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| ..anononsense

i radiothat provides

| more power,

| broader frequency

| range and simplicity
ofoperation

;.’.t/_h,éikivnd of hand held most people want...simple,
y .ruggéd, reliable, easy to use. The $-15 offers a full
5 watts of power...power that extends your range and

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

Consider these features before you decide on any hand heid:
« 5 watt outpot (1 watt low power switchable)

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

= Elsctrically tuned stages. Receiving sensitivity and autput
power are constant over entive operating range.

* Three charnel memory. {1 channgl permits non-standard

repeater oftsets. 200 micre amp memory maintenance

{standby)).

A new “easy remaove” battery pack

One heur quick charge pattery supplied (450 ma/HR)

Plug for direct 13.8 volt operation

Speaker/microphene connector  ©

BNC antenna connector and flex antenna

Extremely small and light weight {only 17 ounces).

Ample space for programmable encoder,

Fully synthesized

Extremely easy to operate

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

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

OPTIONAL ACCESSORIES: 1 hour quick charger (ACH 15} « 16 button
touch tone pad {3 1571 « 2C cord » Solid state power amplifier {5-30 & $-
801 « Holster (CC 15) » Speaker:mike (HM 15}

n e 0 & 0 o ¢ ® v &

SArailalle at
your local (Z;empa

type accepted. It's all in a sturdy, ultra compact
case and at a very affordable price.

oW ﬁyﬂiﬁﬂgflgL_m

...the new CS-15 __

It's a brand new version of the S$-15...
BUT for commercial use. |t contains
all of the features and fine quality
that the S-15 is famous for...including
5 watt output, 10 MHz receiver
coverage, fully synthesized, 10 channel
internally programmable, AND it's FCC

TEMPOQ %-2 Llse 220 MHz
repeaters nationwide. Syn-
thesized, tield tested and
dependable.

TEMPO M-I

Superb quality VHF marina
band hand held. Synthe-
sized for world wide use,.,
all marine channels & 4 TEMPQ %-4 The first 440

weather channeis. Gh. 16 1 MHz hand held and still a
override. All offsets builtin. winner.

2050 S. Bundy Or., Los Angeles, CA 90025 {213) 820-12:
931 N. Euchid, Anahgim, CA §2801 {714) 772-92(
Butler, Missauri 64730 i816) 679-31:

TOLL FREE ORDER NUMBER: |800) 421-6631

For all states except Calilernia,

Calit. residents please call collect on our regular numbe



‘CT2200 + KB2100 + ARQ1000 + RS2100 +KG12:

The CT2200 and KB2100 give you an integrated system that in-.
cludes video, RTTY demodutators (high, low, modem low, and

modem high tones), and many advanced features. Operate Bau-

dot or ASCI at 45-1200 baud and CW at 5-99 w.p.m. Add ths

-ARCQHO00 for ALL AMTOR features (not just some of them). The

RES2100 RTTY Scope gives you the acknowledged best tuning in- -

dicator for a complete BTTY system. Also included in the
CT2200 is selective-call ASCII printer output, split screen, 36 or
72 characters per line, smooth scroll, and 2 or 4 pages of display
memory. In addition, the CT2200 has 2 HERE 15 and 8 large

brag-tape"” memories that are programmable and non-volatile.

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

feurs around the world,

CRI-200:

At last, a computer interface that really works and has an accur-
ate tuning indicator. Take advantage of HAL's years of expari-
ance in ATTY and see how good computer RTTY can be. Best of
all, It's universal and you can select the computer and software
of your choice. Why be frustrated with computer RTTY? Hook-
up the CRI-200 and work ALL the stations!

MPT3100 + DSK3100 + ST6000:

MPT3100—the acknowledged top-of-the-line system for both
commercial and sérious amateur RTTY and CW statlons. HAL
pioneered ths radlo mailhox technique with the MPT3100, and

- now the new DSK3100 disc drive option gives you 326,000 char-

acters of massage storage. The system ig designed particularly
for the amateur, commercial, or military operator who has to
handle a large amount of traffic. You can collect, edit, and re-
transmit traffic perfectly with a minimum of effort. The ST6000
is renowned for its weak-signal performance and reltabitity. Add

* the ARQ1000 for full AMTOR operations, including an AMTOR

maiibox, If you are serious about your code and need high per-
formance and reliability, this system s the proven warld leader.

Btiaat o CERS

CWRe850: - o
Have a space problem or want portable RTTY? The CWR6850 is
a one-package complete RTTY systerm. Al you need is your

~ transceiver and 12 VDC—the rest |s in the CWRE850, including

the screen. The high-performance RTTY demodulator for all

shifts and eltherhigh or low tones is built-in. AND, the system is

expandabie! Add the ARQ1000 for AMTOR, the RS2100 RTTY
Scope, and an ASCI printer, and you have a no-compromise
base station for all modes.

HAL COMMUNICATIONS CORP.

BOX 365

URBANA, IL 81801 » (217) 367-7373
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ICOM presents the IC-471H

430-450MHz base siation
franscelver with a 75-walt
transmitter and high dynamic
range, low noise receiver, With
FM, CW or 558 modoes plus the
most advanced 10Hz PLL system,
the [C-471H has features which
give you maximum UHF
cperation.

78 Watlts. wWith 7% waotts of
power, the IC-471H provides the
wowal required for simplex or
repecter operation. Power is
adjustable in all modes from 10
to 7% watts, This eniables
adjusting the drive level to o
limer amplifier for higher power
Lses such as moonkbounce.

Beceiver. SN extremely low-
noise. professional-grade receiver
= o o high
signal-to-
noise rafio
PLL which
Y dllows the
: IC-471's syn-
’rheslzer fa lock ta
10Hz, provide
receiver parformance
unparalteled by other UHF
receivers. A mast-mounted

Biaast-Mounted
Freampilifier

prernmp is swnc able frorm fhe
front panel and pravides an
aasy-to-use option for wenk
signal work,

32 Full-Function Memories.
Fach tunabte memory holds
frequency. offsat, offset direction,
modie and subaudible tone,
Eoch parameter is selacted by
rotating the main funing knob in
canjunction with the other
cantrols on the front panel.

Subaudible Yones. Included
as @ standard feature are 32
ouilt-in subaudible tones which
are ecsily selected by otating
the main tuning knob. FL tones
rnay ke stored info memaory.

Size. Only 11% inches wicle”

by 4% inches high, the iC-471H is
engineerad for aase of
operation.

ICOM America, inc.,

Scanning. The [C-d71H can

sedn its 22 memories sacuentially
or selectively by mode and by
programmed sactions of the
bhand, Moede-5§ scan can be
used 1o scan only memories with
< particular mode,

Huorescent Display. 1COM's
high-visibllity and easy-to-read
display gives all the information
recessary for logging a contact.
Frequency, mode. duplex, offset
diraction, RIT fraquancy, memaoty
channe! numtcer and Pl tone
can be displaved.

Oifer Standard Features. 1o
facilifate the operation of the IC-
A71H, ICOM has incorporatedt a
cluplex chack swifch, all-maode
scpueleh, receaive audio tone
confrol, S-meter, center meter,
savan-vacy lithium baiteny
meamory backup, accessary
connectar and microphone.

Optional Feaiures. (C-471H
npflons are; AG-25 switchable
mnsf—mounted praamelifier,

UT 15 CHCSS encader/dacoder,
C1-10 romputer interfoce and
EX-310 voice Csynthesizer, A
voriety of optlonal powssr
supplies ara available: the IC-

TheWorld Syste

P530 base station supply, 1C-
P515, and the infernal IC-PS35.

The iIC-474A. The Z5-wualt
(C-471A 15 also avallable and
has the same outstanding
features s the IC-471H, plus an
aptional IC-PS2E internal powet
supply tor portable opertion,

Also available to complete
your VHF/UHF base station. are its
2meiar companions, the
100-wett 1C-271H and 25-werit
IC-2714,

See the IC-£71H and other
ICOM equipment at vaur local
auuthorized [COM dealer.

m

2112-114th Ave NE, Bellevue, WA 93004 / 3331 Towenaoad Drive, Suite 307, Dallas, T 76234

Sl stated specitications ofe cppranmate and subject to change withou? antice or obligotion. All KSOM racios sgnificantly exceea FOL aguiations Imiing spurous evssions. d7THARL
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A Announces:

A User-Friendly Sofiware Package
Designed For Easy Operation of Morse,
Baudot, ASCHt, and AMTOR. A Feature-
Packed Program

MAIN MENU SCREEN Now Available for the Commodore 64 Computer in Two Versions.
MBA-TOR 64 Software Package Only, at $119.95 Suggaested Retail.
/, hh:mm:ss \ MAP-B84/2 Software with Seli-Contained Interface $239.95 Retail.
MBA-TOR™
COPYRIGHT 1984 BY AEA Just Look At Some Of The Featuraes:
SELECT:
M. MORSE ~—w CW receive and transmit at 5 to 99 wpm, auto speed track on receive.
A. ASCII —— 7 bit ASGli, receive and transmit at 110, 150 or 300 hauds.
R. RTTY —- § bit Baudet, receive and transmit at 60, 67, 75, 100 or 132 wpm.
T. AMTOR —— TOR, receive and transmit ARQ (Mode A) or FEG (Mode B) and listen.
U. AUTO AMTDR ——— Beacon and WRU system, includes ORG check before XMT, won’t QRAM.
X. AUTO CALL — Massage forwarding system, AUTO-AMTOR still functions in this mode.
C. COMMANDS —— Selects command menu.
0. OPTIONS —— Sslects options menu,

+ Gomplete precompose spiit-screen display with status information.
+ Gomplete printer control including SELCALL/WRU printer control.

OPTIONS MENU SCREEN

Y

hh:mm:ss \—-— 24-hour clock, shows time in hours, minutes and seconds.

{. CALLSIGN 720 — Allows entry of your calisign far auto operations.
§. SELCALL 7277 — Dorived from your callsign automatically, can be changed.
T. ARQTIMEDUT 30 — Sets AR{ phasing calls from 1 to 99 sscands.
U. usos ON — Unshift on space, taggles on or off.
M. MORSEFILL (BT) OFF - Transmits Morse idle character during breaks in KBD activily.
R. RTTYSYNC{NUL) OFF ——»~ Transmits RTTY idle character during breaks in KBD activity.
A. AUDIO FEEDBACK OFF —— Produces click in monitor audio when any key is pressed.
C. AUTDER DN ——s— Sends carriage return the first space after 65 characters.
L. AUTOLF ON —— Sends 2 line feed after each carriage return.
B. BEACONRECORD OFF —— Allows the beacon to be recorded to the QS0 buffer for logging.
W. WRAP-AROUND ON ——» Sends CR/LF if there is a space in the last 5 positions on the line,
K. GWBREAK-IN OFF ——~ Automatic transmit/receive switching during 0S0.
\ﬂ. OUTPUTMODE WORD /-——- Transmit in word moda (text sent on space) or character mode.
COMMAND MENU SCREEN + Break-in hutter on all modes, toggte QSO butfer on or off,
+ CW speed lock and Farnsworth low-speed CW.
// hh:mm:ss\ + 10 soft-partitioned™ message buffers plus direct from disk or tape.
L. LOAD —— Allows loading of message or QS0 buffers from disk or cassstte.
E. EDIT — Word processor type edit functions on message and 080 buifers.
M. MOVE — Allows transmission of QSO bufter without disk or cassette systems.
S. SAVE ~— Allows you to save message and QS0 buffers to disk or cassette.
X. SET XMT BUFFER SIZE — Sot the transmit pre-type bufter to any size you like,
G. SET COLOR ——= (hoose ameng any of 16 colors for character, screen or border.
T. SETTIME — Lets you set the time of day clock.
+ Insert @GS0 station’s call into any buffer while still copying.
+ Includes a complete manual, keyhoard overlays and cables for
the AEA Computer Patch™ or Micropatch™ Intertace.

