.o-"

‘The Space Shuttlgﬂlpolumbra'roll’ut

- Are. you~ready‘ for STS9?




Take vour choice. The world famous 2K Desk

Classic, 2K Console Classic and 3K Console

Classic HF amplifiers speak for themselves. Now

to complete your range of choice, the superb new -

1002-A and 2002-A for 146 MHz and the 1004-A =

and 2004-A for 440 MHz.

Now a veritable cornucopia of superb amplifiers.

Just make your choice!

2K Classic...the culmination of more than tifteen years of devetoping the 2K series into the world
famous line that sets the standards for top quality HF linears. A true "workhorse"; built to ioafalong at
full legal power, trouble {ree, for vears of hard service Operates on all amateur bands, 80 through 15

meters {export models include 10 meter}.

2K Clagsic “X7...We can’t think of any way to make this magnrificent
2000 watt amplitier better. Rugged...durable...the last amplitier you
may aver need to buy.

2KD Classic,..a dJdesk
model designed to
aoperate at 2000 watts
effortiessty. using two
Eimac 3-500 Z giass
envelope triodes, a
Pi-L. plate circuit and a
rotary silver plated
tank coil. We challenge
you to find a better dask mode! for even a thousand dollars more.

3K Classic...uses the superb Eimac 8877 tube. More than 13db gain.
We believe the 3K to be the finest amateur linear availabie
anywhere .. the amplifier ot every amateur's dreams.

Henry amateur ampiifiers are available from select dealers

throughout the LS. and are being exported to amateurs all over the |

world. Henry Radio also uffers a broad line of commercial FGO type
accepted amplifiers for two way ¥M communications to 500 MHz, as
well as spectal RF power generators for industrial and scientific
usars. Call or write Ted Shannon or Mary Silva for full information.

Wa stock these plus many other fine names:
AEA » ARGO « ASTRON » 8 & K » BIRD »
COLLINS « GONNECT-SYSTEMS «
CUSHCRAFT « DRAKE » FIMAG » HAL »
HLISTLER » HY-G3HAIN » [COM « KENWQOD »
LARSEN » NYE » ROBOT « YAESL

2002-A...a bright new
rework of our popular
2002 2 meter amplitier.
Uses the new Eimac
BCKBOGAT. The RF
chassis uses a % wave
length strip line design
for extremely reliable
approach. [t provides
2000 watts input for
558 and 1000 watts
input for CW. Berause
this tube is rated at an unheard of 15dB gain, only about 25 watts
drive is required for full output,

2004-A is identical to the 2002A except that it is set up for the 430 to
430 MHz band. This amplifier will use a *» wave strip line and offer all
ot the same specifications as the 2002A. This will replace our imited
production 2004,

1002-A A 7 meter amplitier with the same design as the 2002A,
except using one 8874 tube tor vz power spegifications. Rated at 600
watts PEP output and 300 watts continuous carrnier output. [t
amploys the same strip tine design as the 2002A.

1004-A...4 half-power version ot the 20044, Will cover the 430 to 450
MHz band using a ¥ wave strip line design,

&

2050 S. Bundy Dr., Los Angeles. CA 90025
931 N. Euclid, Anaheim, C
Butter, Missoun 64730

213} 820-1234
92801 (714) 772-9200
{816 679-3127

TOLL FREE ORDER NUMBER: (800] 421-6631 For ali states except Calitormia, Calit, residents please sall collect an our reqular numbers,
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HAL is proud to announce the ARQ1000 code converter. This terminal not only supports the AMTOR amateur codes, but
meets ALL of the commercial requirements of CCIR Recommendation 476-2. The ARQ1000 can be used with present and

previous generation HAL RTTY producis. In fact, any Baudot or ASCII full duplex texminai at data rates from 45 to 300
baud may be used with the ARQ1000. Some of the cutstanding features of the ARJ1000 are:

* Send/receive error-free ARQ, FEC, and SEL-FEC modes s [nterfacing for ioop, RS5232, or TTL.1/0

» Automatic listen mode for ARQ, FEC, and SEL-FEC « “Handshaking” contrel for printer and keyboard or tape

* Meets commercial requirements of CCIR 476-2 * Self-contained with 120/240V, 50/60 Hz power supply
¢ By-pass mode for normal RTTY without changing cables + Cabinet matches style and size of CT2200 and CT2100

* Programmable ARQ access code. SEL-CAL code and WRU ® Table or rack mounting

* Programmable codes stored in non-volatile EEPROM * Built-in DM170 modem option available

* Keyhoard control of normal send/receive functions * Encryption opt on available for commercial users

* 30 Front panel indicators and 11 controf switches ® 8lavx 177 [ A

The ARQ1000 is commercial-quality equipment that will give you the outstanding performance you expect from a HAL
product. Write for full detalls and specifications of the ARQ1000.

By popular request — the new CT2200. Qur slogan is “When Qur Customers Talk, Wi Listen” — and we !aue' been listening.
The CT2200 includes these often requested features:

* New AMTOR connections for use with ARQ1000 * Expanded HERE IS storage for a total of 88 characters
* Keyboard programming of all 8 *brag-tape” messages * Non-volatile storage of HERE IS, "brag-tape,” and SEL-CAL code
¢ Programmable selective call code o B 177 LY

All of the proven CT2100 features are reiained, Some of these features are:

® Tuning scope outputs {(a MUST for AMTOR) * Built-in demodulator for high tones, low tones, “103", or 202" modem tones
36 or 72 character display lines ® 2 pages of 72 character lines or 4 pages of 36 character lines » Split screen o full screen display
* Baudot or ASCIL, 45 to 1200 baud » Full or half duplex * Morse tode send/receive at 5 to 99 wpm ¢ Send/receive loop
connection ® Automatic transmit/ receive control (KOS) * Audlo, RS232C, or Loop1/0 » On-screen tuning and status indicators
* Clearly labeled front panel switches, not obscure keyboard key combinations ® Separae convenient lap-size keyboard e
Internal 120/240, 50/60 Hz power supply * Attractive shielded metal cabinet

In addition, an update kit is availabie so that all CT2100 owners can update their CT2100's to include CT2200 features.
The kit even includes a new CT2200 front panel! Rather than making a proven product obsolete, HAL put even more
behind the buttons. Pick up a CT2200 at your favorite HAL dealer and join the RTTY fun. Write for our full RTTY catalag.

HAL COMMUNICATIONS CORP.
Box 365

Urbana, IL 61801 (217) 367-7373
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sccnning functions,

~ The new IC-02A has boﬁery
lock, frequency lock, and lamp
onjoff switfch, An
aluminum case
back is
provided

IGOM's IC-2A(T) continues to be
avaitable..and ifs compieta line
of accessories work with the
naw [C-O2A.

The IC-02A comes standard with BP3 NiCd
battery pack, BC25U wall charger, flexible
antenna, wiist strap and belf clip.

eWr System

ICOM Ameticn, Inc, 2112-116th Ave NE, Bellevise, WA 98004 (206)454-8155 / 3331 Towerwood Drive, Suine 307, Dallas, TX 75234(214)620-2780
All srared specifications are approxenate and subject to change without natice or obligation. Al ICOM radios significently exceed FOC regulations limiting spurlous emisdons.  2AT983
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BOOMERS WIN
1983 Cantral States VHF |
Conference, Antenna Contgst ™

144MHz BOOMER  1stPlace

. . " 2nd Place
220MHz BOOMER 1st Place
432MHz BOOMER 1st Place

Commercial |

SPECIFICATIONS AND FEATURESH

4248;
424-435 MHz, 7.6, gain *maximized, FiB ratio

“excallent, beamwidth 19° tangth 17.42 4 5.2 m.

4108:

A24-435 MMz, 2.2A, gain *maximized, F/B ratio
*axcellant, beamwidth 33%, length 6 1, 1.83m.

HI6TB:
428438 Mz, Girgular Polarization 22A gain

*maximized, FIB *excelient, beamwidth 34,
tength 6.7 {t. 203 m.

MORE BOOMER NUMBERS

3218 44-4¥6MHz 19 eloments
148 144146 MHz 14 elements
214FR 155148 MHz 14 elements
2209FB  1455-148 MHz 28 elements
220B  220-223MHz 22 elaments
§17-68 50-51 MHz & efements

"estimated average retail price

*Gain and F/B ratio cannot be published in QST.
Thay are included in Cushcraft specification
sheets and other pubtications.

They have talikad to winning scores in many impor-
tant amateur activities Inciuding the 1979, 80, 81
June VHF contests, 1981 Central States antenna
measuring contest, 1981, 82 EME contests, 1982
Rocky Mountain antenna measuring contest and
many more. Now there are three new numbers the
424B, 24 eleménts for 432 MHz; the 4108, 12 1
elements at 432 MHz; and the 416TB, 16 elements .
at 435 MHz fér satellite communications,

The new Booiner models feature insulated
elements, stanless steel hardware, N type connec-
tor, T match feed and trigon reflectors.

OSCAR BOOMERS

Enjoy the thrill of OSCAR 10 with a
Cushceraft antenna system, featuring the
fabulous 416TB BOOMER, giving maore per-
formance through better electrical design
and superior censtrction.

Crder a complete package as shown leit:
416TB, A144-20T and A147T-MB, For less than
5200.00* you'll enjoy the thrill of worldwide
GSCAR communications.

ALEADER FOR OVER 30 YEARS

cushcraft

CORPORATION

THE ANTENNA COMPANY TELEX: 953050

48 Perimeter Road, PO. Box 4480 CUSHSIG
Manchester, NH 03108 USA .
November 1983 5



160~6-m 2 KW SWR/PEP-POWER Meter
Up to 3 separate directional couplers may be connected,
[Crie SWC-3 is supplied.] Optional couplers:

SWC-2 (2-m/TO-cm, 200 W) & SWC-3 (160~6-m, 2 KW),

Micro Headphones (16 Q)

Ultra light weight and portable
ear-fitting headphones supplied
with two audio adaptor plugs.

"m\"»‘\ o

Dii-51

700 k¥Hz-250 MHz Dip Meter
All solid-state and built-in batterv.

NIC-85
Multi-Function Desk Top Micro-
phone (8-pin)

T30 4@ Unidirectional Electret Con-
derser Mic. Built-in mic-amp with
output and tone control, meter,
XCVR selector and UP/DOWN
switch. Optional mic cables:
P34 3 (4-pin), PG-4E [6-pinj &
PG-4F (B-pinl.

MC-80

(8-pin)

8p-6ipl.

SP-50

Speaker

Mﬁagg {8P/5P)

Mobile Microphone (8-pin or
6-pin)

700 Q Electret Conderser Mic.
with flexible boom, und separate
STAND-BY box built-in UP/DOWN
switch and 5 minute Time-Out-
Timer.

Desk Top UP/DOWN Microphone

700 @ Unidirectional Electret Con-
derser Mic, with “FLEX" typé
boom. Built-in mic-amp and UP/
DOWN switeh., Optlonal mic plug .
adaptors: MdJ-84 (8p-4p) & MJ-86

High Quality External Mobile

TL-822A

160~15-m 2 KW PEP/1 KW DC
input Linear Amplifier

Pair of EIMAC 3-500Z tubes and
excellent IMD characteristics. Per-
fect safety protection with blower
furn-off delay circuit.

o)
WiA-4000
2-m/70-cm Dual-Band
Mobile Antenna
B/8A  dB gain tor 2. m and
stacked 5/8 A !dB gain for

70-cr., Duplexer 1s supplied.

PO-1A

Phone Patch (FCC Part 68
registered)

e F5 #3575
EM-220

Station Monitor/High-
Performance Oscilloscope
Pan-display capability with
aptional BS-8 {for TS-8305/8205/
1B0SY or BS-5 (for T8-520 seriest.
Transmitted waveforms and/or
receiving signal waveform moni-
tor. Built-in 2-tone generator.

KENWOOD

TRIO-KENWOOD COMMUNICATIONS
1111 West Walnut, Comptc_)n, Calitornia 80220

SW-100A/B

A:160-m~2-m. B: 2-m ~70-cm.
150 W SWR/POWER/VOLT Mete
Compact design with separate
enupler, ideal for mobile use,
Built-in 0-20.V volt meter.

MICROPHONES:

¢ MC-80A Deluxe desk top mticro
phone with UP/RDOWN switch,
18-pin] Pre-amplifier. 500/900 Q

* MC-80N4 Deluxe desk top
microphone (pre-amp. not
included). (4-pinj 50 k/500 G

« MC-50 Desk top microphone,
50 k/500 & (4-pin]

* MC-48 16-key autopatch UP/
DOWN microphone. (8-pin)

* MC-486 16-key autopateh UP/
DOWN microphone. (6-pinl

* MC-42% Hand microphone with
LIP/DOWN switch. (8-pin)

*« MC-358 Noisc-cancelling hand
microphone, 50 k @ (4-pin}

* MC-308 Nolce-cancelling hand
microphone, 500 Q (4-pin]

MICROPHONE CABLES:

* PG-4A/4B/4C For MC-60A/
BON4. PG-4A(4-pinl/4B(6-pin)/
-lCIBApiﬂ]

« PG-4D/4E/4F For MC-85. PG-4]
(4-pin)/4E16-pin}/4F(8-pin)

MICROPHONE PLUG

ADAPTORS:

* MJ-48 (d-pin mic to B-pin
XCVRI

* MJ-84 (5-pin o 4-pin)

» MJ-86 (8-pin to B-pin)

HEADPHONES:

« H8-6 Lightweight headphones

« H8-5 Deluxe headphones

* H8-4 S{andard headphones

(rENERAL PURPOSE AC POWE]

SUPPLIES:

* KPS-74 13.8 VDC, 7.5A
intermitient

« KP5-12 13,8 VDC, 124
intermittent

* KP8-21 13.8 VDC, 21A
intermittent

ANTENNAS:

* RA-3 2 m 3/8 A Telescuping
antenna with BNC vonnector

* RA-5 2-m 1/4A /70-cm 5/8 A
Telesroping dual-band antenna
with BNC connector

(ither accessories:

* RD-20 Dummy lead, 50 @,
DC-500 MHz, 50 W intermittent

* 8P-40 Comparct external mobile
speaker

* AL-2 Lighining & static protec-
tar, 50 & | KW olatput

* PG-3A DC line noise filter for
mobile

EERVICE MANUALS:
» Available for most transcelvers,
receivers, and major accessories

NOTE: Prices and speciflcations
of all Trip-Kenwood products
are subject to change without
prior notice or obligation.



The TS-83085 has cvery
conceivable operating feature
built-in for 160-10 meters
(including the three new bands).
1t combines a high dynamic
u.u.ig.n e with variable bandwidth
g {VBT), IF shift, and an
iF notch filter, as wefl as very
sharp filters in the 455-kHz
second IF,

TH-H308 FEATURES:

* LSB, USB, and CW an 160-10
meters, including the new 10, 1%,
and 24-MHz banuds,
keceives WWV on 10 MHz,

“Top-notch”...VBT notch, IF shift, wide dynamlc range

* Wide recelver dynamic range,
Juntetion FETs in the batanced
mixer, MOSFET RF ainplifier at
low level, and dual resonator for
cach band,

* Variable handwidth tuning
(VBT). Varies IF filter passband
width,

* Notch tilter high-Q) active circuit
in 455-kHz second IF.

* IF »hiff {passband boningj,

* Noise-blanker threshold
level controi.

* Built-in digital display,
tfhuorescent tube), with
analog dial.

* 51468 {inal with RF negative
feedback. Runs 220 W PEP
{(88BI180 W DC [CW! input on
all hbands.

« Built-in RF speech processor,

* Narrow/wide filter selection
un CWw,

* 55B monifor cireuit.

* RIT and XIT Hransmitier
incremental tuning.

Optional accessories:
. f-'il"~230 external speaker.
YF0-230 external digital VFO
with five memeories, digital
display.
* VF(3-240 external analog VFO,
* AT-231 antenna tuner,

* Y(+4B5C (500 Hz) or YG-4550N
(250} H2) CW filter for
455 kHz IF,

* YE-88C {500 Hz} or YK-88CN
[270 Hz} CW filter for
8.83 MHz [F.

* KB-1 deluxe heavywelght knob,

“Cents-ationai”...IF
shift, digital dispiay,
narrow-wide filter switch

The T'5-5308 SSB/CW
transceiver covers 160-10 meters
using the latest, most advanced
circuit technology, yet at an
affordabie price.

TH-5308 FEATURES:

s 180-10 meters, LSB, USB, (W, all
atiateur frequencies, including
new t0, 18, and 24 MHz bands.
Keceives WWV on 10 MHz,

<« 1F shift tunes ol interfering
wignals.

fluorescent tubes, with
analog dial.,

= Narrow/wide filter selecior
switch for CW and/or 858,

* Built-in speech processor, for
increased tulk power.

* Wide recciver dynamic range,
with greater immunity to
averload,

* Two 61461's in final, allows
220W PEP/180 W DC input
on all bands.

* Advanced single-conversion

PLL., for hetler stability, improved

spurious characteristies,
+ Adjustable noise-blanker, with
front panel threshold conirol.

* Buill-in digital dlsplav €qrx digits,

* RIT/XIT tront panel control
Allows independent fine-tuning
of receive or fransmit
frequencies.

Optional accessories:

* SP-2:30 exterral speaker with
scelectable andio filters.

* VF(-240 remoie analog VFO.

* VFO-230 remote digital VFO.

* AT-230 antenna tuner/SWR/
power meter,

* MC-50 desk microphone

* KB-1 detuxe VFO knob.

* YR-88C (500 Hzl or YK-880CN
(270 FHz) CW fifter.

* YR-RESN (1.8 kHa) narrow
551 filter,

The TS-660 “QUAD BANDER"
covers 6, 10, 12, 15 meters.
* FM, 558 {1ISBI, CW, and AM
» ual digital VEO's
» Nigital dtqplav
» If' shilt built-in
* 5 memories with memory scan
* UP/DOWN microphone
* All-mode squelch
* Noise blanker
© (W semi break-in/sidetone
* [0 W on S8B, CW, FM;
4 W on AM,
Optional accessories:
* PS-20 power supply
* VOX-4 speech prucessor/ VOX
* 5P-120 External gpeaker
» MB-100 Mobilc mount
* YK-88C, YK-B8CN CW filters
* YR-88A AM filter,

KENWOOD

TRIO-KENWOOD COMMUNICATIONS
1111 Wast Walnut, Compton, California 80220
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“It Seems to Us...~

Gear That’s Not Too Dear

““You guys really take the cake. You talk about
how we need more young people in Amateur

Radic, and how it’s a worthwhile and rewarding -

pastime for kids — how it can lead to a successiul
career. But the price tags on that fancy equip-
ment in the QST ads are enoungh to make 2
regular wage earner blanch, et alone a kid whose
most valuable asset is a bicycle that probably
came from Mom and Dad. 1f you think there’s
a place in ham radio for a voungster whose
parents aren’t well-heeled and inclined to buy ex-
pensive gadgets for their offspring, or who
doesn’t already have a ham in the family, take
another. look at the evidence in the back of your
own magazine,”’

True? Some of our correspondents, and sotne
members we've talked to at hamfests and con-

ventions, seem to think so. And the comment -

does have some superficial validity: A lot of the
gear that’s advertised in QST /s expensive. But,
hasn’t it always been that way? When we started
out, be it §, 10, 20 or 50 years ago, how many
of us went out and bought top-of-the-line gear
in factory-fresh cartons? The answer is, darned
few. We scraped together whatever station we
could afford, got on the air and went from there.
Maybe we didn’t work DXCC the first month,
but who cared? Just managing to make a con-
tact, even just across town, was thrill enough.

Even today, thousands of hams get great
satisfaction from & total investment of a couple
of hundred dollars. Digital readout, memories,
instant bandswitching, linear amplifiers, towers,
beams and computer interfaces are all nice to
have, but are no more necessary for a beginner
than is a Maserati for a student driver. Most
16-year-olds will consider themselves lucky to pet
a secondhand Chevy Nova for their first car —
cven though you won't see them advertised in
Road and Track. Why should entry into
Amateur Radio be any different?

For some reason it's being seen as different,
and we — the Amateur Radio community — are
going to have to change that. We have to call
more atteation to the fact that at the receiving
end of a radio circuit, it doesn’t make the
slightest difference how expensive or fancy is the
rig at the transmitting end. A watt is a watt,
whether it’s generated by a rig that’s older than
the operator or by the latest marvel of solid-state
technology, Most of the new features in transmit-
ting equipment add to aperator convenience, not
to communications effectiveness., And, while
receivers have improved a lot in recent years,
except in the most difficult or competitive cir-
cumstances almost any communications recejver
will do pretty well.

In 200 Meters and Down, Clinton B. DeSoto’s
classic 1936 history of the early days of Amateur
Radio, one of the most inspiring stories is of a
17-year-old in a poverty-stricken family who, in
1920, put together a complete station for phone
and cw by building everything himself, from bits
and pieces discarded by others, right down to the
vacuum tubes (he built his own vacuum pump
50 he could fabricate his own tubes from test
tubes and bits of tungsten wire)! DeSoto’s com-
mient; **His was the spirit that has made amateur
radio,”” It's probably too much to expect that
someone would go this far to get on the air

today, but it isn’t beyond reason to hope that
someone who is truly interested in Amateur

~Radio would at least be willing to scrounge a

““first rig.’”” Some of the most valuable learning
experiences can come from one’s efforts,
however frustrating, to get that first station up
and running, On that, this writer (and thousands
of others) can speak authoritatively, from
experience!

Okay, say you're a brand new Novice with a
fimited budget. Where should you look for good,
inexpensive used gear? A good place to start is
the local radio ¢lub. Some clubs will arrange a
“‘loaner”’ rig for a new ham who participates
actively in club affairs and who could not other-
wise get on the air. If not, some club member
may be able to help. Most hams have a couple
of old rigs stored away, usually because the rig
was thought to be worth more as a backup than
as a trade or for resale. Often they will be will-
ing, for a reasonable price, to part with a piece
of gear that they wouldn’t have bothered to
advertise. Let people know that you’re looking!
Usually, if they see you're enthusiastic, they'1
be glad to help you find something. Lots of
good, serviceable equipment shows up at flea
markets, swap meets, hamfests and club-
sponsored auctions, too. The bargains don’t last
long — pian to get there early! Also, it pays to
know something about older gear; a couple of
hours spent leafing through old copies of QST
fevery club has at least one member with a
30-year accumulation) will tell you, from the ads
and the Product Review (formerly Recent Equip-
ment) columns, what you should be looking for.

One thing we don ' recommend to the rank
beginner is QRP (10 watts or less). Your first
antenna is likely to be a simple affair, of a plece
of wire and a couple of insulators, and this, com-
bined with a lack of experience, is going to pro-
vide enough of a challenge. Once you have some
experience under vour belt, you may find, as
have thousands of others, that you derive more
satisfaction when operating within self-imposed
power limits than when using the **full gallon.”
But, get the experience first.

If your budget can stand a bit more, say, $500
or 50, you'll find that there are fots of good, used
transceivers around that are no more than a few
vears old. The reason is that some of the
manufacturers have been introducing new
models with more features than the old, at lower
prices! This is great for the ham searching for
a bargain, but not so good for the resale value
of the equipment that’s aiready in someone’s
shack. There was a time when you could buy a
piece of gear and expect it to retain its value for
several years; today, this is more the exception
than the rule.

Above all, when you're pulling together the
bits and pieces for that first station, be willing
to learn and have fun! Half the joy of a new ex-
perience comes from the anticipation, so don’t
be in too much of a hurry.

Whether it’s made with a rig you’ve scrounged
or with one right out of the carton, you'll
remember your first contact for the rest of your
life - and if you don’t believe it, there are about
4 million hams in the world who will be glad to

" tell you about theirs! — David Sumner, K1ZZ
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League LineS...

Late word from NASA! For U.S. stations, STS-9 ham radio operations will be as follows: DPr.
Garriott will transmit on 145.55 MHz, with 145.53 or 145.57 as backup. He will listen only to
144,91, 144.93, 144,95, 144.97, 144.99, 145.01, 145.03, 145.05, 145.07 and 145.09 MHz.
Remember: These are the U.S. irequencies, and only these frequencies will be monitored. He
will not be listening on his fransmit frequency. W5LFL will transmit for the 60 seconds of each
even minute and will sean the 10 receive channels for the 60 seconds of each odd minute. (Set
your clock to WWV.) When calling, say "Columbia W5S5LFL" only once, followed by your call several
times.

Detailed analysis of the STS-9 timeline dictates some changes to the proposed operating
schedule. For operation to be possible, Dr. Garriott must be off-duty and awake and the
Columbia must be in the right attitude (192 attitude maneuvers are scheduled for STS-9). Here
are the orbits that are most probable for operation.

REV (orbit) Mission Elapsed Time Area
Ascending

48 2 days 21 hours 58 minutes to 22 hours 13 minutes East Coast
43 2 23 27 23 42 East to Mid-U.S.
84 3 21 47 22 02 East Coast

80 4 21 36 21 51 East Coast

96 5 21 25 21 40 East Coast
112 6 21 13 21 28 East Coast
113 8 22 42 22 57 East to Mid-U.S.
129 7 22 29 22 44 East to Mid-U.S.
Descending _

56 3 10 10 10 40 Alaska, West Coast,

South Ameriea
Remember, these are only the "possible" operating times based on the "nominal" flight plan.
Cheek WI1AW bulletins for late news. Other sources of late-breaking news on changes in operating
times are WSRRR (28.6, 21.37, 14.28, 7.23 and 3.85 MHz), Electra/Bearcat (1-800-Scanner) and
Westlink's Hollywood number (213-465-5550). Good luck!

Ham-in-Space Info Line: For more information about the W5LFL/STS-9 flight, eall 203-666-0688
anytime for the duration of the mission.

The deadline for submitting footage of hams working STS-¢ for inelusion in the second
("timeless") version of the "New Frontiers" videotape i3 November 17. We need broadeast-
quality, 3/4-inch U-matic cassettes. Send the tapes to STS-9, Public Information Office, ARRL
Hq. All submissions must be sccompanied by a release form from the TV station shooting it.

Plagued by the CATVI bug? Please take a minute to jot down your experience in 2 note to ARRL
Hq. Your input will help us keep tabs on this national problem. We, in turn, will provide
materials to support your local efforts. Cable television interference complaints should be
submitted to Richard Palm, KI1CE, at Hq.

The League will publish a special Antenna Compendium in May 1984. Potential contributors of
unpublished papers on any aspeet of Amateur Radio antennas are invited to send a one-page,
double-gpaced abstract to Paul Rinaldo, W4RI, at Hq. Authors will be notified of acceptance and
provided preperation guidance. Deadlines are December 2, 1983, for sabstracts, and March 15,
1984, for manusecripts.

ARRL is looking for volunteers for its new ARRL Interference Reporting System (AIRS). Please
see the article in October QST, pp. 54-55. Write to ARRL Hq. for an application form.
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The personal computer industry is en-
joying a booming business, No matter
where you go, talk of computers is bound
to come up. There are many who would
like to own a personal computer, but feel
out of place in a computer store and are
batfled by computer lingo. The following
information should help you understand a
littile more about computers.

Buzzwords

‘The personal computer industry is a spin-
off of scientific and industrial efforts
spanning four decades. One result of this
historical background is a plethora of buzz-
words used to describe or explain a com-
puter or peripheral device operation. To
converse in the computer world, a
vocabulary of *‘computerese’” must be
developed. The accompanying computerese
mini-dictionary is by no means complete,
but should provide you with the basics of
computer jargon.

tAdapted from Personal Computer, a
Combustion Engineering corporate technology
newsletter published by the Electronics
Technology Applications Center, Combustion
Engineering, Inc., 44 South 122 Fast Ave.,
Tulsa, OK 74128, The individual articles
were writtan by several C-E employees as
an internal newsletter for the benefit of
the corporation.

Bit — a unit used to describe the smallest
active element in a computer operation. A
bit can have one of only two values, 1 or
0. These two binary values can be used to
represent logical conditions (1 = true, 0 =
failse), physical states (1 = on, ¢ = off) or
actual quantities of 1 and 0.

Byte — a group of eight bits used as a
single unit to express a value within a com-
pruter operation. Since a single bit can
represent two values, 0 and 1, if bits are
in groups of eight, they could be used to
express numbers as powers of 2. If we line
these eight bits up in descending powers of
2 as in Fig. 1A, we can see that if we give

- each bit a value of 0 that the resultant byte

would look like that of Fig. 1B and have
a value of 0. This is the minimum value of
the byte. If we then replace all the 0 bits
with values of 1, then the byte would look
like that of Fig. 1C. It would have a value
of 21 + 26 + 25 + 24 4+ 23 4+ 22 4 21 4
20 = 255, which is the largest value of the
byte. By altering the proper bits in a byte,
values from 0 to 255 can be expressed.
The most common use for the term byte
is t0 express the memory size of a com-
puter, Most personal computers operate on
eight-bit values, and thus store quantities
in their memory as bytes. Generally, per-
sonal computer memories range in size
from less than 1024 bytes to as much as

The
Personal

Computer

bPart 1: Has the desire

to acquire a personal

computer struck you?

