better acronym,
let’s call these assemblies MCMs (for ““mini
circuit modules’™).

You may wonder what the purpose of
such an exercise might be. First, we are
forced to develop a compact circuit layout,
owing to the restricted number of
[C-header pins available, pius the small
rectangular area of the header. I find that
the circuits | have placed on FC headers
would typically occupy three times the
space on an ordinary PC beoard. In other
words, when there is room to spare, I seem
to use it! Miniaturization is beneficial when
we wish to build compact gear for portable
use, especially for QRP applications,

Another advantage realized from MCMs
is that they can be used manv times in
numerous projects. The same circuits, if
built on PC boards, would require
complete stripping of the components in
order to transplant them on a new PC
board. The MCM:s can simply be removed
from IC sockets and plugged into a socket
on some other PC board. This technique
should appeal especially to the
experimenter or the frugal amateur.

Some Common Circuits as MCMs

Fig 1 shows a compound, direct-coupled
audio amplifier that has been built on a

30 05T

i6-pin DIP header.' This amplifier has the
ability of providing 40 dB of gain,
depending on the electrical characteristics
of the transistors used, Such an amplifier
is suitable for driving a pair of headphones,
serving as a mic amplifier or for use ahead
of an audio power IC, such as an LM386.
Fig 1B shows how the parts are assembled
on the header. The heavy outline around
the circuit of Fig 1A indicates which
components are on the header. €3, for
example, is external to the MCM.

Doubly Balanced Mixer MCM

Diode-ring DBMs are available us
commercial units in DIP IC packages.
Mini-Circuits has some nice units that come
in sealed metal packages for direct insertion
into IC sockets. These modules are expen-
sive when purchased in single-lot quantities.
If one buys 10 or more units, the price
becomes more equitable, but few of us
want a drawer filled with DBMs that may
never be used! So, the MCM approach
becomes worth considering for most of our
amateur needs.

Fig 2A shows the circuit of a DBM. The
diodes should be matched as closely as
possible to ensure proper circuit balance.
Diode matching may be done by means of
a VOM. Sort through your IN914 or
similar small-signal sificon switching diodes
and select four that have the same forward-
resistance reading (tvpically between 7 and
[2 ohms), Hot-carrier diodes are even
better for use in a DBM, and most of them

11C headers (sometimes called DIP adapter plugs)
are available from many surpius electrenics
parts dealers, including Mouser Electronics,
11433 Woadside Ave, Santee, CA 92071, and
ALL Electronics Corp, 905 S Vermont Ave,
Box 20408, Los Angeles, CA 90006.

from a given brand and type number are
fairly well matched.

Z2 of Fig 2A may be used as a mixer,
balanced modulator or product detector.
No internal changes are needed, but the
exterior circuitry will differ somewhat,
depending upon the application. T1 and T2
are miniature broadband transformers. 1
used two small ferrite balun cores for T1
und T2, but tiny 850 y; toroid cores allow
construction of 2 more compact MCM,

It is essential to connect the T1 and T2
windings as shown. The black dots indicate
the polarity of the windings. I.ocal-
oscillator injection for this type of mixer
is approximately +7 dBm for hest IMD
performance. Conversion gain (actually a
loss) is on the order of -8 dB for a DBM.
At frequencies greater than 40 meters, if
the DBM is used as a receiver mixer or
direct-conversion (D-C) receiver product
detector, it is wise to use an RF amplifier
hetween the antenna and the DBM. If not,
the recefver noise figure will be too high for
weak-signal reception. In fact, an RF
amplifier would be an asset even at 7 MHz.

An ideal DBM would be enclosed in a
metal case to minimize stray signal pickup.
However, there should be no problems with
unwanted pickup of RF energy when using
the MCM of Fig 2, provided ordinary PC-
board layout is employed. In other words,
don’t place the DBM close to an unshielded
oscillator or antenna lead.

Crystal-Oscillator MCM

A simple crystal oscillator is presented
in Fig 3A. You may prefer to exclude the
crystal, Y1, from the MCM. This will make
the module more universal in application.
I included the crystal for the purpese of
demonstrating the practicality of having Y1
mounted on the IC header. An HC-18/U
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Fig 2--Circult for a doubly balanced mixer, balanced modulator or product detector. Matched diodes are necessary for best DBM
balance. Hot-carrier diodes are recommended for this circuit, but matched 1N814s are suitable. T1 and T2 in my MCM consist of four
trifilar turns of no. 30 enameled wire through an Amidon balun core no. BN-43-2402. An FT-23-43 ferrite toroid core may be substituted
{smaller) by winding 7 trifilar tums of no. 30 enameled wire on each core.

crystal holder is necessary (small) in order
to find room for it on the header. If the
crystal will be used outboard from the
MCM, you may connect it to pins | and
16 (Fig 3B).

"The oscillator of Fig 3A is easy to work
with. External capacitor C2 is used to
control the feedback. 1t functions in con-
nection with the transistor internal
capacitance (C;) to form & feedback
network. C2 sflould have a capacitive
reactance of roughly 200 ohms for most
small-signal transistors. This equates to
100 pF for operation at 8 MHz. If you wish
to convert this circuit to a VXO, you need
only to separate pins | and 2 (remove
jumper) of the header and place a small

inductance (25 pH for 8 MHz) in series with
a 75- or 100-pF variable capacitor from pin
1 to ground. Connect the capacitor rotor
to ground. This arrangement will provide
approximately 6-10 kHz of frequency
change.

C3 and L1 are outboard from the MCM.
This tuned circuit is resonant at the crystal
frequency. 1.2 is a small link for coupling
the circuit to low-impedance loads. For
most applications, C3 may be a small
trimmer.

Oscillator Buifer/ Amplifier MCM

It is seldom necessary to use buffering
after a crystal oscillator, since changes in
load (reactance changes) seldom cause

oscillator pulling. ¥VXQs, on the other
hand, may be prone to pulling effects from
load changes, and a bufter is useful in that
case. VFQOs are affected significantly by
load changes. Therefore, it is wise to
include a buffer or buffer/amplifier after
a VFO.

Qutput coupling from the oscillator
should be as light as possible to minimize
pulling. Light coupling (C4 of Fig 3A)
causes reduced power output from the
VFO. As a resuli of this condition, it is
advisable to amplify the VFO output
energy to compensate for the power loss.
Fig 4A shows a suitable buffer/amplifier
circuit thai will fit on a 16-pin IC header.
Q1 is purely a buffer, and has a gain of 0.9
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typically. This is par for a source follower.
1t helps to isolate the VFO from Q2 and
the circuits that follow Q2. Amplifier Q2
builds up the VFQ energy to a level that
is suitable for most circuits with which a
VFO is used.

External to Z4 of Fig 4A is 2 pi network
that serves as a matching circuit between
the collector of Q2 and a 50-ohm load. This
network aiso serves as a harmonic filter.
RS may be added to increase the loaded
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bandwidth of the pi network. This may be
helpful when the VFO covers a fairly wide
frequency range.

RFC2 of Fig 4A is chosen to yield a
broad frequency-response peak at the VFO
operating frequency. You may assume
approximately 10 pF of stray parallel circuit
capacitance for RFC2. Thus, for 40~-meter
operation we will require a 50-xH inductor
for RFC2. Should Q2 become unstable,
place a l-kilohm resistor in parallel with

Fig 4—Circuit for a VFO buffer/amplifier.
FL1 is a low-pass filter with a cutoff
frequency of 8 MHz. Cb Is 150 pF, C8 is
330 pF, and L1 is a 2.8-zH inductor. Sea
text for data on RFC2.

RECIL. The addition of RS will also aid
stability in stubborn cases.

Colpitts YFO MCM

The VFO of Fig 5A uses electronic
tuning. VVC (voltage variable capacitor)
diodes are specified for D1 and D2. This
climinates the need to locate expensive and
scarce miniature variable capacitors for
tuning VFOs. [t is proper to state that long-
term VRO drift may be increased through



the use of tuning diodes, as opposed to air
variable capacitors. This is because two
additional semiconductor junctions bave
been introduced to the oscillator circuit:
Junction capacitance changes with
temperature. Normally, the small degrada-
tion in frequency stability is acceptable for
amateur work. Tuning is done by means
of a panel-mounted potentiometer (R3).
Smooth tuning will result if a 10-turn
Helipot® and dial are used, or if a standard
potentiometer is used with a vernier drive.
The values for RZ and R4 are chosen for
the frequency coverage desired, and this
will depend upon the type of VVC diodes
used for D1 and D2: ¥V diodes come in
many capacitance ranges. 1 have suggested
for this circuit a pair of diodes that will
provide a fairly linear capacitance swing of
10 to 30 pF.

Outboard components C5, C6. and L1
are chosen for the VFOQ operating fre-
quency. NP0 capacitors are recommended
for best overall frequency stability. C1, C2
and C3, internal to the MCM, are also NPO
ceramic capacitors: the smaller 50-V types
are preferred in the interest of fitting them
on the 1C header.

Q1 of Fig SA may be any high-trans-
conductance JFET, such as a 2N4416. A
dual-gate MOSFET may be substituted by
tying gates 1 and 2 together and treating
the device like a2 JFET.

Place a shield compartment arcund the
VFO MCM site on the main PC board of
a receiver or transmitter. This will help
prevent stray RF energy from entering the
VFQ circuit and causing frequency in-
stability. The small shield compartment
may be fashioned from PC-board sections
or from flashing copper.

MCM Practical Considerations

Miniature equipment is not easy to build,
and MCMs certainly fit this description.
You will need patience during the assembly
procedure, but your skill and speed of con-
struction will increase with practice.