\\ / + For more information call AEA, or see your AEA Dealer.

Advanced Electronic Applications, Inc.

P.0. BOX C-2160 ® LYNNWOOD, WA 98036 & (205) 775-7373 & TELEX: 152579 AEA INTL



improved trap design with fewer parts, less
installed weight and greater strength. You
too can expeneme exciting DX contacts with

neering gives bdtef pufurmance thmugh

TELEPHONE 603-627 7877

CORPORATION
48 Perimeter Road, PO. Box 4680
Manchester, NH 03108 USA
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Direciors

Canada

THOMAS B. J. ATKINS, VE3SDM,
55 Havenbrook Blvd,, Willowdals, ON M2J 1A7
1416-494-9721)

Vice Director: H
163 Meridene Cr.
{519-433-1198)
Atlantic Dlvision

HUGH A, TURNEBLULL,* W3IABG, 5303 Rhode Island
Ave., College Park, MD 20740 (301-927-1797)

Vice Director: George W. Hipplsley, K2ZKIR,
1932 Irish Rd,, Colden, NY 14033 (716-941-8287
Cantral Divislon

EDMOND A. METZGER, WAPAN, 1520 South
Fourth St., Springfleld, IL 62703 (217-823.6861)

Vice Director; Howard 5. Huntington, KOKM

5 South Burr Oak Dr., Lake Zurlch, iL 50047

Dakota Division

TOD OLBON, KeTO

292 Heather La., Long Lake, MN 55358 (512-473-6478)
Vice Direclor: Howard Mark, W@QZC, 11702 Rlver
Hills Dr., Burnsville, MN 55337 (B12-890-8302)

Delta Division

CLYDE O. HURLBERY, WSCH, P,Q, Box 541,
Biloxi, MS 30533 (601-435-5536)

Vice Director: Aobart P, Schmidt, WSGHP,
5700 Preas Dr., New Orleans, LA 10126
Great Lakes Division

GEORAGE 5. WILSON, 11, W40y, 1649 Griffith Ave.,
Owensboro, KY 42301

Vice Director: Attes S, Hart, WBVR, 31030 Pear
Ridge, Farmington Hllls, M| 48018
Hudsaon Division

GEORGE A, DIEHL, W2IHA, 20 Wilson Ave.,
Chatham, NJ 07828 (201-635-8703)

Vice Director: Stephen A, Mendalschn, WA2DHF,
64 Maicen L., Little Ferry, NJ 07643 (201-54165061)
Midwest Division

PAUL GRAUER,* 'WaFIR, Box 180, Wilson, KS
67480 {913-668-2155)

Vice Diractor: Clalre Richard Dyas, WBJCP,
1826 Tilden St., Holdrege. NE 82949 (3N8-935-6454)
New Engiand Division

JOHN G, SULLIVAN, WiHHR, Whitney Rd.,
Columbia, CT 06237 {203-228-9111)

Vice Diractor: Richard P. Beeba, K1PAD,
& Tracy Clrcle, Billerica, MA 01821
Northwestern Division

MARY E, LEWIS, W7QGP, 10352 Sandpoint Way, N.E.,
Seattle, WA 38125 (2085234117

Vics Directar: M. L. Glbson, W7JIE, 1215 N. 28 P1,,
Fanton, WA B3056 {208-226-4222)
Pacifle Division

WILLIAM J, STEVENS, WEZM, 2074 Foxworthy Ave.,
San Jose, CA 95124 (408-371-3819)

Vice Director: Kip Edwards, WESZN,

1928 Hillman Ave., Belmont, CA 94002

Hoanoks Division

GAY E. MILIUS, JR,,* W4UG,

1416 Rutland Dr., Virginia Beach, VA 23454
(804-481-6045)

Vice Director: John C, Kanode, NAMM,

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

LYS J. CAREY," K8PGM, 13485 Wast Center Dr.,
Lakewood, CO 80228 (303-986-5420)

Vice Directer: Marshall Qulat, AGBX, 1624 Market St.,
Suite 200, Denvar, GO 80202 (303.333-0819
Southeastern Division

FRANK M. BUTLER JR., W4RH,

323 Elllott Rd. 8.E., Fort Walton Beach, FL 32548
(904-244.5425)

Vice Director; Mrs. Evelyn Gauzens, WAWYR,
2780 NJW. ard St., Miami, FL 33125 (305-642-4139)
Southwostern Division

FRIED HEYN, WABWZO, 962 Cheyenne 5t.,
Custa Mesa, CA 92628 (714-548-8518)

Vice Director: Wayne QOverbeck, NENB, 11552 Gali La.,
Garden Grove, CA 92640

West Guif Division

RAYMOND B. WANGLER, W5SEDZ, 542 Beryt Dr.,
San Antonto, TX 78213 (512-733-9632 home,
$12-884-5111 business)

Vice Diractor: Thomas W. Comatock, N5T
1700 Dominik, College Gtation, TX 77840 (4

*Executive Committes Member

MacLean, VEIGRO,
est, London, ON N&X 1G3

-683-1181)

8 i L] £

Section Managers of the ARRL

Reports Invited: Tha ARRL Board ot Directors (see lIst at ief!) determinas the policies of ARRL, The 16
divisions of tha Laague ate turther arranged Into 73 administrative “sections,” sach headed by an alected
Section Manager. Your SM welcomes reports of club and indlvidual activity, ARRL Field Organization ap-
pointments ane available covering a wide range of Amateur Radie voluntesr interesats, Whatever vour licensg
tlass, your 5M has an appointmant availabla. Chack with your 5M [belows for further information. Bection
boundaries are defined in the bookiet Operating an Amateur Radio Station, free to members.

Canada

Afberta

Hritish Columbia
Manitoba
Maritime-Nftd
Qntarfo

Quebee
Saskalchewan

Atlantic Division
Delaware

Egstern Pennsylvama
Maryland-D.C.
Southern New Jersey
Western New Yark
Westarn Pannsylvania

Cantral Division
Minois

indiang
Wisconsin

Dakota Division
Minnosota
Narth [akote
South Dakota

Delta Division
Arkansas
Leulsiana
Missizsinpt
Tenngssen

Great Lakes Division
Kentucky

Michigan

Ohio

Hudson Division
Eastern New York

N Y.C-Long siand
Northern New Jersey

Midwaest Division
fowa

Kansas

Missouri
Nebraska

Naw England Division
Connecticut

Fastern Massachuselis
Maine

New Hampshire

Rhode Isfand

Vermont

Western Massachusells

Northwastern Division
Alaska

fdeho

Montana

Qragon

Washington

Paeific Division
East Eay

Nevade

Facitie
Sacramento Velley
Gan Francisco

San Joaguin Valley
Santa Clara Vaelley

Roanoke Division
North Carolina
South Ceralina
Yirginia

Weost Virginia

Rocky Mountala Division
Colorado

New Mexico

Utan

Wyoming

Southeastarn Division
Alabama

Q@eargia

Morthern Florida
Southern Florida
Wast Indies

Southwestern Division
Arizona

Los Angeles

Clrange

S&n [Mego

Santa Barbara

Wast Gult Division
Northern Texas

Qklahoma
Southern Texas

E. Roy Ellls, VEBXC, P. 0. Box 2, RR 1, Fort Saskatchewan TaL 2NT

H. E. Savage, VETER, 4553 Wast 12th Ave,, Vancouve? VER 204 (604.224-5226)
Feter Guanther, VE4PG, Box 149, Landmark ROA UX( (204-355-4521)

Donald B, Walling, VETWF, 38 Sherwood Dr., 5t, John, NB E2J 3H8 (506-A05-2913)
L. P. Thivierge, VE3GT, 34 Bruca 5t, W,, Renfrew KTV JW1 (613-432-5067)

Harald Moreay, VE2BP, 80 Principale, 51. Simon Co., Bagot JOH 179 (514.798-2173)
W, ¢ Bl Munday, VESWM, 132 Shannon Rd.. Regina 545 5B1 {306.-558-4963)

John D. Hartman, WA3JZBI, 32 Nanticoke Cir,, Saaford 19973 (302-629-2686)

Mark J. Piarson, KBINE, 12517 Nanton Dr,, Philadelphla 18154 (2158378907

karl B. Medrow, W3FA, 702 W, Central Ave,, Davidsonville, MD 21035 5301-261-4003)
Righard Baier, WAZHEB, 1228 Audubon Dr.,, Toms River, NJ 08753 {201-270-8292)
Wikliam Thompson, W2MTA, RD 1-Rock Rd., Newark Valley, 13811 (807-642.-6330}
Otto Schuler, KISMB, 3732 Colby St., Plitsburgh 16214 (412-231-8890)

Ciavid E. Lattan, WDREBG, RR 1, Hox 234, Makanda 52958 (518-529-1578)
Bruca Woodward, WOUMH, 6208 Bramshaw Fid,, Indianapoils 46220 (317-251-5608
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“It Seems

w0 Us...”

Volunteer Examining — At Last

We're in the home stretch! As we went
to press with this issue in early July, we
received word that final action in FCC
Docket 84-265 (the proceeding to permit
recoupment of expenses by volunteer ex-
aminer coordinators, or VECs) was on the
Commission’s agenda for its July 132
meeting. As long as one isn’t superstitious
(the 13th being a Friday!), this is & good
omien. There is every reason to believe the
Commigsion will act favorably on the item:
The proposed rules simply reflect the stated
will of Congress, the rules were proposed
by FCC #self, and no comments were filed
which could have cansed the Cominission
to change its mind. In shori, while it’s
always dangerous to predict the outcome
of government proceedings, it’s difficult to
see how this one can be an unpleasant
surprise.

In anticipation of early FCC action on
espense recoupinent, on June 27 the ARRL
proposal to become a Volunieer Examiner
Coordinator was filed with the Commis-
sion. Thanks to the thousands of volunteers
who have stepped forward to serve as ex-
aminers in the League’s program, there can
be no doubt in anyone’s mind of our abili-
ty to shoulder this weighty responsibility in
all 13 FCC-defined regions as well as
overseas. Assuming that the Commission
acts on our proposal expeditiously, we
should be able to sign the VEC agreement
the moment final action in Docket 84-265
is announced. With any luck at all, we’ll
be able to carry the news of the signing in
a banner on the cover; if it’s not there,
listen to W1AW bulletins for late word.

Based on this assumption, plans have
been made for the first League-coordinated
examination sessions to be run at hamfests
and conventions on Labor Day weekend.
The timing is tight; the deadline tor filing
applications for the first exams is August
8, and even this requires a waiver of the
Commission rule requiring 30-day advance
notification. Check the “Coming Conven-
tions” column for information on ex-
aminations at ARRL conventions; check
your local Amateur Radio media for news
about exam opportunities at hamfests. Ex-
aminations for all license classes through
Extra Class will be available.

Things should get down to normal on
November 1. On that date, League-
coordinated volunteer examiners will com-
mence giving examinations at any location,
not just conventions and hamfests, While
volunteer examiners will not be required to
travel outside their own communities to

discharge their responsibilities, the oppor-
tunities thus provided will be far more con-
venient and numerous than was ever the
case with Commission-supervised exams.
Any community with three Bxtra Class
amateurs will be a potential site for all
amateur examinations, several times a year.