Are you baffled by
“computerese”?

Perhaps the following

information will help
you avoid making
a costly mistake.

64,512 bytes or more. The term “kilo” is
often used to shorten the expression of size
to 64 kilobytes or 64 K.

Baud -- a unit generally used to express
the rate at which data bits are moved in a
serial manner. For personal computer use,
1 baud = 1 bit/second. Common signal-
ing rates encountered in personal com-
puting range from 110 to over 19,200
baunds,

BASIC — an acronym for Beginner's
All-purpose Symbolic Instruction Code.
Perhaps the most common personal-
computing programming language, the
original BASIC language was developed at
Dartmouth to aid in teaching students com-
puter programming. The use of BASIC
heips remove the programmer from
worrying about how the computer handles
the manipulation of bytes and bits at the
machine level, and allows the programmer
to concentrate on the task to be performed.
Virtually all personal computers offer some
form of BASIC as their primary program-
ming language. Most of these BASIC im-
plementations are extended or modified
versions of the Dartmouth standard ver-
ston. Programs written in one BASIC

'Notes appear on page 14.
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dialect can generally be made torunon a
different machine with another version of
BASIC if special extensions and machine
dependent statements are avoided.

BASIC can be self-taught, and many
good BASIC programming books are
available. As with any programming
language, you have to know what you want
to do and kow fo do it before BASIC (or
any other programming language) can be
made to solve problems.

CP/M® -— an acronym for Control
Program/Microcomputer. This control
program was developed by Digital Research
Corporation of California to provide a disk
operating system for microcomputers.
CP/M has become the de facto standard
for eight-bit microcomputers based on the
intel 8080 microprocessor or the Zilog Z80
microprocessor. CP/M provides full file
management and interface abilities for
custom machine enviromments. Some ver-
sions are now available to run on non-8080
or -Z80 systems, There are several hundred
programs commercially available that will
run under CP/M, including over 15 dif-
ferent BASIC dialects.

Cassette -~ 4 magnefic-tape storage
device used by some personal computers to
save programs for future use. Most
cassette-based systems store data on the
cassette at speeds of from 300 to 1200
bauds. This means that a typical program
of 4 K in length (4000 x 8 bits = 32,000
bits) would take 106 seconds to load into
the computer at a rate of 300 bauds and
27 seconds at 1200 bauds. This is not too
fast, but much better than reentering an en-
tire program by hand each time you want
to run it!

Many personal computers that use
cassette storage can use a standard audio
cassette recorder in the 340 to $100 price
range and moderate-quality audio cassetie
tapes for data storage. Cassette systems do
not generally have supervisory programs
that provide a directory of the programs
contained on the tape, so you must keep
track of what is on each cassette.

Disk -~ a magnetic media device that
allows storage of programs for later use.
The mediwm for use in a disk drive is called
a diskette and is often referred to as a flop-
pv disk since it is quite flexible and looks
like a very thin phonograph record.

There are three disk sizes in use on per-
sonal computers: 5% inch, 8 inch and a
3%4-inch version that is gaining in
popularity.® A typical 5% -inch diskette can
store about 81 K of data or program
material, and some special formats can
store up to 300 K. The rafe at which data
can be stored is much higher with a disk
unit than with a cassette tape. A typical
transfer rate for a 5%-inch disk is 125,000
bits/second or 125k bauds. To load a 4-K
program would take about 4 of a second
for the actual transfer. (This doesn't
include the various mechanical delays
and processing overhead time to put the

12 o5k

27 2% 2% p4 23 pi gl 20

Fig. 1 — At A, bit positions and their respec-
tive powers of the base 2, A byte value of 0 is
reprasentad in B; the maximum byte value of
255 is depicted at C..

data away in memory.}

An 8-inch diskette can store about 140 K
of program material and some special units
store over | million bytes! The transfer rate
for data is also faster, about 250k
bits/second.

Density — a term generally applied to the
method of recording data on a diskette.
Single density (SD) is the most common
format available to the personal-computer
user. For a S¥-inch disk, this works out
to about 80 K per diskette; for an 8-inch
disk, about 240 K. Double density (DD) is
roughly twice the storage capacity of single
density providing about 160 K on a
5ta-inch diskette or 500 K on an 8-inch
diskette. Quad density is actually a
misnomer. It is usually a special disk drive
that can use both sides of a double-density
diskette, thus providing 330-360 K for a
§Vi-inch disk and over | megabyte for an
8-inch disk.

Format — a term related to the method
of storing data on a diskette. The generally
accepted “‘standard” (waich out for the use
of this word) was adopted from IBM® .
For single-density systems, it is generally
patterned as follows:

A) The diskette is divided into concen-
tric circles called tracks, usually likened to
grooves on a phonograph record. Each
track has a unique position relative to the
center of the diskette. Each track is given
a number or gddress to represent this posi-
tion. For 53%-inch diskeites of single
density, this is usually from 0 to 34 or 0
to 39, with 0 being the outermost track
from the center. For 8-inch diskettes of
single density, it is (0 to 76.

B} The diskette is further divided into
smaller subdivisions called sectors. Sectors
also have addresses that are relative to their
track address. A typical track has 16 sec-

tors on a 5¥4-inch SO diskette and 26 sec-
tors on an 8-inch diskette, The sector size
can range from 128 to 256 bytes.

Hard Disk -—- a magnetic recording
device that uses relatively nonflexible disks,
as compared to a floppy disk. The hard
disk differs from the floppy disk in other,
more important ways:

A) The pickup heads actually float a few
micro-inches above the surface of the disk.
The heads do not touch the surface of the
disk as they do with a floppy disk, This
means little disk or head wear occurs.

B) It has more tracks and sectors than
a floppy disk and has a faster access to a
given track or sector. Even a 5%-inch hard
disk typically has a capacity of 6.5
megabytes.

) It is much more sensifive to damage
from vibration or temperature extremes
beciuse the heads float above the surface.
Hence, most hard disks are sealed against
the environment. There are replaceable
media “pancake stacks” containing multi-
ple disk surfaces, but this arrangement is
usually reserved for large disk systems
(greater than 20 megabytes).

) The cost of a hard-disk drive is from
three to 10 times that of a floppy-disk
drive, but the difference is steadily
declining.

Modem — a device that allows a com-
puter to communicate with a terminal or
another computer, e.g., over a telephone
line. *“*Modem™ is a contraction of
“modulator/demodulator.”’ Standard
moderas use 300- to 1200-baud transmis-
sion rates. They use either a shift in fre-
quency or phase to represent the two possi-
ble bit states of 1 and 0. For instance, to
send a bit value of 1, 2225 Hz might be
used, and 2025 Hz used for a bit value of .

[n the Beil 103-series modems, there are
two basic modem types, depending on who
places the call: (1) Originate modems send
1270-Hz and 1070-Hz tones to a remote
(answer) modem; (2) Answer modems send
2225-Hz and 2025-Hz tones to the originate
modem. There are also combined
Qriginate/ Answer modems. This scheme
allows for full duplex operation; that is,
both modems can **talk’” at the same time.
A modem is simply a conversion device to
make the computer binary output bits
suitable for transmission over standard
telephone lines.

Operating System -—-- A supervisory
program that interprets operator input and
operates on it. An operating system can be
as simple as a sysfem monifor that can only
provide basic /0 functions, memory
display or alteration, and a means to
execute assembly-language programs. Qr,
it can be as complex as CP/M with full file-
handling facilities and multiple-language
capabilitics. Some low-end (small, less ex-
pensive) personal computers and even some
more expensive units do not have a readily
visible operating system. Rather, it is made
apart of a BASIC interpreter, and all com-



mands are entered while in BASIC.,

RAM — an acronym for random-access
memory that refers to the changeable
memory available within a given machine.
RAM is used to store user programs in
most systems. The stated memory size of
a personal computer in advertisements
usually refers to RAM. RAM is volatile,
which means the data stored in RAM are
lost if power is removed. RAM can be writ-
ten to (store data) or read from (retrieve
data) and is called ‘‘read/write’’ memory.

ROM — An acronym for read-only
memory. It refers to memory that is not
alterable by the user. ROM usually contains
such things as the BASIC interpreter and
is nonvolatile; it retains data when power
is removed. Most types of ROM cannot be
written to by the user. There are three basic
types of ROMSs that appear in personal
computers today:

A) ROM. This }C has the required data
programmed into it at the place of
manufacture by a process called mask
programming. Onge programmed, the data
cannot be changed.

B} EPROM. This type of ROM is
erasable and programmable. The informa-
tion is erased by exposure to ultraviolet
light and the 1C can be programmed in 2
special device. After programming, the
EPROM is operationally identical to a
standard ROM. EPROMs can be erased
and reprogrammed many times.

C) EAROM. This is an electrically
alterable, read-only memory. A special type
of ROM, it has the nonvolatile capabilities
of a true ROM, but it can be altered like
RAM while in the user’s system. It is
usually slower to write to than normal
RAM and there is a Iimit as to the number
of times the data can be altered. The IC will
retain the data after power is removed.

Serial — a term usually applied to a
method of transferring data over a wire
from a computer to a peripheral device. In
serial operation, data is sent out [ bit at a
time to the peripheral device. Some
printers, disk drives and CRT terminals use
serial communication to transmit data to
and receive data from the computer.

The most used serial hookup is the
EIA RS5-232-C. This designation refers to
a standard interface specification for serial
communication in which the signal levels
to and from the computer are strictly
defined. In addition, the connector type
and its pin connections are standardized so
that virtually any device specified for
RS3-232-C connection can be made to func-
tion by simply plugging it in.

Computer Shopping

What do you expect a personal com-
puter to do for you? What are you willing
to pay for it? These guestions are not easy
to answer. If you don’t have the answers
before you shop for a personal computer,

you leave yourself open to all soris of
disappointment.

The general public tends to think of all
computers in a sort of stereotyped manner;
that is, if vou tell a computer what you
want, it will do it for you, Some sales peo-
ple, for various rcasons, try to reinforce
this view by selling you a machine and tell-
ing vou that you can do your taxes, keep
personal records, catalog a record collec-
tion, etc. — all on the $200 special 4-K

machine. Of course, what the salesperson -

failed to mention is that another 60 K of
memory, two disk drives and several soft-
ware packages must be added, at a net in-
crease of $2000 or more!

Many people become soured to personal
computing because the machine they pur-

chased cannot do everything that it was ex-

pected to do. As with any job, if vou need
a tool to do a job, the better you define the
job before you make or buy the tool, the
better performance you can expect from the
tool.

Let’s look at a few possible answers that
might be given to the two previously asked
questions.

A) I'want it to play games, maybe even
write a few games myself.

This answer fits a fairly large number of
first-time buyers and, fortunately, doesn’t
cost too much to satisfy. The machines
available that can fill this requirement
range in cost from less than $100 to about
$400. Memory capacity is about 4 K or
more, and a cassette interface is provided
for use with a tape recorder as a program-
storage device. The display unit is typically
a modified TV or a standard TV with an
external rf modulator inserted between the
computer and TV set. The rf modulator
converts the video signal from the com-
puter into a TV signal that can be
displayed. BASIC is usually provided in
ROM for user programming.

The primary limitations of this class of
machine are: (1) Memory size may be too
small for significant program development
or use with large games: (2) the cassette in-
terface allows saving only program files
written in BASIC without any directory of
contents; (3) memory expansion may be
limited, and the BASIC interpretor
provided may be limited in scope; (4) the
amount of information (lines and columns)
that can be presented on the screen is
limited by having to use a TV set as a video
monitor. Formats of 22 lines and 22 col-
umns, 16 lines and 32 columns, or 20 to 24
lines of 40 columns are provided. These
formats cannot display a typical 8% x
I1-inch “*page’’ of information.

B) I' want to do some financial/
accounting work and kecp my personal
book records on the computer, but I can’t
afford to spend too much money.

This response is probably applicable to
a large segment of potential buyers. The
purchaser, who sees the growing use of
computers in home appliances, the

automobile, on the ham bands and in the -

" ed in this computer business or fall behind,
- Caveat emptor (let the buyer beware) is ap-
. plicable to this situation. The danger here
. is twofold. On one hand is the danger of
over buying and spending far more than is
necessary. On the other hand is the danger
-of underbuying and then becoming upset
- because the machine won’t-.cooperate and
produce the desired results.

Disappointed computer buyers are
usually those who underbuy. That results
from a lack of understanding of just what
is to be done with the computer and/or by
an enthusiastic salesperson who made ex-
cessive claims for the *‘Super-8*’ computer
selling for only $99.95 plus tax.

The primary requirements of a system
that will fulfill the needs mentioned earlier
are

1) some means of data storage that
allows data to be recalled by name. A sim-
ple cassette-storage capability will not suf-
fice. There are some cassette systems that
provide these features, but the vast
majority of systems now use one or more
disk drives, usnally 5%-inch types.

2) enough RAM to handle a reasonable
amount of data when the control program
is also in memory; 16 K is typically a
minimum.

3) a BASIC interpreter that features
floating-point arithmetic; that is, the ability
to deal with fractional numbers, not just
whole numbers (integers).

While these requirements are a
minimum, there are a few desirable features
that would minimize the required program-
ming knowledge of the user and enhance
the final resulis:

1} A program such as VisiCalc® would
greatly simplify developing an accounting
system. Most systems have some form of
electronic spread sheet available. Cost:
$100 to $300.

2) A printer enables you to maintain a
printed record of financial information and
spread sheets. Most systems will support a
serial or parallel printer. Cost: $300 to
$1500 or more. A minimum setup might
consist of a game system (as in example A)
with an added disk drive and memory ex-
pansion unit for costs ranging from $1000
to $1800.

C) I want to learn programming.,

Buyers in this category are generally the
prospective software hobbyist or those who
have a desire to learn or improve theit com-
puter skills and do not have on-the-job ac-
cess to the equipment to do so. A personal
computer can be a valuable aid in learning
programming techniques. However, it is
only an aid; it canmot teach vou to
program. It can help vou to learn to code.
There is a difference:

Code — to write a sequence of steps, in
a given computer language, that follows a
predefined algorithm (plan) of program
flow.

Program — to develop a workable

office, feels that he or she has to get involv- -~ algorithm to accomplish a given task.
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There are many good books available for
self-learning programming techniques, and
some use the BASIC language for coding
purposes. Remember: You must know
what you want to do and how to do it
before you can program a computer to do
a given task! Just learning a language such
as BASIC or FORTRAN will not enable
you to write anything more than relatively
simple programs. However, if the proper
way to write a program is learned, then the
language used to code the program
becomes far less important.

A system for learning programming
techniques must be configured according
to the complexity of the desired skills. A
simple 4-K memory machine and cassette
interface are quite enough as long as you
are not trying to develop file-handling
skills. If you do desire to learn file struc-
tures, then a system like that of example
B is required with at least one disk drive.

D) I want a machine as a teaching aid
Jor my children.

Computer-aided instruction (CAI) is a
rapidly growing field that is beginning to
appear at all levels of education. Areas
previously restricted to the college engineer-
ing or computer-science level are now ap-
pearing in elementary school science
classes. Children are being exposed to the
electronic media on an ever-increasing basis
both in school and outside the classroom.
The personal computer can be a great help
in preparing children to meet the
tremendous volume of electronic data that
is sure to be a part of their lives in the next
10 to 20 years.

To accomplish this goal, a2 minimal
system is required. A 4-K machine,
preferably with color capabilities and a
BASIC interpreter, will provide enough
computing power to create math drills,
word exercises, pattern recognition drills,
etc. In addition, many prepackaged
programs are available for teaching pur-
poses on some of the more popular smail
machines. A good estimate would be about
$250 to $600_for such a system.

E) I'm an engineer and I want a machine
that can handle some of the work [ do so
that 1 can work at home when necessarp.

This class of buyer is perhaps the most
demanding of the personal computer users.
To provide support for these requirements,
a personal computer would need

1} sufficient memory to handle large
user programs;

2) disk-storage capability for saving data
and programs;

3) a versatile disk operating system
(DOS) capable of supporting many dif-
ferent languages;

4) a system that has & large software in-
ventory commercially available;

5} sufficient speed to rapidly perform
complex calculations.

Fortunately, there is a good variety of
systems available that will support these re-
quirements, but they are not inexpensive.
A typical system with 64 K of RAM, two
5%-inch disk drives, CP/M operating
system (or UNIX), a BASIC compiler and
a FORTRAN compiler costs from $2200to
$6000 and up. The addition of 8-inch disk
drives and hard disk capability can push the
cost up to over $10,000.

Obviously these five situations do not
describe all the possible reasons for buy-
ing a personal computer. Hopefully, they
present enough angles of the problem to
show that the purchase of a personai com-
puter requires thought and planning if
disappointment is to be avoided. So, to
itemize some of the dos and don’ts:

Do

* know what you expect the computer to
do for you.

s find out what those expectations
should cost you.

* cxamine several systems betore buying.
Little things can make a difference in the
long run. )

* ask questions about a prospective
system — lots of questions.

s think about what you may waat to do
with the system later on (and are willing to
pay for now).

» check inio the availability of repair
service.

* read some of the personai-computer
periodicals. Byte, Popular Computing and
Personal Computing, for example, contain
many equipment reviews and hints on buy-
ing a system, as well as advertising such
systems, 3,45

Don’t

* believe everything you hear. [nvestigate
sales claims.

* expect the computer to be able to do
something you don't know how to do
unless you are using a commercially
available program.

* buy used or out-of-warranty equip-
ment unless you are willing (and able) to
fix it yourself or can afford to have it fixed
by someone else.

* buy the first system you look at just
because the salesperson was nice: check it
out!

* buy the “*Super Whiz 80"" computer
with all the bells and whistles unless you
plan to use them in the future. They cost
money,

* be afraid to ask for full explanations
of things you don’t understand about a
given machine; it’s your money.

Conclusion

Personal computers can be a useful tool
Or an expensive toy, depending on how well
you prepare yourself before buying one.
The average person can learn to use a per-
sonal computer and not spend a fortune
doing it. The watchword is caution. There
are a lot of computers on the market, and
many of them are highly specialized. Select
a machine that will fit your desires and your
pocketbook.

Notes

‘One kilobyte is equivalent to 1024 bytes.

‘mm = in. x 25.4.

’Bﬁées ?&Jbscriptions. P.Q. Box 590, Martinsville, NJY

“‘Popular Computing, P.O. Box 307, Martinsville,
NJ (8836,

*Personal Computing, P.0O. Box 2941, Boulder, CO
80321, ]

New Procucts

KILO-TEC WEATHER BOOT

[7] Kilo-Tec is supplying a custom weather
boot for use with RG-8X, RG-59/U,
RG-58/U and RG-8/U coaxial cables and
PI1.-259/80-239 combinations. During
cable installation, simply slip the weather
boot over the coaxial cable before solder-
ing on the connector. Once the connector
is attached, slide the boot over the PL-259
for a good weather seal,

The boots are manufactured from a
flexible vinyl material that resists moisture
and breakdown from the sun’s rays. They
are designed to keep the connections clean

14 05T~

and dry, and should help to keep moisture
out of the coaxial cable.

Kilo-Tec offers three models from which
to choose: KTB-58 for RG-58/U, KTB-8
for RG-8/1J, and KTB-8X for RG-8X or
RG-59/U cables. (Custom-made boots can
be made for other types of cables and con-
nectors; contact Kilo-Tec for a quote for
special requirements. ) If the boots are not
available from your local Amateur Radio
equipment supplier, you can order directly
from Kilo-Tec, P.Q. Box 1001, Oak View,
CA 93022; tel. 805-646-9645. A kit of two
of each type costs $5.95 plus shipping and
handling charges. — Paul K. Pagel, NIFR
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Looking Down

By Tom Frenaye,* K1Kl

On August 3, 1981, a pair of research
satellites were placed in orbit from the
Western Test Range at Vandenberg,
California, with a McDonnell-Douglas
Thor/Delta 3914 launch vehicle. One of the
two NASA/GSFC spacecraft, Dynamics
Explorer 1, was placed into an elliptical,
polar orbit, with initial perigee and apogee
altitudes of 570 km and 23,280 km.' What
makes the DE-1 satellite of interest to radio
amateurs is the auroral imaging instrumen-
tation carried on board that was developed
by and is now used by the Physics and
Astronomy Department of the University
of lowa. The instruments can record pic-
tures of the entire auroral oval as taken
from high altitudes, after centuries of
ground-based studies and speculation.

The initial latitude of apoges was 78.2°N
and the precession is about 0.328 de-
grees/day, moving the apogee to 90° N 36
days after launch, Apogee was located over
the equator in early June 1982 and over the
South Pole in early March 1983, With
apogee at polar latitudes, continuous
imaging of the aurora for more than five
hours can be made during a single orbit
{orbital period is 6.83 hours).

The instrumentation carried aboard the
DE-1 spacecraft includes two imaging
photometers able to “‘see’” light from
ultraviolet wavelengths (110-165 nm),
through most of the visible light spectrum
(175-700 nm). Protective circuits prevent
sensor destruction as the dayside of the
earth is scanned.

While Amateur Radio operators, in ad-
dition to scientists around the world, have
been experimenting to learn more about the
aurora for many vyears, the DE-]
spacecraft, and those to follow in the
future, may allow current images of the
aurora to be received, as easily as television
pictures are now relayed by stationary
satellites. The complete amateur station in
the 1990s may include a color monitor that

'The orbit of Dynamics Explorer 1 is an elliptical
polar orbit, meaning that each orbit crosses
both the North and South Poles. The highest
point of the orbit (apogee) gradually changes
from directly over the North Pole to directly
over the South Pole over a time period of
about 549 days. While over polar latitudes,
DE1 provides excellent coverage of the
complete auroral oval,

*P.0. Box 62, Unionville, CT 06085

on the Aurora

This image, the first view of the entire aurcral oval from high altitudes, was taken on 8eptember
25, 1981 with the spacecraft located approximatedy 3.27 earth radii (20,860 km) above the North
Pole. The light colors are the areas wlth the highest intensities. Although quite faint along some
of its circumference, the aurcral ovai extends across the terminator into the sunlit hemlsphere
of the earth. Half of the earth Is completely dark except for the auroral oval. The sun is
illuminating the earth from the left-hand side of the picture.

displays a picture of the current aurora, in-
cluding true colors!

Should you think that the aurora doesn’t
have much effect on communications,
remember that while minor auroral activity
can block communmnications across polar
latitudes (and black out communications
for those in polar latitudes), a major storm
can black out communications for the en-
tire radio spectrum, including satellite
transmission, In addition, the entire power
distribution grid in North America could
be disrupted severely or even be completely

useless. Ground-induced currents of more ..

than 1000 A have been measured in the
Alaska pipeline from more moderate
auroral activity. Satellite-borne computers
are extremely vilnerable, as is early warn-
ing radar in our defense system. Major
solar substorms typically happen on the
decay phase of the solar cycle. The present
decline began in December 1979, and is
expected to continue until mid-1987, after
which activity will begin to increase. There
are 20 solar superstorms on record since

1880, and none since 1960. As with Califor-

nia earthquakes, we are overdue for a big
one. =]
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A DTMF Easy-Controller —
With Security

Are unauthorized persons accessing your controller? This unit
features an electronic combination lock that
should keep “Tone-Pad Charlies” out.

CLEAR
ALL THREE
[HEhEY

S1ROBE
IN FiRST
[41lcte

RESET
HMER

HAg
HMEQtt
CCLURRED

“IROBE
I SECOND
it

TiMER

HaR

By Phil Czerkies,* WASBKPY

This 16-function control package
features a decoder patierned after “*The
DTMF ‘Easy-Ceiver.’”" The system was
originally designed for remote control of
lights in a large auditorium, but it soon

‘Notes appear on page 21.
11831 E. 62nd Pl., Tulsa, OK 74133
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Fig. 1 -—— Flow chart of the controller security
system.
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became apparent that this controller might
be well suited for use as a repeater or
remote-base controller.

The system shown in the accompanying
photographs consists of a mother board
supporting four identical output-control
{relay) boards and the decoder board. All
the boards in the controller system shown
here are coated with a clear, conformal
coating to prevent moisture and corrosion
problems from occurring. A smaller, two-
slot mother board can be used for systems
requiring only four control functions.?

The decoder provides two levels of
security. The first level requires the recep-
tion of the correct three-digit sequential
security code, while the second Ievel re-
quires that ¢ach digit be entered within a
given time period. Over 4000 code com-
binations are provided at the first fevel.
Code combinations are sefected on the
board by means of three binary-coded DIP
switches. At the second level, the time-out
duration (N) is selected by choosing a single
resistor value to provide delays of one,
three or five seconds, or longer, if desired.

Security Mode

Each time a digit is entered, the timer is
reset and you have N number of seconds
to enter the next digit. If there is a pause
greater than the time allowed, the
previously entered security codes are
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Fig, 2 -- Partial schematic dlagram of the DTMF decoder. The input section is shown here.

cleared and you start all over again. It's like
playing “*Beat the Clock.”

Entering the wrong security cade is like
playing ‘“Reverse Beat the Clock.”” The
security codes are compared sequentially.
If a bad code is entered, you have to wait
until time-out occurs before a new security

code can be entered; otherwise, you will
never access the sysiem.
User Function Mode

Once the correct security code has been
entered, you can issue a full set of 16 com-
mands to the controller. The time-out func-

tion still applies, You have N seconds for
each digit entered. Lei’s say N is equal to
five seconds, You enter a digit and three
seconds pass before another digit is entered.
You now have five seconds to enter the next

control command.

When you're finished issuing control
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Fig, 3 — The DTMF controlier deceding-section

commands, all you have to do is let the
system time itself out, Once that happens,
you imust again pass through security
before any further control commands can
be issued.

Other Decoder Features

Operation, setup and system
troubleshooting are casy. The decoder
hoard uses an I'T'T 3201 tone-decoder chip
that requires a minimum of external parts

18 05

for operation: a 3.58-MHz (color-burst fre-
quency) crystal and an input filter to keep
out the tone harmonics.

There are no adjustments to make except
for an initial receiver-audio-level setting
done at the radio receiver. LEDs display
the binary representation of the decoded
digits and presence of the strobe and timer
signals. The LEDs are useful indicators,
especially the timer LED. [t blinks when
cach time-out occurs, giving a *‘system

schematic diagram. U2, U4 and U9 are four-section DIP switches.

heartbeat" effect. So, if you see that the
timer LED is not blinking during opera-
tion, you know you're in trouble!

The decoder operates on 12-V dc and
uses CMOS ICs throughout. For those of
us who occasionally take a notion to install
boards backwards or to apply voltage of
the incorrect polarity to a board, rest easy
—— the controller system boards have
*‘idiot” diodes installed on each V. card
pin. A pin-for-pin replacement for the
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DTMF Easy-Ceiver, the decoder hoard is
about 6.5 inches in length and 3.5 inches
wide, just right for a 22-pin card-edge
connector.’

Decoder Logic

The ITT 3201 1C contains all the high-

and low-group filters and other circuits
needed for DTMF decoding. It even has an

option for selection of hexadecimal or *

binary output at pin 2.

For those of yon who wish to go through
the logic of the system, I have included a
flow chart (Fig, 1) to make it easier to
understand. Also refer to Figs, 2 through

4, The desired three-digit security code is |

chosen by means of the three four-section
DIP switches. When U6 detects a valid
digit, pin 19 Digit Valid goes high. This
causes UL3 to generate two pulses of op-
posite polarity called Digit Valid Strobe
({DVSTR) and Digit Valid Strobe Nort
(DVSTR). These logic signals, along with
the time-out signal (TOUT), are what make
things happen and they serve many
functions.

The DVSTR signal is used to clear the
"3201 via pin 19 of U6 (CLRDV). This
allows the *3201 to decode the next valid
digit faster than is normal. Usually, the IC
detects and decodes a valid digit, and then
there is a pause of about 30 ms before it
will be ready to decode the next digit.
Resetting the IC (DV} from pin 19
(CLRDV) allows you to override this delay
time. At UlLI, the DVSTR signal is anped
with valid compare digits (VALCD) and
Digit 3 Decode (D3DC) from U16 to enable
the 4- to-16 line decoder (U7) for actual
command functions to occur. DVSTR is
also used to trigger U13 and turn on the
STROBE L.ED for 500 ms, making it easier
to see.