Plug the [C header into an IC socket
before commencing the MCM assembly.
This will prevent the pins of the header
from becoming bent or broken. I use an IC
socket that has its pins mashed flat against
the bottom of the socket. This allows the
socket to lie tlat on the bench during
assembly. A ““third hand’’ type of soldering
fixture is useful for keeping the header and
IC socket in a fixed position while you
work on it. A small bench or drill-press vise
may be used as a holding fixture if vou
don’t have a third-hand device.

A magnifying glass is almost mandatory

when building MCMs. [t will alfow you to~

check frequently for unwanted solder
bridges, poor joints and shorting leads on
the header. To this end, a pencil soldering
iron with a fine tip and low wattage rating
(25-30 W) will help to minimize meliing the
IC-header plastic and the formation of
unwanted solder bridges between the
header terminals.

The first step in construction is to place
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Fig 5—Schematic diagram of a Colpitts
VFO for use as an MCM. D1 and D2 are
tuning diodes (Motorola MV209 or
equivalent), L1 has 26 turns of no. 24
enam wire on an Amidon T50-6 (yellow)}
toroid core. No. 6 core material offers the
hest stability. R2 and R4 are chosen for
the tuning range desired. A3 Is a linear-
taper carbon composition control (Allen-
Bradley high-reliability type recommended}).
(8, for best stability, should be an NPO
ceramic trimmer.

all of the jumper wires on the header (as
indicated by the pictorial drawings). Try to
use light-gauge wire, preferably with insu-
lation. The small wire from multiconductor
telephone cable is excellent for this
purpose. Bare wire may be used, provided
there are no crossover jumpers on the
header.

The general assembly procedure calls for
installing the components of the MCM in
layers. Some stacking will be necessary,
depending upon the complexity of the
circuit. After the jumper wires are in place,
mount the resistors, If you can find some
1/8-W resistors, use them. This will
minimize crowding on the header. [ used
Vi-W resistors for the examples shown
photographically in this article, as 1 have
no 1/8-W units in stock.

Next in the asserably comes the
capacitors, followed by the transistors and,
finally, the largest components. I add the
RF chokes, toroidal coils and crystals last.

You may protect the tested, completed
MCMs by developing & mold and encap-
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sulating the components and header top
side in casting resin. This will eliminate the
possibility of replacing defective com-
ponents later on, but it will keep dirt and
moisture from entering the circuits. 1 use
quick-setting epoxy cement for this purpose
when 1 want to seal and anchor the
componenis on some of my [C headers.
It is to your advantage to look for
miniature components in the surplus cata-
logs and at flea markets. Large, old-style
parts do not iend themselves well to MCM
construction. Fortunately, the present elec-
tronics technology provides 2 substantial
fallout of surplus mini components, and
these are ideal for building MCMs.

A Marriage of MCMs

Four of the MCMs in this article may be
used in concert to provide a simple D-C
receiver. Fig 6 contains a block diagram of
such an arrangement. The example suggests
a cireuit for 40-meter use. In this case, Z2
serves as a doubly balanced product
detector. The output is at audio frequency
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Fig B—Suggested hookup for using four of the MCMs in this article in a 40-meter D-C receiver, See text for detailed information.

rather than at an IF, as would be the
situation if Z2 were used as a mixer. Z1I
operates as an audio preamplifier to drive
an LM386 audio chip (or equivalent 1C).
Headphones may be connected to the
output of Z1, but only strong signals will
produce ample volume without U1 being
added. D-C receivers require 80-100 dB of
audio gain to permit weak-signal copy.

7.5 of Fig 6is the VFO MCM, but when
used in a D-C receiver it operates as a
VBFOQ (variable beat frequency oscillator).
5 and C6 are used to set the operating
range of the oscillator. R3 is the main
tuning control for the receiver.

Z4 of Fig 6 amplifies the VBFQ energy
to an acceptable Jevel for injection at pin
9 of Z2. FL1 provides an impedance match
and offers some filtering of the Z4 output
cnergy. A 10-20 dB RF preamplifier would
be a welcome addition between the antenna
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and the input of Z2. This would greatly
improve the receiver noise figure, and it
should enhance weak-signal reception. A
preamp may be built on an IC header to
cont:orm to the general format of the
receiver.

CW reception will be greatly improved
{better selectivity and reduced wide-band
noise) by the addition of an LC passive or
RC active audio filter at the point marked
with an X at pin 9 of Z1. Suitable circuits
may be found in the ARRL Handbook for
the Radio Amateur and Solid State Design
by the ARRL. Reception of SSB signals
will be satisfactory without a fifter, but the
addition of a low-pass audio filter at X will
improve the receiver selectivity for SSB
reception,

An extremely compact receiver can be
built by using the arrangement shown in
Fig 6. With a few more MCMs of your

design, it would be a simple matter to
develop a small superhet receiver, You will
need to build an 1F-amplifier MCM and
another one for the BFQO.

Summary Comments

The intent of this article is to inspire you
to try this method of miniaturization. I am
told frequently that ham radio is supposed
to be fun. Designing and building MCMs
has been fun for me, and they offer some
practical advantages over conventional
PC-board construction. You should be able
to develop a bank of MCMs for various
applications. This can hasten assembly time
for many experimental circuits. MCMs are,
of course, excellent units for use in a
permanent circuit as well. Who knows, you
may be the first ham in your avea to create
that elusive wrist radio of comic-book
fame! L



Product Review

Conducted By Bruce Q. Williams, WASIVC

Assistant Technical Editor

Clear Channel Communications AR-3300 Ranger
10-M All-Mode Transcelver

Novice Enhancement! I've had my Novice
license for two years, but [ was never
interested in operating. The knowledge gained
through studying for my license helps me
better understand the publications | work on
every day in the ARRL Production Depart-
ment. CW operation never really excited me,
and except for my first and last contacts in
the 1985 Novice Roundup, I haven’ been on
the air. The chance to operate [(-meter S5B
was different. This was something I was
interested in! My husband, Bruce, KBIMW,
a die-hard CW operator, has no sguipment
for 10~-meter SSB. How could I get on the air
for the Novice band warming on Friday night,
darch 20 (0001 UTC March 21)? When I was
offered the opportunity to review the Clear
Channel AR-3300, I jumped at the chance!

What Does This Radio Do, Anyway?

The Ranger AR-3300 is an “‘all-mode”
10-meter single-band amateur transceiver. 1t
covers 28,0000 to 29.9959 MHz and operates
in the FM, double-sideband AM, upper or
lower SSB and CW modes. Rated power out-
putis 25 Won 58B, 30 Wen CWand 8 W
on AM and FM. A 100-W-output version is
also available. The Ranger has five memories
for frequently used operating frequencies, and
it can scan through the memories or scan
between two preset frequency limits. The rig
appears to be designed primarily for mobile
use, as a mobile-mounting bracket is included
and the rig operates on 13.8 V dc at
approximately 7 A, maximum.

Knobs and Dials

The front panel of the AR-3300 is a bit
intimidating to a Novice like me. There is no
tuning knob—the operating frequency is
entered and changed by several froni-panel
rocker switches located under the LED fre-
quency display. The rocker switches have
miore than one function. Pressing a switch up
causes the frequency to go up one increment
at the selected digit; pressing down causes the
frequency to be decremented. Each time you
press a switch, the radio produces a short beep
to let you know something has happened. Five
of the rocker switches are also used to enter
the memory frequencies; just press up to enter
a frequency in the chosen chanmel. The scan
switch initiates the scanning function. The
AR-3300 is preset to scan in 100-Hz
increments—the increment can be changed by
pressing the appropriate frequency switch
upwards while scanning. Pressing sCaN up
causes the radio to scan from the lowest {re-
quency to the highest; pressing the switch
down causes the scan to move downward.
Upon reaching the band limit, the scan auto-
matically reverses,

There are four control knobs to the left of
the frequency-entry switches: Microphone
GAIN, RF GAIN, squelch with an integral RESET
switch and CLARIFIER. The CLARIFIER can
vary the receive frequency 500 Hz. The
squelch can be used in all modes, and it is

Clear Channel Communications Ranger AR-3300 10-m All-Mode Transceiver,

Serial No. 86021304

Manufaciurer’s Clafimed Specifications
Frequency coverage: 28.0000-29.9999 MHz.

Modes of operation: AM, CW, FM, USB, LSB,

Frequency display: Six-digit LED.
Frequency resolution: 100 Hz.
Frequency accuracy: 10 ppm.

Transmitter

Power output: SSB, 25 W; CW, 30 W,
AMIFM, 8 W.

Spurious signal and harmonlc suppression:
Greater than - 50.

Third-order intermodulation distortion:
Not specified.

Keying waveform: Not specified.

Receiver

Receiver sensitivity: For 10 dB slgnal
+ hoise + distortion/signal + distor-
tion, 8B, CW 0.3 gV; FM 0.3 pV.
Receiver dynamic range: 100 dB (see text).

Receiver audio output at 10%
total harmonic distortion:
Greater than 2.0 W.
Color: Black wrinkle finish.
Size (height, width, depth) 2% x 8 x 10 in,
Weight: 4 Ib.

Measured in ARRL Lab

As specified.
As specified.
As specified.
As spacified.
As specified.

Transmitter Dynamic Testing
28.0 MHz: CW 30.7 W, USB 27.0 W,
FM/AM B8 W.

29.7 MHz: CW 17 W, USB 14.6 W,
FM/AM 5.4 W.

—55 dB. See Fig 1.

- 26 dB. See Fig 2,
See Fig 3.

Recefver Dynamic Testing

Minimum discernible signal,
(noise floor, dBmj:
—135.

Blocking dynamic range (dB): 86.
Two-tone, 3rd-order intermod-
ulation distortion dynamic
range (dB): 45,
Third-order input
intercept (dBm): - 67.5.
Receiver quieting (zV for 12 dB
signal + noise + distortion /
signal + distortion): 0.42.