For our dedicated volunteers, there’s still
some work to do before the first exams can
be given. Administering examinations is
not a trivial process; it takes a lot of train-
ing to do it right. A couple of weeks ago,
several thousand prospective volunteer ex-
aminers were sent a 96-page ““ Accreditation
and Resource Manual’® which they have
been studying ever since. Completion of a
self-administered review and return of this
final document to Headquarters will com-
plete the accreditation process, though
there will be opportunities for additional
training as we all gain experience with the
new system.

A question which is often asked, and
which we can’t answer, is what will hap-
pen to the volunteer examiner coordinators
who stepped forward earlier in the year to
coordinate exams in their own call areas.
No doubt some of them will continue in
operation — and there’s nothing at all
wrong with that, as long as all examinations
for a given examination element are of
uniform difficulty. Uniformity is important
to success of the program; if applicants can
“*shop around”’ for an easy test, the integri-
ty of the process will be compromised. On
the other hand, the purpose of the new pro-
gram is to give people a fair opportunity
to pass exams, not just to ieke them.
ARRL will put not only the questions, but
also the answers, in its multiple-choice
question pools into the public domain as
s001n as they’re ready. Thus, anvone who
has carefully reviewed the study material
provided by any reputable publisher will be
able to enter the examination room with
confidence that they will be able to pass.
Want to memorize the answers to 500 ques-
tions in order to pass a 50-question test?
Be our guest! You won’t be able to avoid
learning something in the process. ARRL
will be pleased to cooperate with any VEC
that shares our goals of fairness and integri-
ty, whether they choose to become a part
of the League’s program or to maintain a
separate administrative operation.

For those of you who have been waiting
to take exams, and for the volunteers who
stepped forward early to help, it’s been a
long wait. Your patience is about to be
rewarded. - David Sumner, KI1ZZ
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League LInes...

The FCC Field Operations Bureau (FOB) and the Communications Department, American Radio Relay
League, Inc., have agreed to develop and implement an amateur auxiliary program with the FOB.
In cooperation with ARRL, the FOB is preparing to organize a cadre of volunteers trained to
independently handle many of the Amateur Radio-related requests for assistance received by FCC
field facilities. Among other things, the velunteers will devise anad impiement means to foster
wider knowTedge of the rules, conduct maintenance monitoring of amateur frequencies, and under-
take other specific projects identified as the need arises. We expect this new program to
begin in September 1984. Individuals interested in volunteering their time may contact: John
.indhoTm, WIXX, at ARRL Hg. Organizations that qualify for the program may contact: W.
E1l4ott Ours, FCC Field Operations Bureau, 1919 M St,, N.W., Room 744, Washington, DC 20554.
Tel. 202-632-7090. For further details, see the article beginning on page 11.

Test sessions under the ARRL's Volunteer Examiner Program shouid be available beginning
September 1. Starting with this Yssue of OQST, "Coming Conventions® will announce

RL-sponsored events featuring VE-adminisiered exams. More details on the ARRL YE program
will be in the September issue.

In response to a CRRL request, the Department of Communications (DOC)} is allowing Canadian ama-
teurs taking part in the ARRL Antenna-Design Competition [March 1984 0ST, p. 56) to transmit on
the following frequencies: 18.073, 18,163, 24,895 and 24,985 MHz, Transmissions must be Al or
A@ emission and not exceed 250 watts. lIwo-way communication is not permitted and transmissions
must he for antenna testing only. Canadian amateurs registered for the Antenna Competition
must apply to a DOC District Field Office before operating on these frequencies,

Permission to use the four frequencies will expire on November 1,

The ARRL is now accessible via computer! MCI Mail users can leave messages to ARRL for $1.
ARRLYs 10 is: 215-5052 (user name: ARRL}. CompuServ users can now take a look at The ARRL

Letter on~the HamNet database.

Because of the great interest in the ARRL Scholarship Honoring Senator Barry Goldwater,
K7UGA, ARRL Foundation President Robert York Chapman, WIQV, has extended the deadline for
charter contributions to September 1, 1984, The names and callsigns of all charter contribu-
tors will be Tnscribed in a handsome commemorative book to be presented to the Senator later
this year. See. "Happenings" for details on how to make your donation.

),5. Attorney for the Northern District of Caiifornia, Joseph P. Russoniello, filed a

complaint To recover a $2000 fine and asked for a court order to stop further unlicensed ama-
feur operation by Gary W. Kerr, ex-WABJIY, of Los Gatos, California. On July 3, FCC issued a
PubTic Notice saying that this action follows numerous attempts by the 35an Francisco FCC office
to collect the fine levied on April 13, 1983. Kerr was fined and his license renewal denied
because of his deliberate interference to 2-meter repeaters in the San Francisco area, The
Commission says this action is unusual in a service that has tor years prided itself as heing
seif-requiatory. ‘"However, present problems with 2-meter repeater operators have given the
Commission serious concerns for the future of Amateur Radio requiring firm enforcement action
to halt the degenerative trend."

Effective January 1, 1985, Amateur Radio exams administered by the Commission's Field Offices
will be discontinued,  The Lommission witl continue to offer ham exams through the remainder of
calendar year 1984,

Richard Paim, KICE, has been named Acting Manager of the Membership Services Department,
filling the vacancy created by the departure of Hal Steinman, KIET. Hal Teaves the post after
10 years of fine service to the League,

The Membership Services Department is looking for a licensed radip amateur for the position of
Membership services Assistant. The successful candidate for this generalist [non-technicaTl)
position will have goed writing and oral skills, an ability to work effectively with other
people, and a desire to work for the interests of Amateur Radio. College degree a plus.
Contact Richard Palm, KICE, at ARRL Ha. for further details,

An apparent new 1296-MHz record was established at 0035 UTC June 24 when N6CA worked KHEHME
over a 247Z2-miTe path., Uetails next month.
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The Amateur

Auxiliary

for Volunteer
Monitoring

The ARRL and the FCC’s Field
Operations Bureau have jointly
organized the Amateur Auxiliary, thus
maintaining over a half century of

amateur self-regulation and insuring for its future.

By John F. Lindhelm,* W1XX, and Robert J. Halprin,** K1XA

riginally conceived in 1926, the
O ARRL Official Observer (OO)

program was created as a means of
amateurs helping each other keep out of
“trouble.,”” One of the first published
references to the OO corps appeared in
September 1934 QST, in which the follow-
ing objective was stated: “‘to help brother
amateurs by calling attention to violations
of good practice ... in the right way ...
in bettering operating . , . and ham enjoy-
ment.”” It is this spirit of cooperation,
typified in The Amateur's Code (The
Amateur is Constderate ... He never
knowingly uses the air in such a way as to
lessen the pleasure of others), that has en-
dured over the many years of the existence
of the OO program. It’s the same spirit of
assistance to our brother and sister
amateurs that raust prevail in the further
evolution of volunteer monitoring to meet
the challenge of the *80s and the decades
beyond.

Among the significant aspects of Public
Law 97-259 (known as the Communica-
tions Amendments Act of 1982 before
being signed into law in September 1982)
is the one that authorizes the Federal Com-
munications Commission (FCC) to
formally enlist the use of amateur
volunteers in monitoring the airwaves for
rules discrepancies/violations (the same
legislation paved the way for the new
Volunteer Examiner program). This

*Communications Manager, ARRL
**Deputy Communications Manager, ARRL

FCC/amateur cooperation is a crucial fac-
tor in maintaining the traditional high stan-
dards of conduct on the amateur bands.
The rationale for the enhanced amateur
self-regulation posture was aptly addressed
by the House-Senate Conference Commit-
tee, when P.L. 97-259 was being reconciled
between the two legislative bodies:

The Amateur Radio Service has been praised for
being seif-regulated. The Commission has reported
that less time has been devoted to monitoring and
regulating the Amateur Service than to any other
service because of its self-policing and discipline.
One primary purpose [of the law] is to allow the
Amateur Radio Service to continue its tradition as
the most self-regulated service in the United States,
and to become to some extent self-administered . . .

The new law is a milestone in the history
of the Amateur Radio Service, a catalyst
for a modernized, dynamic service, enabl-
ing amateurs to play a much more integral
role in their {our) own destiny. With respect
to volunteer monitoring, P.L. 97-259 ex-
empis Amateur Radio transmissions from
the “‘secrecy of communications”™ provi-
sions of Section 605 of the Communica-
tions Act, clearing the way for a more ac-
tive role on the part of amateurs in
monitoring functions.

The Amateur Auxiliary

As a preface to the implementation of
volunteer monitoring, FCC’s Field Opera-
tions Bureau (FOB) fully recognized the
value of the organized and disciplined
Amateur Radio community, through its
membership organization, ARRL. FOB is
also cognizant of the long history and tradi-
tion of the League’s OO program and the

ARRL Field Organization structure,
specifically indicating that the volunteer-
monitoring program should be compatible
with the amateur organizational structure
and avail itself of that structure.

To achieve this, FOB is creating an
Amateur Auxiliary (parallels in government
can be found in the Civil Air Patrol and
the Coast Guard Auxiliary). FOB and
ARRL have entered into a formal agree-
ment whereby the objectives and nature of
the program are clearly delineated, with the
League committed to administering the
program. In ecssence, the Amateur
Auxiliary/0Q0 program will be ad-
ministered by the League’s Section
Managers and OO/RFI Coordinators, with
support from ARRL Hgq.

In meeting its broad objectives, the
Amateur Auxiliary will address both
maintenance monitoring and amateur-to-
amateur interference (the Iatter is
sometimes misnamed malicious in-
terference). Maintenance monitoring will
be conducted through an enhanced QO
program. Amateur-to-amateur interference
includes inadvertent and careless in-
terference as well as more serious harass-
ment and malicious interference, which
might be encountered on VHF repeaters.
Such repeater problems will be within the
purview of the Local Interference Commit-
tee, authorized by the ARRL Section
Manager to enter into a local agreement
with the local FCC engineer-in-charge or
field supervisor. Logically, this is in har-
mony with a basic tenet of the Amateur
Augxiliary that problems must be resolved
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at the most-local level possible.

It must be emphasized that the Amateur
Auxiliary serves as a forum for technical
and operational advice to amateurs who are
receptive. The task is not to find fault, but
o identify cause and effect (often which
is not based on technical but on behavioral
or social issues) and to find ways to achieve
solutions. It cannot be stated strongly
enough that the mission of the Amateur
Auxiliary is nor direct enforcement, In fact,
the law specifically excludes amateurs from
enforcement activities. However, this does
not preclude participation in disciplined
evidence gathering at the direction of FCC.
Indeed, the Auoxiliary will be tasked and
trained to do just that in those very few
compelling cases that demand FCC
attention.

A Multi-Level Approach

‘The Amateur Auxiliary structure consists
of several levels to address operational
problems of varying complexity. The vast
majority of the activity will engender from
0s utilizing the friendly advisory report
to advise of discrepancies. To further
project the helping philosophy of the OO
program, ‘“Good Guy’’ reports will also be
sent by OOs to those amateurs who
exemplify the best in operating and
technical on-the-air achievement. Likewise,
Local Interference Committees will ap-
propriately address repeater interference,
whatever the nature. An OQ/RFI Coor-
dinator is delegated by the Section Manager
to supervise Amateur Auxiliary activities in
each ARRL Section.