Timer

One of the functions of SVSTR is to reset
the timer after each valid tone is decoded.
discharges a 1.5-pF capacitor (C2) and
resets the timer. U17 is a retriggerable type
of timer. It does not time ouf until C2
charges to about 3 V; only then does its
output go low. If the capacitor charge never
reaches 3 V (having been reset by newly
entered digits), the output will never go low
until N number of seconds after the last
valid digit was decoded.

The output stage of U17 has a current
sintk capability of about 20 mA, and will
drive the timer LED directly. When the
system is first turned on, U15 and the time-
out signal (TOUT) form a power-on reset
circuit, All the relay boards aiso have
power-on resets. This keeps everything
from coming up in a random state when
first turned on.

Security Logic

Here's how the DVSTR and DVSTR

signals are used to sequentially strobe the
three received security digits into latches U1
and U8 and compare them. BVSTR is used
as a clock input to Ul4 and U16. At the
same time, DVSTR is input to UIl and
ULS. When the first digit is received, the
G output of 114 changes state, allowing
both inputs of U15 to be anped, giving a
valid strobe pulse (STR1), §TR1 is used to

latch the first digit into U1 for the compare
operation. At this point, the first decoded

digit is available for comparison at the
inputs to a four-bit magnitude comparator,
U3, Here it is compared to the code
programmed into the DIP switch, U2. if
there is 2 match, then A = B is true and
it is cascaded down to US. If the second
and third digits match in like manner, then
the output of U10 (pin 6) generates a Valid
Compare Digit (VALCD) signal that will
eventually enable U7 via Ul and Ui2.
Notice that there is some interlocking of

* this logic with U11, Ul4, U15 and both sec-

tions of U16. For example, when the first
digit is decoded and U14 toggles and STR1
oceurs, STR1 is used to clear the first sec-
tion of U16, making it ready for the second
digit. Also note that the DIDC signal is
routed to pin 4 of U1l and uniocks it for
the second digit only after a valid first digit
has been received. The same type of in-
terlocking is used on the second and third
digits. The only difference is that when the
third digit is received and STR3 strobes the
third digit into U8 for a compare operation,
D3DC is now an AND input to Ulf and
finally unlocks the 4- to 16-line decoder
(U7) for 16 function outputs.

Ouiput-Contro! Boards

The output-control boards are of a
straightforward design and are identical
physically and electrically, allowing them
to be placed in any one of the four slots
on the mother board. This also allows easy
duplication when more expansion is
necessary. Each board is comprised of iden-
tical control circuits and shares a common
power-on reset circuit. The output control
boards also have LED indicators on them.
This aids in verifying that the correct func-
tion was selected, as comparison can be
made with the decoded-output LEDs on the
decoder board.

Plug-in 12-V relays are used in this
design. Some might ask, “Why use a
relay?”” Well, relays do have a lot going for
them, especially in the areas of isolation,
power-handling capabilities and price!
Relays are generally easier to acquire, and
in this instailation, if one does go bad, just
pop off the retainer clip, plug in another
relay and you’re back in business.

Although the relay contacts are rated for
about 7 A, they shouldn’t be required to
operate at their maximum ratings, This is
because inductive devices, such as motors,
can draw much more than their normal
running current when switched on. The
high current can weld contacts or otherwise
damage them. H you must switch high-
power devices, use the on-board relays to
activate a contactor or an SCR coniroller
that is capable of handling the load.

That inductive device mentioned earlier
will also generate a high-voltage spike. That
spike will radiate like a radio wave and may
find its way back into the logic circuits and
disrupt control settings. When switching

other than signal sources, it’s always a good

idea to fuse the controller leads. This pre-
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Fig. 4 — Schematic diagram of the controller output board. The relays used by the author are Potter & Brumfield R10-E1-W2-v185 types with a

12V de coil.

caution may keep a few boards from be-
ing burned up should something short.

Output-Control-Board Logic

"The output signals from this board are
routed atong the mother board to each
relay board in groups of four signals cach.
When they arrive at the output-control
board, they are latched into respective

20 05

latches. The Q output of each 4027 section
(UL, U2) is fed to one section of a 4049
high-current driver 1C (U3). The driver
turns on a LED indicator and a transistor
(O] through Q4) that finally energizes a
12-V relay. The relay contacts are paralleled
to handle large currents. Connections to the
relay contacts are routed to terminal strips
on the lower edge of the mother board. The

operational sequence of events is simple.
One input pulse from the decoder board
cnergizes a relay and another, identical
pulse from the same line will de-cnergize
the relay.

Mother Board

This board is designed for heavy-duty
use, Itis 1/8 inch thick and has a two-ounce



Fig. 5 — One of the output boards used In the controller.

Fig. 6 — The completed controller. At the ieft is the decoder board;
four identical output boards follow. A 1/8-inch-thick mother board
supports the assembly. For applications requiring only four control
functions, a two-slot mother board is available.

uz

+A00N0AGAAJAA. T

W = JUMPER ={Riz I~ . LR

Vit b
B

BE

JR7

110
T4 T

Fig. T — Parts-placement guide for the DTMF decoder board. Parts are placed on the top (lettered) side of the board. The shaded areas represent

an X-ray view of the copper pattern. See Hints and Kinks, this issue for the etching-board patterns.

copper foil layer. The board thickness
should help reduce flexing and cracking
that may occur when inserting or removing
the daughter boards. There are five 22-pin
connectors on the board and screw-type ter-
minals along the bottom and right-hand
side of the board. The first four connec-
tions on the left side of the mother board
are used for tone inputs and dc power to
run the controller. The remaining terminals

are assigned by the user. The backplane
decoder bus on the maother board can route
any control digit function to any output on
each of the four output-control boards by
means of jumper wires.

Summary
[ am sure this controller will find many

applications. It is compact, rugged and easy
to use, At the present time, one controller .

is installed and several are scheduled to be
instatled at different repeater sites. Why not
try it yourself?

Notes

'.l.l,lg;rett. *The TMF *“Easy-Ceiver,”' Q8T Jan.

9g2,

*Boards, kits and assembled and tested boards of each
tvpe are available from the author. Please include an
$,2.5.4. with your inquiry, Pe-board templates and
overlays are available from ARRL Hq. for a large
s.a.8.e. and $2.

‘mm = in. x 25.4: 8 = oz » 28.35. el
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® Basic Amateur Radio

The Manufacture and Use of
Resistors (Resistors for the

Experimenter)

Have you been left wondering
why a certain resistor type is
specified in the latest QST
project? What design parameters
must be considered? Here are
some answers {o these guestions
and others you may not have

even thought of yet!

By Larry D. Wolfgang, * WA3VIL

M ost electronics construction projects
use at least some resistors. Different types
of components are often specified for par-
ticular sections of the project, such as
metal-film resistors and Mylar® or poly-
ester capacitors in a VFQ, Most neophytes,
and many seasoned veterans, become con-
fused when it comes to substituting com-
ponents with a different construction than
the one specified

Why can I use this 5-W, 10-kQ wire-
wound resistor to replace a 1/2-W, 10-kQ
composition resistor in a sidetone
oscillator, but not one in the local oscillator
of my hi rig? There seems to be a limited
amount of information available concern-
ing these problems. u this Basic Radio in-
stallment 1 will present some information
about the manufacturing processes and the
specifications for the various resistor types
commonly used in amateur projects. After
reading this article, you should have an
understanding of why a certain type of
resistor is specified for a project, and you
should be able to make informed decisions
about what type of substitutions may be ac-
ceptable to ensure proper circuit operation.

Resistance
All materials exhibit some opposition to

" Assistant Technical Editor
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electric-current flow, The resistivity of the
material is a measure of this opposition.
Most metals have a fairly small value of
resistivity (1.673 pC-cm for copper) and so
are good conductors. Insulating materials
have a high value of resistivity. Powdered
carbon (graphite) has a resistivity of 1375
p-cm. ¢
Given the resistivity () of a conductor,
you can calculate the resistance by:
. i
R=2 A (Egq. D)
where

R = resistance

£ = length of the conductor

A = c¢ross-sectional area of the
conductor

Resistors can be constructed by measur-
ing a length of wire that will have the

-desired resistance. Sometimes, the wire s

wound onto a ¢ylindrical form to make a
neat package. Materials with a higher
resistivity will require shorter lengths for
the resistor. Mixtures of carbon and clay
are formed around pieces of wire to make
carbon-composition resistors,

Most amateurs will not be interested in
“rolling their own”’ resistors, so finding the
value of resistivity, length, and cross-

'Notes appear on page 26.

sectional area may not be the most prac-
tical method of determining resistance. {
am sure you are all familiar with Ohm's
law. Some of you have probably conducted
an cxperiment to verify this basic pringi-
ple of efectronics. If you have never done
this, now would be 2 good time to try an
experiment.

A Simple Experiment

For this two-part experiment vou will
need a variable-voitage power supply, a
YOM (or two) and an assortment of I-W
resistors. Select a 150-Q resistor, and wire
a circuit similar to that shown in Fig. 1.
Starting at 0 V, increase the supply voltage
in 2.V steps, recording the current through
the resistor at each step. When you have
reached 14 or 16 volts you can piot a graph
of voltage vs. current. You should see a
straight line, or linear relationship, where
any applied voltage divided by the cor-
responding current vafue gives a result of
approximately 150!

For the second half of the experiment
you will use a variety of resistors, maintain-
ing the same voltage drop (about 10 V)
across the resistor each time. One VOM is
connected to measure the voltage across the
resistor, and the other measures circuit cur-
rent. One meter can be used if yvou are will-
ing to switch it between these circuit posi-
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Fig. 1 — A diagram of the equipment arrange-
ment for part (A} of the experiment to verify
Ohm's law. The supply voltage is graduaily in-
creased, and the cumrent through the resistor -
is measured at each step.

tions. Select 10 or more resistors ranging
from about 47 {I to 10 kQ. Be sure to record
the exact values used. You may have to ad-
just the power-supply voltage slightly for
each resistor in order to assure a constant
voltage throughout the expertment. Now
plot another graph, this time with resistance
on the X axis and current on the Y axis.

This graph will not be a nice straight line
but a curved line with very large current at
low resistance and a current that is asymp-
totic to zero (or gets closer and closer 1o
zero, but never actually becomes zero) as
the resistance becomes very large. See Fig,
2 for a sample graph. This curve is called
an inverse proportion. The product of any
current value and a corresponding
resistance will give the value of voltage you
used. Both parts of this experiment il-
lustrate the basic principles of Ohm’s Law.

Construction

Carbon-Composition Resistors

Perhaps the most common type of
resistor is the carbon-composition type. A
mixture of carbon granules and clay or
another bonding agent is made, The
proportions of carbon and clay determine
the approximate value of the resistors to
bre made from each batch. The compound
1s then formed around a pair of wire leads
and baked. Finally a protective, insulating
coating is put on the resistors and they are
“‘graded out’” as to resistance value (Fig.
3A). A certain batch can be made to target
a particular resistance, but the actual
resistors will have a range of values.

All of the resistors in a batch will be
within +20% of a standard value.
Tolerances of = 10%, +35%, and even
+2% can be obtained by sorting, or
selecting individual resistors from each
batch, The stability of carbon-composition
resistors is not good enough over a typical
operating lifetime to warrant selecting
tighter tolerances. These resistors are
manufactured with power ratings of 1/8,
1/4, 1/2, 1 and 2 W by controlling the
diameter of the resistance element.

The standard component values, used
for fixed resistors, some capacitors and
other smalil components, are based on a
number series. Bach value differs from the

60 fi

40

30 |

20 L\

CURRENT {mA)}

RESISTANCE { k4Lt

Fig. 2 — Graph of typical results from part {B) ol the Ohm’s [aw experiment.

Table 1
Standard Resistor Values
Tolerance
+ 20% + 10% =5%
10 10 10
11
12 12
13
15 15 15
16
18 14
20
22 22 22
24
ferd 27
30
33 33 23
36
39 ‘ 39
43
a7 47 A7
51
56 56
62
658 68 323}
75
82 a2
91
100 100 10

Note that only one decade of values is given
here. To find larger (or smaller) values,
multiply by multiples of 10 {or divide by 10).

previous value by a constant multiplier.
The preferred values are rounded to two
significant figures to make up the series.
For tolerances of +20%, +I10% and
* 3%, the muitipliers are 0176 (1.47),
10112 (1.21) and 101/24  (1.10),
respectively.

Most small calculators will find a power
of ten. After you obtain the appropriate
power of ten you simply multiply the
number by itself, and each succeeding
number by the same constant. Try
generating one of these series, then com-
pare your answers with Table 1. A com-
plete listing of standard values can be
found in The ARRL Electronics Data
Book.?

Resistive element

Lead wire

NG

Color code

Moldedinsulating jacket

Slug type
(A)

Color code
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Fig. 3 — The construction of a carbon
composition resistor is shown at A. B shows
the construction of a carbon film resistor.
(drawings courtesy Stackpole Components
Co., Raleigh, North Carolina}

Some advantages of carbon-composition
resistors are the wide range of available
values, low inductance and capacitance,
good surge-handling capability, and the
ability to withstand small power overloads
without being completely destroyed. The
main disadvantages are large resistance
changes with temperature change,
operating time or on-the-shelf aging, and
moisture or humidity. Several major
manufacturers no longer make carbon-
composition resistors, mainly because of
the high cost and poor stability as com-
pared to film-type resistors.

Operation at frequencies above 1 MHz

will decrease the effective resistance of
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carbon-composition units, and this should
be taken into account in designing circuits.
Other design goals should be to provide
adequate cooling, to operate the resistor at
no more than half its allowable power
rating, and to not mouni other heat-
producing components within one diameter
of the resistor.*

Carbon-Film Resistors

Another type of carbon resistor is the
carbon-film unit. These are manufactured
by using high temperatures to break down
gertain gaseous hydrocarbons. The
resulting carbon is then deposited in a thin
laver or film on a cylindrical ceramic form.
The resistor is sealed with a plastic or other
insulating material (Fig. 3B). They are com-
monly available in 1/8-, 1/4- and 1/2-W
sizes with tolerances of 5% and 2%,
The thickness of the deposited film
provides a means to control the final
resistance.

The major advantages of carbon-film
resistors are low cost and improved stability
with age and temperature changes. These
resistors cannot withstand electrical
overloads or surges. In fact, the film will
open quickly under these conditions, so
they can actually be used as fuses for some
applications. Corrosion under the end caps
was reported to cause open circuiting with
early-production units; even those kept in
storage. Silver-plated end caps and
improved moisture-resistive coatings seem
to have cured this problem however.

Metal-Film Resistors

Metal-film resistors provide much better
temperature stability than other types, but
they cost a bit more. As the manufacturing
process is improved, prices continue to tall.
Metal-film resistors, currently priced
between carbon-composition and carbon-
film types, are becoming increasingly
popular for many general-purpose
applications.

There are a variety of manufacturing
methods being used to make metal-film
resistors. One technique is to vacuum
deposit a thin layer of Nichrome or other
resistive alloy on a glass or ceramic form.
Additional methods involve screening and
other coating techniques to produce a film
of metal on the base or substrate. This film
is trimmed in a spiral, or helical, fashion
to obtain tolerances of from 5% to
+0.1%. The amount of film that is
trimmed away determines the paih length
and conductor size in the resistor. This
trimming can be done on a mechanical
lathe, or hy means of a laser. Fig. 4
illustrates the much-higher-resolution track
that can be cut using laser technology.

The spiral track means that metal-film
resistors may tend to exhibit some induc-
tance, especially at frequencies above about
10 MHz. This effect is increased for the
higher-value resistors because a tighter
spiral will be required. There is very little
skin effect with film resistors because of the

24 05T~
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Fig. 4 — Metal-tilm resistors are shown in
these photos. Af A is a spiral track cut in the
film using a mechanical lathe, and at B is a
track cut using laser techniques. (photos
caurtesy RCD Components, Ine., Manchester,
Mew Harnpshire)

thin film, so the resistance will not decrease
with increasing frequency.

Metal-film resistors are generally low-
power units {1710 to 3 W), but they can be
made in power ratings up to 20 W, After
the film has been deposited and cut to
specification, the entire unit is coated with
a thermosetting resin to protect the resistor
from mechanical damage or damage from
moisture or chemicals.

Metal-oxide resistors are similar io
metal-film resistors. A vapor or spray of
tin-chloride solution is deposited on a
heated glass substrate. Additives are used
to modify the properties of the resuiting tin-
oxide filtn. This allows the manufacturer
to produce specific temperature coefficients
and control other resistor parameters.
These resistors produce very fittle noise and
exhibit excellent high-temperature apera-
tion. They are generally flame proot and
can be made with power ratings up to 400
W, although the most common ones are in
power ratings of 10 W or less.

Wirewournd Resisfors
Wirewound resistors are probably the

most diverse type in terms of construction
technique. Typically, a Nichrome wire {or
other resistance alloy) is wound on an in-
sulating form. The core may be a ceramic
rod or tube, fiberglass or other material.
It may be cylindrical, flat or rectanguiar.
The completed resistor has leads welded in
place, and the entire unit is coated with
vitreous enamel, a protective silicone
coating, cement or other insulating sealant
(Fig. 5). Wirewound resistors are made in
power ratings from 2 to [500 W, with
resistances of less than an ohm to a
megohm. They are highly temperature
stable, and can handle large power
overloads it mounted in the clear to
dissipate the heat.

Wirewound resistors have a significant
inductance and distributed capacitance,
and so are not suitable for use at radio
frequencies. Some resistors are made with
a so-called **non-inductive winding.’’ These
have the winding direction reversed half
way through, so that the inductances will
cancel. Even these may have an inductance
of as much as 0.5 pH at 1 MHz, however,

Qther Resistor Types

There are a variety of other resistor types
on the market. Chip resistors are low-
power, leadless devices for low lead-
inductance rf applications. Amateurs are
most interested in chip resistors for use in
uhf and microwave equipment (Fig. 6).
Thick-film resistor networks provide a
variety of contigurations in single in-line
packages {SIP). These are also available in
dual inline packages (DIP).

Two types of nonlinear resistors may
also hold some attraction for the amateur.
Thermistors exhibit a1 specific, reliable
resistance change as the ambient
temperature changes. These can be used in
temperature sensing circuits and other
related applications. Voltage-Dependent
Resistors (VDR) or Metal-Oxide Varistors
{MOV) have a significant, nonlinear change
in resistance with a changing voltage ap-
plied to their terminals. When the voltage
increases to a certain point, there is a sud-
den drop in resistance, allowing a much
larger current to flow, Varistors find ap-

Fig. 5 — Examples of some wirewound resistor types.



Fig. 8 — Photo of some chip resistors. (courtesy Stackpole Components Co., Raleigh, North

Carolinal)

plications in RFI suppression, transient-
voltage suppression, contact protection and
other circuits. They resemble large ceramic
capacitors, as can be seen in the title photo.

Variable Resistors

Variable resistors are available in a
variety of styles and power ratings. The
most common construction technique is to
use a carbon-coated substrate as the
resistance element, with a spring-loaded
movable contact as the means of changing
the resistance. Most of these require a rota-
tion of slightly less than one full turn to
cover the entire resistance range.

Another style of variable resistor is the
multiturn frimmer potentiometer. These
normally consist of a flat ceramic base
coated with carbon material. The spring-
loaded contact is moved by means of a
threaded rod (see Fig. 7), and the entire unit
may be sealed in plastic or have a metal
cover riveted in place. Some of these small
frimmers may have a wirewound resistance
element, so you should be cautious about
using them in rf circuits unless you can
verify the construction.

Fig. ¥ — This photo shows the general con-
struction of a multiturn trimmer potentiometer.

Wirewound resistors can include a
moveable contact, either as a spring-loaded
adjustment or as one that is set by hand.
These can be rated to dissipate large
amounts of power, and are often used as
a tvpe of autotransformer.

As you adjust the resistance of some
potentiometers, you will notice that the
resistance will change equal amounis for
each degree of conirol-knob rotation, This
is called a linear-taper potentiometer, A far
more common situation is the one in which

Table 2
Nominal Resistor Dimensions

Power Body Body
Rating Length Diameter
{Watts} {lnches) {inches)
1/8 0.145 0.062
114 0.248 0.094
112 0.375 0.142

1 0.562 0.225

2 0.688 0.313
mm = in. x 254,

the resistance change varies dramatically as
you turn towards the high-resistance end
of the scale. This is called an audio-taper,
or logarithmic potentiometer. Such a
resistance change is designed to approx-
imate the way a human ear detects changes
in volume of a sound. At low volume (low
resistance above ground) a fairly small
change in volume will be noticeable, but at
higher volumes the ear is not as sensitive
to changes, so a fairly large change in
resistance is required to produce a
noticeable volume change.

Folerance Ratings

Resistor manufacturers specify a number
of parameters that are important if you are
to select a suitable resistor for a certain ap-
plication. Perhaps the most obvious is the
power rating. A good design goal is to not
exceed about half the rated power dissipa-
tion for the resistor. Probably the easiest
way to determine power ratings is by
physical size, The larger the device, the
more power if can handle. Table 2 sum-
marizes the resistor body length and
diameter measurements for common-size
carbon-composition resistors, Film
resistors have a slightly smaller diameter,
You can always identify a film resistor by
the thinner section in the middie. This is
caused by the end caps that are placed on
the resistor before it is coated and color
coded. Wirewound resistors will usually
have a power rating printed on the resistor
body.

The value of a resistor is normally
specified to within a certain tolerance, such
as £10%. This tolerance specifies the
maximum variation from the nominal
value that the resistor can be expected to
have, In addition, the actual resistance will
change with temperature, humidity and
time in use.

The Temperature Coefficient Range
(T'CR) rating is usually given in parts per
million per degree Celsius (ppm/°C).
Resistors can have a positive TCR
(resistance increases with a temperature in-
crease) or a negative TCR (resistance
decreases with a temperature increase).
Power dissipated in the resistor, heat
radiated from nearby components and am-
bient air temperatures can all affect the
value of a resistor, so these factors must
be considered when vou are designing a cir-
© cuit. Electrical conditions can be controlled
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somewhat by specifying a certain TCR. For
example, if a resistor with a positive TCR
is used in a critical circuit, as the current
through the resistor increases, the resistor
will heat up. This will cause the resistance
to rise, reducing the amount of current
flowing in the circuit.

Manufacturers also specify the amount
of resistance wvariation with relative
humidity, resistance change after operation
at a rated load for a certain time, such as
1000 hours, and a load derating factor that
indicates the maximum ambient
temperature to use the resistor at.

All amateurs should be familiar with the
standard color code used to indicate values
and tolerances. Table 3 summarizes this
code., You will find three or four color
bands on most resistors. One band will be
closer to one end, and this gives the code
for the first significant digit of the
resistance, The second band indicates the
value of the next digit. The third color band
tells you how many zeros to add, and the
fourth one indicates the tolerance. For

Table 3
Resistor Color Code

Significant Tolerance
Color Digits Muitiplier (= %)
Black [¢] — -
Brown 1 10 1
Red 2 100 2
Orange 3 1000 s
Yellow 4 10000 e
Green 5 100000 0.5
Blue 6 1000000 (.25
Vioiet 7 e 2.1
Gray 8 — —
White 9 -
No Band - - 20
Silver — 0.0 10
Gold — 0.1 5

carbon-composition resistors, the tolerance
band will either be missing { + 20%), silver
(= 10%) or goid (= 5%). High-precision
film resistors may have five color bands —
three significant digits, a multiplier and a
tolerance band. The tolerance band on
these resistors may be gold, red, brown,
green, blue or violet, as shown in Table 3.

[f you happen to come across a resistor
with 4 single black stripe, don’t be
confused. These **zero ohm” resistors are
simply a convenient way for manufacturers
1o place a jumper on the ¢ircuit board using
automatic-insertion equipment!

Some types of resistors have actual
values and ratings printed on them. To
determine the other resistor specifications,
you will have to consult the manufacturer’s
literature.

The average ham may not need to know
all of these specifications in designing a
simple piece of equipment, but being aware
that they exist should help in making in~
formed decisions concerning the suitability
of a4 component for substitution.

Notes

‘R, Weast, ed., Handhook of Chemistry and Bhysics
{Cleveland: The Chemicai Rubber Co., 1969),

‘Reference Deta for Radio Engineers (lndianapolis:
Howard W, Sams & Co,, Inc., (975), Ch. 5.

‘D. DeMaw, 4RRL Electronies Data Beok,
(Newington: ARRL, [976), p. §. _

¢ See note 2, Hsy]

Strays -~

(2] [Editor’s Note: From fime to time, we’ll
be publishing a profile on one of our Con-
tributing Editors, to acquaint readers with
people not on the Hg. staff who write col-
umns ther appear in QST month after
nmonth. Here is the first instalimen:.)

CE PROFILES

Contributing Editor $tan Horzepa,
WAILLOU, has the distinction of con-
ducting not one but two QST columns —
FM/RPT and On Line, Stan became the
conductor of FM/RPT in June 1979 hav-
ing been on the ARRL Hq. staff for about
iwo years. Two months later he left Hyg.
but continued with the column as con-
tributing editor. On Line debuted in August
1981,

Stan’s interests in repeaters and com-
puters predate the multitudes that now
populate these two fields of Amateur
Radio. “*Back in the early '70s, I had the
good fortune of meeting {via 2-meter a-m)
WAINQP, who built one of the first 450
repeaters in the Northeast. That got me
started in the world of *boat anchors’ and
mini-rigs,”’ says Stan. ‘“*And, when Radio
Shack unveiled their first TRS-80® |, 1 was
the first one on my block (and in town) to
buy one!””

First licensed in 1969, Stan is an Extra
Class licensee and an ARRL Life Member.
He has held a number of ARRL appoint-
ments (ASCM, NM, OBS, ORS, OVS) and
is the former SCM of Connecticut. He has
NuUmerous operating awards, including A-1
Operator, BPL, DXCC, Public Sesvice,
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PSHR, WAC, WAS and the Central Radio
Club Costmos silver medal for being among
the first to operate through the Soviet
amateur satellites.

Stan lives in Wolcott, Connecticut, and
is a senior technical writer for General
DataComm Industries, Inc. He has a BA
from the University of Connecticut and a
JD from Western New England College. In
1977-78, Stan was a communications assis-
tant in the Public Service Branch of the

League’s Communications Depariment.
This sparked Stan’s interest in traffic
handling, and led to his founding of the
Western Connecticut Net in the midst of
the blizzard of 1978.

Stan operates RTTY, chases hi and vhf
DX (278 countries worked on hf; 25 states
on 144 MHz), and participates in contests.
When not radiosporting, he raises giant
squash, writes a book on UFOs and roots
for the Boston Red Sox. ol =

CE Stan Horzepa, WATLOU, has his hands full these days alternating between columns on
repeaters and computers. {photo by Jeanette Horzepa)



Dual-Frequency Antenna Traps

Although L-C antenna traps have been around for years, you've
never seen any like thesel!

By Robert H. Johns,* W3JIP

Here is a2 new way to make antenna
traps using only coils, without scarce and
expensive high-voltage capacitors. An ad-
ditional bonus is that these traps can be
made to resonate simuitaneously on two
frequencies, greatly expanding their
capabilities!

Cross-Linked Polyethylene (XLP)
Insulation

The key to these new traps is a speciaily
insulated wire that withstands several
kilovolts. This wire is wound one layer on
top of another, which produces some
capacitance between the layers (Fig. 1).
Enough capacitance in parallel with the coil
inductance produces a resonant circuit,
which can be used as an antenna trap. In
transmitting service, this capacitor
iformed by the insulation) will need to
withstand high voltage and high currents
without much dielectric loss. XLP, a
recently developed type of insulation, has

*Chief Engineer, Barker and Willlamson Co.,
10 Canal 5t., Bristol, PA 18007

the excellent high-voltage and low-
dissipation properties of polyethylene, It is
also tough and hard from additional
polymerization (or cross linking) of the
molecules.

All of the traps described in this article
are made from wire covered with XLP in-
sulation. It is normaily used for telephone-
switchboard service and costs about 10
cents 2 foot for no. 14 stranded, type-SIS
wire, 1.2

How They Work

in Fig. 1, notice that the two coils are
wound in bifilar fashion. The more turns
added to the two coils, the lower the
resulting frequency, since inductance and
capacitance are increasing simultaneously.
This tuned circuit is similar to the filters
described by Doty, and is an extension of
the coaxial cable traps of (¥Neil and
Johns.343

A second resonant frequency is achiev-

'Notes appear on page 30.

ed by winding a small third laver on top
of the lirst two (Fig. 2). Another tuned cir-
cuit is formed by the capacitance between
the outermost coil and the two others,
together with the inductance of the small
coil. This higher-frequency resonance ap-
pears only if the third coil {5 less than half

i

i

Fig. 1 — Hlfustration of distributed capacitance
between coil turns (A). Electrical equivalent
circuit of A (B).
!
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Fig. 2 -- A dual-irequency antenna trap. The
lower rasonant frequency is determined by the
entire three-layer coil and distributed
capacitance. The higher-frequency resonance
is determined by the smallest coil and
assaciated capacitance. The two circuits inter-
act, but can be adjusted individually by
varying the number of ¢oil turns.

the length of the larger coils. If too many
turns are added, this resonance geis
broader and shallower, finally disappear-
ing when the coil becomes too large.