29 W.
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usexd to start and stop the automatic scanning
feature. The wESET switch on the sguelch
knob is the on/off control for the radio’s
memory backup power. This control must be
turned on to retain the memory information.
If the control is turned off, everything saved
in memory is erased.

Ta the right of the frequency controls are
three push-on/push-off buttons that control
the spLIT feature. The sPLIT provides an off-
set between the receive frequency and the
{ransmit frequency. With a (00-kHz split set,
for example, the receive frequency might be
28,580 MHz, but when the push-to-talk {(PTT}
is pressed, the transmitter would automatically
switch to either 29480 or 29.680 MHz,
depending on the position of the + switch.
The function of the spPLIT ON/OFE control is
obvious, and the sperr LED in the top row of
indicators shows when the spuiT feature is
activated, The first time the SPLIT PROGram
switch is pressed after a RESET, the freguency
display shows all zeros, The frequency offset
is then selected wsing the frequency-select
switches. The + control selects either positive
or negative offset from the receive frequency.
‘The spLIT feature is most often used on {0-m
FM repeaters, but with some quick button
pressing, it could be used for BX work.

The ak AN with its integral on/OFF switch
and the mode switch are located under the split
control push buttons. Five momentary-contact
push buttons in the lower-center of the front
panel control the memory and scan functions.
MANUAL i5 used before starting or restarting
several procedures. You must press MANUAL
before directly entering 2 frequency, before
entering a new upper or lower frequency range
[imit, and betore beginning the procedure for
storing trequencies in memory or setting fre-
gquencies for split operation. MEMORY scans
the frequencies saved in memory. If souelch
is turned down (ccw), it scans to the next chan-
nel each time the button is pressed. 1f sQuelch
is turned up {cw), all memory channels are
scanned automatically when MEMORY is
pressed once. CANCEL clears the frequency
that has been assigned to an indicated chan-
nel. ENTER directs the transceiver to accept the
displayed frequency as the one you want to
use. It is used to change the frequency range
or save a trequency in memory.

The status TEDs in the top-right of the front
panel provide the following information:

kX indicates transceiver is on and is in
raceive,

TX lights when transmitting.

spLIT lights during split operation.

51 BY is not currently implemented. It will
be used when accessories are avaifable.

Channel LEDs (CHI-CH3) indicate fre-
gquency memory information, The LED flashes
once when vou save a frequency into memory,
lights briefly as the channel's frequency is
seanned, and lights when that frequency is be-
ing used. Two five-segment L.ED bar graphs
dispiay received signal strength (S5, 55, 57, %
and +30) and transmitter output power (5, 1o,
i5. 20 and 25),

The dc power connector, 80-239 antenna
connector, and jacks for a CW kev and
external speaker are located on the rear panel,
together with 2 heat sink for the finat ampli-
fier transistors. No power supply is provided
in the rig.

‘Thanks for the Memories
The AR-3300 provides five memory chan-
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Fig 1—Worst-case spectral display of the
AR-3300 cperating on the 10-m band.
Vertical divisions are each 10 dB;
horizontal divisions are each 10 MHz.
Quiput powet is approximately 27 W at a
frequency of 28 MHz. All spurious
emissions are at least 55 dB below peak
fundamental output. The two taller pips on
each side of the fundamental are mixing
products, but are below the maximum level
allowable under FCC regulations. The
AR-3300 complies with current FCC specifi-
cations for spectral purity.

Fig 2-—Spectral display of the AR-3300
output during transmitter two-tone
intermodulation distortion (IMD) testing.
The transmitter is being operated at rated
output power on the 10-m band.
Third-order products are 26 dB below PEP,
and fifth-order products are 36 dB down.
Vertical divisions are sach 10 dB;
horizental divisions are each 1 kHz.

nels. Storing information in the memories is
fairly easy. First press MANUAL, then select
the frequency to be stored, and press ENTER
once. The radio beeps and the display fiashes
once to acknowledge your action. You then
select the memory channel number using the
frequency select switches. Press ENTER again.
Another beep, the display flashes twice and
the selected memory LED flashes once. You
can program up to five memories. Once the
memories are programmed, vou can scan
them either automatically, or manually. To
automatically scan memories, press MANUAL
and press MEMORY once. Turn the sguelch
clockwise until the audio noise is guieted, and
the radic beging to scan through the
memories. Memories that are not
programmed are not scanned. T'o manually
scan memoriss, press MANUAL and turn
squelch counterclockwise until squelch is

B

Fig 3—Keying waveform for the AR-3300. At
A, the transmitter is operating at a power
output of 25 W on 28.0 MHz. Each hori-
zontal division is 5 ms. The botiom trace is
the input kay closure; the top trace is the
RF output. At B, the waveform Is shown in
detail; each haorizontal division is 10 xs.
Because of the extremely short rise time of
approximately 2.5 ps, this signal will cause
key clicks and sound choppy. The optional
semi-break-in keying accessory provides a
much befter keying characteristic.

broken, but not off. Press MEMoORY, Bach
time you press MEMORY, the radio moves to
the next channel in numerical order.

The scan function can also be used to scan
the entire band or bhetween two {frequency
limits. To program this operation, you press
MANUAL and then SCAN PRoGram. You may
now sciect the scan increment you want
{default is 100 Hz) by pressing the appropriate
frequency select switch. Then press ENTER
and the display flashes once. Now enter the
lower frequency limit for the scan, and press
ENTER again; the display flashes once again.
Now enter the upper frequency limit and press
ENTER again. The display flashes twice to
indicate the program is complete, Turning
souelch clockwise and pressing the svaN
button starts the scan. When the squelch is
broken by a station on a memory channel, the
radic will pause at that frequency as long as
the channel is active, then resume scanning.

There is 10 memory backup battery in the
rig. Memory and scanning information can
he retained, however, if the rig is turned off,
but the power supply is still energized. The
RESET switch on the souelch must remain
turned on—once it is turned OFF, all memory
information is erased. This smeans that
memory could be retained almost indefinitely
in a mobile installation. Memory retention
current is only 4.6 mA, so there is slight



danget of the radio discharging your battery
overnight,

The Big Day Arrives

All of these features are nice, but what’s
the radio really like on the air? As the Novice
Enhancement weekend drew closer, I became
less and less sure of myself. What would
1 say on the air? Who wonld | talk to?
When Friday, March 20, 7 PM EST arrived
{0001 UTC March 21), we tuned the radio up
and down the 200-kHz Novice phone
subband, looking for just the right QSO.
Ah., .there’s WBIAVA, Virginia Greene,
calling CQ. . .a nice loud signal. T gave her
a quick, nervous call and | was off! This
wasn’t so hard! She sounded good, said ]
sounded good, and we talked for a few
minutes about nothing in particular. When
she told me she had to go grade some school
papers, [ was glad for the break and the
chance to regain my composure, 1 worked a
few other stations that evening, then sat down
to start writing this review,

(ther Modes

The AR-3300 can also be used on FM and
CW, Because Novices have no 10-m FM
privileges, and I have little CW skill, [ let my
husband try the rig out on 10-meter FM, He
was able to work easily through a local FM
repeater about 10 miles away, even though
we were using an inverted V antenna cut for
the low end of the 10-meter band. Some other
hams he talked to told him that the audio
sounded a bit **muffled,”” but this may have
been the result of the hand microphone
supplied with the radio. He was also told that
the radio sounded like it might be over-
deviating. The deviation was about 5 kHz
when checked in the ARRL Lah.

The rig works on CW, but it has a few
interesting quirks. The CW key jack is a
shorting type. Normally (with no plug in the
jack) the CW key line is shorted to ground.
When the key is inserted, the radio will not
work in SSB unless the key is closed. The
radio cannot be keyed in CW unless the PTT
switch on the microphone is pressed. This
leads to a very interesting two-handed CW
operafing position, and QSK is not an option
with this arrangement. The other interesting
thing is that CW operation is hardly
wentioned in the operating manual. The CW
position on the mode switch is mentioned,
and the power output in the CW mode is
specified, but there is no explanation of the
PTT/CW key interaction. Bruce thought the
microphone had inexplicably gone dead—
with the CW key plugged in, vou can key the
rig with the microphone PTT, but the micro-
phone audio is not connected unless the CW
key is down! This seems like a rather poor
design arrangement—opossibly CW operation
was added as an afterthought so that the rig
would be *‘all mode.”” As | said, it does work
after 2 fashion on CW, There are no CW
filters, however, so the received bandwidth
is a rather wide 4.2 kHz.

Problems

In addition to the CW keying problems, we
noted a drop in power output at the upper end
of the band. Thers was also a mechanical
stability problem. Bumping the radio causes
the frequency to vary noticeably, whether in
receive or transmit. We contacted the
manufacturer and requested information about
these problems, The Clear Channel engineer
advised us that the problems with instability

had been noted on a few units, and that they
were working on them. He also acknowledged
the cumbersome CW method, but explained
that their feeling is that most operators would
not work CW very much, but would probably
use the rig in a mobile phone application.
When we pointed out that this radio might
appeal to @ large number of Novices, either
as a supplement to their HF CW stations, or
as an “one and only” rig for some, the
engineer promised to address both subjects.

The next day he phoned us and advised that
an auxiliary circuit board had been designed,
incorporating semi-break-in CW keying. The
accessory unit will soon be available af a low
cost (around $10) for anvone who desires
better CW performance. For those owners
who choose not to purchase the auxiliary
board for CW, a modification will be made
to correct the extremely short rise and fall
time of the keyed waveform. in addition, they
redesigned the VCO and now use a potting
compound rather than the becswax we noted
in the original unit, and added vibration and
shock damping to the circuit board/cabinet
interface. This improves the instability
problem by reducing any movement of com-
ponents on the board.