There will be situations needing a higher
level of expertise to bring about the pro-
per resolution. Rather than immediately
ook to the overburdened FCC for ““solu-
tions,” a second tier of the Amateur
Auxiliary is reserved for more serious cases.
This is where a new appoiniment, the
Regicnal Monitoring Station (RMS), comes
in. The RMS will cover a substantial
geographical ares, equivalent in scope to
an FCC monitoring station. The potential
RMS must have impeccable credentials to
be considered for this appointment (which
will be made by the ARRL President). it
is anticipated that the number of qualified
RMSs will be limited; only a small number
of dedicated amateurs will have the time,
maturity, experience and technical
wherewithal to qualify for this important,
specialized function. Inquiries regarding
the RMS appointment should be directed
to the Communications Manager at ARRL
Hqg.

The RMS will work closely with FCC
personnel, where appropriate, in those

cases requiring action beyond routine QO.

maintenance monjtoring, The RMS will
utilize a more compelling advisory notice,
but again the thrust will be to bring about
voluntary resolution by the individual(s) in
potential violation. The RMS will also be
a source of assistance to Local Interference

The Leagus's traditional leadetship role in maintaining high standards of on-the-air decorum con-
tinuaes through dedicated voluntsers such as Luck Hurder, WA4STO, ARRL OO/RFI Coordinator
for Eastern Massachusetts. Luck’s state-otf-the-art listening (and operating) post is equipped for
all bands and modes, including computer-generated RTTY.

Amaieur Auxillary Objectives

- 1) Foster a wider knowledge of and
hetter compiiance with faws, rules and
« - regulations governing the Amateur Radlo
.- Service;
-8 Extend the concepls of self-reguiation
and self-administration of the Sarvice;
- 73 Enfance the opportunily for individual
amateurs to confribute to the public
.. welfare as autlined in the basis and pur-
pose {Part 97.1) for the Amateur Radio
Barvice; -
.. . 4 Enable the FCC Field Operations
- Pureay to more efficiently and effectively
utillze its manpower and resources.

Committees coping with difficult cases of
true malicious interference. fn some in-
stances, the RMS may be manned by a
dedicated group of highly qualified
amateurs to provide more continuous
coverage. In such an arrangement, a
“chief’* at the RMS facility will be
designated.

The “*court of last resort’” is, of course,
the FCC. in keeping with the intent of
amateurs solving amateur problems (i.e.,
self-help), the FCC will be called in only
by authorized individuals and then only
after all avenues have been exhausted. In
short, for volunteer monitoring to be ef-
fective, the amateur response through the
Anxiliary must be capable of addressing the
vast majority of discrepancies within the
context of internal procedures. in this way,
the FCC will be called upon for assistance
only in matters of extreme seriousness,
worthy of prosecution, if necessary. Only

a well-defined adminisiration of the
Amateur Auxiliary can assure siccess — we
must make the voluntecr-monitoring
program work for us first before the
desired response from FCC can be
obtained.,

Training and Certification

Amateur Auxiliary members must be
properly trained to carry out their impor-
tant role. The FCC believes such training
is absolutely necessary. Potential Amateur
Auxiliary members must not only be
schooled in the rules and regulations,
display technical competence and possess
certain monitoring gear, but must be
psychologically equipped to exercise the
tact and discipline that the program re-
qquires. It takes a special kind of dedication
to pass up working the DXpedition to rare
Catalina Island to go look instead for
Novice second harmonics. 'The potential
Amateur Auxiliary member must also be
well-versed in the administrative details of
the program, particularly knowing whom
to ¢all in the chain of command for higher-
level assistance, Certification of Amateur
Auxiliary members will require the suc-
cessful completion of a written examina-
tion, based on the Amateur Auxiliary
Training Guide (which will be distributed
to all candidates). The training/certifica-
tion process must be preceded by a recom-
mendation from the candidate’s Section
Manager and/or QO/RFI Coordinator.

Expectations

The Amateur Auxiliary has the potential
for making the ham bands a better place



for all to operate. The biggest obstacle to
achieving **Ham Heaven’’ is unreasonable
expectations. That is, the perception that
Amaterr Auxiliary personnel will be
modeled after Boss Hogg or Sheriff Buford
T. Justice or on the opposite extreme, Mary
Poppins or ather goody-two-shoes. None
of these personality types possess a club or
even a magic umbrella that can cure all of
the on-the-air evils. The program must not
have the slightest hint of enforcement; there
must be a fundamental realization that this
program will not be able to eliminate all of
the woes of the amateur world. Such prob-
lems are often deeply rooted in the
psychological inadequacies of our society
as a whole. But the Amateur Auxiliary does
provide the organized mechanism for ad-
dressing most matters pertaining to
operating decorum.

Is It You?

Membership in the Amateur Auxiliary
should prove to be extremely satisfying and
fulfilling, but you must have what it takes
to be of service to your fellow amateurs.
Maturity, sophistication, competency --
these qualities are needed. Don’t look for
rewards per se, because your efforts will

.
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largely go unheralded. Moreover, you will
not be authorized to dispense anything akin
to Mr. T's brand of frontier justice by
“knocking heads.” The Amateur Auxiliary
is based primarily on friendly persuasion
and cooperation, values that allow amateur
problems to be reasonably resolved within
the amateur community in accordance with
commonly accepted standards. This good-
faith approach, a positive feature of the
federal deregulatory environment, should
prave effective and beneficial to all con-

cerned. With this affirmative philosophy in
mind, if the Amateur Auxiliary/OQ pro-
gram is right for you, go for it!

The foundation of this enhanced pro-
gram of volunteer monitoring is the
dedicated group of ARRL QOs. If you are
already an appointed OO, you will be
receiving a special mailing containing train-
ing materials to give you an opportunity to
validate your appointment withia the new
framework. We also enthusiastically extend
an invitation to qualified amateurs not
presently OOs to step forward and
volunteer. Your first point of contact is
your ARRL Section Manager (see page 8
of QST).

A final note: According to QST archives,
pioneer OOs stalked what was termed
“prehistoric signals,”” reportedly a.c.,
broad r.a.c., chopper, ectc. (June 1932
OST}). There probably aren’t many modern
Amateur Radio equivalents to these relics
of the past, but the basic objective, now
and then, is the same: calling attention to
discrepancies (whatever they might be) in
the spirit of fellowship and friendship, and
achieving creative solutions for the overall
betterment and enjoyment of Amateur
Radio. mEr—l

Strays -~

A HOBBY SHARED

iZ1 Most of my married life has been in-
volved with Ken’s ham radio. Wa#MFR
became a second name in no time. Little
«did I realize what this hobby would become
when I first reviewed questions with him
in preparation for his test, and the great
pleasure he had in passing. He continued
10 be so pleased when he passed the test to
be Extra a few years ago. [ watched him
plan teaching modules for classes in our
area. How good he telt when his students
passed and received call letters or advanced
another level.

Ken loved ham radio and what it
represented: a hobby with expectations for
performance and knowledge. And it
enlarged one’s world with letters and
meeting other hams while traveling., His
radio **family’’ was large and a very special
privilege in our life. As a wife, T encour-
aged his hobby and so enjoyed the friend-
ships and excitement hearing from these
friends we never met but knew so well.

When he retired in 1976 and we moved
to our lake home, Kea could use all the
varied bands and was free to explore at all
hours the activity on the radio. He was far
from lonesome.

But as his widow, | miss the sound of his
hobby and the stimulation of an active ham

schedule. Silent Key is truly descriptive.
Code rhythm had a musical sound, and
good code was almost a kind of musical
symphony. A visit to a recent Field Day
here made me aware of the beauty of the
sounds I had heard for so many vears.

The mailman misses Ken, for WOMFR
had the best mail on his route. Foreign
stamps on beautiful QSL cards were fun
to deliver.

Ken was so excited about others be-
coming part of his best hobby. He
respected the organization, and it enriched

Shortly after becoming a Novice himself, at
age 65, Mike Shepnew, KA2UGR (center), of

Scotch Plains, New Jersay, decided to share
his new hobby with this group of advanced-

achievement students at Woodruff Schoal in
Berkeley Heights. One of their projects, quite
appropriately, was & code-practice oscillator.

our lives so much. Several foreign hams
had not heard he had died, and I have
received lovely cards and letters that must
be answered. They were his friends,

I guess you could call this a tribute to a
very fine activity that we enjoyed so much.
I couldn’t consider it finished until I said
it, -~ Emma Dahimeier, XYL of WOMFR

ZAGQ (now W2AGQ) and 2AHK (now AE4X)
congratulate each other on the 60th anniver-
sary of their first QS0 in 1924, which was
also 2AHK’s first QSO ever.
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Garriott, WSLFL, on-board the
space shuttle Cofumbia 15 now
history. Many lucky amateurs made two-
way contact with Dr. Garriott, and untold
thousands listened to his signal from space.
Having been in assorted hamshacks when
contact was established, we can attest to the
Jjoy{ful bedlam that followed confirmation
of contact. If such scenes were common in
those stations that heard their call returned
from space, there must have been a lot of
extremely happy hams around the world!
Early phases of the program to put an
Amateur Radio transceiver aboard Colum-
bia have been documented in earlier QST
articles, and need not be repeated here.!
The effort to build the radio to be used on
this flight was thoroughly enjoyed by all
the members of the Motorola Amateur
Radio Club of Fort Lauderdale who par-
ticipated. Qur task was to provide a hand-
held 2-meter radio that could be connected
to the standard NASA headset, which in-
cludes earphones and a microphone. The
Project Manager was Jim Worsham,
WA4LKXY;: Ron Alexander, KA4ZLS,
served as NASA liaison for testing and
qualification of the radio and battery for
safety standards; Harold Sanderson,
WB4TTA, assembled the radio, gave it a
most exacting final test, and coordinated
the frequency programming with NASA
and WSLFL; John Ray, WB4BRFS,

T he 2-meter operation by Owen

"Notes appear on page 17,

4109 Waterway Dr., Lake Warth, FL 33461
**4300 Riverside Dr Apt. 4, Coral Springs, FL

32065
=18t BW 76th Ave., Margate, Fl. 33068
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designed and assembled the interface box;
Bruce Burke, WB4YUC, provided test
equipment and fixtures; and Tom
McMullen, W1SL, provided documenta-
tion and circuit-board layout.

The Radio

The portable radio used by WSLFL on
the Columbia is basically a standard
Motorola MX300-5 series, frequency-
synthesized Handie-Talkie radio.? These
radios are used by many law-enforcement
officers, public-safety agencies, fire depart-
ments and commercial interests throughout
the world.

The radio is microprocessor controfled,
and of modular construction, It is capable
of generating up to 96 separate frequencies
{48 transmit and 48 receive) by reading con-
trol information encoded in a PROM
{programmable, read-only memory). Fre-
quencies are selected by means of switches
on top of the radio. A ““zone’ switch
selects one of four “‘zones,” or groups of
frequencies, and a frequency-select switch
picks one of 12 frequencies for each zone.

Each major circait is contained in a
sealed module for ruggedness and protec-
tion against most environmental problems,
and these modules plug into a four-layer
circuit board that is held in place by rails
in the Lexan frame. Controls and battery
power are connected to the main circuit
board by means of ““flexes” that consist of
metal conductors bonded between layers of
tough, flexible plastic. This type of con-
struction allows easy troubleshooting and
servicing. A block diagram of the major
circuits in the MX300-5 is shown in Fig. 1.
Fig. 1 shows an interior view.