Dual-frequency resonance can be used to
good advantage in a trap antenna. The
common trap dipole for 80 and 40 meters
will also work on 15 meters if the traps are
tunied to 21 MHz. The half-wave section
on 40 meters will function as three half-
wave elements on 15 meters, and can also
be fed at the center.

Construction Principles

The basic trap is a 40/ 15-meter version,
and is made from 4-inch PVC pipe. Cut
the PVC pipe to 6-inch lengths. One length
is needed for each trap. Drill holes in the
pipe, as shown in Fig. 3A. The form is now
ready to accept the winding.

Start winding the trap by passing a
21-foot length of wire through the center
of the form. Pass the ends out through a
set of holes spaced 4 inches apart. One end
of the wire should protrude approximate-
ly 8 feet from the form, the other approxi-
mately 13 feet. With the 8-foot wire on
your right, wind it toward the left edge of
the pipe for a total of 2534 turns (Fig. 3B).
Feed the end of the wire through the ap-
propriate hole and out through the center
of the trap to form a pigtail. Now coil the
ather wire on top of the first layer by wind-
ing in the opposite direction of rotation,
laying each turn in the spaces between first-
layer turns {Fig. 3C). Skip a space at the
beginning of the second layer, for it has
only 23 turns. This coil shouid finish at the
right side of the trap. Feed the remainder
of the wire completely through the trap
form by passing it through two opposing
holes.

Take the end of the second-layer wire
(there should be about 2 feet left) and lay
it perpendicular to the second-layer turns.
Count 10 spaces from the right end of the
onter coil and make a 90° bend in the wire
at this point (Fig. 4). Lay the wire into this
space and wind 934 turns over the second
layer, making sure the coil is following the
same direction of rotation as the second
layer. The third layer is actually wound
over the wire that lies perpendicular to the

28 5T

" _»ALL HOLES /52" Dia.

END OF FIRST-LAYER |
WINDING ! [{sh}

i

ma = INCHES("] x 5.4
o« FEETC] 00,5048

Fig. 3 — Construction details for a 40/15-meter trap. All text instructions follow this orlentatlon
of the coil form. Holes should be drillad as shown in A. First-layer coil winding is shown in B,
and second-layer detalls in C.

Fig. 4 — The third-layer coll winding technique for a 40/15-meter trap. This coil is wound on tap
of the wire lying over the second-layer coil.




coils. This outermost coil should end at the
right side of the form. Pass the remaining
wire through the appropriate hole and out
through the center of the trap. You should
now have a completed trap with three layers
of windings and a piptail of wire protruding
from each end.

A Four-Band Antenna

Fig. 5 shows the dimensions of a trap
dipole using one pair of the 40/15-meter
traps described above. It is resonant on 80,
40, 15 and 10 meters.

The 10-meter resonance was a pleasant
surprise, and exists because the entire
antenna is resonant as five half-
wavelengths, capacitively loaded by the
traps. The [4-A and 2'2-h configurations
on 15 and 10 meters, respectively, are not
a good match to 50-Q coaxial cable; a short
matching section is used. This is mace from
the no. 14 SIS wire used in the traps. Two
6-foot pieces of wire lightly twisted together
inakes a ¥4-k, [0-meter transformer (about
130-£2) that also provides a good match on
15 meters. The matching section is so short
that it doesn't affect the 40- and 80-meter
bands significantly. The SWR curves of this
antenna are shown in Fig, 6.

Tuning

Here 1s a tuning trick that can be used
with any trap antenna, not just the ones
shown here. An insulated wire is passed
through or around a trap and capacitively
coupled to the antenna wire on either side
of the trap (Fig. 7) This effectively places
a differential pair of capacitors in parallel
with the trap capacitor. The equivalent cir-
cuit is shown in Fig. 8. When the tuning
wire protrudes equal amounts from both
sides of the trap, additional capacitance is
at a maximum. In this case, the trap (and
antenna) frequency will be brought down
to the lowest possible value. Sliding the
tuning wire to either side causes the dif-
ferential pair to decrease in secries value,
thereby raising the trap (and antenna) reso-
nant frequency. The tuning wire can
therefore be slid just far enough to bring
the antenna up {o the desired resonant
frequency.

When the 40/13-meter traps are tuned in
this manner, 40 meters is affected the most,
with 15 meters affected to a tesser degree.
This works out well, since 15-meter
resonance is usually quite broad and should
not need much adjustment. Although traps
should normally be constructed to resonate
in the middle of the band, they should
resonate at the top of the band when tun-
ing wires are to be used. They will bring
resonance back down into the center of the
band.

To lower the resonant frequency on 10
and 80 meters, another simple tuning
scheme Is used, At the ends of the anten-
na, some of the wire is folded back along
itself and then out through a knot at the
end (Fig. 9. To lower the resonant frequen-
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Fig. 5 — Dimensions of an 80/40/15 and 10-meter

antenna using one pair of 40/15-meter traps.

The center insulator can be made from Yz-inch PVC pipe, and the S0-239 housing from 1-inch
PVC slip caps. The 14-foot dimension includes the length of wire folded back for tuning.

See text for details.
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Fig. 8 — SWR curves for the antenna in Fig. 5.
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Fig. 7 — The trap-tuning eiement is a 3-foot
length of no. 14, XLP-insulated wire. It Is fed
through the trap and loosely wrapped around
the antenna wire on either side. At A, the
capacitance is maximum and the resonant fre-
guency will be lowest. At B, the parallel
capacitance has been reduced and the reso-
nant trequency will be higher than in A,

A 3-fooi wire can tune the antenna over 500
kHz on 40 meters. See texi

¢y on 10 and 80 meters, some of this wire
is pulled out and attached to the nyion guy
rope. If the antenna is set up as an inverted

| t
| |
C g g

Fig. 8 — Electrical equivalent of a trap and
tuning wirg. The tuning wire forms a differen-
tial capacltor {dashed lines), which changes in
series value as the wire is slid through the
trap.

V¥, this adjustment can be made without
loosening the guys.

Other Frequency Combinations

Fig. 10 shows a 10- and 15-meter trap
combined with a leading coil to shorten
overall antenna length. The long coil is a
single layer with a self-resonant frequency
of approximately 29 MHz, it also serves as
the loading coil. The smaller, second-layer
coil forms a 21-MHz trap. The outer por-
tion of the antenna beyond the traps can
be cut for any band lower in frequency than
15 meters {except 20 meters). Fig. 11 gives
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dimensions for a 40/15/10-meter antenna.

This antenna can also be tuned with in-
sulated wires running through the traps.
Two wires are used, one into each end of
the trap (Fig. 10). The 15-meter tuning is
quite critical. A ' -inch shift in the tuning
wire position moves the resonant frequen-
¢y across the entire band!

Last-Minute Hints

‘When constructing traps, the number of
coil turns may need to be adjusted for your
particular wire and layout. Typical varia-
tions in the insnlation thickness are enough
to change the number of turns required. A
GDO (grid-dip oscillator) is essential when
building traps, but don’t try to measure the
frequency of a trap with any wire connected
to it or you will get an erroneous reading.
Also, a trap cannot be dipped when it is
in an antenna, for too many other
resonances will appear. Once a trap is con-
nected into an antenna, all measurements
must be done from the feed point, When
your traps are completed, wrapping them
with electrical tape or dipping them in
liquid silicone rubber to secure the turns in
place is a good idea. This covering will also
help protect the XLP insulation from the
damaging effects of ultraviolet radiation.

Many features of the traps and antennas
described here have been patented or are
patent pending. Amnateurs are welcome to
build these for their own use, but manufac-
turers are cautioned that all patent rights
will be strictly enforced.

Notes

‘'m o= ft ¥ 0,3048; mm = jn. x 2%5.4.

“This wire is available from the local wire distribu-
tors and the Barker and Williamson Co., 1¢ Cana}
5t., Bristol, PA [9007.

*A. Doty and A. Macnee, “Introducing the INCONS,”
ST, Feb. 1979, pp. 11-14,

*G. O’'Neil, *Trapping the Mysteries of Trapped
Antennas,”” Ham Radio, Oct. 1981, pp. 10-16.
‘R, Johns, ‘“Coaxial Cable Antenna Traps.’' (ST,

May 1981, pp. I5-17,
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New Procuct
New Products
AVATAR MAGNETICS “GORILLA
HOOES” TOWER CLIMBING
ACCESSORY

[J You're 100 feet in the air. It’s been a
long, hard day installing vour new &-
clement 20-meter **death ray”. Sure, it was
a lot of work and you’re exhausted. De-
scending the tower with the setting sun,
your mind wanders and you grin in an-
ticipation of those pile ups you’re going to
breeze through. Suddeniy, halfway down
the tower, you lose vour footing. You
scream before realizing that your Gorilla
Hooks have saved vour life. Instead of
breaking your back in a 50-foot fall, you
bruise your knee after falling less than
1 foot. After your heart stops beating like
4 race-car engine at top speed, you finish
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your descent in safety and go on to flex
your new-found muscles on 14.001 MHz.

Avatar Magnetics handles a complete
line of tower-climbing belts and accessories.
The latest addition is the ““Gorilla Hook.*
These hooks snap on to the D-rings of a
climbing belt (the same rings the safety
strap attaches to). The idea is to alternately
attach the Gorilla Hooks to the next-higher
tower rung as you climb, The climber is
secured to the tower at all times when
ascending or descending. In case of a slip,
he or she cannot fall more than the Gorilla
Hook’s cable length.

Gorilla Hooks are made by the Klein
Tool Co., a respected manufacturer of
high-quality climbing belts. The hooks
themselves are made of forged steel and are

attached to belt snaps by a flexible steel
cable. The belt snaps must be pressed on
both sides to open, preventing them from
accidentally unhooking from the belt.
Avatar rates the Gorilla Hooks at 4000-Ib
overall strength.

Although we didn’t have the opportuni-
ty to hang a 4000-1b gorilla from the hooks,
they are easily capable of supporting the
weight of a fallen climber. Workmanship
is excellent, and a pair of these would be
a welcome addition to 2 tower-climber’s ac-
cessory collection,

Gorilla Hooks cost $73 per pair (post-
paid fo all U.S. ZIP codes), and are
available from Avatar Magnetics Co. (attn:
‘WOIVF), 1147 N. Emerson, Indianapolis,
IN 46219. — Mark Wilson, AA2Z



A VXO CW Rig for

Does your present transmitter lack
30-meter provisions? Have you
wanted to try this interesting
amateur band? Here are the
details for building your own
solid-state transmitter — QRP

or 60 watts.

By Doug DeMaw,* W1FB

H ave you been reluctant to spend
money on a new transceiver or transmit-
ter, even though your present rig does not
permit vou to work 10.1 MHz? Frugality
in these troubled economic times has made
many of us a trifle “*slow on the draw”
when it comes to investing in hobby types
of items. But, we can build a ¢cw transmit-
ter ingxpensively and quickly if we wish to
enjoy the interesting characteristics of the
new 30-meter band. A general-coverage
receiver can be used to recetve on 10.1 MHz,
or we might consider building a simple
30-meter converter for use with an existing
ham-band-only receiver, This article
describes a transmitter and includes a sug-
gested design for a little receiving converter.

What’s 30 Meters Like?

We examined the 30-meter band in
general terms last month in Q37 while
discussing various simple antennas for that
band.' But briefly, it is a spectacular
crossbreed of the 40- and 20-meter bands
in terms of propagation. I have seldom
found 30 meters closed because of poor
propagation conditions. QRN {s lower than
on 40 meters, but slightly more prevalent
than on 20 meters, Qccupancy is very low,
owing to the lack of contesting and “‘award
chasing.”’ Therefore, QRM is seldom a
problem. | find 30 meters the best of the
ht bands for keeping schedules beyond a
300-mile distance. Low power seems to do
as well as the legal 250-W dc input limit.
Many amateurs are found on the band with
QRP rigs, and I have had no trouble
copying stations with I- or 2-W signals.
One fellow I worked was using a modified

'Notes appear on page 34.
"Cos?tribuﬂng Editer, P.Q. Box 250, Luther, M|
49656

30 Meters

Heath HW-7 QRP transceiver, and he was
tunning 0.5 W, Despite the 300-mile
distance, his signal was 8 8, and he was
using a dipole in his attic! Be sure to
remember the band limits and authorized
UJ.8. segments: 10.100 to 10.109 MHz and
10.115 to 10,150 MHz. Do nor operate
Sfrom 10.109 to 10.115 MFiz!

The Transmitter Exciter Module

Hf you're a QRP enthusiast, it is likely
that the circuit of Fig. 1 will appeal to you.
1t is simple and can be built in an evening.
Pc boards and a parts kit are available.®
Power output will be on the order of 1-2 W,
depending on the characteristics of the
transistors used from Q1 through Q3. If
you are interested in having more available
output power, the power-FET amplifier
described earlier in (ST can be connected
to the output of this exciter/transimitter.*
If that is done, the FETs can be changed
from the MRF138s specified in the article
to Motorola MRF171s, which are more
readily available than the former ones. The
171 is rated at 465 V maximum, Vpsg
and an I of 4.5 A continuous. Maximum
power output is rated at 45 W per device
from 2.0 to 200 MHz. This transistor is
directly interchangeable with the MRF138.

A VXO is used in the circuit of Fig. 1.
This frequency element provides excellent
stability and ample frequency swing for the
30-meter band. Q1 functions as a Colpitts
oscillator with feedback from source to
gate. The crystal is ““rubbered’” (or pulled)
by means of 1.1 and CI1. A 10-kHz swing
should be easy to obtain when using a
quality AT-cut plated crystal in an HC-6/UJ
style of holder. Surplus FT-243 crystals are
not recommended because they may be
sluggish and will not provide ample fre-
quency shift when C1 is tuned through its

range. Quiput for Q2 is taken from the
source of Q1.

2, the buffer amplifier, operates Class A,
and is broadbanded. it has a gain of ap-
proximately 12 dB and helps to isolate the
final amplifier, Q3. from the oscillator.
This eliminates potential problems with
chirp on the cw note, Also, Q2 gives the
signal sufficient boost to drive the power
FET, Q3. A broadband transformer, T1,
provides the coupling from the collecior of
Q2 to the gate of Q3.

R1, the emitter-bias resistor of 2, can

" be changed in value to control the ocutput

level of the exciter. If the little transmitter
will be used as an exciter for the 60-W
power-FET amplifier mentioned earlier, R1
will need to have increased resistance to
limit the Q3 output to approximately 0.5 W.
If not, the exciter will drive the power
amplifier beyond the safe limits. You may
want to add a |-k{2 potentiometer between
the low end of R1 and ground for use as
a drive control.

A Siliconix VN6TAF power FET is used
at Q3. 1 chose this device because it is in-
expensive and requires very little excitation
to develop the desired power output. It is
biased for Class B linear service, with a for-
ward gate voltage of approximately 1.2.
Class A operation, and greater lnearity,
can be had by changing the value of R2 to
increase the gate bias to 3 V. This will fower
the drive requirements from Q2. However,
the idling current of Q3 will be greater with
increased gate voltage.

T2 is also a broadband transformer. 1t
transforms the Q3 drain impedance to that
of the harmonic filter, FLI (50 ohms). A
simple half-wave filter ensures spectral

purity, with all spurious responses being

. ~40 dB or better, as required by FCC
‘regulations. When driving a successive
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Fig. 1 — Schematic diagram o1 the 30-meter QRF transmitter/exciter. Fixed-value capacitors are disc-ceramic unless noted otherwise. Polarized
capacitors ara tantalum or electrelytic, Resistors are carbon-composition types, %-W, unless Indicated differently.

€1 — Miniature air variable, panel mounted,

C2-C8, incl. -— Silver mica or polystyrene.

J1 — Coaxial female connector of builder's
cholice.

L1 — 124H inductor. 50 turns no. 28 enam.
wire on T50-2 toroid core.

L2, 13 — 0.72-uH inductor. 13 turns no. 24

power amplifier with the circuit of Fig. |,
clean excitation energy will be beneficial in
assuring clean output from the power
amplifier. It is always a good objective to
supply the purest of driving power to any
stage of a transmitter.

A 24-V power supply was chosen to per-
mit Q3 to develop the desired output power
easilv. Although most power FETs will
operate at low voltages, such as 12 V, they
saturate readily at voltages below the rated
potential, That is, a 28-V FET will deliver
only a fraction of its rated power at 12 V.
A VN46AF (available at Radio Shack
stores) can be used at Q3 if we reduce the
supply voltage to 18 or less. Unfortunately,
the VNG67AF_contains a built-in Zener
diode from gate to source, which can be
shorted if the peak driving voltage to the
gate is excessive on the negative half cycle.
When this happens, the FET junction will
become shorted, and that will be the end
of our transistor! The safe gate swing for
a VNG67AF will not be exceeded in the cir-
cuit of Fig. 1.

A three-terminal regulator, U1, provides
the operating voltage (regulated) for QI,
Q2, Q4 and the gate of Q3. This section
can be eliminated if separate power supplies
(12 and 24 V) are available, or if we choose
to operate Q3 at 12 V. This reduced drain-
source voitage at Q3 will require a different
resistance value for R2 if we are to have
the desired +1 to +3 V of forward gate
voltage. Similarly, the turns ratio of T2 will
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enam. wire on T50-6 toroid care.

R1, R2 - See text.

T1 — Broadband transformer. Primary has 12
turns no. 26 enam. wire on an FT50-43
ferrite toroid. The secondary has six tumns
of the same type of wire,

need to be modified to accommodate the
new drain impedance, The approximate im-
pedance is obtained from Vpp®/2P,,
where V is in volts and P is in watts.
Keying of the exciter is accomplished by
means of Q4, which is a pnp dc switch.
‘When the base is keyed (grounded) the
transistor conducts, thereby allowing the
+ 12 V to reach Q1 and Q2. This turns on
the transmitter during key-down periods.
Since (O3 operates in a linear manner, the
keying is not hard (clicky) as it might be
when keying the drive to a Class C
amplifier. Two capacitors and a 2.2-kQ
resistor form a shaping network in the base
lead of Q4. This aids in rounding off the
sharp trailing edge of the cw waveform. In-

T2 - Broadband transformer. Primary con-
tains 15 turns no. 24 enam. wire on an
FT50-43 ferrite toroid. Secondary has six
turns of the same type of wire.

Y1 — Fundamental crystal, type AT in HC-6/U
holder. Order for center of dasired 10-kHz
tuning range, 30-pF load capacitance.

creasing the value of the 2.2-4F input
capacttor at Q4 will further “soften’’ the
cw note. If break-in delay is desired for the
keying circuit, the module described in an
carlier QST article can be used.* It is
designed to prevent “*hot switching”’ the
final amplifier, which in turn protects the
PA stage from no-load {momentary}
damage. By avoiding hot switching of the
PA (no antenna attached as the changeover
relay cycles from receive to transmit), we
also prevent unwanted spurious **blurps®’
from appearing on the air. Some commer-
cial rigs are offenders in this regard. The
referenced QSK module has switching
capability for muting a receiver. It also
features adjustable time constant for con-

FLA

Fon = 11 MHz

L2, L3~ 1,28 uH,
C1, B - 403 of
€2 - 470 pF

[ LE i3 L4
50 o___fY*rY\_,[_m'Y\__L_rrYY\_‘[_mm___g 50
prniit o] | a2 e
[ I T
s

EE, L4 -O8T7RuH. 1t TS, NO.2% ENAM. OX TE&A-6 TGROIL
TS NO. 22 ENAM. ON T6E-6 TOROID
SILVER MICA DR POLYSTYRENE
FLVER MICA OR POLYSTYRENE

Fig. 2 — Details for modifying the power MOSFET amplifier of note 3 for use on 30 metars.



trolling the relay drop-out time. It can pro-
vide full QSK if a reed or mercury-wetied
refay is used in place of the relay specified.

Interface to the Power-FET Amplifier

The exciter and the amplifier are
designed for connection to 50-03 loads.
Therefore, we can use a short length of
50-Q coaxial line to join the modules (out-
put of the exciter to the amplifier input).
A 28-V, 5-A regulated de supply will handle
the entire transmitter nicely. Many such
power supplies dre available from surplus
houses at reasonable cost. Be sure to check
the flyers and catalogs if you don’t own a

24- or 28-V power supply.

We must permit only enough drive from
the exciter to develop 60 or fewer watts of
amplifier output power into a 50-§ load.
This will be on the order of 0.5 t0 0.75 W
typically. The +24 or +28 V line to the
60-W amplifier can be left operational at
all times. This will avoid the need to include
the amplifier in the T-R loop. The anten-
na lead will need to be switched, however.

Minor changes are necessary in the
amplifier discussed in note 3. The only
modification for 30-meter use involves
changing the constants in the output filter,
FL1 (Fig. 4, page 27, March 1983 QS7).

Fig. 2 of this article contains the coil and

' capacitor data for 30 meters. Cl and C3

may be formed by placing a 390- and a
12-pF capacitor in parallel at ¢ach spot in
the filter. The powdered-iron toroid cores
are available by mail from Amidon
Associates, Palomar Engineers and
RadioKit (see QST ads). The entire
amplifier kit or a composite unit {also a kit)
containing the amplifier and the exciter of
. Fig. 1 can be obtained from the supplier
-in note 2.

Receiving on 30 Meters
We mentioned earlier a suggested design
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Fig. 3 — Suggested circuit for a simple 30-meter convarter. The i-f is 7.000 to'7.050 MHz, C1 and C2 are mica compression trimmers or miniature
ceramic or palystyrene trimmers. See text for C3. J1 and J2 are phono jacks. L1 is a 8-4H inductor (38 turns no. 30 enam. wire on a T50-6 toroid
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i

Fig. 4 -— Parts-placement guide for the 30-meter exciter, as viewed from the component side of the 3¢ board. See Hints and Kinks, this issue, far

the etching-board pattern.
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tor a 30-meter converter. There are many
designs to be found in the amateur
literature, most of which could be modified
easily to 30 meters. But, in the event you
are not sure of what is required to perform
proper alterations for a new operating fre-
quency, the circuit of Fig. 3 should be en-
tirely suitable. It has been proven during
use on many of our hf bands.

The converter can be fed to a receiver
that tunes the 40-meter band. A 3.1-MHz
crystal at Y1 of Fig. 3 enables us to tune
10.100 MHZz at 7.000 MHz on the receiver.
When we tune our receiver to 7.050 MHz,
we will be listening to the high end of 30
meters (10.150 MHz).

Q1 provides some 10 dB of gain as a
common-gate rf amplifier. C1 and C2 are
adijusted for a peak response at the center
of the 30-meter band. Or, if you are in-
terested mainly in the low segment of the
band, you may wish to peak the trimmers
at 10.105 MHz.

The mixer has a hroadband output cir-
cuit to permit coverage at the i-f without

need to retune the mixer output as the sta-
tion receiver is tuned from 7.0 to 7.050
MHz. A 5.6-kQ resistor is used across the
primary of T2 to aid in IMD reduction and
10 establish a fixed-value impedance for the
Q2 drain circuit,

A Pierce oscillator is used at Q3. A load
capacitance of 30 pF is suggested when
ordering Y. If you use a surplus crystal
and find it a bit sluggish with regard to
oscillation, iry increasing the capacitance
of C3 slightly. This is a feedback capacitor.

Construction Daca

Fig. 4 contains a parts-placement
drawing of the l0-meter exciter. A scale
template for the pc board appears in Hints
and Kinks in this issue, Layout and con-
struction information for the 60-W power-
FET amplifier was provided in March 1983
QST. There is no layout data for the sug-
gested converter. You may lay it out on
perforated board, or try your hand at pe-
board layout and etching. Check with the
supplier in note 2 for the availability of

converter boards and kits.

Closing Comments

Adventure is awaiting vou on 30 meters.
That, plus the thrill of going on that new
band with a homemade station, will make
these projects worth your while! Perhaps
you will choose to start operation at the
QRP level. It is logical that any newcomer
would prefer to assess the band for interest
and advantages before getting tooled up for
the 60-W power level. That part of the
project can come later if you find the band
to your liking. Whatever the situation,
good luck on 10.1 MHz!

Notes

', DeMaw, *‘Building and Using 30-Meter
Antenoas,’” Oct, 1983 QST,

*Circuit Board Specialists, P.O. Box 969, Pueblo, CO
31002,

3. DeMaw, “‘Go lass B or 0 with Power
MOSFETs,”” March 1983 QST

‘3, DeMaw, “20-Meter Hamcation Special,” Nov.
1982 QST. Heb

Strays -

THANESGIVING -— A SPECIAL EVENT
{1 It all started in 1980 when a member of
the Whitman (Massachusetts) ARC ap-
proached me and several other members of
the club and asked a simple question:
“With all the early-American historical
sites around us, why haven't we done
anvthing to bring this to the attention of
the rest of the world?”’ None of us had ever
operated a special-event station. The closest
any of us had come to that was Field Day,
and what we learned from that over the
vears really paid off.

With this thought in mind, we contacted
the administrators of Plimoth Plantation,
a nonprofit living history museum in
Plymouth, Massachusetts, and related our
ideas to them., Their response was over-
wheiming, and they welcomed us with open
arms. It turned out we could operate from
inside the museum library. Considering the
operating date was set for Thanksgiving
Day and the familiar adverse weather con-
ditions of November, it seemed like the
ideal place to operate,

We decided to use 15 meters for distance
and 40 meters for regional coverage. We
had a dipole for 40 meters, a 3-element
Yagi for 15 meters and an old {but in top
shape) military, crank-up 350-foot field
tower. The weekend before the operation,
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five of us went to the Plantation to set up
the antennas. This is when our Field Day
¢xperience particularly paid off, as we had
to brave 40-mile-per-hour winds and a
downpour to get everything up and proper-
ly guyed.

On Thanksgiving Day, we worked just
about every state in the U.5., all through
Europe and parts of the Middle East and
Africa. A special QSO occurred between
a ham in Plymouth, Engiand, and our
Plantation Station.

The second year of operation, conditions
were poor. We did manage to work as
many stations as the year before, but our
DX total was only a dozen or so, with only
a few in England.

This year, with propagation rapidly
declining, we are going to expand our
operations to include 20 meters and limited
2-meter operations (see Special Events, this
issue, for more details).

This year’s event will also be supported
by members of the Plymouth (Devon,
England) Radio Club, operating G3PRC
from a site overlooking Plymouth Sound,
from where the Pilgrims began their
journey aboard the Mayflower in
1620. We are looking to break a 1000-QS0O
total in one day this vear, so put on
your rigs and be part of the holiday cele-

bration! -~ Jim Russell, WBICNM,
Brockion, Massachusetts

Whitman (Massachusetts) ARC members stake
a claim for Amateur Radio at Plimoth Planta-
tion prior to their Thanksgiving Day cperation
thera, Pictured (I-r) are WA1FSD, W1TC,
WB1CNM, KA1CZSE and KJ1X {photo courtesy
WoBTCNM}
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-rhe London, Ontario ARES needed a
simple, easily constructed Touch-Tone®
activated system to alert its members. One
of the most important (and difficult) facets
of any civil preparedness (CP) plan is acti-
vation. An ARES group needs a way of
contacting its members independent of
telephone lines (which will probably be out
during an emergency). A unit that would
altow all members to silently monitor the
CP repeater until the Emergency Coor-
dinator (EC) generated the *activate’ com-
mand has been sought for some time.

With this in mind, Norm Ross, VE3ET],
developed 2 prototype. This design
contained a dual-tone, multi-frequency
{DTMF) decoder and logic to drive three
control relays. The system about to be
described is similar to the prototype, but
it uses silicon-controlled rectifiers (SCR)
rather than relays. This drastically reduces
the size and current demands of the device.
The project is packaged in a standard
24 % 3 x S-inch utility box.'

Design Objectives

Four basic objectives were considered in
the original design:

'Notes appear on page 37.

*548 Upper Queen 8t., London, ON N6C 3T9,
Canada

1) three tones necessary for access, with
false alert suppression;

2) automatic shutoff of the siren, and a
means to disable it at any time;

3) low current drain, so the device could
be left on indefinitely:

4) relatively simple and inexpensive con-
struction, 5o alf ARES members could own
one.

In addition, several “‘bells and whistles"’
were incorporated to monitor proper
operation and aid in the setup of the alert:

1) visual indication (LED), to let the
operator know when an alert has been
received;

2) LED indicator, to set the receiver
audio to the correct level;

3) lights, to indicate when correct tones
are received.