Clear Channel sent us a modified unit by
air. During testing of this modified unit, it
provided 30 W across the band. The mechani-
cal stability problem had vanished—a slight
warble under direct beating with a screwdriver
was the worst we could find, The keying in-
terface improved the keviog characteristics,
and we pointed out some additional improve-
inents that Clear Channel has agreed to make.
b addition, they will provide update infor-
mation to present owners, and will auto-
matically update any unit returned to their
Facility, even if it is ouf of warranty. They
state that the updates will be performed in
48 hours, or less, -

Clear Channel claims & receiver dynamic
range of 100 dB. We were unable to verify
this figure. We discussed thiz with Clear
Channel, and they admitted that they may
have been a bit optimistic in their specifica-
tion. The receiver is extremely sensitive (MDS
of —135 dBm), and the blocking dynamic
range we measured in the ARRL Lab (86 dB)
indicates that the receiver is certainly adequate
for the intended use. Clear Channel has
indicated that they will revise their dynamic
range specification to a more realistic value.

The operating manual is a bit light for an
all-mode rig. The manual covers 58B opera-
tion Fairly well, but there is only brief mention
of the other operating modes. A schematic is
included with the manual.

The Bottom Line

As a Novice, this is a fun radio for me. It
is physically small and less intimidating than
some of the other rigs 1 bave seen. Once T got
used to the frequency-eniry switches, they
were not too difficult to use, although 1 think
I would prefer a tuning knob. The switches
may be more appropriate for mobile use, and
the frequency memories would certainly be
useful in a mobile installation, as are the scan-
ning features. This rig might be just the thing
for a Novice looking for a single-band mobile
rig. or a rig to usc.on 10-m FM after upgrad-
ing to Technician, There are used five-band
transceivers on the market for about the same
price as this rig new, however,

The Clear Channel warranty is an attractive
plus for this rig—one year on parts and iabor,
and Clear Channel maintains a computerized

owner data base for free update information
about the rig. Any rig returned for updates will
be modified and returned within a 48-hour
period, even if the warranty has expired.

The Clear Channel Ranger AR-3300 is
available from selected dealers: for informa-
tion, contact Clear Channel Communica-
tions, PO Box 445, Issaguah, WA Y8027, tel
206-392-0419. Suggested price: AR-3300,
30 W, $499.95; 100-W maodel, $630.— Leslie
K. Bartoloth, KAIMJP

PAC-COMM TNC-200 TERMINAL
NODE CONTROLLER

Like many others, [ am curious about packet
radio. In addition, I am tired of referring
questions about packet to others in the Tech-
nical Department at ARRL HQ. | thought
that my curiosity could be satisfied, and my
knowledge broadened, if [ would obtain a
Terminal Node Controller (TNC) and experi-
ment with this popular new operating mode.

There are many different TNCs available,
One of the more popular is the TNC 2 that
was developed by Tucson Amateur Packet
Radio Corp (TAPR). TAPR designed the
TNC 2 and produced a small guantity of kits,
but then returned to research and develop-
ment. Under ficense from TAPR, several
commercial suppliers offer their versions of
the TNC 2. Pac-Comm is a major supplier
of TNC 2 kits, and scemed a good source for
my kit. Similar TNC 2 kits and assembled
units are available from Heath (HD-4040,
Product Review, OS8T, Nov 1985}, and MFJ
Enterprises (MFJ-1270, Product Review,
QST, Sep 1986). Additional information
about packet radio and equipment has been
published recently in QST.1-3

The Kit

When my kit arrived, an inventory revealed
one group of resistors with incorrect values,
and a package of capacitors and some semi-
conductors missing. A telephone call to
Pac-Comm resulted in prompt, courteous
service and quick shipment of the missing
parts. The kit consists of good quality parts,
and includes a rather thick loose-leaf instruc-
tion book with a small errata sheet. The
solder-masked epoxy circuit board has plated
through-hoies and silk-screened part
locations. 1n addition to the paris necessary
for constructing the TNC, the kit includes a
coaxial power plug and a 5-pin DIN plug for
the radio connection. The builder supplies the
RS-232-C plug and dc power (10-15 V,
250 mA for the NMOS version; 135 mA for
the CMOS). The instruction book is clear and
concise. 1 you have successfully built a
Heathkit, you should have no problem in
assembling the TNC-200.,

The Pac-Comm version of the TNC 2 is
painted an attractive light blue with dark blue
front and rear panels with white stripes and
lettering. Front-panel LEDs indicate pwr on,
coNnection to another station, pDCD on, PTT
{transmitter keyed) and svatus (indicates that
a packet has been sent but not acknowledged
by the receiving station). The rear panel has
connectors for the RS-232.C interface
(DB-258), radio {3-pin DIN), dc power (coaxial
jack) and a push-button power switch.

H, Price, “"What's All This Racket About
Packet?” QST, Jul 1985, pp 14-17.

#H. Price, “'A Closer Look at Packet Radio,” QST,
Aug 1985, pp 17-20. i

35. Horzepa, '"The Shoﬁnper's Guide to
Packet-Radio TNCs,"” QST, Mar 1986, pp 17-21.
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The TNC-200 uses a Zilog Z80% nyicro-
processor and a Z30 S10 to perform the
serial-interface and packet asserably/
disassembly tasks, Modem functions are
handled by an MF10 switched-capacitor filter,
an XR-2206 modulaior and an XNR-2211
demodulator. There are 32 kbytes of ROM
and 16 kbytes of battery-backed RAM, with
the option of increasing RAM to 32 kbytes.

Construction

I assembled my kit at home, Except for one
problem (which resulted from my poor choice
of work area), the assembly was quick and
easy. Some of the resistor color codes were
difficult to see under normal levels of incan-
descent lighting. As a result, 1 installed about
a dozen resistors in the wrong locations. If
I had been in a well-lit work area, or
confirmed resistor values with a multimeter,
| could have prevented the problem.
Testing

Although 1 assembled the kit at home, it
Wwas more convenient to do the initial testing
in the ARRL Lab. [ had ordered a serial
interface board for my Apple® computer, but
it hadn't arrived vet. )

The Pac-Comm test procedures are
straightforward and thorough. There was a
problem with the negative supply in my kit,
however. The troubleshooting instructions led
e to the problem, and a check with an
oscilloscope revealed a faulty LMS56 I, a
common and inexpensive part. 1 replaced it
with a locally procured part rather than call
Pac-Comm. The TNC-200 worked fine once
the faulty chip was replaced, While waiting
for my serial interface board, I connected the
TNC-200 to a Xerox® 820 computer in the lab
for further tests and alignment. The TNC
operated perfectly once the communications
program parameters were set a5 specified in
the TNC-200 instructions.

The TNC has onboard software for
counting the modem tone frequencies, but the
instructions suggest using a frequency counter
if one is available. When | connected the [ab’s
frequency counter, however, its reading
differed greatly from the software indication.
Jon Bloom, KE3Z, the ARRL Laboratory
Supervisor, warned me to expect false count
problems because 1 wasn’t in the lab's 100-dB
isolation RF-screened room. (The counts
could be off because of RFI from WI1AW,
across the parking lot.) 1 opted to trust the
software and test it **under fire.”” There have
been no subsequent problems and the TNC
has perforrmed flawlessly in all my work on

the air, 50 the software frequency counter
must have been correct!

Computer Interface

When my serial interface card arrived, |
installed it in an Apple//e at ARRL HQ, and
connected it to the TNC. We use a terminal
program named ASCIL Express™, At first |
could copy only about half of the TNC sign-
on message. [ installed a breuk-out box in the
RS-232-C line, and saw that the Data Carrier
Detect (DCD, pin 8 of the DB-25 connector)
tine went to a false condition when the sign-
on message stopped.? My terminal program
would not connect to the TNC uniess that line
was held true, Jumper 1 in the the TNC-200
sets DCD true permanently, but [ wanted to
conveniently change the DCD connection
without opening the TNC cabinet. My
solution is an eight-circuit DIP switch epoxied
into the DB-25 connector hood at one end of
the cable. The frame and signal grounds are
always connected, but I can switch each of
the eight data lines at will. When i open the
DCD line, the sign-on message can proceed,

The Reference Manngl and Operation

The Pac-Comm instruction book actually
includes two manuals, Assembly instructions
appear in the back portion of the book
(35 pages), while the front portion contains
the 63-page TNC-200 Reference Manuai.

To the casnal observer, it must look as
though the packet-radio operator simply keys
copy into a terminal, and reads the return
message. The success of packet-radio opera-
tion, however, depends on several control
parameters being programmed into the TNC
before operating. Therefore, the most signifi-
cant factor in successful packet-radio opera-
tion is the operator’s understanding of the
TNC commands and their effects.

Chapters 1, 4 and 6 of the Reference
Manual, together with a command reference
sheet, contain the information necessary to
interface the TNC and begin simple packet
operation. Chapter 6 explains the TNC com-
mand set in depth (it takes 21 pages!), and
explains the messages from the TNC to the
operator. The separate command reference
sheet gives only the operator commands, brief
descriptions, mnemonics and default settings.