~ Amateur Radio’s
Hand-Held in

Space

By Thomas McMultlen, W1SL*; Jim Worsham, WA4KXY**;

ok W

and Harold Sanderson, WB4TT.

The synthesizer reference frequency is
provided by the 3.6-MHz crystal-controlled
oscillator (reference oscillator, UI10).
Programmable frequency dividers in the
controller/phase-detector assembly, A2,
are controlled by the microprocessor, Ull.
The microprocessor obtains the transmit-
and receive-frequency information from
the PROM.

The controller provides voltage to the
VCO, Ul4. In turn, it supplies an RF sam-
ple to the controller for frequency division
and comparison with the product of the
reference oscillator.

In the transmit mode, the VCO output
is applied to a transmit PLL processor
(U102) that locks the transmitter VCO
(U103} to the programmed frequency. This
VCO operates at the output frequency.
Audio modulation is applied to the syo-
thesizer VCO, which applies it to the
transmitter VCO through the phase-
detector and locking circuitry. FM output
from the transmitter is amplified to a
5-W output level and filtered before
being routed to the antenna relay and
antenna.

During receive, synthegizer VCO output
is applied to'a multiplier that is part of the
receiver preselector assembly, where the
frequency is doubled to provide receiver in-
jection for the first mixer. Incoming signals
are amplified by U1 before being applied
to the RF preselector and mixer, Mixer out-
put is at 21.4 MHz. Filtering and two stages
of IF amplification follow the mixer, and
the signal is then applied to a crystal
discriminator. Discriminator output is
routed to audic-amplifier and squelch
stages. Full audio output is 500 mW. Nor-
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Fig. 1 — A block diagram of the Motorola MX300-8 Handie-Talkie radio.

malily, a built-in speaker in the front of the
case is used, but audio output is also
available at an carphone jack on top of the
radio and at an accessory connector on the
side.

Audio for the interface box used in the
Columbia was taken from the accessory
connector, Similarly, a built-in microphone
is normally used for transmitting but the
MNASA headset microphone was interfaced
to the radio through the accessory com-
nector. The push-to-talk (PTT) circuit
and other internal circuits are also ac-
cessed through this connector. More about

this in the description of the interface
box.

Radio battery power is provided by a
sealed, 7.5-V NiCd battery. Batteries are
available in various sizes: four 2000
milliampere-hour batteries were provided
to WSLFL. They proved to be quite ade-
quate for the nine-day mission. Battery
life is an important consideration, be-
cause no provisions were made to recharge
them from the shuttle electrical system.

Modifications to the standard MX300-S
radio were minimal: the agreed-upon fre-
quencies were programmed into the

PROM, and the transmitter power output
was reduced to 4 watts to prolong battery
life.

The Interface Box

Electrical and mechanical connections
between the radio and the rest of the system
are provided by the interface box. It
matches the impedances and levels of the
headset/microphone and the radio. Power
for the headset microphone preamplifier
comes through the interface box, and
transmit and receive audio for a tape
recorder are provided by the amplifier cir-
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Fig. 2 — interior view of the MX300-S Handie-Talkie radio with the front cover removed. Modules
piug inte a fourdayer circuit board that is held in the frame by rails. {photo by WBAYUC)

cuitry in the box. Also, connections for the
headset, tape recorder and radio are made
through this interface. The title photograph
shows the_ MX300-S radio with the
interface-box cable attached to the ac-
cessory connector. Fig. 3 is a drawing of
the box, connectors and cabling required.
As an example of the details that had to
be worked out, this drawing had to be sup-
plied to NASA Tong before launch so they
could provide secure storage space for the
equipment!

Design

Three design constraints affected the
mechanical and electrical configuration of
the interface box. First, the total current
drain had to be less than 1 mA. This is
because the supply voltage from the radio,
through the accessory connector, is fed
through a I-kQ current-limiting resistor.

Second, all materials used had to be ap-
proved by NASA. This is necessary to en-
sure that everything has acceptable levels
of resistance to flammability, toxicity and
outgassing. (Qutgassing is a tendency of
plastics and other materials to emit gasses
when heated, cooled or subjected to
oxygen-rich atmospheres.) These con-
siderations are extremely important when
you cannot open the window and get some
“*fresh air'’!

Finally, the box had to be as small as
possible. A bulky, hard-to-manage system
is difficult to use and reduces operator
efficiency.

The Circuit

Interface-box circuitry consisis of three
parts: a voltage regulator, an audio
amplifier and zn &audio mixer. The
regulator handles the supply voltage from
the accessory connector on the radio,
removing any voltage variations caused by
the 1-kQ current-limiting resistor in the
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Fig. 3 — A scale drawing of the Interface box
and assoclated connectors.

MX300-S radio. The regulated voltage is
applied to the headset microphone
preamplifier and to the amplifier/mixer in
the interface box. One section of the op
amp {U1) serves as this voltage reguiator.
See Fig, 4.

To minimize current drain, the audio
amplifier uses the Siliconix L144CJ
micropower, programmable, operational
amplifier. This device works just like any
other op-amp, except that you can
“‘program’’ its current drain, The
drawback to this is that the less current you
Iet it have, the less bandwidth it will let yvou

have! Since all the signals through the in-
terface box are at audio frequencies, this
bandwidth limitation is not a problem. The
total interface-box current drain is approxi-
mately 0.5 mA.

Speaker audio from the MX300-S ac-
cessory connector is applied directly to the
earphone. Microphone audio is amplified,
and a proper impedance match is provided,
before the signal is routed to the accessory
connector. An audio mixer in the interface
box combines receiver and microphone
audio and routes it to a tape-recorder jack.
The interface-box PTT switch keys the
transmitter and turns off the audio
amplifier in the receive mode. This prevents
background noise from being applied to the
recorder through the microphone circuit
while the radio is in the receive mode.

To achieve & high degree of reliability,
leadless {(chip) components are used, as
shown in Fig. 5. These chips are very small,
and have low profiles. They are soldered
clirectly to the etched circuit board. This
minimizes the number of wire leads that
can fail because of vibration. The box is
cast aluminum with an anodized finish.
Wire insulation and other plastic parts are
either Teflon or nylon; the hardware is
stainless steel; and the circuit board is glass-
filled epoxy.

Fig. 5, a photo of the interface-box in-
terior, shows two devices, and the title
photo shows knobs labeled for VOX ad-
justments. Cireat effort was extended to
design a VOX circuit in the early prototype
box. This was a difficult task because of
the supply current limitation from the
radio. Several versions were tried, but none
had the proper amount of hysteresis (the
difference between turn-on and turn-off
levels) for & reliable VOX circuit. At the
last minute, a decision was made to forego
this convenience --- a decision that later
proved fortunaie. After the mission,
WSLFL reported that the cabin
background noise was so strong that he
sometimes had difficulty understanding
people even when their signals were full
quicting into the receiver. That amount of
noise would very likely have upset even our
best efforts at VOX reliability.

Conclusion

Although the bulk of the work on this
project was done after hours and at home
on weekends, there were some things that
just had to be taken care of during normal
business hours — phone calls to agencies
involved, equipment to be obtained for the
next phase and other tasks, ‘We sincerely
acknowledge the support of our supervisors
and management at Motorola in Fort
Lauderdale and in Schaumburg, illinois.

Stepping back and looking at what we've
learned from this project, the results are
mostly positive, The circuit is really nothing
out of the ordinary: an audio amplifier and
a voltage regulator. Electronically, our ex-
pertise improved because we entered the
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Flg. 5 — Inside the interface box, This version was built with an extra IC for a possible VOX cir-
cuit. The dime provides a comparison of size for the chip (leadless) components on the circult

board. (phofo by WB4YUC)

new, tiny dimension of leadless com-
ponents. Those things are usually placed on
circuit boards by means of automatic
machinery, not by shaky fingers and
tweezers!

Also, working with all the great people
involved in the space program was very
educational and uplifting. Working to
specifications and a deadline far outside
what is normal in Amateur Radio provided
a challenge that we're happy to have met,
and would giadly do again.

Now, about that first manned mission to
Mars . . .

Notes

'Amateur Satellite Program News, ST, October
1983, p. 77.

‘Motorola, MX300-§ and Handie Talkie are trade-
marks of Motorola, Inc. G

Strays "

MOVING, CHANGING CALL?

{71 When you change your address or call
sign, be sure to notify the Circulation
Department at ARRL Hg. Enclose a recent
address label from a QST wrapper if at all
possible. Address your letter to Circulation
Department, ARRL, 225 Main S5t.,
Newington, CT 06111. Please allow six
weeks for the change to take effect. Once
we have the information, we’ll make sure
your records are kept up-to-date so you'll
be sure to receive QST without interrup-
tion. If yow're writing to Hq. about
something else, please use a separate piece
of paper for each request.

Next Month in QST

If there’s one quaestion on most of our
minds right now, it's *how do | go
about taking an exam?’ Now that the
FCG is phasing out its test sessions,
you'll need to know how to find
available test sessions, how to apply,
what to expect at the exam site and
{naturally) what to study to be able to
bring home a new license. A
September article will spell it all out,
clearly, simply and concisely.

With the fall season nearly here,
antennas once again are becoming a
priority. September QST will provide
two very different — but equally effec-
tive — designs: The full-wave loop
antenna, which need not be at heights
that would make the Wallendas
swoon, and a ground-plane antenna for
the 30-meter band that can be
mounted in a tree. In addition, those
not yet immersed in the subject will
leamn the pros and cons of wire, vertical
and beam antennas in the First Steps
installment.
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Some Basics of

VHF Design
and Layout

Follow the guidelines in this article,
and enjoy peak stability and
performance from your homemade

solid-state VHF gear.

By Doug DeMaw,* W1FB

lown transistors, squealing signals

and lumpy tuning are the common

signs of a poorly designed or
assernbled VHF power amplifier. Have you
experienced the futility of trying to make
a 2-meter amplifier perform correctly? §
think each of us has bitten our lips in
private despair while trying to tame a
problem ampiifier — not once, no doubt,
but many times! On the other hand,
perhaps our amplifiers operated smoothly,
but power output was substantially below
the rated value for the circuit. Such
maladies are not uncommon. Fortunately,
the preventive steps are not difficult or
costly. Let’s discuss some of the causes for
substandard performance and compile a set
of notes that can be used for all VHF
amplifier designs.

What Can We Expect for Efficiency?

It was a simple matter for designers of
vacuum-tube circuits to obtain amplifier ef-
ficiencies of 70% for class-C amplifiers,
60% for class-B and 30 to 40% for class-
AB operation. The predictable operating
angles for tubes employed at their rated fre-
quencies are well established, and those
angles dictate the tube efficiency. Generally
speaking, we can expect slightly lower ef-
ficiency for solid-state amplifiers, respec-
tive to the operating angle, Most manufac-
turers rate their power transistors at
50-55% efficiency for class-C operation,
with lower percentages for class-A and
class-B angles. One thief of power is heat
— power transistors produce considerably

“ARRL Contributing £ditor, P.O. Box 250,
Luther, Ml 49656
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more internal heat than is developed with
most small vacuum tiubes. Internal
resistances and reactances within the tran-
sistor contribute further to poor efficiency.
On the plus side, however, we have no fila-
ment power to waste when using tran-
sistors. Additional RF power is lost in
transformers and other matching networks
when using transistors, but in the Iong term
our trade-off in efficiency is worth the
benefits of small size, instant operation and
device longevity.