Circuit Description

The circuitry used in this device is sim-
ple. When a valid tone is received, it is
detected by two 567 PLLs, producing a
logic **low’ at their outputs (pin 8). When
this level is applied to one section of the
7402, a positive pulse appears at the out-
put. This signal is transferred to the second
circuit hoard for processing.

U4 responds to 1209 Hz, which is com-
mon to the left column on a tone pad;
similarly, U1-U3 correspond to*®, 1 and 7,

The London
Tone Alert

Build this simple
control decoder
and never miss
the ARES action!

By T. C. Tanner,* VE3BSI

which comprise the code selected by
London-area hams. Any other vertical col-
umn of the pad could be used as well, re-
quiring only freguency adjustments in the
decoding circuitry.

Accidental triggering of the circuit by
voice frequencies is prevented by a three-
second time constant developed by the ac-
tion of the 4.7-kQ resistor and 220-pF
capacitor between the emitter of Q1 and
ground. Because of this, the first digit in
the code must be held for approximately
three seconds, until the capacitor is suffi-
ciently charged to trigger Q2. This SCR
lights DS3, providing a positive voltage at
the anode of Q3. An SCR behaves like a
latching relay. Once triggered, the device
will remain on (latched), as long as cur-
rent is being drawn through it, The second
digit is decoded next, providing a positive
pulse at the gate of Q3. This SCR lights
DS4 and results in a positive voltage at the
anode of Q4.

When the third number is received, Q4
turns on and lights [3S5. This produces a
positive voltage at the base of Q5. This
transistor conducts, grounding the negative
side of the audio alert circuit {U7-U8) to
sound the alarm.

A 555 timer is employed to shut off the
alarm. The timing cycle is triggered by ac-

quisition of the first valid tone. After ap-
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ALDIO ALERT

Fig. 1 — Schematic diagram of the tone alert. All resistors are 1%-W, 5% carbon types.

D31, DS2, DSS —- Large LED (red).

D83 — Large LED (green).

DS4 — Large LED (yellow).

02, Q3, Q4 — Silicon-controlled rectifier,
2N5060, 2M5081 or equiy,

proximately 45 seconds, the timer supplies
a negative voltage to Q6. This effectively
grounds the gate of Q2, shutting down
most of the circuit. A small glow still re-
mains in D83, which brightens and dims
as the timer cycles. With the given values,
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51, B2 — Bpst miniature toggle switch.

853 — Normaltly open push-button switch
{Radio Shack 276-1811 or equiv.).

SP1, 8P2 - 8- speaker, 2. or 2%4-inch-
diameter.

the dim portion of the cycle lasts for about
one second, 5o DS3 remains lit. This serves
as an indication that an alert has been
received. The circuit is reset, however, just
as if the RESET button on the front panel
had been pushed.

T1 — Power transformer, 117-V primary;
9V, 300-mA secondary.

T2 ~ Transistortype cutput transtormer
{Radio Shack 273-1380 or equiv.).

U8 — Full-wave bridge rectifier, 50-V, 1 A,

A reverse-connected transistor-output
transformer is across the audio input. An
L.ED across the high-impedance side of this
transformer serves as a level indicator. The
receiver volume control can now be set for
a level sufficient to activate the decoder;



the LED will flash when an ample voice
level is received. While this is an optional
part of the unit, it is highly recommended
to ensure the volume is adjusted for proper
operation.

When this circuit is plugged into the ex-
ternal speaker jack of a receiver, it will nor-
mally disable the receiver speaker. To
alleviate this problem, a small speaker is
provided to allow receiver monitoring. A
bypass switch, 52, is included to disable the
speaker for silent monitoring. The alert is
still operational in this mode, even with the
speaker off. A power switch and pilot LED
are also provided on the front panel, to teil
the operator when the unit is on.

A regulated 5-V supply powers the en-
tire system. The bridge rectifier, filter
capacitor and voltage regulator are on pc
board no. 1. Four NiCd cells can also pro-
vide 5 V, if battery operation is desired. An
alternative is to apply 12-V dc to the input
of the regulator. One might consider a rear-
panel jack and switch for this. Total cur-
rent drain from the regulator is 55 mA.

Construction

Use Y4-W resistors,and capacitors with
6- or 10-V ratings. Use a 9-V, 300-mA
transformer for power. 1 was able to locate
almost everything at a local surplus store.

‘The bulk of components are contained
on three pc boards. Q1, U1-US5 and their
associated decoding circuitry mount on
board no. 1. The LEDs, DS1-DS5 and
transformer T1 are contained on board
no. 3. All remaining components are
housed on board no. 2. [t may be necessary
to adjust the mounting holes to accom-
modate the particular components you
have. Also, if you are unable to locate a
utility box of the correct size, you will have
to alter the size or location of the mount-
ing holes. This is not a “‘piece of cake,”
50 give it some thought before proceeding.
Don’t forget that resistors can be mounted
vertically to save space. The only critical
components are the three tantalum capaci-
tors in each decoder circuit.

Mount the LEDs on the Z-shaped circuit
board. Using the same template, drill holes
in the box to allow the LEDs to protrude
up to the shoulder. No further insulation
should be necessary.

Circuit boards no. 1 and no. 2 mount on
each side of the utility box with spade bolts
or threaded brackets. Allow enough space
at each end to slip the speakers into place.
Holes in both ends of the box serve as
speaker grills. Use sockets for all ICs, and
don’t plug in the chips until the wiring has
been checked. Also, note that all com-
ponents are mounted in the larger section
of the utility box, sv ii can be opened
without any dangling wires.

Alignment

Alignment with a frequency counter is
a snap. Begin by attaching a frequency
counter to pin 6 of a 567. Adjust the cor-

Fig. 2 — internal view, taken from the rear of the unit.

responding 5-k@ potentiometer until the
counter reads the desired frequency to be
decoded by that device. Tune each of the
other decoders in the same fashion, until
all four are aligned. This is all the tuning
that is necessary. The device is now ready
for testing.

Testing

T'o test the unit, it is necessary to supply
amplified tones from a tone pad to the in-
put. This can be accomplished by
connecting the device to the external
speaker of a 2-meter rig and sending the
tones using another, 1 fed a Yaesu Touch-
Tone microphone through a tiny audio
amplifier using an 1.M383 chip plugged
directly into the unit. Press the * hutton for
three or four seconds, until the green LED,
D83, lights. If all is well, press [ and 7 in
succession. The yellow (DS4) and red (IDS5)
.EDs should light, and the siren should
sound.

After approximately 43 seconds, the
siren will shut down, and only DS3 will re-
main lit. The siren may be stopped at any
time by pressing the RESET button.

Comments

This unit has been tested on the air from
various locations, and worked like a charm
every time. If necessary, certain modifica-
tions can be accomplished easily. For in-
stance, if only one tone is needed to sound
the alert, two 567s, O3 and Q4 can be
eliminated. However, it is a good idea to
retain the delay caused by the R-C com-

bination in the ermitter circuit of Ql, to pre--

vent triggering from voice transients.

The audio alert could also be simplified
to eliminate the warbling note it produces.
I prefer the distinctive note, which is like
an ambulance siren.

A relay could be used at the output to
control a heavier load for alerting a large
group of people. To accomplish this,
simply insert the relay and suitable power
supply in place of the audio alert shown in
the diagram. A 12-V refay could be used,
and obtain its power from the same power
supply, but ahead of the regulator.

Applications for this device are not
limited to the functions described here. This
is a practical control circuit with limitless
possible uses,
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you won't need exoti

By Doug DeMaw,* W1FB

| t’s easy to be confused and discouraged
when your transmitter falters or refuses to
deliver rf energy to the antenna. A truism,
for certain. But all {00 many amateurs are
fearful of digging into their equipment in
an effort to locate and solve even the
simpiest of performance problems. Instead,
the equipment is boxed and shipped back
to the manafacturer for repair, A large
percentage of the time, the amateur could
service his or her transmitter and save
countless dollars in shipping and repair
cost, to say nothing of the inconvenience
of being without the rig for weeks, or even
months!

In the earlier days of Amateur Radio, it
was practically unheard of to seek factory
repair of one’s equipment. Even the least-
skilled operators had the courage to
troubleshoot commercially made gear, but
the unfortunate trend toward factory ser-
vice seems to be ever-increasing in pace. A
valuable by-product of doing cur own

repair work is added knowledge about cir-

cuits and how they work. Of course, the
more we learn about our rigs, the more
confidence we will have when the next ser-
vicing job crops up.

*Contributing Editor, P.O. Box 250, Luther, M|
49656

ilf -
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Simple Ways
Test Your
Transmitter

Is your rig inoperative? s the
rf output lower than it should
be? Or, perhaps you suspect
that you're radiating harmonics

from your antenna? Whatever
the problem, there are simple methods for checking your rig, and

c test gear to do it!

The intent of this article is to illustrate
some simple techniques for tracking down
those common ailments that befall our
equipment as it ages, The test apparatus
needed is neither costly nor hard to build.
A common misbelief among hams these
days is that one needs a laboratory and
thousands of dollars worth of test gear to
repair a piece of transmitting or receiving
equipment. Balderdash! A volti-ohmmeter
and an rf probe will serve admirably for
most of the problems we may encounter.
First Things First

Learning to follow a circuit diagram is
the first order of business in locating a
fault. Most of today’s factory-made ham
radio equipment is dreadfully complex, and
rightfully 50 if we are to enjoy the myriad
operating features and conveniences that
are common to the state-of-the-art
transceiver or receiver. As a consequence
of this circuit complexity, the schematic
diagrams look bewildering and rather like
a maze created by some demonic engineer.
Fortunately, most of the operating manuals
contain separate diagrams of the various
modules in the equipment. The overall
“‘master’’ diagram is even a bit much for
an experienced amateur or engineer to
decipher, and seldom do we find labels
above the various stages to indicate what

their functions might be. That, plus the
countless interconnect lines that run back
and forth across the drawing, can cause the
strongest of heart to capitulate in favor of
factory servicing! But, the individual
diagrams for the various modules are
generally quite easy to follow. I strongly
recommend that approach when doing ser-
vice work.

Most manufacturers will sell us circuit-
board extenders (cables) that permit taking
the modules out of the main frame while
still kecping them operational. If you don’t
have a set for your rig, perhaps you will
waitt to obtain one. Factory service
manuals are often available for those who
are willing to pay for them. They are
greatly expanded versions of the basic
operating manual that comes with the
equipment. If you plan to keep your
present rig for a period of time, you will
find the service manual invaluable.

‘Where and How to Start

Let’s consider one of the more common
transmitter failures — low rf output, or no
output at all. It makes no difference
whether our rig is totally solid state or if
it is a hybrid (tubes and semiconductors)
unit; the procedure is theé same when
troubleshooting. We will always commence
with the first stage in the transmitter chain.
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Fig. 1 — Example of a simple rf amplifier for
text discussion,

These carly stages are commounly referred
to as “‘low-level stages.”” This means that
they generate low leveis of power or
voltage.

1) Phase 1 calls for visual inspection of
the components that are related to the stage
being examined. We will inspect the
resistors For discoloration or fine cracks.
A magnifyving pglass or jeweler’s loupe is
practically mandatory for this part of the
check. A discolored resistor usually means
that excessive current has been flowing in
that branch of the circuit. Discoloration or
vracking is caused by overheating of the
component. These defective resistors are
apt to change value significantly or become
open-circuited. This prevents the correct
operating voltage from reaching the tube
or transistor. Fig, 1 illustrates a simple rf
amplifier that could have one or more
defective resistors. Assume, for example,
that R4 were defective. What might cause
this resistor to be burnt or cracked? The
culprit — excessive current tlow — would
have to be caused by some anomaly above
the resistor, or the side of R4 opposite the
13.6-V supply line. What could cause this
to happen? There are four potential sources
of the difficulty: (1) Q1 could be shorted
and drawing excessive current; (2)
resonating capacitor C2 might be shorted.
{3} decoupling capacitor C4 might be
shorted internally: (4) emitter bypass
capacitor C3 could also be shorted, which
could permit Q1 to draw high current and
become shorted. A fifth possibility would
be the input blocking capacitor, C1. If it
were shorted there might be too much dc
voltage at the base of Q1, thereby making
it draw excessive current or burn out. 1f this
were the bad capacitor, R1 might be defec-
tive also, because of excessive current flow
through it.

A good method for locating the bad
capacitor (or transistor) is to check each ter-
minal of Q1 for operating voltage after
placing 2 new resistor at R4. Apply
operating voltage only in short cycles to
prevent burnout of the new resistor. If you
find no voltage on the upper end of R4

40 (119 =3

(Fig. 1), or if the voltage is very low, tum
off the supply voltage and remove Q1 from
the pc board. Repeat the voltage check at
the high side of R4. 1f normal operating
voltage {or slightly more) appears above
R4, it is safe to conclude that Q1 caused
the failure, If the bias voltage at the junc-
tion of R1 and R2 is normal, the transistor
is probably shorted und needs to be
replaced. It is suggested that you test C3
for leakage or short-circuiting with your
ohmmeter if Ql is defective. If C3 is
shorted, it will permit the emitter of QI to
be at dec ground, thereby negating the value
of R3 as an emiiter-bias resistor. 'This will
increase the current drawn by Q1.

If normal base bias is found but there is
no collector voltage at Q1, perform an
ohmmeter ¢heck of C2 and C4. If either is
shorted, it could cause R4 to become
damaged, but would not harm QI. The
most likely cause of failure (damage} at Q1
would be a shorted capacitor at C1 or C3.
Also, if R2 became too low in value
through aging or heat, high bias on QI
could damage the transistor. Likewise with
R3 in the emitter circuit.

I’ll bet vou never thought there could be
50 many causes for failure in so simple a
circuit! That's why we must learn to
analyze one stage at a time and look for
all manner of causes for the malfunction.
The foregoing treatment of troubleshooting
a simple stage is of course applicable to
audio and video amplifiers as weil. The
primary objective here is to find out why
too much current flowed in some branch
of the circuit.

2} Phase 2 will find us doing dc voltage
cheeks with a VOM (volt-chmmeter) or
VTVM (vacuum-tube voltmeter). This test
assumes that our visual inspection revealed
nothing unusual about the appearance of
the resistors or other associated circuit
components,

Let’s check the operating manual to
learn whether the manufacturer was con-
siderate enough to inciude a voltage and/or
voltage/resistance chart for the equipment
stages. Some do, and others don’t. If your
manual has that important information,
you should use it when making the voltage
checks. If not, refer to Fig. 2 for what [
will call very broad ballpark voltage values
for solid-state low-level stages that have a
12-14 V supply line. Radical departures
from the voltage ranges indicated in
Fig. 2 will suggest problem areas to look
at. The nominal voltages listed in the
diagram are approximately what we would
expect if Q1 were drawing 10 mA during
normal operation. But, your rig may be
biased differently, and depending upon the
power the stage must provide for the
following stage, the various voltages may
be different than the nominal values. The
typical voltages specified in Fig. 2 should
he helpful during routine testing of low-
level rf or audio amplifiers.

If a voltage is too low, inissing
completely or too high when vou check at
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Fig. 2 — Typical dc voltages are listed here
for use in locating faults in an inoperative low-
level ampliiier.

'

the bhase, collector and emitter of Q1i,
search for leaky or shorted capacitors as
in Phase I; they will cause too low 2
reading. If the capacitors are okay, then lift
one end of each resistor from the pe board
and check the resistance with your ohm-
meter. Replace any resistor that is more
than 30% removed from the specified
value, Finally, if all components appear to
be normal, replace Q1 and repeat the
voltage measurements. Of course, if dur-
ing your tests you found a voltage that was
far too high, check for decreased resistance
at R2 and R4. A high reading might also
he caused if R3 of Fig. 1 had too high a
resistance from the marked value.

3) Phase 3 is called *‘signal tracing.”” It
may seem that we have placed the “horse
after the cart,’” so to speak. by describing
first the processes in Phases 1 and 2. After
all, we did not discuss a technigue for deter-
mining whick part of our imaginary
transmitter had the “*blues.’” The assump-
tion was, of course, that the failure was
rather obvious, and that the affected cir-
cutit or module would be obvious to the per-
son attempting the repair.

But, what if we have no strong thoughts
about the general region of the circuit
where the malfunction is taking place? OQur
best bet then calls for signal tracing. This
can be done with an oscilloscope or an rf
probe and a VTVM or FET VOM (field-
effect-transistor voltmeter). The latter is
perhaps the least expensive and most com-
mon ham shack method for signal tracing.
An rf probe that is easy to build was
described in Fig. 3 in Beginner’s Bench,
August 1983 Q87. Information on this
device can be found also in the
measurements chapter of the ARRL Hand-
book. An rf probe is a detector that con-
verts an rf {ac) voltage to a dc one so that
the voltmeter can provide reasonably ac-
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Fig. 3 — A basic transmitter rf strip showlng various test peints to which an rf probe can be connected during troubleshooting.

curate voltage-level readings. The ac scale
of most YTVMs is not suitable for use at
radio frequencies; therefore, the rf probe
is required. We should remember that the
accuracy of the rf-voltage measurements is
dependent on the relative purity of the
waveform at each test point in the circuit.
Specifically, the probe is designed to read
rms {root-mean-square) voltages, and if
there is distortion in the waveform, it will
affect the readings. In other words, our
best accuracy will result when the test point
contains a pure sine wave. This is seldom
possible in solid-state circuits, owing to har-
monic generation and distortion caused by
the transistor junctions (diodes). However,
we can still compare the relative voltages
to determine whether a particular transmit-
ter stage is amplifying and producing out-
put energy. Our objective with the rf probe
is to locate the stage that is inoperative or
low in output. H we use a scope for this
purpose, we will be able to see the wave-
form distortion, but our voltage readings
will no longer be an rms type. Rather, they
will be pk-pk (peak-to-peak) voltage
measurements.

Fig. 3 shows a very basic type of
transmitter circuit, such as might be found
in the exciter portion of & cw fransmitter.
The simplicity is intentional for the purpose
of easy discussion.

Let’s suppose that our transmitter had
ceased to deliver rf energy to the antenna,
How should we pinpoint the trouble area?
Well, the logical step would be to first en-
sure that the oscillator (Q! of Fig. 3) was
operating as it should. We’ll rule out the
possibility of Y1, the crystal, being defec-
tive, since it has worked satisfactority for
some time and has not been subjected to
vibration or excessive rf feedback current.
We will instead use the rf probe and
voltmeter to check for rf energy at point
A Q1 drain). If the circuit is oscillating,
we should find a few rms volts present at
point A.

Next, we move to the input of the second

stage, test point B of Q2. Remember that
the higher the circuit impedance at the test
area, the greater will be the rms voltage for
a given power level, Test point A is of
higher impedance than is point B, so there
should be somewhat less voltage appearing
at the base of Q2, since that is a lower im-
pedance than we will find at the drain of
Q1 in this particular circuit. The important
thing is that we find some rms voltage
present at B,

Next we move our probe to C, the col-
lector of Q2. If very little rf voltage is in-
dicated, or if there is none at all, we can
conclude that Q2 or some component in
that section is defective. We should find
more voltage at point C than at B, since
this is an amplifier stage.

If we have a normal voltage reading at
C, we can then proceed to point D with our
probe io learn if the last amplifier, (33, is
receiving excitation. Q3 is a higher-power
amplifier than Q2, so the base impedance
will be lower than that at Q2; the greater
the driving power the lower the input im-
pedance of an rf transistor. 1t may be on
the order of 300 to 1000 ohms for a very-
low-power rf amplifier, whereas it can be
as low as a few ohms tor a high-power
ampiifier. So, remembering that the lower
the impedance the more diminished the rms
voltage reading will be, we should find
somewhat less voltage at point D than we
did at C.

Qur last test will take place at F, where
we shouwld find the highest of all the voltage
reaclings. Point F is very high in impedance,
hence the higher voliage appearing there.
Collector tap point E of Q3 will show less
voltage, owing to that being a lower-
impedance area. Likewise with test point G.

We can see that finding the faulty part
of the circuit is quite easy by applying the
signal-tracing technigue. We would
proceed in the same manner if we were
using an oscilloscope. Once the inoperative
stage is spotted, we revert to the
troubleshooting methods described in

Phases 1 and 2 of this articte, If no defec-
tive parts are found, we should then try a
new crystal at YI of Fig. 3. If a spare
crystal is handy at the offset, we might
make that step no. 1 of our phase 3 test
procedure. It could save some time, even
though the odds are fairly high against a
quality crystal going bad unless it is abused
(dropped, or whatever).

Tracing the stages of an audio amplifier
is done in a similar fashion to the
foregoing. It is necessary, however, to
apply an audio tone of normal level at the
input to the audio chain in order to obtain
an rms voltage response throughout the cir-
cuit. The rf probe can be set aside during
audio tests. The ac range on your VTVM
will be used for testing audio amplifiers.
A scope can also be used if one is available,
While speaking of scopes, | should men-
tion that the scope used for rf testing needs
to have a bandwidth (upper-frequency
limit) that is as great or greater than the
transmitter frequency. If not, the scope
gain will be low and the voltage mea-
surements {pk-pk) wil! not be accurate.

Digital Circuits

A scope or a logic probe can be used
when attempting to find a defective section
in a logic circuit of a complex transmitier
or transceiver. An in-depth discussion of
troubleshooting digital circuits is well
beyond the scope of this article.

Harmonics and Spurious Responses

Let us imagine for the moment that we
suddenly received a TVI (television in-
terference) complaint from a neighbor, or
that the FCC sent us a violation notice for
excessive harmonic radiation. The rig seems
to be working normally, but for some
reason we’re putting out one or more
signals inside or outside of the band of
operation. How could this be? Well, if we
find no foose joints in our antenna svstem
{loose joints can cause harmonic currents

- through rectification), and if our transmit-
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ter low-pass filter {5 not defective, we may
assume that something has gone afoul in
the transmitter. Possible causes might be
instability (self-oscillation) in one or more
of the rf stages, or the harmonic filter in
the transmitter output could have a bad coil
or capacitor. Fig. 4 shows another
simplified transmitter section. We wil use
it for text discussion purposes.

If self-oscillation is the malady in our
transmitter, we may find any number of
causes for it. Refer to Fig. 4. If C1 should
become short-circuited, Q1 couid develop
excessive gain and break into oscillation.
Generally, the emitter bypass capacitor is
chosen to provide gain at the high-
frequency end of the transmitter operating
range, but at the lower end of the spectrum
and into the audio region the gain drops
off gradually. Too much gain, or too large
a capacitance at C1, could cause (1 to
““take off.”’

Some designers include a parasitic-choke
resistor in the base or collector lead of a
transistor to stop vhf or uhf self-
oscillations. R1 of Fig. 4 is that type of
resistor. If it were to become very low in
value, say I or 2 chms, it could allow self-
oscillations or parasitics to occur. Similarly,
if collector bypass capacitor C2 were to
become open or too low in value, self-
oscillation might take place at Q1.

The condition of C3 might also affect the
stability of the transmitter. If it becomes
open or too low in value, we may find Q2
to be unstable. in a like manner, base-
swamping resistor R2 is used in many
designs to lower the circuit Q by swamp-
ing T1 to discourage unwanted parasitics.
If it became too high in value, or if it were
1o become open-circuited, problems could
result.

C4 of Fig. 4 is also an important bypass
capacitor. Often, there are two or more
capacitors in parallel at this circuit point,
and each is a different value from, say,
0.001 to 0.5 gF. The various values permit
effective bypassing at different frequencics
in the high-frequency and vhf range. A
defective C4 could mean instability of Q2.
€¥'is a much larger capacitor, It is included

to serve as a bypass capacitor for very-low
frequencies down to the audio range, Many
solid-state amplifiers will self-oscillate
vigorously at If or audio. Even though they
are designed to work at hf or vhf.
Therefore, the condition of C4 is impor-
tant to assure stability of the overall Q1-Q2
f section.

If the transmitter once had a clean bill
of health with respect to harmonic output
but suddeniy developed *“*harmonic-itis,”
the output filter, FL1 of Fig. 4, could have
a bad component. C6, C7 or C8 could have
changed value, become open or perhaps
shorted. Similarly, filker inductors L1 or L2
might have developed shorted turns or
could have a broken toroid core, Bach part
should be checked if harmonics occur.
Various filter configurations are found in
the broad scope of designs, so your filter
may have many more or fewer sections
than the one depicted in Fig. 4.

Harmonic and Spurious *““Saiffing”

It is absurd to consider one of us
amateurs buying a $20,000 spectrum
analyzer for use in checking harmonic or
spurious output, So, we must make do with
a low-cost alternative, or poor man’s
analyzer. A sensitive, calibrated wavemeter
of the kind described in the measurements
chapter of the Handbook can be built in-
expensively and used to sniff for unwanted
outpui frequencies at the output stage of
the transmitter. We may also employ a dip
theter {o search for these *“‘frigglies.”
Fig. 5 shows a simple sampling circuit we
can build in a2 Minibox or homemade pe-
board box. It contains a single loop of wire
in series with the antenna feed line. Coax-
jal connectors permit connection to the feed
line. The dip-meter coil or probe is inserted
through a hole in the box wall (Fig. 5B) and
placed near L1. With the transmitter
operating into a dummy load (sniffer
between the transmitter and dummy oad),
the dip meter (set in the wavemeter mode)
is tuned for peak indications. These
responses will tell us where the harmonics
or other unwanted output energy are in
terms of frequency. Such responses should
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Fig. 5 — At A are the detzils of a onae-tum
loop contained in a metal box. This can be
used for sampling the transmitter output when
looking for unwanted spurious output, The
loop can be made trom no. 12 or 14 copper
wire. The {oop diameter is 1 inch (25.4 mm). It
should be centered In the box and opposite
the hole in the box wall (illustration B). See
taxt for additional details.

be a fraction of the response at the desired
operating frequency. If they are close to the
same magnitude or as strong as the desired
frequency, problems are definitely in-
dicated. Troubleshooting must follow.

In Summary

We have dealt somewhat superficially
with the theme of transmitter servicing.
Our objective in this article is to illustrate
the general approach to finding problem
areas in our equipment so that we may
avoid the expense and inconvenience of
sending the rig back to the factory for
repair. All that’s necessary for home ser-
vicing is a little courage and self-reliance
that first time or two. Working on our own
rigs will help us to better understand the
circuits in these gray, brown or black
boxes. At least, let’s give it our hest shot
the next time the oid rig lets us down!E&<"3

Strays S

QFEX: THE ARRL EXPERIMENTERS®
EXCHANGE

[T Wonder what you’ve been missing by
not subscribing to QEX, the ARRL
newsletter for experimenters? Among the
features in the October issue were:
® STS-9 Qperating Schedule
® A 12/70-Watt Class C Amplifier for
146 MHz,”' by Randy Bynum, WB2SZK
* Reprints of ZS6AXT Microwave Align-
ment Probe References

(JEX is edited by Paul Rinaldo, W4RI,
and is published monthly. The special
subscription rate for ARRL members is $6
for 12 issues; for nonmembers, 312, There
are additional postage surcharges for maii-
ing ouiside the UJ.8.; write Headquarters
for details.



Tropospheric Scatter

Propagation’

Work DX on vhf, uhf and microwaves using tropospherlc scatter

propagation. It's easy!

By J. N. Gannaway, PhD,* G3YGF

This article demonstrates the potential
of communications while using tropo-
spheric scatter (troposcatter) in the vhf, ubf
and microwave bands. The troposcatter
propagation mode is used regularly for
working DX at vhf, but the predictability
of the mode and its potential on the higher
frequency bands are not widely ap-
preciated. The nature of troposcatier
propagation is explained, and an expression
for the path loss is given, taking into ac-
count the characteristics of the sites at each
end. By combining this expression with
calculations of equipment performance at
each end of the path, it is possible to predict
the signal-to-noise ratio that should be ob-
tained between the two stations under
normal conditions, or to estimate the
maximum range that can be expected from
a given site.

Paths that involve only line-of-sight
propagation are nof very common, and
usually the signals will have been scattered
off or diffracted around several obstacles
on the way. As the path length increases,
50 does the number of obstructions or the
angles through which the signals have to
be diffracted. Under these conditions signal
levels will decrease very rapidly with
distance, and signals arriving by other
propagation mechanisms may be stronger.
Propagation beyond the horizon can occur
by a variety of methods, usually either by
atmospheric ducting or reflecting off an ob-
ject that is high enough to be visible to both
stations. This object can be, for example,
an aircraft, an aurora, or an ionization trail
from a meteor. These phenomena are
short-lived, however and a more permanent
mechanism would be desirable. Satellites or

*Dept. of Engineering Science, Parks Road,
Oxford, England

TAdapted from an article of the same title
|tr"1g Radio Communication (RSGB), August

moonhounce are more predictable but,
apart from the case of geostationary
satellites, can only be used some of the
time.