Chapter 5 covers binary file transfers,

4A break-out box is a device that allows measura-
ment of the status of each communication line
in a typical R8-232-C connection (9 or 24 lines
plus frame ground). Construction details for a
break-out box appear in Chapter 29 of
The ARRL Handbaok.

multiple connections and HF packet informa-
tion. Binary file transfers may contain
characters that would pormally be interpreted
as TNC commands. Special techniques allow
such files to be transferred without affecting
TNC operation,

The current implementation of the AX.25
protocol permits only two-way communi-
cation, but it allows a station to make several
two-way connections simultaneously, For
example, my station, KU7G, can be con-
nected to Jon, KE3Z, and 1 can add another
connection to George, NAILF. I can “‘speak™
to ¢ither Jon or George at my whim, but
neither can copy any part of my conversation
with the other (unless they are monitoring aff
transmissions on the frequency). The TNC
accomplishes this by allowing the aperator to
select one of 10 possible “*streams.** The 10
streams are designated A through J. A user-
defined command (the default is **|**) allows
the operator to switch streams. This is best
explained by the following example. When 1
turn on my TNC-200, it is on stream A, as
indicated by the first two characters of the
sign-on message, *‘|A."" 1 connect to KE3Z
and the con LED lights. At this point, 1 can
enter the command mode by antering
CONTROL ¢, then type the stream-switch
command,** |, and an identifier for the new
stream (A-J). Let’s use stream B. Once | type
“|B”, I'm on stream B (CON goes out
because stream B is not connected). [ can then
connect to NAIF f(con lights again for
stream B). The exchange looks like this:

cmd: C KE3Z

4% Connected to KE3Z {CON lights)
{CONTROL €}

emd: |B {CON gaes off)

|B cmd: C NAIF
**+Connected to NAIF {CON lights)

To enable multiconneet operation, the
USERS command must be set to a number
between 2 and 10.

The TNC-200 may be modified and adjusted
for OSCAR or HF use, but the process is
lengthy. It is best to use an external modem
if you wish to switch often between HF and
VHF packet operation. An external modem
may be connected through the TNC circuit
board (the connector is not supplied, although
the circuit board has holes drilled for one).

The balance of the reference manual
includes information about hardware,
troubleshooting, packet protocol and 2 short
bibliography. Hardware is described at the
block level, with additional sections about
RS-232-C handshaking, jumper functions and
pinout descriptions of the various connectors.
The troubleshooting section is short, and it
assumes that the builder has a basic
knowledge of digital-circuit troubleshooting
technigues. There are no troubleshooting
charts or voltage tables.

Conclusion

| am happy with my TNC-200 from
Pac-Comm. It is a straightforward reproduc-
tion of the TAPR TNC 2, and performs as
well as the original. It is available in severai
forms—as partial kits, complete kits and
assembled units.

The TNC-20¢ is available from Pac-Comm
Packet Radic Systems, Inc, 3652 West
Cypress St, Tampa, FL 33607, tel
213-874-2980. List prices: CMOS kit with
cabinet, $169.95; NMOS kit with cabinet,
8154.95; Pac-Pro terminal software for the
IBM?® PC and compatibles, $29.95; terminal
software for the Apple Macintosh, $49.95.
—Bob Schetgen, KU?G 5.0



Hints and Kinks

Conducted By Bob Schetgen, KU7G
Assistant Technical Editor
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GENERATOR OVERVOLTAGE
PROTECTION FOR FIELD DAY

[ Many operators who have taken part in
Field Day operations strongly suspect that it
is scheduled on Murphy’s birthday. Murph
celebrates with fiendish glee and invokes his
laws in every direction: Antennas fall down,
keyers won’t key, it always rains—he whistles
up all the static he can muster. There is no
end to his mischief.

His one trick that hits hardest is excessive
generator voltage. This problem plagued the
Columbus ARA four years in a row, and with
decent transceivers costing over a kilobuck,
people zot a bit *‘antsy’’ about bringing their
“little jewel™ out for Field Day use. Qur club
decided to see if we could do something betier
than hang witchbane on the generator.

$0-0-0, if Murph speeds up the generator,
we reasoned, let’s shut down the power before
the rigs start to smoke. Since no one recalled
anything of this nature in past QSTs, we built
our own prototype generator-overvoltage
protector.! It is successful, and we would like
to make jt public domain. Here it is!

We set several design goals for our pro-
tector: (1) it should be uncomplicated; (2) it
should be reproducible; (3) it should be built
from junk-box parts to reduce cost. The parts
specifications are loose and flexible so that
you can adapt parts on hand. Nothing is so
irritating as finding that a critical component
was the only one in existence, and there is no
substitute! After considering many alter-
natives, we settled on a dc power supply,
“pilot” relay and power relay as the basic
circuit. {See Fig 1.)

The dc power supply samples the line

1[Here are some references on related
projects,—Ed.] . _
I\]I. Johnson, W20LU, “An AGC Line Manitor,”
QST, Jan 1976 p 27,
R. Kaul, W1FLM, “Field Day Generators"
{Waveforms), QST, May 1875, pp 44-45,
R. Mason, WBNN, “Expanded-Scale Power-
Line Voltage Monitor,” QST, Dec 1979,

pp 40-41,

W. Stump, WB4AHZ, “Is Your Generator
Genin' the Way it's Supposed To?” {a
generator frequency monitor), QST, Mar
1982, pp 38-39.
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Fig 1—A schematic for WBZCQ's Fleld Day overvoltage protector (A). The test and

adjustment circuit appears at B.

C1—4000-uF, 25-V, Elactrolytic capacitor
{see text).

D1, D2-S8ilicon diode, 1-A, 50-V PIV
(minimumj.

D31, DS2—-117-V pilot lamp.

F1, F2—Fuse (20 A).

J1—Coaxial jack.

K1—12-V, SPST relay, 117-V contacts
(see text).

K2—117-V, SPST relay, 117-V contacts
(see toxt),

voltage and applies it to the coil of any
convenient 12-V de pilot relay, The pilot relay
should have a normally open contact capable
of switching the 117-V ac coil of the power
relay.? Begin your construction by choosing
the power relay, then choose a pilot relay that
meets the control requirements of the power
relay. The normally open relay contact should
close consistently at some potential less than
12 V. (Thus, the relay serves as a crude
voltage reference.)

In our case, a randomly selected 12-V dc
relay was tested with a variable power supply
and found to pull in reliably at 8.8 V, Hence,
we built an adjustable dc power supply that
provides from 8.1 to 10.7 V at the pilot-refay

2|CARA used a 20-A relay for their power control,
but the power ralay need only switch the full
generator out‘:ut. For example, a 650-W
enerator supplies a maximum current of about
A. Radio Shack® sells a 12-V dc DPDT relay
(no. 275-218) capable of switching 10 A at 117
V. That relay could perform all the functions
raquired of both relays in the CARA circuit for
generators up to about 1 kW.——Ed.}

M1—ac voltmeter (use a VTVM or other
accurate meter).

R1—5-W resistor {sep text).

R2—25-W potentiometer {see text).

$1—=MNormally closed momentary-contact
switch.

T1—Transformer, 117-V primary, 12-V 1-A
secondary.

T2—Transformer, 117-V primary, 6.3-V
200-mA secondary.

T3—117-V isolation transformer.

T4—150-V variable autotransformer.

coil when the input line voltage is 117 V.,
The most suitable potentiometer in our junk
box was 25 ohms, rated at 25 W. It requires
a series combination with a 12-0 resistor to
produce the desired voltage range for the pilot
relay. The potentiometer and R1 values must
he determined experimentally for each relay.
Qur unit was built in a Bud 8§ x 84 x
10¥4-inch cabinet, but there are no firm
construction rules. A three-inch shelf inside
the box holds the relays. The rectifier diode
is rated at 1 A and 1000 PIV. The filter
capacitor is 4000 gF at 25 WVDC, but any
capacitance greater than 500 uF should do.
An ac voltmeter is the final indispensable
component: the pilot lights and components
related to the frequency counter are optional.
Such options were incorporated because the
parts were available and the features useful:
Bince a Heathkit frequency counter was
available, an outlet was provided for it.
Test and adjust the circuit by doving
it through a variable-voltage transformer.
Change R1 and the potentiometer, if
necessary, to allow adjustment of the trip
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Fig 2-A photo of WBZCQ’s complete
system.

patential from about 117 to 130 ¥ ac. In the
case of our prototype, the range was from 100
to 135 V. QOnece you have established the
component values, mark the front panel.

At the outset, we only intended to protect
one rig. After some of our club **authorities’’
examined and blessed the new circuit, we
decided to protect all CARA Field Day equip-
ment. Out came the hole punch, and another
outlet was added for an extension that would
serve the rest of the camp.

Field Day soon arrived and passed. The
generator output varied from 122 to 128 V
and 58 to 62 Hz during the contest (frequency
changed in direct relation to the output
voltage), and the protecior shut down the
power twice. Each time, the voltage had
reached the 130-V setting, but Murphy had
been defeated—no rigs were damaged. —Dan
Umberger, W8ZCQ, Columbus, Ohio

“PIGTAILS” MAKE ANTENNA
ADJUSTMENT EASY

I Wire-dipole and inverted-V antennas often
need trimming in place, even when carefully
cut to calculated measurements. They are easy
to shorten, but one may trim off too much,
or the calculated lengih may be too short in
the first place. Aside from the initial setnp,
resonance may drift over time for electrically
obscure reasons. Antenna stretching is
difficult!

After patching wire onto the ends of several
antennas, | developed a versatile adjustment
sysiem. First, use only bare wire for the
antenna, and cut it somewhat shorter than the
calculated length. [Try 2-3%.—Ed.] Next,
attach the antenna ends to the guy lines with
an ipsulator made by drilling a piastic pipe
coupler with '4-inch holes for the antenna wire
and guy (Fig 3). Make a pigtail {extension)
from the same wire as the antenna and long
enough to well exceed the calculated antenna
tength. [Again, 2-3%.—Ed.] (The antenna
should be slightly too short without the
pigtails, but slightly too long with them fuily
extended.) Solder a couple of alligator clips at
90° to each pigtail as shown in the figure. In-
sert the pigtails through the insulators and
attach the alligator clips to the antenna ends.