Efficiency is determined by comparing
the dc input power of the amplifier stage
(in watts)} against the RF power output of
the stage. Thus, if our hypothetical
amplifier required 3A of current with a col-
Tector voltage (V) of 13, our dc input
power would be 39 W (I x E). If our RF
output power happened to be 19.5 W, we
would observe an efficiency of 50%
(19.5/39 = 0.5). This would be typical for
a class-C solid-state bipolar-transistor RF
amplifier of proper design. The rule does
not hold for MOS power FETs. Their ef-
ficiencies approach, and in some instances
exceed, those of vacuum tubes.

Harmonic Output

The industrial literature does not men-
tion the potential problems we may en-
counter with harmonic output when using
RF bipolar devices. Vacuum tubes generate
harmonic currents by virtue of **envelope
distortion.”” Excessive grid drive to a tube
can worsen the condition. The transistor
produces harmonic currenis through
envelope distortion, but it also generates in-
tense harmonic energy via varactor
(variable reactance capacitor) action of the
internal junction. Specifically, the junction
capacitance changes with the sine-wave

T SURE WISH sOMEONE WOULP?
STABILIZE ME BEFORE I SELF-
GRoaw! oacfmm
5 ﬁ
\ b
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amplitude of the driving voltage (signal).
This nonlinearity of operation is tailor-
made for harmonic production. Unfiltered
output from the collector of a transistor
amplifier will usually show the harmonics
to be a mere 10-13 dB below the power level
of the desired output frequency (fundamen-
tal). The FCC regulations are very specific
about acceptable levels of harmonic and
other spurious output energy (— 60 dB for
VHF amplifiers, and — 40 dB for HF-band
amplifiers). Although these regulations
apply to commercial equipment, they are
required by the ARRL for all published cir-
cuits. If we are to be conscientious
amateurs, we will strive also to meest the
¢riterion in our designs, 1t will help to pre-
vent TVI, RFI and unwanted interference
to other services.

Because of the strong harmonic currents
in the output of a solid-state power
amplifier, we must take measures that are
seldom used in vacuum-tube designs. Har-
monic filters are the order of the day. Don’t
be misled by the simple amplifier circuits
you find in the manufacturers’ data sheets.
They are designed for use in testing a device
(TUT, or **transistor under test’’) to deter-
mine its performance at 50 ohms of load
resistance. [ must confess that [ have
cuplicated a number of these published cir-
cuits only to find that they did not work
with the values given. 5o, beware!

A typical data-sheet test circuit is shown
in Fig. 1. Most VHF amplifiers are shown
in circuits for 175 MHz, but that is close
enough to 145 MHz for our purposes.
“King Tut” (1) in this example remains
unidentified for our discussion. Consider
it typical of the devices we might obtain for
VHF work. At first glance, the circuit looks
pretty good for amateur use. But, upon
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Fig. 1 — Gircuit example for a typical VHF amplifier as depicted in the manufacturer's data-
sheet literature. See text for a discussion about this and slmifar circuits.

duplicating it we may find to our dismay
that it won’t work at all, or if it does, it
will exhibit instability, low output and
copious harmonics. Remember that this is
published in the literature as a fesf circuit,
and is not a circuit that one should attach
to an antenna.

My recent experience with a circuit of
this general configuration (taken from a
data sheet) was dismal. With 1 W of input
drive ] obtained 0.5 W of output! The out-
put tuning network had a definite peak, but
the input network had little effect on the
power output. The coils (L1 and 1.2) were
built precisely as the data sheet dictated.
Careful layout was used, also.

Why did this happen? Well, it seemed a
bit unusual to place 100 pF of capacitance
from base to ground in a VHF amplifier
(C4 of Fig. 1). I removed the “‘suspect’’
capacitor and, lo, I was able to extract
10 W of RF output! I suspect that the value
listed on the diagram was in error, and
should have been 10 pF. Yet, other circuit
examples for VHF use — same manufac-
turer — had the 100-pF value listed. Other
similar amplifiers showed no base
capacitor.

Further testing proved that low-
frequency instability was taking place. I
added C8 (standard practice) to bypass low-
frequency energy, and the self-oscillation
ceased. A tendency toward VHF instability
was observed while adjusting the input and
output networks. | added a ferrite bead
(21} in series with the base RF choke, and
the fault vanished. Addition of Z1 lowered
the Q of the choke, which degraded the
tuned-base, tuned-collector condition that
was present. A 100-ohm resistor in parallel
with RFC1 would probably have cured the
problem, too, but at a slight loss in effec-
tive driving power.

Harmonic output was fierce, as ex-
pected. A harmonic filter would need to be
added to this amplifier if it were ever used
on the air. I learned also that shunt
capacitors C3 and C5 were not necessary.
These wasted parts were removed. Ap-
parently, they were specified to prevent C2
and C6 from being adjusted for too low a
capacitance. The minimum capacitance of

the two mica trimmers was high enough to
avoid using fixed-value capacitors C3 and
C5. Also, greater matching flexibility can
be had if we replace C7 with a 30-pF trim-
mer capacitor,

This exercise was included to illustrate
that you should not accept a published cir-
cuit as “‘gospel.” Try it out, then
manipulate the design to make it conform
to your needs.

Dealing with Instability

A well-designed solid-state amplifier
should show no instability (self-oscillation),
regardless of the load connected to it. In
other words, it should be stable even if the
input and output terminals are left open.
Unfortunately, many amplifiers are stable
in that mode, but when made to conduct
(drive applied) they go into spasms of self-
oscillation. These oscillations may occur at
a variety of frequencies, with some as [ow
as the audio-frequency region. If the
amplifier ““takes off”’ too vigorously, the
transistors may self-destruct from excessive
heat or from junction puncture during
periods of excessive voltage spikes.
Therefore, we should always do our initial
testing of a new circuit at reduced supply
voltage. I like to commence with Sor 6 V
of V. when testing a 12- or 13-V circuit.
The voltage is increased slowly while look-
ing for instability symptoms; this way, the
transisiors are less likely to be damaged.

Few amateurs own or have access to a
spectrum analyzer, but that would be the
best instrument for testing an amplifier. A
good scope with a bandwidth suitable for
use at the operating frequency or higher
may be a good alternative, We may ““sniff”’
for spurious responses by means of a sen-
sitive wavemeter when placing the
wavemeter coils near the amplifier output
network. The wavemeter method is the
least expensive and most practical techni-
que for amateur work.

What are the major causes of amplifier
instability? Well, a lack of good grounding
may head the list; that is, effective
grounding of the parts on the circuit board
— those that are returned to ground. This
means we need to keep the leads as short

as possible. We must also ensure that the
ground foils on the PC board are wide and
direct. Fig. 2 shows two PC-board patterns.
One is good, but the other is unsuitable for
VHF work. In fact, it would not be accep-
table for most HF-band work. Note the
long circuit-board ground foils at B of Fig.
2. These act as unwanted inductances,
which can completely speil the circuit per-
formance — especially at VHF and higher.
Remember, small excessive lead lengths
present reactances that are in series with the
components. In some cases we have induc-
tive reactances in series with inductors, and
in other cases we have capacitors in series
with inductive reactances. This unwanted
condition can render our matching net-
works unsuitable for the task assigned to
them.

The long emitter lead at B of Fig. 2 can
cause instability and a loss of gain. The loss
of gain is caused by emitter reactance that
has the same effect as placing a resistor in
series with the emitter lead. This is known
as degenerative feedback. A secondary ef- -
fect of degenerative feedback in some
amplifiers is a change in the base im-
pedance. The foil pattern at A of Fig. 2 is
recommended to minimize unwanted in-
ductive reactance. In other words; the
greater the area of the PC-board foil, the
lower its effective inductance. These con-
siderations were not as important when we
designed with vacuum tubes because of the
high input and output impedances of the
tubes. But power transistors have very low
terminal impedances. At times these im-
pedances are less than 1 ohm! Therefore,
small reactances can cause 2 host of
troubles when we work at these low-
impedance levels.

BASE PAD
GOLLESTCR PAD
- - GROUND
. FOlL - e
T ~TCOLLECTOR
E*F( [ NETWORK
- 1
R
e L }
GoaD /l EMITTER
m—— (A}
BOTTOM
"\NEWS al
= - 70
COLLECTOR

(D) — T NETWORK

-

GnrJUNDmeL BAD

(B)

Fig. 2 - Good and bad layout examples for a
VHF circult board. The illustration at A (good)
shows lots of coppar ground foit, with large
pads for attaching the components and
keeping the ground leads short. The standard
donut-padftape format at B is unsatisfactory
for VHF circuits, and is not suggested for
HF-band projects as well.
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FIRERS ARE IN PICOFARADS { pF OR wpF),
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Fig. 3 — The schematic diagram shows part
of a VHF amplitier circult. The bypass
capacitors and RF chokes comprise an
affective decoupling network for a wide tre-
quency range (see text),

i.eads that are too long can also set up
tuned circuits for spurious frequencies, and
that can lead to self-oscillation. It is good
practice, also, to use double-sided PC
board (copper on both sides). The surface
on one side is eiched for the desired pat-
tern, but the opposite side of the board is
left with all of the copper in place. That
side acts as a ground piane, which helps to
prevent RF ground loops {current flowing
where it is not wanted). This also aids
stability. The ground foils on the etched
side of the board should be connected to
the ground plane at several points. I drill
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Fig. 5 — &chematic diagram of the 15-W clags-C amplifier. It is suitable only for CW and FM
use. Q1 would require forward bias on the base in order to use the circuit for linear amplifica-
tion of 58B or AM signals, Fixed-value capacitors are disc ceramic unless noted otherwise. The

polarized capacitor is electrolytic or tantalum.

C1, G2 — 100-pF mica compression or
ceramic trimmer.

J41, J2 - 80-239 coaxial connector.

L1, L2 = Two turns of no. 14 wire, 5116 in ID
by 3/8 in long.

RFC1 — 13 close-wound turns of no. 24 enam.
wlre on a 5.6-k1, ¥2-W carbonscomposition
resistor.

no, 60 holes through the board and use
short pieces of bus wire (soldered on each
side) to join the grounds.

The component leads that do not return
to ground must also be kept short. Fixed-
value capacitors are especially critical, for
it is almost impossible for us to clip their
leads short enough for VHF use. Leadless
ceramic chip capacitors are best, but they
are difficult to buy and are very costly.
Most commercial designs contain them.
They are soldered directly to the PC-board

Fig. 4 — The assembled 15W, 2-meter amplifier. The small harmontc filter of Fig. & is seen at
the upper right. A shield divider is installed across the center of the transistor to isolate the
amplifier input and output circuits. This amplifier is seen in its test fixture. It can bhe packaged

fo suit the builder.

20 5%

Z1 — Five 40, miniature ferite baads
(Amidon no. 83 materlal} on a plece of
bus wire,

22 — Four 850- miniature ferrite beads
(Amidon no. 43 material) on a piece of
hus wire.

Z3 — A single 850 ferrite bead, no. 43
material.

foils, hence no leads. 1 favor silver-mica
capacitors as an alternative. [ snip the leads
off near the body of the component, leav-
ing just enough to make my solder connec-
tions to the PC board. Leadless chip
capacitors are also effective.

Another important step toward stabili-
ty is proper layout. The input and output
circuits of the amplifier should be as far
from one another as possible. Unwanted
coupling between network coils can be a
problem when secking stability. When in
doubt, place a shield divider across the
transistor {ground it well} to isolate the
input and output parts of the amplifier.