The Mechanism of Troposcatter

Troposcatter uses the weak, but reliable,
reflections that can be obtained from the
dust particles, clouds and refractive index
variations that occur in the atmosphere
1000 to 50,000 ft above sea level.! This
mechanism can be used for working XX
reliably over distances of many hundreds
of miles. A brief iltustration of the relevant
part of the atmosphere is shown in Fig, 1.
Air density decreases with height, and
reaches one-third of its sea level value at
about 30,000 ft. The refractive index of the
atmosphere depends on such properties as
temperature, density (pressure), humidity
or the presence of water. Variations in any
of these properties can scatter the signals.
The scattering process is more efficient at
lower altitudes where the atmosphere is
denser. Turbulence agsociated with the
weather can have marked effects on the
signal levels and characteristics.

In practice, this mechanism is used by
pointing both antennas along the great cir-
cle path between the two stations at as low
an angle of elevation as possible, The two
beams will intersect in & common volume
of the atmosphere near the center of the
path (Figs. 2 and 3). Propagation will be
line-of-sight to the common volume from
the transmitter. A very small fraction of the
power passing through this volume will
then be scattered in all directions by the iz-
regularities in the atmosphere., This power
then propagates by line-of-sight to the
receiver. The height of the bottom of this
scattering volume will depend on the path
length, and to some extent on the horizons

‘Notes appear on page 48.
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Fig. 1 — Diagram showing the structure of the
lower atmosphere,

Station
A

Fig. 2 -~ The geometry of a troposcatter path.

of the sites, but will be typically 2000 ft on
a 60-mile path, and 30,000 ft on a 300-mile
path.

The loss in the scattering process is

.usually so large that the equipment is

unlikely to have enough spare capability to

overcome the extra losses introduced by

November 1983 43



any additional obstructions in the path.
"The path loss increases by about 10 dB for
every degree of horizontal angle at each sta-
tion. On paths over 60 miles the increase
is about 9 dB for every extra 60 miles of
path length. The choice of a site with a
good horizon is vitally important; it can
make a difference of several hundred miles
in the obtainable range.

Derivation of an Expression for the Path
Loss

The angle through which the signal is
scattered is an important chavacteristic of
a troposcatter path, because the loss in-
voived increases with angle; the angle in-
volved being usually only a few degrees.
The relevant details of a troposcatter path
are shown in Fig. 2. The station heights are
h; and ha; hy and hy are the heights of the
obstructions forming the horizon at each
station, at distances d, and ds, respective-
ly. All heights are with respect to sea level.
R is the mean effective radio radius of the
earth, 1.33 times the physical radius, i.e.
5280 miles. This allows for the amount by
which the atmosphere refracts the signals
toward the earth’s surface under normal
conditions. The scattering angle, &, deter-
mined by the path geometry, consists of
three terms, one depending on the overall
path length and two being characteristic of
the sites at each end.

D 414} fhy—Tn, d; 180
B = o= K - S [ g —
R x d, 2R Ly
term in . &,
path length contribution from
site A
hy—h, d, 180 d
+ - W s (degrees)
dy IR 3 B
ty
vontribution from
site B (Ea. )

The units used for the various distances
do not matter, provided they are the same
in each term. The path loss can now be ex-
pressed as the sum of several components:

The free-space loss?
Legg = 32.5 + 20log D + 20 1og §
dB, km. MHz) (Eq. 2)

The loss in the scattering process
Ly = 21 + 108, + 10log {

(dB, degrees, MHz) (Eq. 3)

This is an empirical expression derived
from observed signal levels, and shows the
variation of scattering efficiency with fre-
quency and scattering angle. The loss in-
creases by i0 dB per degree of scattering
angle.

These expressions are plotted in Fig. 4,
which shows the free-space loss and the
sum of the fres-space and scatter losses for
comparison. Much greater losses are in-
volved in troposcatter, and they increase
very rapidly with distance.

The aperture to medium coupling loss
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This condition occurs when the antenna
beamwidths approach the scattering angle,
i.e., a few degrees. This term will be negligi-
ble except on the higher frequency bands,
where antennas with a beamwidth of a few
degrees can be realized conveniently. (E.g.,
a 4-ft dish on 10 GHz has a 2° beamwidth.}

Loss attributable to variation of the
mean radio refractive index of the
atmosphere

Ly = 0.2 (N ~- 310MdB) (Eq. 3)
where N is the refractive index expressed
in millionths above unity -~ the nominal
value is 1.000310 (310) -~ and will be af-
fected by the climatic conditions mentioned
earlier. If N varied by 30 units, this would
affect the path loss by 6 dB, so it has a
significant effect and probably accounts for
the seasonal variations referred to later.

Calculation of the Path Loss

The total troposcatter loss is the sum of
all these terms. It is convenient to split it
into two parts: the basic loss, which only
depends on the distance and frequency, and
the variable losses owing to the nature of
the sites used and the climatic conditions.

G tnstance (k)

Fig. 4 — Gomparlson of troposcatter and free-
space path losses.

The first part, the troposcatter loss
between two stations on a smooth earth,*
is obtained by taking the terms that are
either constant or depend on path length
or frequency.

L= 555+ 201logD + 3log f +
b, 1800 (Eq. 6)
R T

This loss is plotted against distance in

Fig. 5 for the frequencies 10,368 and 144

MHz. These graphs can be used at other
frequencies by adding

{dB, km, MHz)

L

or 30 log T

¢
30 log ——wm

% 70,368
t0 the value obtained from the appropriate”
curve. Values of this term for the various
amateur bands are given in Table I. The
remaining terms are the variable ones that




depend on the sites or propagation condi-
tions and weather, so these should then be
added to the foss obtained from the graph:

L, =

28,
08, + 108 + — - 0.2
o

(N - 310) (Eq. 7}
For most purposes the total loss can be
taken as the loss from the graph plus the
contribution from each site. The other two
terms will have [ittle effect, and the value
of N is not likely to be known accurately.
Once the details of the sites are known,
the values of ¢4 and g can be calculated
using the expression for 6, given earlier, or
the loss 10 8, can be found directly using
the graph in Fig. 6. In this, d is the distance
to the first obstruction, and Ah is the
height of the obstruction above the site (see
Fig. 2}
(Eq. 8)

o = Nghyruction ™ Rgite

The actual height of the site does not ap-

pear explicitly in the expressions, only in-
asmuch as it determines where the first
obstruction is and the height relative to a
site. It can be seen from the original expres-
sion for #; that the elevation angle the
obstacle presents and the distance from the
site are the important parameters in deter-
mining the path loss. There is little to be
gained by going higher at a site if the ob-
ject forming the horizon is far away, but
significant improvements are possible if the
obstacle #s close. A distant horizon is the
key feature of a good site which, in simple
terms, might be described as a place having
a ‘‘good view,”

it is also verv useful to calculate the loss
from the site-dependent terms separately,
ay it provides means of accurately com-
paring the merits of various sites and is in-
dependent of frequency. Path profile plots®
should be performed for each direction of
interest ar each site to find the object
causing the horizon and thus the values of
d and h. A very good site can give negative
values of this loss and so reduce the averall

_path toss. This loss is typically in the range
- 5to +10dB.

- Example of Path Loss Calculation

As an example, comnsider the Oxford-

Hayling Isiand path, a distance of 65 miles.

- Converting to metric and taking the

" distances from the path plot in Fig. 3, the
- gite losses are;

Oxford —

a = 5737 (184220;(): - - 17?3052:11)
= 0.23° - 0.09° = 014" {Eq. 9)

Loss = 106, = 1.4 dB (Egq. 10)

Hayling Island —

Op = 5737 (1991:?0(:0-: = - 171§0§n;m)
= 0.57" ~ D.06° = 0.51° (Eq. 11)

Loss = 108 = 5.1 dB (Eq. 12)
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Table 1

Corrections fo the Path Loss in Fig. 5 for Lifferent Frequencies

Band
Fig. 5A
{10,358 MHz)
24 GHz* + #
10 GMz - 0
56 GHz - 8
3.4 GHz - 15
2.3 GHz - 20
1286 MHz - 27
432 MHz - 41
144 MHz — 58
70 MHz - 65

Correction {dB} to be added to the loss given in

Fig. 58
{144 MHz}

+ 67
+ 58
+ 48
+ 41
+ 36
+ XA
+ 14

0

-4

*An additional allowance must be made for water vapor absorption on this band.
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The total loss associated with the sites is
6.5 dB. The same results can be obtained
by using these values of 2h and d in Fig. 6.

Site Ard = 26 km, &k = W7 m
Site B: d = 18 km, &b = 181 m

Next, fg is needed to calculate the
coupling loss. fg is the sum of the horizon
angies at each site, plus the term in the total
path length,

110 km
+ A7.3% e R
9A+33+n73 X 3397 &

=
wA
i

0.14% + 0.51° + (0L74° = 1.4°
(Eq. 13)

Now the coupling loss can be found. The
antennas, 2-ft and 4-ft dishes, have beam-
widths of 4° and 2° on 10 GHz, s0 the
mean is 2.5, The coupling loss is then

28
2.5

(approximately ! dB), which is negligible,
as expected.

The path loss from the graph in Fig. 5
for a path of 65 miles (110 km) is 224 dB
at 10 GHz, so the total loss is

Path loss = 224 + 6.5 + | = 232 dB
(Eq. 14)

The path loss on 144 MHz can be found
in a similar manner. The site [osses will be
the same, as they are independent of fre-
quency, and the coupling loss will be even
smaller, since fg is the same but the anten-
na beamwidths are much larger, typically
20° to 30°. The path loss from the graph
is 168 dB, so the total loss is

Path loss = 168 + 6.5 + 0 = 175 dB
(Eq. 15)

These values are the mean values of loss
averaged over a year. There are many fac-
tors that will affect this value slightly, and
these are discussed later.

Equipment Performance

Now that the path losses (pl) are known,
the next step is to calculate the capability
of the equipment at each end of the path
~— the path-loss capability (plc).® This is the
number of decibels of loss that must be in-
serted between the transmitter and receiver
antennas {o give a 0 dB signal-to-noise ratio
in the receiver. The difference between the
two terms gives the signal-to-noise ratio to
be expected in the receiver,
sn = plc -~ pl (Eq. [8)

The plc can be found for any two sets
of equipment, It is the sum of the transmit-
ted effective isotropic radiated power (eirp)
and the effective receiver sensitivity (ers),
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Fig, 7 — Graph of effective recelver sensitivity as a function of noise figure and bandwidth.

plc = eirp + ers. (Eq. I

The eirp 1s the sum of the transmitter
power in decibels relative to 1 W (dBW).
Antenna gain is in decibels relative to an
isotropic radiator (dBi). The feeder loss in
decibels 1s

girp = transmitter power (dBW)
+ antenna gain (dBi) — feeder loss (dB)
{Eq. 18)

Calculation of the ers is stightly more in-
volved. The noise level of the receiver is ex-
pressed in decibels below | W, but as a
positive number of decibels. The noise level
can be found from the expression for
thermal noise, — 10 log (kTB), where k is
Boltzmann’s constant,

1.38 x 10 W/K Hz

T is the receiver noise temperature, which
is related to the more familiar noise figure
by the relation

- b ..____T

nf = 10 log (l ¥ =355

and B is the receiver bandwidih in hertz.
Values for this noise level can be found
from the graph in Fig. 7, which is for
modes such as ssb or ¢w, which have no
detector threshold. For a-m detectors the
threshold is 2.6 dB, but for fm the situa-
tion is more complicated.” The threshold
increases with modulation index up to
about 10 dB for wideband fm. These values
represent reductions in the receiver sen-
sitivity. Feeder loss and antenna gain are
included:

ers = receiver noise level (ABW, a positive
number of decibels) + antenna gain {dBi)

~ feeder loss (dB) ~ threshold (dB)
(Eq. 19)

Exampies of PLC

The plc will now be calculated for the
equipment used on the path mentioned
earlier on both 144 and 10.368 MHz.

144 MHz

G3JVL (transmit)

Transmiiter 20 W + 13 dBW
Feeder loss i1dB
Antenna, 14 ¢lement +

eirp = + 26 dBW

(Eq. 20)
G3YGF (receive)
Receiver, nf 5§ dB,
bandwith 2.5 kHz + 166 dBW
Feeder loss 0 dB
Threshold (ssb) 0dB
Antenna, 4 element

+ 6dBi

ers + 172 dBW

(Eq. 21)

plc = ¢irp + ers = 198 dB (Eq. 22)

10,368 MHz

G3JVL (transmit)

Transmitter, S W + T JBW

Feeder loss - 2dB

Antenna, 2-ft dish + 34 dBi
eirp = + 39 dBW

(Eq. 23)



GIYGF (receive)
Receiver, of 8 dB,

bandwidth 500 kHz + 169 dBW
Antenna, 4-ft dish + 39 dBi
Feeder loss 2dB
Threshold (cw) 0dB
ers = --206 dBW
(Eg. 24)
ple =245 dB (BEq. 25}

The path losses calculated earlter are 232
dB (10,368 MHz), and 175 dB (144 MHz).
The predicted signal-to-noise ratigs can
now he calculated.

Observed Predicted

value value
10,368 MHz 10 dB 245 - 232 =
13 dB
(Eq. 26)
144 MHz 17 dB 198 — 175 =
23 dB
{Eq. 27)

The 144-MHz measurement was done on
only one day, 5o it is likely to be rather in-
accurate, but the 10,368-MHz measure-
ments were done over a period of many
months and show good agreement with the
predicted values. The discrepancy is
probably caused by the seasonal and
climatic variations, for which no allowance
has been made, although there will always
be a few decibels of uncertainty in the
equipment parameters, antenna gains, eic.

The Potential of Troposcatter
Communications

Details of various systerns and the range
that can be expected between two stations
using them are given in Table 2. They il-
lustrate the performance that should be ex-
pected under normal conditions from good
sites. The loss contributions from the sites
are assumed to be zero, and the figures are
given for a signal-to-noise ratio of 0 dB in
a 100-Hz bandwidth, representing a weak
cw signal. The range obtained when using
ssb in a bandwidth of 2 kHz, a factor of
13 dB larger, will be about 209 mi on each
band. The equipment is typical of that
which might be used for a serious entry in
a portable contest. The noise figures given
may seem rather high, but are those of the
overall system, which may be significantly
higher than those of the preamplifiers on
their own.

Table 3 gives the troposcatter range
between two systems that are capable of
moonbounce communication to illustrate
the relative magnitudes of the problems in-
volved., For distances approaching 600
iniles the challenge represented by the two
modes of communication is comparable,
These tables also show that the range at-
tainable by troposcatter need not, in
theory, vary much with frequency. In prac-
tice, however, physicaily smaller antennas

tend to be used on the higher frequencies.
It is alsv harder to generate comparable
power [evels on the higher bands. In view
of the rapid advances being made in
receiver and transmitter technology,
however, the potential of the microwave
bands for longer distance communication
should not be ignored.

Characteristics of Troposcatter Signals

Several types of fading are experienced
on troposcaiter signals.! The effects are
more severe at high frequencies, so are
easier to observe and describe. At 10 GHz
the note of the carrier can appear quite
rough, being modulated by the scatiering
process at frequencies up to about 50 Hz,
An example of this rapid fading is shown
in Fig. 8 (A and B), which are oscilloscope
photographs of a continuous carrier
received over a 65-mile path from G3JVL
to G3YGF, showing both the depth of the
fading and range of frequencies over which
it occurs. At times it produces a waveform
that resembles 100 percent amplitude
modulation. Fig. 8C shows the fading on
a longer time scale, and the occasional very
deep fades can corrupt cw as shown in
Fig. 8D, where in the V of G3JVL the dash
has been broken up into two dots.

There is also fading over a period of
minutes and, in the longer term, signals
tend to show a diurnal variation of about
+5 dB. These swings often peak in the
afternoon when atmospheric turbulence
caused by convection currents from the
warm ground is at a maximum. Plots of
signal level showing this effect are given in
Fig. 9. There is also an annual variation of
similar amplitude, with signals peaking in
the summer and being at a minimum in the
winter. The daily and annual variations are
probably the result of corresponding varia-

tions in the average value of N over the

.path. These fading effects will all exist at

lower frequencies, but the rates and depth

.of the short-terin fading will be correspond-

ingly slower. They can be seen as the slow
fading on vhi DX signals, which has a
period of several minutes.

The rapid fading is caused by the signal
being scattered from various regions of air,

“each of which may be in turbulent motion,

and moving relative to each other. This
motion can cause both frequency and
amplitude modulation of the signals. Fre-
quency modulation resuits from the signals
being scattered from air masses that are
moving at different speeds, so there will be
random Doppler shifts on the signals. At
10 GHz a speed of 30 mph will produce a
shift of about 500 Hz, and this effect can
spread the energy of the carrier out over
1 kHz or more; heavy rainstorms produce

"a sound rather similar to an auroral signal.

This effect will also scale with frequency
and so will be far less noticeable at vhf.
These storms can also increase the signal
levels by around 10 to 20 dB, as the rain-
drops scatter the signal more effectively.
Amplitude modulation results from varia-
tions in the scattering efficiency or in-
terference effects between signals arriving
by different paths.

Several enhancements of 10to 15dB on
10 GHz have occurred at the same time as

‘big lifts on the vhf bands, e.g. on
November 10, 1978 and Qctober 3, 1980.

The note was T9, and very good quality ssb
was obtained, showing that the clean signal
that was enhanced by the ducting had
swamped the normal rough troposcatter
one.

Conclusion
This method of calculating troposcatter

Table 2

Range Obtainable by Troposcatter Propagation on Varlous Amateur Bands
(100 Hz Bandwiidth Receiven

Freq. Path Loss Range Antenna
{MHz} (dB} {km) Equiprnent Gain
144 240 870 100 W, 3 dB nf, 2 x 16-el Yagi 18 dBi
432 247 790 100 W, 3 dB nf, 2 x 252l loop Yagi 22 dBi
1,296 258 760 100 W, 3 dB nf, 4 x 25-el loop Yagi 24 dBi
2,304 262 720 50 W, 3 dB ni, 6-ft dish 31 dBi
10,368 234 240 100 mW, 10 dB nf. 4-ft dish 39 dBi
10,368 254 440 1 W, 3 dB nf, 4-ft dish 39 dBi
Table 3
Tropgscatter Range of Equipment Capable of Moonbounce Operation
EME Tropo
Freq. Path Loss Range Antenna
{MHz) (dB) tkm} Equipment Gain
144 252 980 500 W, 3 dB nf, 100 Hz, 4 x 16-el Yagl 21 dBi
432 262 940 500 W, 3 dB nf, 100 Hx, 20-ft dish 26 dBi
1286 2N 890 500 W, 3 dB nf, 500 Hz, 16-ft dish 34 dBi
2304 278 860 100 W, 3 dB nf, 500 Hz, 16-ft dish 40 dBi
10,368 289 790 50 W, 3 dB nf, 1 kHz, 12-ft dish 50 dBi
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Fig. 8 — Oscilloscope traces showing rapid fading on troposcatter signals received trom G3JVL on 10.368 MHz over a 65-milo {110-km) path in
March 1979. At {A), continuous carrier, 50 msiocm, showing fading at around 10 Hz. At (B), continuous carrier, 50 ms/cm, showing more random
fading. At (C), continuous carrier showing tading on a longer time scale, 0.8 sfcm, At (D), Morse code from G3JVL showing occasional deep tading,
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Fig. 9 — Plots of sighal strength against time showing diurnal variations.,
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path losses has given predictions of signal
levels that have been shown to be accurate
to within a few decibels over 4 number of
paths on 144 MHz and 10 GHz from 60 to
300 miles long, when used in conjunction
with the calculations of the path loss
capability of the equipment.

it enables the merits of various sites to
be compared more scientifically, and an
estimate to be given of the distances that
should be workable under normal condi-
tions. It has also demonstrated the poten-
tial of narrow-band modes on 10 GHz and
has revealed several interesting propagation
effects that can be investigated. The papers
in the notes will provide more background
information on the subject, and are quite
light reading.

m(m .? in, x 25.4:m = ft x 03048 and km = mi ¥
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Product Review

Yaesu Electronics Corp. FT-77 HF Transceiver

Yaesu describes the FT-77 as a thrifty hf
transceiver. This compact radio is easy to operate
and well suited to mobile installations, A
microphone or key, an antenna, and a power
supply (20 A at 13.5 V) are all that is required
to begin operation.

Features

The FT-77 is a solid-state transceiver, and no
final amplifier tuning is required. It is rated to
produce 100 watts (85 watts on 10 meters) of ssh:
or cw output power, Output power must bhe
reduced to 50 watts when using the optional fm
unit, Operating frequency is controlled by a VFO
or a single crystal (not included). A scanning,
synthesized, external VFO (FV-700DM or
FY-707DM} is optional. Each optional accessory
VFO has frequency-storage capabifity.

The transceiver has 2 single-conversion
recetver section with the i-f at 8987.5 kHz. When
the fm unit is operating, thei-f is shifted up 455
kHz and a second conversion is made from 455
kHz. The receiver bandwidth is 2.5 kHz for ssh
and cw (wide}). Ardent ¢w operators will
probably want the optional, narrow-bandwidth
filter (0.6 kHz). There are slow and fast age set-
tings, but no way to completely stop age action.
Two noise blanker settings are available. Set to
the narrow position, the noise blanker will
eliminate normal automotive ignition noise. In
the wide position, longer noise pulses created by
sources such as over-the-horizon radar
(*‘woodpecker') will be reduced. A soueirch
control is included for use with the fm unit. An
optional 25-kHz marker unit is available.

I received the optional scanning microphone
(MH-1B8) with the FT-77. The scanning func-
tion does not operate without the optional scan-
ning VFOQ, but the microphone has a switch that
allows a choice of frequency response
characteristics. I found this microphone helpful
with my low and ‘“muddy’’ voice.

Fron{ Panel Functions

The Micrcar control sets the microphone gain
in the ssb mode and carrier level in the ew and
fm modes. Below the MIC/CAR control is a push-
on/push-off power switch. To the right of the
power switc]:, but separate from it, is a row of
six more push switches. The rf attenuator is
operative when the gF ATT button is pressed. An
LED at the upper Jeft of the tuning knob lights
when the attenuator is in use. Pressing the next
button activates the noise blanker. AGCF selects
fast agc action for reception of cw or fast-fading
ssb signals. 1% activates the crystal oscillator as
the frequency contral for the FT-77. MARK turns
on the optional 25-kHz marker for confirmation
of the frequency-display accuracy. A press of the
CLAR button switches the clarifier (RIT) on; an
LED to the upper right of the tuning knob in-
dicates that it is on.

At the lower left of the front panel is an eight-
pin jack with connections for audio input, PTT,
up-scan, down-scan and fast-scan (up or down)
controls. A l4-inch-diameter rHONES jack
aliows connection of steree or monaural

*Assistant Technical Editor

| Conducted By Paul K. Pagel,* N1IFB

Yaesu Elfectronics Comp. FT-77 HF Transcelver, Serial No. 2M010010

Manufecturer's Claimed Speciflcations

Measured in ARRL Lab

Frequency coverage: 3.5 to 4.0, 7.0 to 7.3, 10.10 to 10.15,
14.0 to 14.35, 18,0 to 18.5, 21.0 to 21.45, 24.5 to 25.0,

28.0 to 28.7 MHz.
Modes of operation: cw, ssb, (tm optional).
Frequency display: 6 digit.
kHz'turn of knob: 15.
Frequency resolution: 100 Hz.
Backlash: Not specitiod,

S-meter sensitivity (uV/82 reading): Not specified.

Transmitter output: 80-15 m, 100 W PEP; 10 m, 85 W'
PEP.

Spurious suppression; Better than 40 dB,
Third-order IMD: Not specified.

Receiver sensltivity: Less than 0.15 gV for 10 dB S+ N/N,

Size (HWD): 3.7 x 95 x 11.8inchest
Weight: 13.2 Ib.
Price class: FT-77, $600; FP-700, $135.

As specified.

As specified.

318 in. high, &-digit blue vacuum tube.

17.

As specitied.

Nil.

80 m, 24.5; 40 m, 24; 30 m, 35; 20 m,
40; 18 m, 35; 15 m, 28; 12 m, 30;
10 m, 25.

80-15m, 100 W; {0 m, 35 W.

-54 dB (see photo).

- 35 dB (see photo).

Receiver dynamics measured with
optional 800-Hz filter installed.

8m 20m
Noise floor (MDS)
dBm: -1395 —-1395
Blocking DR (dB): 99 98

Two-tone, third-
order IMD DR (dB): 92 94
Third-crder
intercept:

As specified.
As speocified.

-15 ~15

Available from: Yaesu Electronics Gorp., 8851 Walthall Way,

Paramount, CA 90723,
tmm = in. x 25.4; kg = |b x 0.454,

headphones.' The rEcord jack (2-conductor,
“mini*’ phone plug) provides a fixed level (70
mV at 50 k) for a tape recorder (this feature
is useful if records of third-party traffic are kept
on tape}. L$B, USB, CW-W (wide), cw-N (parrow),
and Fm positions are available on the MoDE
switch, AF (gain) and sQL (squelch) controls are

mm = In. x 25.4.

on concentric shafts, just left of the tuning knob.
A hard-rubber tuning knob (simifar to the focus
ring of some cameras) covers about 17 kHz per
revoiution. The BAND switch allows selection of
any one of the present hf amateur bands and the
future allocations at 18 and 24 MHz, The
CLARIFIER (RIT) shifts the receive frequency up
to 3.4 kHz above, or 4.0 kidz below, the transmit
frequency when the cLAR button is depressed.
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Fig. 1 — Worst-case spectral display of the
FT-77. Vertical divisions are each 10 dB;
horizontal divisions are each 5 MHz. Output
power is approximately 100 W at a frequency
of 10,105 MHz. All spurious emissibns are
approximately 53 dB below peak fundamental
output. The FT-77 complies with current FCC
specifications for spectral purity.

Fig. 2 — &pectral display of the FT-77 cutput
durlng the transmitter two-tone 1IMD test.
Third-order products are approximately 35 dB
below PEP, and fifth-order products are about
44 dB down. Vertical divisions are each 10 dB;
horizontal divisions are sach 1 kHz. The
transceiver was being operated at rated input
power on the 20-meter band,

The vacuum-tube frequency display is blue and
has 100-Hz resolution. At the left side of the fre-
guency dispiay are frequency control indicators:
vrO-A for the internal VFO, vro-s for the exter-
nal VFO, or F (fixed). Left of the frequency
display is the meter that reads § units on receive,
relative forward, power, and reverse power, or
alc on transmit. The meter sensitivity and func-
tion, sidetone level, cw break-in delay, a crystal
socket and a trim control for the crystal fre-
quency are all located under a hatch on top of
the FT-77 case.

Rear Panel

Rear panel connections allow for 2 wide range
of operating possibilities. gFouT provides a low-
level {220 mV at 50 ohms} rf source for a
transverter (FTV-700 optional). AcC1is a six-pin
DIN jack with switching and alc signals for a
telephone interconnect (phone patch} or power
amplifier. A 1/8-inch phone jack is supplied for
an external 4- to 16-phm speaker (EXT $P).
There’s a dc power connector (DC 13.5 v) for the
FY-77 (1 A on receive and 20 A on transmit).
&CC 215 a seven-pin DIN jack with connections
for scanning control, transmitter audio input,
PTT, and 13.5 V-dc transmit-signals from an ex-
ternal VFO. An eight-pin DIN jack BxT vrois
used for frequency control input from, and
power to, an external VRO, The pesv jack pro-
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Fig. 3 — Cw keying waveform of the FT-77.
Upper trace is the actual key closure; lower
trace is the rf envelope. Each horizontal
division is 5 ms.

vides power for the optional FC-700 antenna
tuner. KEY accepts a Yi-inch phone plug for cw
keying (0.4 mA#.5 V maximum). Connections
are also provided for the antenna (80-239) and
station ground.

Operation

‘This is simple: Switch on the power, and
transmit! i found tuning with the rubber knob
awkward at first and the tuning is a little fast
for mobile operation. The scanning VFO option
will make mobile operation easier. RIT offers
a slower tuning rate than the main tuning knob
and may be used as a bandspread control for
receive only. Since the transceiver is intended for
mobile use, no VOX circuit is present for voice
operation. Cw operation is semi-break-in with
a variable delay. The narrow noise blanker helps
fight engine noise when mobile.