The antenna resonant frequency is now
easily adjusted by moving the pigtails along
the antenna ends. The pigtails appear weather
resistant, and they make antenna adjustment
easy.—Alex Comfors, MD, KAGUXR,
Ventura, California

RIGHT- OR LEFT-HAND FADDLE
OPERATION

{1 Here is a little note for those hams who
own paddle keyers, [ am a right-handed brass
pounder myself, but several of my friends are
“lefties.”” Since the positions of the dot and
dash paddles are usually exchanged when the
hand of operation is changed, there may be
considerable inconvenience when operating
from a friend’s station.

The problem can be corrected easily by
furning the paddle around and placing your
hand above the key to operate. Although not
quite as comfortable as using the paddle
normally, it is a simple practice that works
for both left- and right-handed people. 1t
eliminates the need to change paddle wiring
for a visitor.—Robert L. Vandevender IT,
KR2K, Muncite, Indiana

FLLUMINATE YOUR SWR BRIDGE!

{71 My Heath® SA-2060A Matching Network
is very satisfactory in every respect, except
that I missed the convenience of lighted panel
meters, It is a simple task to add that feature,
s0 [ did not hesitate. A short search through
my junk box yielded two “grain of wheat”
lamps (for [2 V de) left over from my model-
railroading days. I attached one lamp to the
top of each meter case with some cyanoacryfate
adhesive and wired them to the accessory jack
of my transceiver with some lightweight **zip"
cord. The illuminated meters are now easy to
read in the dim evening light.—Gordon
Lauder, WOPVD, Webster, Wisconsin

MORE ON RFI TO MICRO-
PROCESSORS IN AUTOMOBILES

[[1 After installing my 25-W, Z-meter radio
in a 1981 Oldsmobile Cutlass, 2 *‘valve
knock’’ became evident when climbing hills.
This would not be unusual except that it
occurred oniy while transmitting! I suspected
a voltage drop, and rewired the power cable
directly to the battery, but there was no
improvement—not even at a {-W input level,

It then occurred to me that my problem was
RFI! At the same time, the Jan 1983 QST
Hint of W4MJB encouraged me to investigate
an RFI cure to the *¢entral processor unit.”
The CPU is in a metal case that is not
grounded to the metal of the car, but
“floated”” in a plastic cover in front of the
right front door, below the glove compart-
ment. The CPU has bypass capacitors and
ferrite beads on every edge connection, but

SOL\DER PIGTAIL
N o 174~ INCH~DIAMETER 3/8-INGH- DIAMETER
wA(ﬁ M?t i z_g 'KHOLE_S\ PLASTIC TUBE
1] A— i o
ANTENNA % 7 / .
% PLASTIC 4 .
ALLIGATOR BIPE COUPLER GUY LINE TAPE PLASTIC TUBE
CLIPS TQ GUY LINE

Fig 3-~KABUXR's movable wire-antenna extensions make antenna adjustment convenient.

40 5T

only two of many wires are shielded. Simply
grounding the metal case to the firewall with
Yi-inch braid solved the problem. (The braid
length is only about § inches.)

This problem and cure is important because
future vehicles will no doubt have more
and more microprocessors. Vehicle designers
must be alert to RFI problems at all fre-
quencies.—Dave Porter, K2BPP, Hope,
New Jersey

WEATHER PROTECTION FOR
VERTICAL-ANTENNA FEED POINTS

[ I have found that in very wet and rainy
climates, where the rain is usually wind
driven, a weather boot sealed with silicone
caulk does not work well, Coax Seal™ and
especially electrician’s tape do not adhere well
to silicone caulk. The driving rain can be
blown or wick into the bottom of the boot,
then down the cable braid. Here, however,
is an excellent procedure for weatherproot-
ing antenni connections (refer to Fig 4):

# Start with clean, dry connectors (as little
skin oil as possible).

* Wrap the connection with several layers
of electrical tape.

* Apply Coax Seal to the entire connection
and down along the coaxial cable.

* [Jse iwo heavy-duty wax-coated paper
cups, one inside the other, to make a “tent”
around the antenna feed point and coax
connector. {The cups deflect rain, so that water
doesn’t sit on top of the connector joint.)

® Lay a sheet of clear plastic wrap over the
cups, push it up inside the cups and then pull
it down over the sealed connections.

* Press the plastic wrap into the Coax Seal.
(Coax Seal and clear-plastic food wrap stick
together, thus forming an air-tight joint.)

Wind, freezing rain and other severe
weather cannot damage the joint. The great
bond that Coax Seal makes with plastic wrap
doesn’t allow any moist air or wind-driven
rain to enter the joint along the cable surfaces.
F’ve had no leakage problems since using this
system.~JSames Fox, N7ENI, ARRL
Technical Coordinator, Portiend, Oregon
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Fig 4—N7ENI's sealed connection on the
feed point of a vertical antenna. R



Plain Talk

Voice Operation

Enjoyable and efficient Novice
phone operation is more than just
grabbing a microphone and
yakking. Here’s how to do it right.

By David Newkirk, AK7M

id a severe case of **first contact
D jitters™ keep you from enjoying

Novice phone fun on March 217
How long did you sit in front of your rig
with microphone at the ready, everything
properly adjusted. , . and your mouth dry
and wordless? **Come on,” you told your-
self over and over, ‘‘what’s there to be
afraid of? You’re an old hand at the code.
Phone is just the same—only different!”’

Voice operation /s a bit different from
what you’ve been doing so far with code,
and a few early bouts with ““mic fright’* on
your part are understandable. (Gee, now
it’s your veice heading out into the world
via radio, not just dots and dashes! And
what about operating through repeaters?
You’ve heard that calling and working
procedures are very different up there on
VHF and UHF FM...)

Relax! Everything you need to know
about phone operation just builds on what
you already know about code doings—and
the differences between SSB and FM
operation are easy to pick up and
remember. The major difference between
voice and code operation is this: Now you
can say what you want to get across instead
of letting your fingers do the talking.

YOICE COMMUNICATION BASICS

Face-to-face conversation with someone
can be pretty rapid fire: Your voice inflec-

About

tion, facial expression, mannerisms and
body language all work to convey **Okay,
it’s your turm to talk*’ well enough that you
rarely have to say so. Full break-in comes
naturally! Often, your identity is known by
the people you're talking to before you
speak.

In most two-way radio operation,
however, exchanging transmitting and
receiving roles with other stations, initiating
contacts and identifying yourselt’ entail
special procedures because the other
operators can’t see you. One way or
another, you and the people you contact
via radio must make your identities—and

your intentions—clear, Sometimes context

does this for you, but usually you must
signify your intentions with special symbols
or phrases.

In CW operation, these **special symbols
or phrases’ are known as prosigns, short
for procedural signals. These include AR
after a call to a specific station or at the
end of a message, SK at the end of a con-
tact, and so on. Each code prosign has a

} clasing station CcL

Speaking CW
Voice Code Meaning
over AR after call 1o a specific station
end of message AR end of message
wait, stand by A5 please stand by
roger R all received corractly
qo K any station transmit
go only KN addressed station only
5 clear 5K end of contact
going off the air

voice equivalent—one or more procedural
words, or prowords. (You can see these for
yourself in the sidebar ““Speaking CW.™)
You need only use these phrases in place
of their CW equivalents; it’s that simple.
Sometimes-~honest—you'll hear other
hams speaking CW prosigns and
abbreviations on voice—saying **Hi"” when
they mean to laugh, or ending a CQ with
“K somebody, please.” Such procedure is
best described as tacky. You've got a
mouth, lungs and brain; use them and say
the words—that’s what phone’s for!

THE Q-CODE ON VYOICE, TOO?

The Q-code helps CW operators pass
important information with few words and
symbols. For instance, QTH? means “*“What
is vour location?” and QTR 1937Z means
*“The correct time is 1937 hours, Coordi-
nated Universal Time.”” Should you use the
Q-code on voice? Well, that depends. Voice
operators generally say what they want to
have understood, while CW operators spell
it out or abbreviate. The International
Telecommunication Union (1TU) Radio
Regulations imply that the Q-code may be
used on both CW und phone. In code
operation, Q-signals do save time and
reduce ambiguity, but—apologies in ad-
vance for the pun—talk is cheap during
voice operation. {Voice operation flows
along at something iike (50 to 200 words
per minute-—quite a bit faster than even the
most hotshot CW operator.) So, use this
approach when operating phone: If you
and your contact both speak the same
language fluently, it’s best just to sav what
vou mean with words. (-signals are best
used when operators do not speak a
common language. 3till, the use of QSL,
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Q350, QRZ and a few other {)-signals has
become accepted practice on voice even for
crosstown contacts.

PHONETICS

Many a W operator has looked up
ruefully from the bug, straight key, paddle
or keyboard and remarked, **I know the
cade all right, but this darned thing can’t
spell!”” Code’s “‘spell it out to say it”’
nature is a blessing in disguise, however:
If, during a CW contact, vou dutifully send
your Ohio location as CHILLICOTHE, the
receiving operator is almost certain to speil
it correctly if you did. Such is not the case
with phone, (What chance do you have of
transcribing ‘Chillicothe’ correctly if
someone sayvs it to you without spelling it?
Unless you already know how spell it, lotsa
Tuck!) Often, words aren’t spelled the way
they sound. Even worse from a radio stand-
point, some letters and numbers sound
alike on a voice communication circuit—
especially through interference and noise.
Isthat 8, Aor H? L, Y or 57 E, V, D, B,
G, C, P, T or Z7 Yikes! There’s gotta be
a solid way of transmitting letters over the
air during voice operation—how else is
someone going to copy your call sign?