Collector bypassing is still another
matter of importance. Fig. 3 illustrates the
use of various values of bypass capacitance,
plus a decoupling choke. Note that three
hypass capacitors (C1, C2 and C3) are used
below RFC1. They, because of their
assorted values, provide effective bypass-
ing at low frequency, high frequency and
VHE. RFC2 is added to further clean up
the +13-V line, and C4/C5 serve for ad-
ditional bypassing. C5 is used to bypass the
voltage bus at VL.F and audio. If this is not
done (RFC2 and bypass capacitors), RF
energy can follow the supply line into other
stages of the transmifter {or vice-versa).
Wandering RF of this kind can cause feed-
back that encourages instability.

A Workshop Project

it’s always nice to follow a rhetorical
deluge like this with something we can use
for hands-on experience. A proven prac-
tical 2-meter amplifier is shown in Fig. 4.
It is resting in a test fixture, along with a
harmonic filter. With 1 W of input power,
the output is on the order of 10 W after
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Fig. 6 — Schematic diagram of the seven-
eiement low-pass harmonle filter. The
capacitors are silver mica and are used to
support the three coils above the PG board.
Gapacitor [eads are cut very short 1o minimize
stray inductance. Shield dividers are used
befween the coils to aid inputioutput isolation.
Small pieces of double-sided circuit board are
used for the partitions, All coils contain four
turns of no. 20 wire, 516-in 1D by 3/8 in long.
The filter cutotf frequency is approximately
170 MHz, and the terminal impedance is

50 ohms.

filtering. An output power of 15 W will
result when the drive is increased to 2 W.
A small shield divider separates the input
and output halves of the amplifier. 1t is
made from a plece of double-sided PC
board, but flashing copper or brass would
serve just as well,

Fig. 5 shows the schematic diagram of
the ampilifier. It evolved from one of those
test circuits on a data sheet, but has been
refined to deliver good performance. A
Motorola MRF262 is used. It is a plastic-
encased TO220 stvle of transistor.

Cl and C2 are the only adjustment
devices used. However, if you want to get
fancy, you may use trimmers in place of
the input 56-pF capacitor and the 18-pF
output capacitor. This will give you added
tuning flexibility for the two matching net-
works. 1 find that I can obtain the rated
output power while using fixed-value
capacitors at those points.

Z1 is the base RF choke. [ chose ferrite
beads in order to keep the ¢} low in that
part of the circuit. If you use a wire-wound
choke at Z1, it should have an inductance
of roughly 0.5 to 1 pH, This will yield a
reactance of approximately 450 ohms from
base to ground, which is recommended.
RFC1 is wound on a V2-W resistor, and is
similarly low in inductance. Z.2, also made
from a string of ferrite beads, functions as
part of a decoupling network for the supply
line.

The Harmonic Filter

Fig. 6 shows the circuit for the seven-
section low-pass filter. It can be enclosed
in a PC-board box to ensure good isolation,
but will work as shown on a piece of PC
board. Use dividers between the filter sec-
tions to provide reasonable ultimate at-
tenuation {resulting from good isolation
between the input and output of the filter).
The cutoff frequency of this 50-ohm filter
is approximately 170 MHz. FL1 ensures

TOP VIEW
COPPER SIDE OF
BOARD

HOLE

., DOUBLE 4SIDED

PG BOARD ETCHED SIDE TO SCALE

Fig. 7 — Parts-placement guide for the 2-meter amplifier. All of the components are mounted on
the etched side of the doubleclad board. Through-grounds are placed at several points (see

text).

that the amplifier complies with FCC emis-
sion regulations.

Construction

The amplifier is laid out in accordance
with the earlier text discussion. Rectangular
isolated pads are formed on a piece of
double-sided PC board. A skilled layout
person can shrink the size of this amplifier
considerably, should a smaller unit be
desired. Care must be taken to provide
ample heat sink area if that is done. The
sink used in this model is a piece of store-
bought hobby aluminum angle. It is 4
inches long, and has lips that are Y%-inch
high. The thickness of the stock is 1/16

inch.! Silicone heat-sink grease is used be-
tween the angle stock and the PC board,
and between Q1 and the angle aluminum.
Smaller amplifiers will require a heat sink
of commensurate area.

Mica compression trimmers are used at
Cl and €2, but ceramic trimmers can be
substituted if you have them on hand. Li
and L2 are wound from no. 14 enameled
copper wire. The large wire gauge helps to
minimize losses by increasing the effective
conductive area of the wire. We need to
keep in mind the *“‘skin-effect’” rule for

'Notes appear on page 22,

CIRCUIT BOARD SPECIALISTS
PO BOX 369« PUEBLQ, CO 81002

-

( 25.4 mm)

0

—

Flg. 8 — Circuit-board etching pattern for the solid-state amplifier of Fig. 5. The pattern is
shown full-size from the foll side uf the board. Black areas represent unetched copper foil. The
components are mounted on this side of the board.
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conductors versus oper ating frequency:
The penetration of the wire becomes pro-
gressively less as the operating frequency
is increased.

All of the components are placed on the
etched side of the board. Fig. 7 shows the
parts placement of the amplifier. A fuli-
scale PC pattern is shown in Fig, 8.2

Adjusiment

Connect a low-power transmitter or
transceiver to J1. Place a 50-ohm dummy
load at the amplifier output (J2). Warning:
Malke certain that your exciter can deliver
no more than 2 W of output. Power input
beyond that amount can destroy Q1 of
Fig. 5. Next, apply the operating voltage
and observe a wattmeter that has been in-
serted between J2 and the dummy load.
Tune C1 and C2 for maximum output
power from Q1. Readjust the capacitors
two or three times for maximum output
power. There will be some interaction,
however slight. Do not use this amplifier
on the air unless you include FL1 of
Fig. 6 in the output line,

Use with a Hand-Held Transceiver

Should vou desire to use this amplifier
with your hand-held radio, you can try the
suggested circuit of Fig. 9. It will enabte
you to have the required **switch-around™
feature during receive periods. Set Rl
for the amount of delay vou desire. The
block diagram shows how to use the

INPUT
[4-1sN ¢ ¥)

KAC 42

# -METER
AMPLIFIER

= TN DUTRYY
I?’"% 150 £1)
L Faear

5 Mz 2 JILVER MIcA

LRCEPT A3 INDICATED, DECIMAL.

IN MICROFARADS [ yF ) ; UTHERS
AHE N PICOFARADS LpF OR yuFl,

ENZZERA o
gy -
D4 KiA
Ll v ]
< 100k | DELAY
16y li.l

VALUES OF CAPACITANCE ARE F L ,.r4m T"f?,,,us

RESISTANCES ARE IN QHMS, k 11200

Fig. 9 — Suggested circuit for a switch-around device to permit use of the amplifier with hand-
held transceivers. Some RF energy is sampled at J1, rectified by doubler D1/D2 and fed to a
timing network that is connected to the base of a do amplifierfrelay driver (Q1). R1, a 100-k@ con-
trol is set for the delay desired hetween fransmit and receive. D1, D2, D3 and D4 are 1N914
small-signat silicon diodes; observe polarity of the diodes. K1 is a small de relay for 12 V, and is

& DPDT type.

switching circuit with the amplifier.

Final Comments

The guidelines given here apply to all
sofid-state amplifiers. [ hope some of your
knotty problems have been resolved after
reading this installment. A little care and

thought in your design and layout will en-
sure good amplifier performance.

Notes

‘mm = in X 25.4.

*Circuit boards and parts kits for this project are
avaflable from Circuit Board Specialists, P.0O. Box
959, Pueblo, CO R1002, tel. 303-542-5083, H&F

New Books

ELECTRICITY AND ELECTRONICS

by Dale R. Patrick and Stephen W. Fardo.
Published by Prentice-Hall, Inc.,
Englewaod Cliffs, NJ. First Edition, 1984.
Hard-bound, 8-5/8 « 11-1/4 inches, 542
pages including index, $21.95,

The authors, who are employed by the
Department of Industrial Education and
Technoiogy at Eastern Kentucky Univer-
sity, wrote this book for high school and
vocational-technical school students. it can
also serve as a text for industrial training
programs, as a reference book and, to some
extent, as a text for home-study courses.
Newcomers to electricity and electronics —
and that includes many budding radio
amateurs — should find this book to be a
valuable learning tool.

The book is composed of 18 chapiers,
eight appendixes and an index. A wide
spectrum of subjects is covered: basic elec-
tricity, ac and dc motors, electronics basics,
transistors, power supplies, oscillators,

22 05T

amplifiers, communications systems,
digital electronics and electronic power
control.

Large, easy-to-read type combined with
many well-done illustrations and clear
photos make reading easy. Each chapter
contains a brief introduction, followed by
a list of “Important Terms’’ (a glossary)
to prepare you for the upcoming text. The
body of information covered by that
chapter follows. After the study material,
there’s a comprehensive review. Pages of
*Student Activities”” comprise the last sec-
tion of each chapter. This is where yvou'’re
encouraged to work on some suggested
projéects to gain a better understanding of
the material just covered: the *‘learn-by-
doing’’ stage.

Appendixes 1 through 8, respectively,
contain a periodic table and an alphabetic
list of the elements, some hints on solder-
ing, pictures (only) of commonly used elec-
trical tools, electronic and electrical sym-
bols, the use of subscripts in schematic
components identification, a discussion of
right angles and a table of trigonometric
functions, capacitor color codes, and

powers of 10 and commoen logarithms. |
think better use could be made of the ap-
pendixes; much of the material could have
been arranged to fit within pertinent
chapters.

Some difficulties may be encountered by
those who want to use this book as a self-
study course because there are no answers
provided for the review questions — a sore
point of many otherwise good textbooks,
as is this one. Also, certain individuals may
not have access to specific items of test
equipment (such as an oscilloscope)
necessary to perform the measurements re-
quired in a number of the projects. Posses-
sion of, or at least use of, a VOM is an ab-
solirte necessity; nobody contempiating en-
trance into the ficlds of electricity and elec-
tronics should be without this most basic
piece of test equipment. How one over-
comes the question/answer and equipment
problems depends (to a degree) on in-
dividual motivation. Nevertheless, the book
contains a wealth of information that is
well presented. Instructors of basic elec-
tricity and electronics classes should find
this book of value. - Paul K. Pagel, NIiFB



Microcomputer Processing of
UoSat-OSCAR 9 Telemetry

Are you interested in what satellites are “saying”? Here are some
pointers to get you started examining satellite-transmitted data.

By Robert J. Diersing,* NSAHD

0SAT-OSCAR 9 was built by
U members of the Electrical Engineer-

ing department of the University of
Surrey, England. The satellite was placed
into orbit on October 6, 1981. An on-board
telemetry sysiem provides data derived
from monitoring 60 analog sensor channels
and 45 digital status points. Analyzing the
data can be a fascinating pastime. (A
detailed description of UoSAT-QSCAR 9
may be found in The Saiellite Ex-
perimenter’s Handbook, published by the
ARRL.)

A second UoSAT, OSCAR i, was
launched on March 1 of this year. The
satellite was initially silent, but the
engineers and scientisis have restored it to

*Assistant Professor of Computer Science,
Corpus Christi State University, 4129 Montego,
Corpus Christi, TX 78411

operation. It is now transmitting telemetry
while its condition is evaluated.

Satellite Telemetry System

UoSAT-OSCAR 9 transmits the systems
status and experiment measuremenis in
ASCII using FSK with 1200- and 2400-Hz
tones and even parity, These frequencies
are close enough to the Bell 202 standard
tones of 1200- and 2200-Hz that a type 202
modem will work well. (UoSAT-OSCAR
11 tone frequencies are reversed from the
Bell 202 standard in their binary meaning.)
The data rate can vary between 110 and
1200 bauds, but 1200 bauds is the rate most
used.