Comments

Tha FT-77 is a fine transceiver, but there is
always room for improvement. The rneter-
function control and noise-blanker-selection con-
trol Iocations are awkward. T'o operate the con-
trols, one must remove a hatch cover and reach
inside the case to manipulate slide-switch set-
tings. This procedure is troublesome at home,
difficult and maybe impossible (dependent upon
mounting location) while mobile. 1 am pleased
to find a transceiver with an SWR, meter and
selectable noise blanker built in, but the controls
should be on the case exterior.

The receiver ““hears’’ the frequency counter,
faintly, all across the 80-meter band, There are

20 spurious responses that are strong enough to

compeie with a weak cw signal in the hf bands.

The first time I used the FT-77 in my vehicle
[ had a problem. Each time [ pressed the PTT
button, the meter dropped to zero — no power
at alll After an hour of searching, | found that
a jumper wire had been omitted from the power
connector. I installed the jumper, as shown in
the manual, and when I again pressed the PTT
button, the meter needle climbed the scale — and
immediately fell to zero again! The fuse supplied
in the dc power cord was rated for 2 A, but a
20-A fuse is required. With the proper fuse in-
stalled, the set works well. A quick QSO with
a station in southern Indiana confirmed the suc-
cessful installation.

The FT-77 is easy to operate. 1 can switch on
and transmit in a few seconds. The radio is casily
portable and instailation goes quickly, Reporis
indicated a clean transmitted signal and good
audio quality. Receiver performance is excellent.

Conclusion
1 am happy with the FT-77. Through mast of

the trial period I used a mobile whip antenna.
Eastern Europe and South America were worked
eastly. | erected a ground-mounted vertical
antenna near the end of the review period and
Israel was contacted the first afternoon. The
FT-77 gave me many hours of enjoyable
operating. The radio is funl — Bob Schetgen,
KU

ICOM IC-45A 450-MHz FM
TRANSCEIVER

{1 The [COM IC45A is a small 450-MHz fm
radio with big-rig performance. Packed with just
about every conceivable feature, the IC-45A
follows in the footsteps of the 2-meter 1IC-25A.
In fact, they're matching units, and can he
stacked neatly.

Not on 450 yet? The IC-45A could be your
ticket to blissful solitude and guiet, away from
the masses on 2 meters. Enjoy longer QSOs, and
radio radio silence in the monitoring mode when
you wish.

“Versatility' describes the 1C-45A: a
microcomputer provides wmany operating
capabilities. Multipurpose scanning, dual VFEOs,
a continuous tuning system with protection
against out-of-band operation, and priority/
memory channel capabilities all add up to give
the fm fan ail he or she can handle.

Fhanks for the Memoties ...

Lip to five frequencies can be programmed
easily into the memory channels. 1 found this
memory capability handy. A click of the switch,
and you’re on the next programmed frequency
-~ simple.

Scanning is a particularly useful function on
any rig operating in the sparsely populated 450~
MHz band. Multipurpose scanning capability is
a feature of the [C-15A. The memory scan allows
monitoring of the five memory channels and the
two VFQ frequencies alone — you don't have
to wade through 10 MHz of specirum to find
a busy spot. (But, you can if you so desire). The
program scan provides scanning between two
programmed frequencies. Thus, vou can search
for a busy (or clear) frequency just about
anywhere, with maximum efficiency.

Twao VFOs can be used independently. Odd-
ball splits can be implemented easily. VFQ A
changes frequency in 5-kHz steps; VFO B in
25-kHz steps. The dual VFQs allow you to set
a certain frequency with one YFOQO, work up and
down the band with the other VFO, and
periodically check the set frequency simply by
switching between VFOs A and B.

Another neat feature is instant monitoring of
& repeater’s input frequency (your transmit fre-
quency) to deterrnine if your friend is within
simplex range. When the SiMp/DUP switch is in
the «DUP” position and the memory wsCK but-
ton is pushed, you can receive the repeater’s in-
put frequency instantly,

A priority channel allows you to check your
favorite channel, such as a local repeater or
simplex frequency stored in a memory channel
while operating on a VFQ frequency. Every few
seconds, the dial (receive) frequency will change
to the priority channel to see if it’s busy: five
seconds of VFO frequency, then one second of
priority channel check.

One thoughtful feature is the iM Up swiich. By
pressing this switch, the dial frequency is raised
by one MHz, This saves a good deal of arm-
wrenching, and finger-twisting when traveling
from the low end of the band to the high end.



[COM IC-45A 450 MHzx FM Transceiver Serial No. 01311

Manufacturer's Claimed Specifications

Frequency range: 440,000-449.895 MHz.
Operating mode: 16F3
RF Output Power: 10 W HI; 1 W LOW
Spurious emissions: - 60 dB or better.
Power requirements: 13.8-V dc + 15%.
Current drain: at 13.8-V dc:
tx 0.5 A (squeiched).
0.7 A (fuil audio output).
ix 3.5 A {10 W).
1.7A (T W,

Measured in ARAL Lah
Same.

16 W HI; 1.5 W LOW
Better than —&0 dB
Same.

Same.
Same,
3.4 A,
1.8 A,

Receiver type: Double«conversion superheterodyne

ist i-f — 21.8 MHz.

2nd i-t —— 455 kHz.
S-meter sensitivity: Not specified.
Sensitivity: Better than 0.3 gV for 12 dB

SINAD; better than 0.4 uV for 20 dB noise quieting.

Squeleh sensitivity:

Audic output power: More than 2 W.
Dimensions (HWD): 2 % 55 » 7 int
Waeight: 3.3 Ib.

Golor: Black.

tmm = in. % 264 kg = 1b. x 0.454

4 pVIS9,

~ 119 dBm/20 dBg.
0.1 uV (min} 0.5 u¥ (Max).

Remember, the [C-45A covers 10 MHz of
spectrum!

General

The IC-45A is durable, compact and easy to
use. | found that the two power levels afforded
fine performance for my mobile applications; an
outboard amplifier was never required. Frequen-
ey choice is determined by the tuning control
knob. Depending upon which VFO is employed,
one complete rotation of the tuning knob results
in # frequency change of 250 kHz or 1,250 kHz.

For home/hase use, you'li need at least a 4-A
power supply. The microphone has a convenient
up and down switch arrangement for ease of fre-
guency selection. A lé-key DTMF pad is also
incorporated on the PTT mike.

Performance

{ installed the review unit in my pick-up truck.
A standard Y -wavelength whip antenna was
chosen for use with the rig. Pick-up trucks are
not known for smooth rides. But this did not
bother the IC-45A., It survived bumps and jolts
on some of New England’s ruttiest back roads.

Audio ontput is of sufficient level to be heard
over the ambient noise in my truck. This is quite
a feat considering the rig was mounted behind

my Seat. Reports of my transmitted audio were
excellent — fult and crisp. ICOM’s reputation
for good guality audio is manifested in their
JC-45A.,

The green color of the LEDs seemed to con-
tribute to their readability in high ambient light
situations, although LCD displavs are still
superior in these applications. But at night, they
giowed clearly, providing for ease of reading.

1 liked the feature of the low and high power
option, When the truck engine was turned off,
I could continue to operate at low power o avoid
excessive battery drain.

The LED S-meter is easy to read even in high
ambient light conditions. [ also found the meter
to be aesthetically pleasing to the eye. In fact,
the entire rig is attractive with its avionics look.
t had many admiring comments from both hams
and non-amateurs alike.

The receiver is sensitive, and performs wetl.
I experienced ne difficulties with desensitization.
The 1C-45A worked well in cold temperatures
as well as in direct sunlight and heat. Frequency
stability was never a problem.

QOverall, I enjoyed reliable performance with
the review unit. The manual is complete, easy
to read and understand. Try the “wilderness™
approach to radio, and get on 450 MHz. You'll

Fig. 4 — Spectral display of the iC-45A. Ver-
tical divisions are each 10 dB; horizontal
divisions are each 100 MHz. Output power is
approximately 16 W at a frequency of 444.0
MHz. Spurious emissions are all greater than
68 dB below peak fundamental output. The
fundamentai has been reduced In amplitude
approximately 31 dB by means of notch
cavities; this prevents analyzer ovetioad.

be glad you did! The [C-45A is available from
[COM America, Inc., 2112 116th Ave. NE,
Bellevue, WA 98004, Price Class: $400, — Rick
Palm, KICE

+ AEA AMT-1 AMTOR TERMINAL UNIT

1 AMTOR (Amateur Teletype Over Radio) is
an almast error-free mode of RTTY operation.
Although it has been used for years commercially
as SITOR, it is relatively new to the U.S. amateur
fraternity. It has been in use on the amateur
bands, primarily in Europe, but has just recent-
ly been authorized by the FCC for use on the
hf bands where F1 emission is permitted. (For
4 complete explanation of the system, see the ar-
ticles by Martinez and Newland in the June 1981
and July 1983 issues of OST, respectively.)

The AEA AMTOR Terminal Unit will get you
on AMTOR quickly and easily if you have a
home computer or an RTTY/ASCII terminal
unit with RS-232-C compatible output. In ad-
dition to your regular transceiver you need a 12-V
de source, a five-wire cable to the terminal and
a 4-wire cable to your transceiver. Connections
to the terminal provide for serial data transmis-
sion to and from the AMT-1, ground and, for
full interfacing, CTS (clear-to-send) and RTS
{ready-to-send) lines. Connections to the
transceiver are audio in/out, PTT and ground.
The transceiver is used in the usb mode, and
[275- and 1445-Hz tones trom the AMT-1 are
fed into the audio input to praduce the {sk signal.
Be sure you have sufficient carrier rejection so
your signal is really F1. If you desire to use the
AMT-1 with an existing loop circuit, an audio
tone to 20- or 60-mA loop interface will be re-
guired. In addition to AMTOR, the AMT-1 will
receive and send Baudot RTTY up to 100 bauds
and will send cw up to 10D wpm., The AMT-1
will not receive cw and will not receive or send
ASCIL. It can be bypassed for ASCII operation,
hut then must be switched off and on again for
normal operation. The manual includes pro-
grams for adapting some of the more common
home computers to the AMT-1,

The AMT-1 contains no external controls and,
in normal use, no internal adjustments should
be required. 110-baud ASCII data from the ter-
minal Es¢ and cTRL functions is used to controt
the AMT-1., The front panel contains a 16-LED

tuning display, a 4-LED mode indicator and a
9-LED status indicator. A properly tuned-in

. Baudot RTTY or AMTOR signal will result in
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a two-green-LED display, with the dots being
spaced equidistantly from the center line of the
display. A red LED will indicate whether the
AMT-1 is in the AR, FEC, RTTY or cw mode. In
the status display, white LEDs are the indicators.
ERROR is lit when a received block contains an
error, RO when a distant station requests a repeat,
TRAFFEC when text is being sent or received, IDLE
when no traffic is being sent, ovir when a
change of direction of an ARQ contact is oc-
curring, rHASE when the AMT-1 is trying to syn-
chronize with another station, sThy when the unit
is waiting to be used, esc when the AMT-1 iz in
the escape mode and the next signal from the ter-
minal will be 2 command. A red LED lights in
the transmit mode. Parameters such as SELCAL,
AMTOR time-out, RTTY baud rate, cw speed,
echo on-off and automatic new line on-off may
be programmed and will remain as long as the
unit is not turned off. EsC o will list the current
settings of these parameters.

You will find operating AMTOR to be different
from anything you have done before. When vou
first turn on the AMT-1 and tune in an ARQ
signal you will probably find that ihe copy is
anything but perfect. The slave may call for
repeats while you are copying perfectly and your
copy will show many blocks repeated. Converse-
ly, you may get errors when the siave doesn’t and
those blocks will not be repeated. However,
when you are in synchronization with another
station you will receive aimost completely error-
free copy despite fading and interference.

Another AMTOR feature is SELCAL. A self-
assigned four-letter group is entered into vour
AMT-1, the letters usually being derived from
vour call. For example, WI1AW uses WWAW
and G3PLX s GPLX. When another station
calls using your SELCAL group, vour station
will automatically respond. The normal way to
end a2 transmission is with +? which
automatically reverses the master/slave relation-
ship. The last station to transmit at the end of
a contact finishes with CTRL D, which switches
hoth stations to the standby mode,

The AMT-1 has a $60-character buffer so vou
can enter text in advance. However, when the
data rate slows down because of QRM you must
be careful not to exceed the buffer's capacity.
This is where the RTS connection comes in
handy; the text will be held in your terminal until
there is room for it. An interesting characteristic
of AMTOR is that the maximum range is
governed by the speed of your transceiver
change-over relay. With a change-over delay of
less than 15-ms, contacts almost half-way around
the world are possible. Slower relay action will
shorten the range.

The manual is well-written with respect to the
setup and operation of the AMT-1 itself, but |
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found it a bit vague concerning operating pro-
cedures. Fortunately, a contact or twoe
straightened out the confusion. At the present
time, almost all AMTOR activity is near the call-
ing frequency of 14075 kHz. Undoubtedly, when
there is sufficient activity, calling frequencies will
be established on the other bands as well, The
AMT-1 measures 24 x 124 % 9% inches
{HWD). It is distributed by Advanced Electronic
Applications, Inc., Bidg. O & P, 2006 196th SW,
Lynwood, WA Y8036. Price class: $590.
----- Chuck Bender, WIWPR

SUPER-RATT RTTY/CW SOFTWARE

2} Super-RATT is & popular RTTY few software
package Jdesigned to be used with an Apple® 11
(or //e) computer with 48 K of RAM, Applesoft
BASIC in RAM and at least one disk drive using
DOS 3.3, If you've got a clock card and another
disk drive, you'll find them useful, but they're not
absolutely necessary to use the software effectively.

The Super-RATT package consists of a 5%4-
inch floppy disk containing several programs and
a 70-page manual describing their functions. The
RTTY software allows the computer to send and
receive Baudot or ASCII (upper and lower case)
RTTY at the popular speeds from 40 to 300
bauds. Speeds of from 5 to 100 wpm are accom-
modated for the reception and transmission of cw.

How quickly you become familiar with the
software 1s dependent upon how much RTTY
experience you've had and how well you know
your computer, Don’t expect to shove the disk
into the drive, push a couple of keys and be on
the air in five minutes! You've got to take some
off-the-air time to become acquainted with the
system operation.

Makeup

You probably can’t think of more for an
RTTY program to do than what is already con-
tained within Super-RATT. There are three
programs and a text file of importasce: Super-
RATT (the operating program}; Super-RATT.
UTL, used to maintain and edit the system direc-
tory, add message titles, create new indices and
logbooks, ete.; Super-RATT, CONFIG, used to
set up program options that meet with your par-
ticular system needs, and Super-RATT. EXEC,
a file created by the previous program. This file
is used to insert new information into several of
the main program lines. In order to modify the
main program to suit different system setups and
modes, several such files may be kept on the disk.
1t all serves to make your operation flexible. You
can have things configured so that you can use
more than one TLI.

An RBBS (Radio Bulletin Board System) is an
integral part of the software. This subsystem has

over 34 commands that a user can access. All
message-handling functions and log-kecping
routines are included,

If you have a 16 K RAM card installed or own
an Apple //¢, you have at your disposal 10 K
of receive and 10 K of transmit text buffer. With
the receive buffer you can elect to save off-the-
air copy. At 50 bauds, an empty, initiatized disk
will hold over five hours of copy. The receive/
transmit buffers may be independently erased
and full-screen display of the transmit or receive
buffer is operator selectable.

When fransmitting, vou can elect the fill
{*‘diddle™) character (letters, figures, blank or
none), word- or character-mode transmission
and carriage return position, The latter permits
you to select automatic carriage return (CR) at
40+ ar 72-character intervals or to disable the CR
function eniirely.

The BREAK feature is a welcome part of the
transmit section of the program. it allows you to .
respond to a question asked by the station being
received or to answer a breaking station without
losing text entered into the normal transmit buf-
fer. If you've ever been on RTTY without such
a feature, you can appreciate what this addition
means! When vou use the BREAK feature to
answer a station, you will see the break transmis-
sion text appear on the screen immediately after
the last transmit buffer information. Qnly the
break transmission information will be output.
After returning to receive, you can resume filling
the transmit buffer, Although the screcn shows
the break transmission information lodged be-
tween the interrupted transmit buffer information,
the break data will not be retransmitted.

Using QUICK LOAD files, vou can store
messages on disk for later transmission. It is a
method of message storage that is conservative
of machine memory space, 4s opposed to the use
of stored message strings in RAM. File access
is rapid.

Super-RATT offers an on-line LOGBOOK,
and a feature called VERIFIED FILE
TRANSFER. The latter is to be used with other
Super-RATF-equipped stations. [t is a method
of file transmission that provides for two-way
handshaking and checksum computation. Once
vontact has been established between the two sta-
tions and the process begun, the rest of the
operation is fully automatic. The system is still
under development, and the program developer
welcomes input from Super-RATT uscrs who
will improve the process.

The software contains a copyrighted feature
known as RATT-SOFT, 1t is 2 method of using
the Apple ampersand jump routine for a pumber
of different command functions. RATT-SOFT
may be valled by any Applesoft® program or
directly from the keyboard. Over 30 different
commands are at vour beck and call,

The screen display is divided into five sections,
if vou count the top status line and the bottom
command and status line. Below the top status
line is a 13-line area reserved for incoming text.
That is followed by a single-line ““Times Square™
scrolling area that displays tha transmitted text
as it is being output. This single-line area is
separated from the sections above and below it
by screen-wide dotted lines. Beneath the **Times
Square” line is a four-line transmit-buffer-text
area. Transmitted text (and received text) seroll
once the bottom line of the respective area is
reached. Both texts can be displayed using a full-
screen format, if desired.

The bottom command/ status area is the place
ta look for help when you can't remember which
keys to push to accomplish your intended pur-



pose. 'The upper status line tells you your mode
and speed of operation, T-R status (whether
you're in receive or iransmit mode), the receive
buffer status, and whether or not you're saving
incoming text to disk. There are also relay status
and mark/space indicators. The mark/space
symbols (letters M and 8) flicker with incoming
and outgoing text, acting as tuning/status in-
dicators. Relay status informs vou when you are
re-transmitting just-received text or repeating
your last transmission.

The status indicators on the top line are
enclosed in brackets. This makes the line jook
rather busy, as far as I'm concerned. I opted to
delete the brackets, and | find the line easier to
read. You can modify program lines 2660 to 2880
to suit your personal tastes,

CW Software

[ am somewhat disappointed with the vw sec-
tion of the program. The plus it has (inclusion
of most of the prosigns) is outweighed by its in-
flexibility. The speed algorithm is good, but it
can stand some improvement. At higher
transmission speeds, the weighting becomes too
light and [ couldn't find a way to vary it easily.

The operator must key in a cw speed for
transmission. This keyed-in speed also sets vp
the cw receiving speed. Because | {and others)
had trouble getting the program to respond
properly during receive, [ was told to try setting
the receive speed at a figure about twice that ex-
pected. It does help, but not that much and
because the receiving and transmitting speeds are
interlocked, if the trausmit and receive speeds
differ appreciably, you’ll have to change speeds
as you go between transmit and receive, Ideally,
the cw-receiving algorithm should be self-
adjusting and adapt itself independently to the
speed of the incoming code.

I would like to be able to alter the weighting
of the cw characters by simply using a couple of
keystrokes. It would also be nice to be able to use
the computer speaker for monitoring sent cw. This
feature could also be turned on and off by sim-
ple commands. As it stands, you must rely on the
transmitter cw-monitor signal when transmitting.

Czeneral Comments

As | understand it, earlier versions of Super-
RATT were composed of several smaller pro-
grams. The present version is, essentially, one
big program, I would fike to see the big program
broken down into a few “‘hite-sized” chunks.
While this would lead to code duplication, it
would make the svstem more appealing to some,
I"'m sure.

One nice part of Super-RATT is that the
programmer has enabled the user to modify
much of what is available according to his or her
tastes, When making changes to the program,
ensure you make them to the operating version
(Super-RATT) and not 1o SupersRATT
REMarked. The latter version of the program
is filled with REM statements that help explain
the program to the user.

By all means, do as the program auathor sug-
gests: Make a copy of the program disk and stick
the original disk in your archives] Don't take a
chance on losing the original copy. As you make
changes to your backup disk, back that disk up
with vet another in case something ‘‘crashes.”
Otherwise, vou'll have to do alt that work over
again,

I you intend to LOAD and LIST the
REMarked version of Super-RATT, you’ll
probably have to set MAXFILES to 1 or 2.
Without doing that, [ got a PROGRAM TOO
LARGE error indication.

After five transmit-receive toggles, the
program automatically sends a cw i-d whether
or not text has becn transmitted. The program
purchaser’s call sign is buried within the bowels
of the program,

Unfortunately, Super-RATT (at this time)
does .not support the 80-column display
capabitities of the Apple Ile. Perhaps someday
this will become part of Super-RATT. The
program is under constant improvement and
users are kept in touch with the program
developer by means of a newsletter.

I've only touched on the highlights in this
review. There are other program features that
are sure to be of interest to some. [f you're look-
ing for a comprehensive RTTY program for your
Apple computer, you may find it in Super-
RATT. The package does have some weak areas,
but I've not used a piece of RTTY/cw software
vet that doesn’t. 1 hope these areas will be
strengthened in the near future. Super-RATT is
available from Universal Software, Inc., 9
Shields Lane, Ridgefield, CT 06877, Price class:
$60. -~ Paul K. Pagel, NIFB

AEA HOT ROD ANTENNA FOR
2-METER HAND-HELD
TRANSCEIVERS

{1 Fm operators have seemingly fallen in love
with gain antennas for 2-meter hand-held
transceivers (**HTs'"), if brisk sales and high
visibility ean be wsed to judge such things. There
are good reasons for this — compared to the
“rubber duckie,” the gain antennas {(when
properly designed) provide as much increase in
effective transmitter power as a small amplifier,
The gain antennas show the same improvement
on the receiving end of things, too.

Previoas efforts in this area have been limited
to models designed around 2 5/8-n radiator,
AEA has broken with this tradition by design-
tng the Hot Rod around a 1/2-) radiator, Fully
extended the Hot Rod measures 39-5/8 inches,
and it weighs in at a little under two ounces.’
This makes it shorter and lighter than any of the
other {5/8-)) gain antennas on the market. This
should add up to a longer life for the Hot Rod
and for the BNC connector on the radio.

Does it work? Fully extended, the antenna
works like a charm. 1 observed the same general
improvement in transmitted and received signal
that [’ve seen with the 3/8-\ variety antennas.

Coliapsed, the antenna measures 84 inches
long. Although some of the AEA promotional
literature suggests using the antenna in the col-
lapsed position, you may want to check the
VSWR safety rating of your rig first. VSWR
measuraments across the 2-meter band for the
collapsed mode are included in Table 1.

If you are in the market for a gain antenna
for that new 2-meter rig, vou might wani to give
serious consideration to the AEA Hot Rod. Price
class: $25. Additional information <an be
obtained from AEA, P.O. Box (C-2160,
Lynwood, WA 98036, — Peter 'Dell, KBIN

HEATH HL-2200 AMPLIFIER KIT

1 1'm sure many readers have at least a nod-
ding acquaintance with the popular Heath
$B-220 and 8B-221 amplifiers, %4 Therefore, a
look at the exterior of the HL2200 might prompt

*g‘ = oz X 28.35
‘Recent Equipmenti, QST, Aug. 1970, p. 456.
*Product Review, QST, March 1980, p. 43,

Table 1

Frequency Vs. SWR for AEA Hot Rod
Frequency

(MHz) Extended Collapsed

11440 10 108 .
144.4 1.0 11.2
144.8 1.0 12.7
145.2 1.0 14.9
145.6 1.0 i3.9
146.0 1.0 12.9
146.4 1.25 13.8
- 148.8 1.35 15.9

id7.2 1.47 17.2
1476 1.55 17.14
148.0 1.70 19.9

SWR values expressed are in relationship to
unity. Measurements pertormed in ARRL lab
with an IC-2AT, a Sola Basic Directional
Wattmeter and a 5-W elament.

one to ask, **How different is the “22007°" The
exterior is quite a bit different. A warm brown
{inish has replaced the familiar green cabinet
eolor, and other facial changes, such as the use
of different styles of knobs, meters, switches and
a new logo, are obvious. A couple of the exterior
changes reflect modifications that have been
made to the control and SWR monitoring ¢ir-
cuits, but for the most part, the physical interior
and electrical designs are identical to those of the
earlier amplifiers.

Kit Assembly (and Some Hints to Avoid Kinks)

It took me approximately 22 hours to assem-
ble the *2200. A few additions and changes o
the assembly manual from supplied errata sheets
are required before work is started. I found one
additional minor ervor on page 32: The color
code for R29 is given as red-violet-orange when
it should be yellow-violet-orange for the 47-kil
resistor. One assembly procedure, the installa-
tiom of the piiot lamp, caused me a bit of grief,
I conld not get the grain-of-wheat lamp and dif-
fuser combination to fit properly in the body of
the iens. After several attempts to mate the two
units, one of the famp leads broke off, 1
substituted a Radio Shack 272-1140 lamp for the
original bulb, and the Ffit is perfect.

When separating the line-cord leads, don’t at-
tempt to make two cuts of the ength required,
as you're bound to nick the insulation on one of
the wires. A much easier method is to make a
siratl cut either side of the green center wire and
simultaneously pull the two heavy conductors
away from the center wire; they’ll separate easily,
and no insulation will be damaged.

If you’re going to operate the amplifier from
a 234-V line, you'll have to purchase the proper
line-cord plug. The molded plug supplied is for
use only on 117-V circuits.

‘When installing the high-voltage transformer,
1’d recommend leaving the red-vellow lead uncut
until the transformer has been set in place. Once
vou've determined that the lead will comfortably
reach the required point of attachment, you can
cut it to the proper length,

Controls and Metering

One welcome addition to the new amplifier is
the addition of an AMPLIFIER iN/OuT switch that
allows the HL-2200 to be placed in standby. A
red pilot lamp (located immediately above the
POWER ON/OFF switch) illuminates when power

i applied to the amplifier; it replaces that fune-
tion of the lighted meters on the older amplifiers.
The '2200 meters are not {lluminated types.
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Two meters monitor the vital amplifier func-
tions. The left-hand panel meter measures tube
plate current in increments of 50 mA to a maxi-
muun value of 1 A, To the right of the PLATE
CURRENT meter is the PLATE VOLTS meter, which
actually is a multifunction indicator used in con-
junction with the FUNCTION switch. In the BiGH
VOLTAGE position, the meter reads dc plate
voltage in 400-V increments to a maximum of
4 kV. Grid current, in 25-mA increments and
with a scale maximum of 400 mA, is measured
with the FUNCTION switch in the GRID CURRENT
position, The RELATIVE LOW and RELATIVE HIGH
switch positions select taps on a voltage
divider/detector network attached to the rr
OUTPUT jack. In either position, relative forward
power is measured, the full-scale reading
dependent on the tap selected. These switch posi-
tions replace the SENSITIVITY control function
present on the SB-220/221 amplifiers.

Some Observations

To comply with current FCC regulations, the
*2200 has no provisions for operating on 10
meters, (At the time this review is being written,
Heath has no 10-meter modification kit available
for the HL-2200). The 15-meter input tuned cir-
cuit now consists of three series-connected pi
matching sections, and acts as the 27-MHz filter:
the main-chassis-mounted 27-MHz filter is no
longer used.

The large front-panel paddie switches don’t
fit tightly and exhibit a stnall amount of front-
to-back movement. These switches are snap-in
types, unlike those on the older amplifiers that
were bolted to the chassis. But this should not
pose any problem other thar one of aesthetics.

A, *‘plug-in" high-voltage transformer arrange-
ment is now used. Late SB-221 models have this
feature. Of the eight high-voltage transformer
leads, six are wired to a Molex plug. Only two
easily reached wires nesd be unsoldered, and the.
Molex plug and transformer mounting screws
removed, to take out the transformer for amplifier
shipment or transformer replacement or substitu-
tion. $hould vou need to remove the tront panel
for any reason, taking out four screws will free
the assembly.

In the past, some concern had been expressed
about filament inrush-current protection for the
3-500Z tubes.>$ 1 spoke with representatives of
Heath and Eimac/Varian about this sabject. I
was toid that filament inrush current poses no
problem with this amplifier because of the fila-
ment transformer design. There is enough sag
produced by the transformer during turn-on that
the tube ratings are not exceeded. The more im-
portant consideration regarding the tubes is one
of installation. When the tubes are being inserted
into their sockets, they shouid be pushed straight
down until seated properly. No rocking motion
should be applied! Such action may crack the
glass beads around the tube pins creating small
air Jeaks that will prematurely destroy the tube(s).
If the socket fingers are too tight to permit the
tube to seat properly, bend the socket fingers

*K. M. Gleszer, “Upgrading Your SB-220 Linear
Amplifier,”" QST.” Feb, 1979, p. 20; also,
Feadback, QST, April 1879, p. 27.