No problem. Just do what sharp voice
operators do throughout the world: Use the
ITU phonetic alphabet. “Phonetic’ has
more than one definition, but we’re after
just this one: ‘‘Representing speech sounds
by means of symbols that have one value
only.” And that's what a phonetic alphabet
does. See the sidebar **Phonetically
Speaking’’ for the list of phonetic equiva-
Jents to each letter of the alphabet.

Use phonetics when you're first trving to
get vour call sign across to another opera-
tor, or when you’re passing information
that must be spelied out. For example,
NSELJ would sign his call NOVEMBER NINE
ECHO LIMA JULIETT. W9BRD would sign
WHISEEY NINE BRAVQ ROMEO DELTA, and
HLAB would say HOTEL LIMA ZERO BRAVO,

The ITU phonetic alphabet is geperally
understood by hams in all countries, so if
yvou want amateurs evervwhere to under-
stand you, stick to the standard phonetics.

This means that KAIMIP should sign
KILO ALFA ONF MIKE JULIETT PAPA, not
something like KILOWATT AMERICA ONE
MEXICAN JALAPENQ PEPPER, O KING ADAM
ONE MARY JOHN PETER, Lise of non-
standard phonetics is often more confusing
than using no phonetics ar all. Save the
“phoney”’ phonetics for contacts with
friends who already know your call sign.

A face-to-face conversation goes pretty
slowly if its participants stop to spell words
unnecessarily. This goes for radio wvoice
operation, too, so use phonetics only when
you must. Once vou have established com-
munication, the other operator knows your
call sign, so further phoneticization during
1Ds just slows down both of you. On the
other hand, it’s sometimes a good idea to

phoneticize the call sign of the other sta-
tion as you begin a contact, especially when
conditions are poor. This lets the other
operator know that you’ve received his or
her call sign correctly.

ON THE AIR WITH SINGLE
SIDEBAND

Generally, there are three ways to initiate

Phonetically Speaking

for how to use them.

A—Alfa (AL FAH)
B—Brave (BRAH VOH)
G—=Charlie (CHAR LEE
or SHAR LEE)
D—Delta (DELL TAH)
E~Echa {ECK OH)
F-—Foxtrot (FOKS TROT)
5—Golf (GOLF}
H—Hotal (HOH TELL)

M—Mike {MIKE)

These International Telecommunication Union
phonetics ¢an help you get voice messages
through noise and Interference. See the text

|—India {IN DEE AH})
J—Juliett (JEW LEE ETT)
K—Kiky (KEY LOH)
L—Lima (LEE MAH)

N—November (MO VEM BER)
O—0Oscar (0SS CAH)
P--Papa (PAH PAH)
O—Quebec (KEH BECK)

Note; The boldfaced syllables are emphasized. The pronunclations shown in this table
wera resigned for speakers from all international languages. The pronuntiations given
tor “Oscar and “Victor’' may seem awkward to English-speaking peopie in the US.

R—Romeo (ROW ME OH)
S--Siarra (SEE AIR RAH)
T--Tango {TANG GO}
L—Uniform (¥OU NEE FORM

of Q0 NEE FORM)
Y-—Victor (VIK TAH)
W—Whiskey (WISS KEY)
X—X-ray (ECKS RAY)
¥Y—Yankee (YANG KEY)
Z—Zulu (ZOO LOO)

a single-sideband or CW contact: Call CQ,
answer a CQ, or call another station as its
operator concludes a contact. Which
should vou try? Well, consider two long-
time ham sayings: ‘“You can’t work “em if
vou can’t hear 'em,” and ‘It i5 more
blessed to receive than transmit.” Corny
as these sound, they do contain & kernel of
fact. Every time you begin an operating
period, snoop around your chosen band for
a while. Get a feel for who's there—
whether or not the band is open, and to
where. Quite possibly, you’ll hear someone
you want to talk to as vou do vour band
scan. If activity on the band is low, a CQ
may be worthwhile.

Band scanning has another important
function: It helps vou find a clear fre-
quency on which to call CQ. This is not as
casy as it first appears, especially if the
band is crowded. Listen carefully— perhaps
a weak DX station is on frequency. The
directivity of a beam antenna may
“*deafen” vou somewhat to signals arriving
at the sides and back of the beam, so be
sure to rotate your directional antenna as
you tupe to make sure the frequency is
clear.

All set for a CQ? Okay: Call CQ three
times, followed by THIS 1S and follow this
with your call sign three times: €@, €Q, CQ.
"THIS IS N7TIAL, NOVEMBER SEVEN INDIA ALFA
LIMA, NOVEMBER SEVEN INDIA ALFA LIMA,
CALLING CQ AND STANDING BY.

What about responding to a CQ or
calling a station after its operator completes
acontact? Easy: Say the other station’s call
sign, THIS 1S and your call sign. It’s a guod
idea to give your call sign phonetically: use
of phonetics for the other station’s call sign
is optional. Short calls are better than long
ones, and repetition of your call sign is
important. {The operator at the other sta-
tion already knows his or her call sign pret-
ty well!) Repeat the calling sequence as
necessary until you receive a reply, or un-
til the station you’re calling has responded
to someone else, Here’s an example of how
WAIVIL might call WIAW: wiaw,
WIAW, THIS IS WA3VIL, WHISKEY ALFA
THREE VICTOR INDIA LIMA, WA3VIL, OVER.

Now that you’ve taken the giant step of
projecting vour voice cut into the world
through your radio, listening is doubly im-
portant. Will the called station respond to
you, or will vou have to call again? The
only way to find out is to et up on the
transmit (mic} button if you're using push-
to-talk (PTT) transmit/receive (TR)
switching. 1t’s a good idea to let up on the
mic button every 5o often to make sure
vou’re not **doubling”’ (transmitting simul-
tanecusly with) the other station. If vou're
using voice-operated TR switching (VOX),
your transceiver or transmitter-receiver pair
will switch automatically to ‘“‘receive’
between words or phrases. Whichever TR
switching mode you use, get the most out
of vour voice operation by listening care-
fully between calls—and by keeping your
calls short.



‘The R-S Systemt

Readability

1—Unreadable . ]

2—Baraly readable, occasional words ™
distinguishable,

3-—Headabie with considerable difficulty.

4—Readabla with practically no difficulty.

5—Perfectly readable.

Signai Strength

t--Faint signals, barely perceptible.
2--Very weak signals. :
J-Weak signals,

4—Fair signals. )

5—Fairly good signals.

§~Ginod signals, - .
7—NMuaodarately strorig signals.
8—Strong signals.

g—Extremply strong signals.

This reporting systom is also used on
CW with the addition of a third digit for -
“tone,” See The ARRL Operating
Manual for details.

m

THE CONTENT OF THE CONTACT

Once you’re in contact, what you say is
pretty much up to you and the limitations
imposed by Part 97 of the FCC rules. Many
of your voice contacts will likely be similar
to what you’ve been accustomed to on CW,
The difference with voice is that you can
get a good conversation going farther and
faster once the signal, location, name, rig
and weather preliminaries have been taken
care of.

According to the FCC regulations, vou
need identify once every 10 minutes and at
the conclusion of a contact. (The exception
is when you handle international third-
party traffic. Then, you must also identify
the foreign station. See ARRL’s FCC Ruje
Book for details.) The *10-minute [D rule™*
is for your benefit: You needn’t interrupt
the flow of conversational voice contacts
with unnecessary IDs. Just use OVER or GO
AHEAD after each transmission to indicate
that it’s the other station’s turn to transmit.

Want to give a signal report? Say it with
words: YOU'RE S$TRONG, PERFECTLY
READABLE AND IN THE CLEAR. OF you can
use the **RS8" system—it’s just CW’s RST
reporting svstem minus the third (tone)
digit: readability (**R*") on a scale of 1 to
5, and signal strength (*‘S°*) on a scale of
1 to 9. (See the sidebar “*The RS Signal
Reporting System’’ for details.) Troubled
by interference? Say: THERE'S A LOT OF
INTERFERENCE. Is a thunderstorm coming?
Maybe there’s TOO MUCH STATIC HERE FOR
ME TOQ COPY YOU. Isn’t sayving it with words
a lot better than defaulting to the Q-code?
Yep, if you operate efficiently, this voice
stuff can be effective and easy.

““Basy®’ brings up the point of privacy.

Your voice contacts are easily accessible to 4

unlicensed people—anyone who owns a
receiver covering your transmitting fre-
quency can tune vou in at HF, VHF and
UHF. For this reason, many amateurs are
uncomfortable discussing controversial

subjects over the air. Even more important,
gasy listener access to vour voice operation
means that you should think twice about
giving confidential information over the
air. You never know who may be listening.

HOW FM VOICE OPERATION
DIFFERS FROM SSB

So far, we've covered voice com-
munication basics and operating proce-
dures for 8SB. About the only difference
between [O-meter voice procedures and
SSB operation at 1.25 meters is that calling
and working often take place on different
frequencies in the VHF and UHF amateur
bands. You call and answer CQs on a
calling frequency. Once contact has been
established, vou and your contact move to
a working frequency to keep the calling fre-
quency clear. Calling frequencies make
good sense on the VHF and UHF bands
because manual scanning of such wide fre-
qguency ranges—**tuning the band” as vou
do quite naturally on the narrower HF
Novice subbands—would mean many lost
contacts, missed DX openings and
nnanswered CQs.

FM contacts at 1.25 meters and 23
centimeters may be made via repeater or
by simplex operation. Simplex (sometimes
referred to as ““direct,” or repeaterless)
operation means that vou and the station
you're working are talking to each other
directly, using the same operating fre-
quency, (Yes, your l0-meter SS8B
operation-—as well as code at 80, 40, 15 and
10 meters—could be termed *‘simplex,”
but this distinction is rarely necessary
there.)