Different telemetry formats are in use.
These are shown in Figs. 1-4. The format
shown in Fig. 1is the older, standard form,
combining the spacecraft status and
telemetry values., Of the two newer for-
mats, that shown in Fig. 2 has the same 60

telemetry values, but with the spacecraft
status deleted and a checksum added for
each value, The Fig. 3 format is one in
which only certain channels are transmit-
ted repeatedly after having been recorded
at regular time intervals during the entire
orbit. A sample of the UoSAT-OSCAR 11
telemetry is shown in Fig. 4. I’ll concen-
trate on describing how to get the telemetry
data into a computer in a form that will
allow you to analyze it within the limita-
tions of your hardware and programming
experience,

Telemetry Reception and Capture System

The system in use at NSAHD consists
of several processes: (1) orbit prediction,
to know when to listen; (2) data capture,
live or on audio tape; (3) demodulation of
the data and its storage on diskette; (4)
editing of the raw data to exclude detec-
table errors; and (5) analysis and display

AMSAT
AMSAT
601190
10100
20170
30280
40070
0070

10101
10101
01160
11100
21470
31180
41110
51000

10000 00000
10000 00000
02785 03001
12000 13366
22724 23024
32666 33235
42736 43102
$2274 53089

10000 01110
10000 01110
04001 05433
14314 15188
24006 25422
34012 35333
44044 45000
54637 55450

00011
00011
06370
16420
26419
36401
46002
56463

00001
00001
07303
178385
27267
37401
47467
37488

11001
11001
08486
18442
28493
38509
48526
5R486

00000
00000
09482
19438
29611
39313
49502
39507

UoSAT Computer-generated checksummed telemetry
Format: Per chaonel, sum 5 data digits (0-9), print as (A-Z,a-p}

00110C01150L02762R03001EQ400 L0562 3006687007681 WO844250946 30
10100C11080K12000D1337001431 1K 15660516572V 7234R18373W194000
20150121160K227270231 170240 10H254 181264 28W2 728 3W28458b29584¢
30290031430L32668233256T3401 LI35366X36399e 17 342138475b39209K
4009084 10900427444 301 94414104500 1K46003N4 74 1004849 Tga9446h
30L00G51090P522 V4US3091$54930V554 L 2R5645805 74584584 2855956 3b

Fig. 1 — Standard format of a UoSAT-OSCAR 9 telemetry frame. The

first two lines Indicate which spacecraft systems are active,
Telemetered values from the spacecraft systems and sxperiments are

contalned in the next six lines.

Fig. 2 - The checksummed standard telemetry format. Status lines
are deleted, and the letter batwean measuremants can ba usad to
check the validity of the preceding five digits. The message shown

above the frame is transmitted by the spacecraft before each frame.
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OBD3A140064002600140026080030240024074
OBDCUS40CLI9DE750440E LETO4GUNL49044010
UBEDO24 005400840054 6:054003400240850391
NBET054002600140%372014002600240024017

2107 7086680000006650G088029
O10HT0EEES00LI00663000886 28
1103 708A62000U00AHBNVAARIGTE
10470866 FHI000066800055450

HOSAT=2

Fig. 3 — These columns show two examples of whole-orbit telemetry
dump format. With this form, several channels can be sampled by the
spacecraft throughout an entire arbit, and the information retransmit-
ted. The data consists of a frame sequence number followed by the
measured valuas and a checksum, Usually, the weekend code-store
wiil tell when the whole-arbit data was coflected and what ¢channels

wareg included from the pravious week.

of the captured data (see Fig. 5).

Software Configuration

The software | use is written in several
programming languages for various
reasons. The orbital prediction phase is
handled by a program written in PL/1-80.!
I prefer to do the orbit-prediction phase
with a program that compiles to machine
language rather than BASIC, which is
much slower.

Data capture is done with one of two
programs, both of which are written in
Z30™ assembly language. One program
captures the received characters by polling
the serial port to which the modem is
attached. It places the characters into a buf-
fer, whose contents can later be transferred
to disk. The other program uses intersupts
to capture the received characters from the
serial port and place them into a buffer. In
the meantime, data is taken out of the buf-
fer and sent to another computer for real-
time display of decoded telemetry.

The data editing and analysis programs
used in steps 4 and 5 are also written in
P1./1-80. This is done primarily because of
the faster execution times and better file-
handling features that are available.

Hardware Configuration

i use a Cromemco Z-2DD microcomputer.
This is an S-100 bus system, and it uses a
CP/M"™.like operating system called
CDOS, I find most programs are transport-
able between CP/M and CDOS systems;
the programs described in this article
operate on a CP/M system. The other
system componenis are 2 Cromemco SCC
(single-card computer), a 16FDC floppy-
disk controller, 64 kbyvtes of memory, a
TUART (Twin Universal Asynchronous
Receiver-Transmitter) digital interface, a
Heath H-19 terminal and a Novation 4202B
modem.

Pata Capture Procedure
Capturing the data transmissions on a

'Qrbit-predictlon software is available from
the AMSAT Soitware Exchange, Box 27,
Washington, DC 20044,

24 0sT=

8402245221000

D0515101039802011203010204023505028F06025 107031 5080329090260
10515011000012005613010314005115000416000717736516736B19736A
2051532103222 26677230001 2460017250007 2607745277367 287368297369
30515231016532284F33000034000735030536000537736638353E39353F
4076364100054 2588043000745000045505646000247736148353949346C
50561751017252661653263154111055852F560003573607 587 36F591539
402101561 76076 2800063004164 1003651 C0E66 1 4056 73406 6B000E69Q00F

Fig. 4 — LI0SAT-QSCAR 11 checksummed tefemetry sampie. This is
the mast common format transmitted to date, but other formats are

possible during data collection for and after attitude maneuvars.

quality cassette tape recorder, with the help
of a discriminator meter and an audio-level
meter, should pose no problems. Even
though you may wish to place the data
directly into memory, the cassette tape pro-
vides an excellent backup in case you run
into problems. If you decide to use the
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Fig. 5 — Flowchart of the UoSAT-OSCAR 9
telemetry capture and analysis system used at
N5SAHD.

computer to capture the data as you receive
it, you may have to spend some time re-
ducing computer RFI 50 your receiver will
operate properly.

To capture UO-9 data, the following
steps are required:

1) Audio is fed to the modem directly
from the receiver or from the audio tape
player. When recording, be sure the audio
fevel is not too high. Even though the
limiter circuits in commercial modems are
good, it would not hurt to pay some atten-
tion to impedance matching. You should
check to see if the 2400-Hz tone is much
lower in level than the [200-Hz tone; you
may have to pick up the audio just after
the discriminator rather than at the speaker
leads.

2) The modem output is connected toa
serial input port of the computer. The
physical connections are defined by the
RS-232-C standard.

3) Software that will accept the signals
from the computer serial pert and store the
data in memory must be written (or
obtained). This software must also be able
to save the captured data in a file on an ex-
ternal storage device, such as a floppy disk.

4) The computer must have an external
ata-storage device (disk drive or cassette
tape). This way, the data-analysis programs
cann process the data without having to
make the conversion of analog (audio}
signals into digital signals again.

The Data-Capture Problem

The time it takes the computer to process
a single character must be less than the time
it takes for the next character to arrive.
With data arriving at 1200 bauds, it is
usually necessary to write the capture
program in the computer’s native language.
This means writing in assembly language
for, say, the Z30. Even if the computer’s
BASIC interpreter allows access to serial
ports, BASIC probably will not be fast
enough to process data at 1200 bauds.
Rather than attempting to teach assembly
language programming, I’'ll show
flowcharts tor the data-capture program.
There will be an explanation of these later.

Serial Ports and Operation
A data “*port” can be thought of as a
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mechanism by which the microprocessor
has access to the data presented. It is a com-
bination of hardware and software.

Serial transmission and reception is a
mode in which one bit at a time is sent or
received. Since information is transferred
bit by bit, the receiver must know the rate
at which the transmitter is sending. In this
case, the satellite is the transmitter and the
receiver is the computer. If the satellite is
transmitting at a rate of 1200 bits per
second (bit/s or 1200 bauds), the computer
must check for incoming bits at the serial
port at a rate of 1200 bauds.

A modem is a modulator/demodulator.
In this application, the modem changes
audio frequency shifts picked up at the
radio receiver into different voltage levels
to be sent to the computer serial port. The
voltage levels should be in accordance with
the RS8-232-C standard.

Some microcomputers are supplied with
serial ports. Check your hardware manuals
to see if a serial port is available. You may
be able to use the printer port if it is a serial
type. If you need to purchase a serial in-
terface, you can generally find them adver-
tised in many microcomputer magazines.
Two interfaces I have used are the
Cromemco TUART and the Solid State
Music 10-4. Both of these have two serial
and two parallel ports on a card that plugs
into an S-100 bus system, You can also pur-
chase serial interfaces for the Apple® 11
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Fig. 7 — [nitialization pricr to raceiving
telemetry data.

and Radic Shack TRS-80® microcom-
puters. Radio Shack model IIT and IV com-
puters purchased with two disk drives
probably alceady have a serial port. The
TRS-80% Color Computer also has a serial
printer port.

About Modems

Where do you get a modem? You have
two choices: Build one, or purchase one.
The schematic diagram for a simple
demodulator is shown in Fig. 6.

If you purchase a modem, be sure it is
a Bell type 202 modem and not a 212 type.
The type 212 modems are popular for
1200-baud transmission over telephone cir-
cuits, but do not operate on the proper tone
frequencies for this application, nor do they
use FSK at this data rate. Type 202 modems
show up from time to time as surplus items,
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Fig. 9 — Qperator communications routine. —

so keep your eyes open for them.

Connecting the Modem and Serial Port

Once the modem and serial interface are
on hand, simply connect the serial output
of the modem to the serial input of the
computer. Only two wires are required: one
for data, and one for signal ground. If you
have trouble getting data through, the
transmit and receive data lines (pins 2 and
1 on the DB-25 connector) might need to
be reversed. This is because the RS-232-C
specification defines two types of equip-
ment configurations: data terminal equip-
ment (DTE) and data circuit-terminating
equipment (DCE). Since these are com-
plementary ends of a circuit, the signals will
be reversed at one end. Also, there may be
modem signal lines that have to be per-
manently wired to a logic low or high level.
‘This is because modems control data going
in both directions. For our work, the
modem needs to be in the receive mode.

All of this may sound complicated, but
you will likely find & description of the
signals in the modem documentation.
Sometimes there are switches inside or on
the rear of the modem that change the con-
figuration of some of the signals. If you
happen to have a modem that has switches
or jumper positions for full-duplex or four-
wire operation, you shouid enable these
options.

Software Interface to the Serial Port

Rather than trying to explain the opera-
tion of a Z&0 (or other) assembly language
program, 1 have divided the functions
needed to process serial modem data into
separate routines. Flowcharts for these
routines are included. Here is a list of the
necessary functions and some brief com-
ments about each.

Initialization Prior fo Reception

The initialization routine (Fig. 7) must
set the operational characteristics (such as
the data rate and word length) of the serial
port. It is possible that these items are not
software programmable, but are hard-
wired on the interface. The pointers to the
internal received-data buffer must be
initialized. If vou are detecting received
data via interrupts, the proper interrupts
must be allowed (unmasked), and the
proper interrupt mode for the processor
must be sp