The range of direct VHF/UHF com-
munication is usually limited to your local
area by antenna gain, transmitter power
and terrain. Repeater communication is a
great improvement on this because
repeaters are generally located at high
elevations. If the repeater can hear vou,
and vou can hear the repeater, vou're in
business. If you have sct up your FM trans-
ceiver properly, the repeater will receive

Adjusting Your Microphone Gain

Most S5B transmitters and
receivers have a mic gain control.
This control may be located on the
front panet, or it may be inside the
rig. Because various mics and voices
have different characteristics, you
must adjust your mic gain control to
suit your voice and mic. Procedures
for making this adjustment vary from
rig to rig, so the best way to learn
how to do it is to look in the
instruction manual for your
equipment.

In most FM transceivers, the mic
gain control is rot located on the
front panel, Instead, it's a preset
internal adjustment normally requiring
no attention. Also, it may be marked
DEVIATION instead of something similar
to MIC GAIN.

Thera's no need for you to adjust
your mic gain continuously. Usually,
you can just set it according to the
equipment manufacturer's instructions
and leave it alone. Good mic
technique on your part (hintf) will en-
sure that just one MIC GAIN setting will
do the job.

What happens if you operate with
your mic gain set too high? You've
heard such stations on the band:
They're the ones with their mic gain
sat so high that you can hear other
people talking in the background,
cooling fans whirring, music playing,
dogs barking and so on. Don't let this
happen to you.

Too much mic gain on 88B can
cause splatter—transmitter distortion
that may interfere with stations on
nearby frequencies and make your
voice unintelligible. On FM, the result
of too much mic gajn. is over-
deviation, the effects of which are
similar to splatter on SSB.

What if vour rig includes selectable
speech processing? Well, go easy.
Bpeech processing is supposed to
give your audio more “punch.”
Properly adjusted, it can improve the
readability of your signal, especially
under poor conditions. But good
speech processing requires careful
adjustment and good mic technique.
Make tests to determine the
maximum speech processing level for
effective operation, and make a note
of the control settings for later use.
Then, use processing only when you
must. improperly adjusted, speech
processing may guaranfee distortion
and splatter, and render your signal
less readable with processing than
without it!

g
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your transmitted signal on one frequency
{the repeater inpur) and simultanously
retransmit (repeat) it on another (the on-
put) frequency. Pretty slick! (Your trans-
ceiver manual may refer to such operation
as “‘duplex.”” On the HF hands, this is
known as ‘““split” operation. Although the
variable meaning of duplex makes for lively
debate among radio technical folk, we'll
use duplex to mean “transmit on one fre-
quency, receive on another’ here because
vour transceiver operating manual will
likely use this term,)

The shared nature of repeaters and the
technical characteristics of FM require a
few operating procedures quite different
from those you use for SSB operation,
Most of these special techniques are valid
for simplex end repeater M operation,
Here they are:

* Be sure to choose your operating fre-
quency according to the appropriate hand
plan. If you operate simplex, stick to
simplex frequencies. If vou want to talk
through a repeater, be sure your transceiver
is set for duplex operation at the proper
offset (difference between transmit and
receive frequencies). (For simplex calling
frequencies, see last month's Novice Notes.
The ARRL Repeater Directory, available
from your iocal dealer or from ARRL, will
fill vou in on repeater gnd simplex fre-
quencies in your area. For a detailed look
at FM and repeater operation, see The
ARRL Operating Manual.)

e (00 calls are out of place on « repeater.
If the repeater is quiet, pick up vour mic,
press the mic button and transmit yvour call
SIgN—WIINF Of WIINF LISTENING-—(0
attract attention, That’s usually all it takes
to begin a repeater contact. On busy sim-
plex channels, the same procedure applies.

* Once youw've made contact via
repeater, move to simplex, if possible.
Tying up a repeater when you could be
using sunplex is poor spectrum manage-
ment. In fact, if you can use simplex to
initiate Iater contacts with a given station,
do 50, because not using the repeater for
that purpose is good spectrum
management.

= Bspecially on a repeater, pause briefly
hefore you begin each transmission.
Another station may be waiting to break
in or join the conversation, The ““courtesy
heepers’’ found on some repeaters
encourage users to pause by sounding a
second or two after each transmission—
just enough time for new stations to
identify themseives,

* Keep repeater transmissions short, This
lets more people share the repeater
efficiently. All repeaters promote this by
having *‘time-out’” timers: If vou talk too
long, the repeater goes off the air and
doesn’t return until you've ceased
transmitting—und until a preset period has
¢lapsed. (Your face should be sufficiently
red by then!)

44 D5

The DX Difference

Crisp operating procedures are
necessary when your favorite phone
‘band opens for distant or foreign
stations. Many operators will be
struggling to contact as many DX
stations as possible before the
opening fails and propagation once
again limits everyona to local or
regional contacts. When DX beckons,
you'll eome into contact with DX
pileups—crowds of amateurs”
clustered near a single frequency,
struggling to make their calls heard
by the operator of a rare DX station.

You can get & plece of the DX
action, too—just keep the DX
difference in mind. For one thing, a
less-conversational operating style is
usually necessary during DX
contacts. Many overseas operators
have an ‘exceptional command of
English, but they may not be familtar
with many of our colloguial sayings.
Because of language hassles, most
DX operators are more comiortable
with “bareg-bones” contaets, and you
should be sensitive to this. Shorter
contacts are often better during
unsettted band conditions, anyway:
Fading or interference may cut your
communication short if you or the
other operator goes on yakking!

Hat band openings—and pileups—
may oceur at 1.25 meters and 23
centimaters, too, and conditions there
may change even more rapidly than
at 10 meters. At VHF and UHF, “DX"
me4ans stations from outside your
local area, not from another country.
Because such DX openings may
come and go within a few minutes,
the content of VHF and UHF DX
contacts Is offen trimmed to just
signal report and location. The other
details can be left to the QBL card!

There's more on DX and DXing in
the The ARRL Operating Manuai, For
now, just keep the DX difference in
mind. If you catch DX fever, you
won't be alone—radic amateurs have
devoted their entire operating careers
t DX. Maybe you'll be one of them!

* You needn’t say OVER OT GO at the end
of an FM transmission—the ather opera-
tors know you’ve let up on the mic button
because they hear a short noise burst
(squelch iail) after you stop transmitting.

s Unless it’s the operating practice in
your area, don’t use the word BREAK to
interrupt and join a repeater conversation.
In some areas, BREAK s taken to mean
“Emergency! All other stations stand by!™’

* {(In FM repeaters, RS signal reports are
inappropriate because the power output of
a repeater transmitter does not vary with
the strength of incoming signals. Rather,
weak signals at the repeater sound noisier
than strong ones—so it’s customary to
report the degree to which the repeater
receiver is guieted by the incoming signal.
A gignal that completely suppresses
received noise is said to be **full quieting.”

* During repeater operation, signals are
generally so highly readable that it’s usually
not necessary to express your call sign in
phonetics. Be ready to use them, though,
if other stations have difficulty under-
standing vou,

* Keying your transceiver to turn on a
repeater without identifying your trans-
mission is illegal. (You may have heard this
practice referred to as **kerchunking.’™) I
vou don’t want a conversation, but simply
want to check if yon are able to access 2
particular repeater, just give your call sign
followed by 1TESTING. This accomplishes
what you want to do, legally.

There's much more to repeater operation
than we have space to cover here—topics
such as autopatch facilities, tone-accesged
repeaters und the value of repeaters in
emergency and public-service operation.
See The ARRL Operating Manual for
in-depth coverage of FM and repeater
operation—and consider joining a local
¢lub that sponsors a repeater. With the help
of hams experienced in FM operating, it
won't be long before you're talking it up
with the best of ’¢mn!

WHAT'S NEXT?

MNow that you can get out there and enjoy
your Novice voice privileges withou
clutching your microphone in fright, will
Yyou be the first Novice or Technician to
work all states on 10-meter phone? That’s
vour homework for this month. Next in
8T s Novice Notes: “Novice Enhance-
ment Goes Digital.”” See vou then.

Dave Newkirk works at ARRL HQ as an
Assistant Technical Editor for QST.




Join the March to Atlanta
for this year’s National,

July 10-12.

By Sandy Donahue, WA4ABY
Vice Chairman,
ARRAL National Convention
960 Ralph MeGill Bivd
Atlanta, GA 30309

150th anniversary this vear. Not so

coincidentally, the ARRL is holding
its annual convention in Atlanta, also. A
certain famous fictional couple were re-
cently overheard discussing the marvelous
possibilities of attending their first League
National.

“Rhett, darling, what are you reading?”’

“Well, Scarlett, this brochure just
arrived from the Atlanta Radio Club. It
secems they are hosting this vear’s ARRL
Mational Convention. Do vou want to
go?™

“(h, Rhett, I don’t want to think about
it now. Il think about it tomor-
tow. .. When is it anyway?”’

“*Love, it's on July 10-12 at the Georgia
World Congress Center. You know where
that is? Right downtown.”’

““‘Rhett, vou know very well that 1
haven't been in Atlanta since they rebuilt
after the fire. All those carpetbag
Yank...”

“Now, Scarlett,”” interrupted Rhett,
“‘that was a [ong time ago. We've got lots
of Northern friends now. You have to learn
to forget.”

“Oh, fiddledee,” she exclaimed, **I'll do
no such thing.. .5t it won’t hurt to be
friendly to our Yankee visitors. . , Will there
be a lot of them?”

“Thousands, Scarlett, and lots of our
Southern neighbors as well. Here, why
don’t you read this brochure. It has all the
details.”

The brochure Scarlett and Rhett are
reading is vour invitation to come discover
Atlanta and the best in Southern hospi-

T he City of Atlanta is celebrating its

tality. To take the first step, obtain 