*Hints and Kinks, “0n Upgrading Your $B-220
Linear Amplifier,” QST, Nov. 1979, p. 57.

"Hints and Kinks, “Comments On 5B-220 Madifi-
cation,” ST, Feb. 1980, p. 44,

"Hints and Kinks, "Filament Inrush-Current
Limiter For Linear Amplitiers,” QS87, Nov.
1982, p. 49,
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Heath HL-2200 Linear Amplifier
Manufacturer's Ciaimed Specifications

ARRL Lab Test Results

Frequency coverage: 80, 40, 20 and 15 meters. Confirmed,
Maximum power input: Bsb, 2-kW PEP; cw, 1 KW;
RTTY, 1 kW. Gontirmed,
Maximum recommended key-down time at full power
input 10 minutes, Confirmed.
Third-order IMD {dB): — 30 or hetter. See text.
Power requirements: 117-V ac at 50/60 Hz,
(20 A max.), or 234-V ac at 5060 Hz. (10 A max.).
Driving power required: 100 W max, Confirmed.
Color: Mediem brown,
Size (HWD): 814 x 147/8 x 14-1/2 in.t
Welght: 50 Ib.
Price class: $850.
Manufacturer: Heath Company, Benton Harbor,
Ml 49022,
mm = in. x 25.4; kg = Ib x 2.2,
Table 2
HL-2200 HF Amplifier Performance
Drive
Hand £, P, input Power Etficlency
{meters) (W} | l‘w SWR W %4t
80 1000 880 1.4t 68 51
40 1000 720 1t w85
20 1000 680 181 68 A2
Le1 100 59

Fig. 5 — Worst-case spectral display ot the
HL-2200 amplifier. Vertical divisions are each
10 dB: horizontal divisions are each 2 MHz,
Qutput power is approximately 680 W at a fre-
quency of 3.6 MHz.

slightly until the tube pins fit firmly, but don’t
rock the tubes!

Amplifier Testing
Resulis of the amplifier tests are shown in

18 1003 680

Table 2. No difficulties were encountered when
the 10-minute key-down test was run.

The - 30 dB third-order IMD performance of
the HL-2200 is met easily. At present, the
transceivers used in the ARRL lab to drive
amplifiers such as the *2200 are the limiting fac-
tor when it comes to making this measurement,
Because of this, new equipment is being ordered
that will permit more-telling third-order IMD
measurements to be made.

The HL-2200looks like a perfect mate for the
HW-5400 and $3-9000 transceivers, and should
be a welcome addition to aimost any amateur
station, The HL-2200 is available from Heath
Company, Benton Harbor, M1 49022, Price
class: 3850, — Pau! K. Pagel, NIFB  B5E)




Hints and Kinks

USE YOUR 2-METER RIG FOR F2
OPERATION

I3 Audio-tone-modulated telegraphy (F2) is used
by most repeaters for the Morse code i-d. But
even most “‘all-mode’ 2-meter rigs are not
equipped to transmit on this mode. These radios
transmit cw using A1, which cannot be received
without a BFO. The simple circuit described here
will enable you to operate F2 while using any fm
rig, without modification to the radio, and for
a cost of about $15 if you buy all new parts.

FCC rules permit F2 operation anywhere on
the 2-meter band, except for the lowest 100 kHz,
which is reserved for Al operation, You should
avoid the repeater frequencies in your area, but
this still allows pienty of room for cw operation.
Small groups can use F2 on 2 meters as a mezans
to brush up on their code skills. If one of the
members has difficulty, he or she can pick up
the mike and break in. This is something you
can’t always do while operating cw on hf.

The principle of my circuit is quite simple. An
audio oscillator that will drive a speaker is
needed. You can use an old code-practice
oscillator, or use the built-in side-tone oscillator
from your electronic keyer. ‘The audio output can
be obtained from the speaker or headphone jack
in that case. Fig. 1 shows the complete schematic
diagram of the unit. As shown, S2 supplies
power to the oscillator module, but some
oscillators may not require this switch. J1 mounts
on the project case, and is a type to mate with
the plug on your mike, P1 mates with the mike
connector on the rig. Allow about 18 inches of
cable between the radio and the F2 unit.® The
input can be from a keyer or straight key, and
you will have to provide appropriate connectors,
Fig. 2 illustrates my final arrangement.

You will have to adjust the value of Rl to
provide the proper deviation for your transceiver.
My circuit needed a 1.2-k{ resistor, so that may
he a good starting value, Connect the circuit to
your radio, set Si to the PTT position and turn
on the transceiver. Normal voice operation
should be possible at this point. Place 81 in the
¢w position, Using a deviation meter, or another
amateur listening on & separate receiver, adjust
R2 for a deviation of about 5§ kHz. It this con-
trol does not provide enough adjustment, then
you will have to change the value of R1.

A word of caution: The key-down time for
some rigs is limited by heating of the final
amplifier transistors. Since the transmitter is on
continuously during vour transmission, you
should check the heat sink periodically to be cer-
tain that proper cooling is provided. You may
have to limit the length of your transmissions
accordingly.

Gather a few hams into a cw net, practice

mm = in. x 25.4.
*Assistant Technical Editor

Conducted By Larry D. Wolfgang,* WA3VIL

P1 41

- AUDIO AUDIO

TO XMTR MIKE € F3T B TO MIKE
CONN, ne. O -

PTT PTY
< Q\— Cv .

81 GHD
e_jGND — cw MODE l7__<N

CwW
Rt ¥ =—- Y R2
AR 52 %
290 0, ON -OFF
F2
DEVIATION O-I 12
SPKR ADd. L
SIDE TONE ,—J;—T OSC. 10 K
WTY vooule |™PUT EY
X - SEE TEXT l—im—,J
; POWER
}

Fig. 1 — Sechematic diagram ot an osciflator circuit used by KA7AWD to add F2 capability to his

2-meter im rig.

Fig. 2 — Photo showing the equipment used by KAZAWD for £2 operation, The oscillator unit is
housed in the box on top of the electronic keyer. '
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every night. and before long your code speed will
hegin to soar. But remember, if you get into a
real bind and can’t copy as fast as the others are
sending, you can always pick up your
microphone! — Dennis Blum, KATAWD, Show
Low, Arizong

SPACERS FOR MOUNTING
PC BOARDS

1) 1 needed some spacers to mount the pe board
from a project inside a case. After looking
around the shack for something to use, [ came
across an old Bic®* pen. I cut lengths of the
plastic tube with 2 tubing cutter and had perfect
spacers for mounting my project board. Now,
1 save all of these pens when the ink is used up.
By cutting spacers to almost any desired length,
I can stack boards on top of each other or siand
them side by side. A hacksaw should also work
for cutting pieces of the tubing. - Walter
Yatzook, NICIB, South Meriden, Connecticut

KEYING THE 1C-701 WITH AN FET

{71 While planning to build a new keyer for my
station, ! bhecame concerned that my chosen
design would not properly key my IC-701.* This
radio (and some others) requires a key-down
potentiat of less than 0.4 V. The output circuit
of the Digital CMOS lambic Keyer uses two
silicon devices in series (a 92PU10 transistor and
a 1N4004 diode}), and I was concerried that this
would prevent the minimum key-down voitage
from being small cnough. Also, 1 could not find
the Y2PU10 devices in any of the iocal supply
stores.

1 decided to use a 7404 hex inverting buffer
1T between the keyer and my rig, but a friend
suggested that [ try a VNG7AF VMOS power
FET in the keyer output section instead. One
manufacturer of these transistors is Siliconix
Incorperated. With this transistor in the output
section of my keyer, the key-down voltage is less
than 0.1 V. Fig. 3 shows how I modified the
keyer output cireit to suit my needs. 1 have also
made a few turns around some ferrite toroids
with the leads to my paddle and to the [C-701,
"This has cured a problem that 1 had with rf get-
ting into the keyer. — Darwin Bingham,
N4HZC, Virginia Beach, Virginia

*T. Theroux, “A Digital CMOS lamblc Keyer,” QST,
June 1882, pp. 26-28.

KEYER LINE
s} GF
[Ldit]

DIGITAL CMOS
IAMBIC KEYER
CIRSUIT

Fig. 3 = Schematic diagram of a keying
circuit, used by N4HZC, with an electronic
kever and an IG-701. Some VNBTAF transistors
contain the built-in Zener diode to prevent
wmverdrive, as shown here, while others do not
include the diode.
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A “NAVY™ KNOB FOR STRAIGHT
KEYS

{71 1 have found that a straight key is much easier
to use if it is equipped with a *‘Navy’" style knob.
This style of knob does not seem to be very
common anymore. I found a wav to add this
style of knob to most straight keys. A small disc,
cut as shown in Fig, 4, is all it takes, The material
that T use is Formica®, available as a color
sample or scrap from many building-supply
stores, Shaping can be done with a diagonal cut-
ters or tin snips, followed by a file or sandpaper
to smooth off the rough edges. You may have
to adjust the dimensions of the disc or the cut
out to make it fit your key. Try this simple ad-
dition to your straight key. You might like it!
w J. A, Wright, Jr., W4UEB, Edenton, North
Caroling

SILICONE SEALER FOR MOUNTING
PARTS

7 Twould Hke to pass along an idea that I have
been using to hold batteries, large capacitors and
other items in place. Simply spread a thin layer

of silicone sealer on the part to be mounted, st
it in place and let the sealer dry for about a half
hour. Rub away any excess material with your
fingers or a pencil eraser. This sealer makes a
good bond to almost any clean surface, and it
maintains its Flexibility and strength under most
conditions. 1f you use this material as a battery
holder. you can cut or break the battery loose
when it goes dead.

i have found this to be an ideal method of
securing large parts to a chassis without drilling
mounting holes. Occasionally you may need (o
tsolate a capacitor or other component from
ground, The silicone sealer will also scrve this
purpose well. Try it, and you'll probably discover
even more uses for this inexpensive matertal.
- Hellmuth Hinz, KASRNN, Athens, Ohlo

DESOLDERING HINT

{7} Most hams occasionally want to salvage a
used PL-259% coonector, or are f{aced with
another difficult desoldering job. Here is a
method that | have found to be quite helpful.
When the unit is heated enough to melt the
solder, try a blast of compressed air at about 80
b/in* to blow the solder out of the joint. 1 have
used this technique to splve a number of tasks
that would have been difficult otherwise,
Several precautions must be observed in using
this method, however. Be sure to wear eye pro-
tection at all times. You must also be certain that
the molten solder wifl not hit anything that can
be damaged by heat, such as a carpet or synthetic
materials. Don't allow other persons to be in the
area where solder may hit them, either! — Lymn
Burlingame, N7CFO, Bellevue, Washington

SIMPLE TUNING-DIAL DRIVE
REDUCTION

131 have 2 Kenwood TS-1305 that 1 use for
mohile operation. The VFO tuning is too fast
for easy operation in a vehicle. [ built a drive-

3

1Bt

Fig. 4 -— The dimensions used by WAUEB 1o cut a thin disc of material to form a “Navy" style
knob are shown at A. At B, the disc is shown in place between the knob and arm of a straight

key.



reduction adapter (for less than $2) to cure this
problem. I used a Ya-inch phone plug, an enclosed
jack and an angle bracket.® The bracket can be
aluminum or steel, 1¥%2 = 1 x 3-1 inch wide.

Drill holes in the bracket as indicated in
Fig. 5. The TS-130 has a screw 144 inches from
the front of the cabinet top that 1 used to mount
the L bracket. If vou are adding this drive-
reduction unit to another rig, you may have to
dritt a hole in the cabinet to mount the bracket.
[ used a small piece of double-sided tape under
the front of the bracket. Mount the phone jack
to the angle bracket and insert the plug. Now
stretch a wide rubber band over the phone-plug
barrel and around the tuning knob.

You can use the phone plug for a tuning knob,
or if you want a larger diameter knob, solder a
short piece of Y“-inch-diameter copper tubing to
the phone-plug terminals. Replace the barrel on
the plug and secure a larger control knob to the
extension.

The tuning rate is much slower now, but if [
want to make a targe frequency change I can still
use the main tuning knob. — Larry Dougherty,

N8I, Yale, Michigan

FASTER AGC RELEASE TIME FOR
THE TEN-TEC ARGOSY

71 1 have found my Ten-Tec Argosy to be & fine
all-around rig. [ especially like the full QSK
teature. However, [ believe the age release time
is too slow for cw operation. 1 prefer the age to
refease a bit faster. even for phone work, 1
changed a single capacitor in the age circuit to
provide a release time more to my liking.

Remove the top cover and locate the [-F/AF
cireuit board. It is the large board just behind
the front panel. Find C12, a 33-uF capacitor at
the center rear part of the board. This capacitor
is connected from the base of Q4 to ground. The
rate of discharge for this capacitor controls the
age circnit release fime.

Unplug all cables going to the [-F/AF board,
remove the five screws that fasten it to the chassis
and lift the board out. Remove C12 and replace
it with a 5- to 10-gF capacitor rated at 16 ¥ or
higher. 1 prefer the 5-xF unit for a faster release
time, but you may want to experiment. Reinstall
the board and connect the cables.

1 find the cw aperation of my rig to be much
smoother after this change. 1 also notice that 1
am able to copy more weak stations than before
because strong nearby signals don’t limit the
receiver gain as much. — Bill Scott, AGBO,
Elizabeth, Colorado
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Fig. 5 — At A are shown the mounting details
for a tuning-dial-drive reduction system used
by KN8I. The dimensions for the mounting
bracket are given at B, One method of adding
a largerdiameter tuning knob is shown at .

2-METER AMPLIFIER INSTABILITY

M1 built a solid-state amplifier to boost the
1.5-W output from my 2-meter hand-held
transceiver to about 30 W. The amplifier suffered
occasional instability problems, depending on the
lengths and positions of the rf input and output
cables. The measured SWR, both into and out
of the amplifier, was less than 1.5:1.

Some research led me to the conclusion that
my problems were caused by rf energy being con-
ducted on the gutside of the RG-58/U coaxial-
cable braid. The ground connections for the
transceiver, amplifier and amplifier power supply
were separated from each other by significant
fractions of a 2-meter wavelength. There was no
good ground reference for the rf energy. The
chassis of each unit could “‘float’ above rf
ground, inducing rf currents to flow along the

outside of the coaxial-cable shield braids. My
amplifier was affected in unpredictable ways by
, these currents.

" I found a simple cure for the problem. I
.looped each rf cable twice through an Amidon
FT-114-43 ferrite torroid. My calculations in-
dicate that this effectively adds about 2.4 xH of
inductance in series with the outside of each
braid, The result is an rt choke with over
+ 2200-ohms reactance at 2 meters. | chose type-43
'material for high loss above 100 MHz, so the
‘toroid dissipates rf energy like a ferrite bead
does. This combination of effects has completely
cured the instability problems with my amplifier,
tegardless of cable length or orientation. —
Kenneth H. Kerwin, 1I, K6UXO, Londonderry,
- New Hampshire

USING RUB-ON ETCH-RESIST
TRANSFERS

{Z1 Hete are a few suggestions for those who have
had preblems with rub-on etch-resist transfers
coming loose. First, the board must be very
clean. Then, warm the board before applying the
"transfers. [ warm small boards by placing them
on the shade of my desk lamp for a few minutes.
Apply the transfers to the warm board, and
burnish them well, Rewarm the board if it coals
off during circuit lavout. After alt of the circuit
is laid out, warm the board for several hours and
1then barnish all of the transfers again. Using a
small piece of paper towel, gently wipe the board
to remove any fingerprints or other dirt.
I have not had any problems with transfers
" coming off in the etchant since [ began using this
method. The warming technique also works well
for applying panel-marking rub-on labels.
— [ T. Miller, N6BM, Ukiah, California

A TUBING CUTTER AND COAXIAL
CABLE

[7J 1 read with interest the hint by Kirk Carter
in the September 1982 Hints and Kinks column
about using a tubing cutter to prepare RG-8/U
coaxial cable for a PL-259 connector. | have used
a method like this for many years, and find that
it works well. But T would add a word of caution.
Before you use the tubing cutter to cut the tinned
braid, be sure the cable has cooled completely!
[f you try to cut it while the cable is still warm,
the inner dielectric will be soft. The cutter will
distart the cable and mess up the job. — George
- Rulfis, AA4GR, Chelmsford, Massachusetts

{25.4 mm}

Circuit-board etching pattermn for the VXO cw 30-meter exciter. The parts-placement diagram appears

unetched copper.

on page 33, this Issue. Black areas represent
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Circuit-board etching patterns for the London Tone Alert see the parts-placement diagrams of Fig. 3, on page 38 of this issue. The pattemns are
shown actual size. Black represents unelched copper.
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ircuit-board etching patterns for the DTMF decoder board {see
shown actual size. Black reprasents unetched copper
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Technical Correspondenc®

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

NOAJY cb STANDARD

{73 There are a few major problems with *“The
NBAJY cb Standard™ (Aug. 1983 QS7) that
make it impossible to expect **, ., the ultimate
in frequency-counter accuracy.”’ The problems
are not with the circuit itseff, but rather with the
network-affiliated television stations. Almost all
of them are spow using digital frame syn-
chronizers on some, or all, network shows. These
svnchronizers convert network videe from
dnalog to digital form, delay it by a fraction of
4 trame (less than 1/30 of a second) and con-
vert it back to analog form — in sync with the
iocal station sync generator. Local color subcar-
rier frequency. is required by FCC rules to be
within [0 Hz of 3.579545 MHz, and in most
cases is generated by a erystal oscillator no better
than one found in a good frequency counter. In
most stations, the color subecarrier frequency is
rarely adjusted or calibrated. There are a few
“major market” TV stations where the color
subcarrier (and hence the sync generator} is
focked to atomic standards, but that is quite rare,
Additionally, many network television shows are
delayed on videotape with no indication (to the
viewer) of the delay. For example, in Dallas, the
B3 Late Movie™ is a two- and one-half hour
program that is tape-delayed 30 minutes (not an
wasy task)! When the videotape is played back,
it is in sync with the focal station, not with the
network. Furthermors, all wetwork atomic
standards operate with an offset of — (.03 parts
per million from the ideal 5 MHz. The 5-MHz
signal is multiplied by 63/88 in a synthesizer to
get a color suhcarrier fraquency of 3.5795454545
... MHz,

Anyone who is interested in achieving *‘the
ultimate in frequency-counter accuracy’’ should
probably leave the frequency counter on con-
tinuous standby, rather than wait for it to settle
down after tirst heing turned on. More accurate
calibration of frequency counters can be achieved
by phase locking an oscillator to WWVR on 60
kHz, or by simply counting the WWVB carrier
frequency. Several manufacturers ofter clocks
and oscillators that phase lock to WWVB, but
most of them are priced beyond the typical
Amateur Radio budget. A few good articles have
heen written on the subject of calibration via
WWVRB.123 Perhaps the best book available on
this subject is the ime and Freguency Users’
Manueal, published by the National Bureau of
Standards.*

WWVB is the primary standard-frequency

'D. Lancaster, “Experiment with WWVB,” Radio
Electronics, Aug. 1973,

'H. Isenring, “"WWVEB Signal Processar,” Ham
Aadio, March 1976.

'E. Manly, “WWVB Frequency Comparator Re-
ceiver,” 73, Sept. 1972,

*G. Kamas and &. Howe, ¥ime and Frequenc
Usars' Manual, NBS Special Publication 554,
LL.S. Department of Commerce, Washington,
DC, Nov. 1979,

*Assistant Technical Editor
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broadcast service in the United States, whereas
the network television color subcarrier com-
parison system is no longer viable,? Therefore,
the horizontal sweep-frequency system in **The
NOAJY ¢b Standard’ is obsolete. 1t should be
noted, however, that the N@AJY circuit is a
«lever one and it would have worked fine only
10 vears ago. — Andrew K. Dart, AESD,
Duncanvitle, TX 75116

TRUE ANTENNA HEIGHT

(2] *“Getting the Most Qut of Your Antenna’
(Tuly 1983 QST), by Chuck Hutchinson, K8CH,
is a good article, but it omitted one aspect of
antenna height that many of us on the West
Coast take advantage of. To get a low vertical-
takeoff angle, antenna height is not necessarily
considered as the distance above ground, buf the
distance ahove the rf reflecting surface. This sur-
face may be quite a horizontal distance from the
antenna (see Fig. 3 in the K§CH article).

Many of us have stations on hills overlook-
ing large bodies of water (Seattie/ Puget Sound;
Ban Francisco-Oakland/S$.F. Bay; Los
Angeles/Pacific Ocean}, My station is about 250
feet above the surface of Puget Sound — about
34 wavelengths high on 20 meters.© [ get excep-
tionally good signal reports from DX stations
in those directions my otherwise mediocre anten-
na ‘‘sees” Puget Sound. My antenna is only
ahout 40 feet above the sarth! — Jack Wichels,
W7YF, Edmonds, Washingion

NOTES ON SPREAD SPECTRUM

1 The article by William Sabin, WOIYH, on
spread-spectrum techniques (July 1983 (ST
raised two guestions about implementing spread-
spectrum communications. First, except for the
iatrinsic charm of using a pseudo-random hop
sequence, it seems that only privacy is gained by
using this technique. 1f interfering signals occur
randomly on the hop frequencies, there seems
to be no additional signal-to-noise ratio gain
from use of a pseudo-random sequence rather
than a sequential-hop sequence, Because of
limited spectrum alloeations in the hf bands, a
long random sequence must map inte a small
number of available frequencies. As an alter-
native hopping strategy, I suggest that the fre-
quencies chosen by the operators be visited
sequentially, rather than randomly. This
technique yields advantages of simpler equip-
ment and minimal synchronization problems,

Second, following Mr. Sabin’s suggestion of
using a-m rather than ssb, there should be con-
sideration given to heterodyne problems. An a-m

**NBS Time and Freguency Bulletin, Number
304, U8, Department of Commerce, Washing-
ton, DC, March 1983,

‘mm o= i, W 254, m = ft x 0.3048.

Conducted By
Dennis J. Lusis,* WiLJ

carrier will mix with any interfering carrier and
produce audio beat notes, which can be different
for each hop frequency occupied by an interfer-
ing signat, This is certain to produce annoyances.
One possible solution is to use ssb, with the car-
rier reinserted at a level that allows phase lock-
ing at the receiver. Any phase-locked loop (PLL)
frequency syathesizer suitable for transmission
could then be used on reception. The acquisition
range of the PLL can be restricted to prevent ac-
cidental lock to an interfering carrier. A loss-of-
lock indicator used to signal a move to the next
hop frequency could simplify the sync problem.
For initial syne, the out-of-iock condition could
allow fast jumps through the hop frequencies un-
til lock is achieved. Onge in lock. the hop rate
would be controlled by the active transmitter,
-~ Paul Sefwa, NYCZK, Brownsburg, Indiana

i1 In response to Mr, Selwa’s letter, consider 50
frequencies, sufficiently separated so that there
will be no adjacent-channel interference, Fifty
groups of stations, each group with two or more
stations, could share these frequencies with no
interference between groups. All of the groups
would be pari of a packet-network system. Pro-
tacol would include time and frequency manage-
ment, and various control terminals would have
rapid signal deplovment capabilities for both do-
mains. As an extension of this idea, consider a
group of 250 frequencies. Using frequency-hop,
each group could search for a clear operating fre-
quency. When such a frequency is found, the
group could elect to stay there until conditions
deteriorate. Some members would want to hop
on a set of frequencies in order to simultancously
address several groups.

The frequency hopping discussed above is
done under protocol control, In addition, fre-
quency hopping of the type described in my ar-
ticle could be used to provide increased reliability
of commaunication during fading or interference.
That is, some group(s) could hop on a set of the
available frequencies mentioned above. {This
hopping could be done sequentially, as Mr.
Selwa suggests, rather than randomly.) If 50 fre-
guencies were reserved for fast hopping, $0
groups could hop on these with no mutual in-
terference when using protocol frequency
management, The main advantage of non-
sequential hopping is that errors from certain
patterns of fading and interference (called burst
<rrors) are more easily avoided. These hop se-
guentees are easy to generate and supervise.

My article does mention ssb in a slow-hop
system. Nbfm should also be considered. **An-
¢ient modulation” is not a very attractive mode,
1 agree. Primarily, I would like to see an amateur
data-packet network using spread spectrum, —
William E. Sabin, WBIYH, Cedar Rapids, lowa

ANTENNA PRUNING FOR 30 METERS

{71 [ recently wasted a good bit of time because
I didn’t think before constructing a new anten-



na. 1t is easy to make incorrect assumptions con-
cerning the new 30-meter band that are based on
experience with “*traditional’* hf bands.

! was using a dipole for 80 and 40 meters with
separate quarter-wave radiators fed with a single
coaxial feed line, Wanting to get on the 30-meter
band quickly, [ decided to prune the 40-meter
dipole to resonance on 10.1 MHz. This idea
seemed great until | tried to load the antenna;
the SWR was terrible. After a little thoughe, I
realized that the 80-meter dipole (cut for cw at
3.525 MHz) was acting as a 3/2-wave dipole reso-
nant on 10.575 MHz (three times 3.525). Ap-
parently, the input impedance of the &0-meter
dipole was not high enough to be insignificant
at 1. MHz, Because [ had two 30-meter anten-
nas in parallel, the combined input impedance
was no longer 50 ohms. To cocrect the problem,
[ 12ft the 80-meter dipole alone, and trimmed ap-
proximately one foot from each end of the
30-meter dipole. This gave a combined input im-
pedance that my solid-state rig could tolerate,
but I know that the system is now way off
resonance at 10.1 MHz. In short, [ wouldn’t
recommend this combination!

By the way, the 80-meter dipole wouldn't load
up worth a darn by itself on 30 meters. Progress
is so frusirating! — Dave Christie, WBSKFP,
Bartlesville, Oklahoma

SELECTIVE HEADPHONE
FREQUENCY RESPONSE

(1 WB2KIL's letter (Technical Correspondence,
Aug. 983} raised the idea of headphones with
response tailored for use by radio amateurs.
Headphones of this type are available. Military
surplus headsets H-140, H-227 and H-25! have
tallored frequency respomse in the 300- to
3500-Hz range. David Wiesen, K2VX,
Newark, ~New Jersey

DIGITAL AUDIO GENERATION

[ The Wall Street Journal, April 29, discussed
digital audio, which is now entering the record-
ing industry. This particular technique might
benefit Amateur Radio. A reduction in voice
bandwidth would effectively release many fre-
guencies for use, A transmitter modulated by a
digital representation of speech could reduce the
modulated-signal bandwidth €0 a degree not
possible with conventional methods. An ssh
bandwidth of 250 Hz might be possible with
sharp-cutoff filtering. Reception with a
camputer-enhanced and filtered system would
be necessary. We have come a long way in the
Tust 50 vears; could this be in our future? — Russ
Mercer, W8JST, Union City, Michigan

POWER INTERLOCK SAFETY

IZ P've noticed that several ARRL publications,
including the License Monual, recommend a
power-safety interlock that consists of wiring a
female ac receptacle in series with the hot side
of the station power line. This safety feature is
suggested to ensure power isolation and prevent
tampering by children and unaothorized
operators whe are not likely to spot or suspect
the empty receptacle.

I haven't yet heard of any disasters, but {
worry about the child who finds the shorted male
plug and tries to install it in a live power recep-
tacle, What happens if an unsuspecting person

plugs ar appliance into the interfock, energiz-
ing the station equipment and appliance?

[t seems that standard U.L.-listed electrical
devices should not be ““jerry-rigged,”* whatever
the intention. Please, use only approved power-
isolation breakers. The life you save could be
Your child’s. — Bruce Chadbourne, KA2PAS,
Vestal, New York

CAGE ANTENNAS

I Jerry Hall’s article, ““The Search for a Simple,
Broadband 80-Meter Dipole” (April 1983 0573,
is a good one. He does, however, leave the reader
“hanging’* with respect to the cage antenna. My
following comments are based on experience as

a cage designer (bet you didn't think there was

any such animal!) and on feedback I've received
from various installations,

Looking at the cage, we can see that there are
three variables affecting performance:

1) Size of the conductor(s).

2) Diameter or width of the array (a cage does
not have to be round, but a cylindrical configura-
tion leads to fewer mechanical problems).

3} Total length of the array.

The size of the conductors is additive. I have
found the following to be good limits;

40 meters — minimum of four conductors, no.
12 to no. 18 wire.

80 meters — minimum of six conductors, no.
12 to no. 14 wire.

[60 meters — minimum of 12 conductors, no.
14 to no. 16 wire.

Spacing the wire elements of a cage can pose
a problem. Hall suggests that nonconductive and
conductive spreaders will provide the same
results. I've found that conductive spreaders
make the two sides of the dipole act like the
plates of a capacitor. The antenna Q goes way
up, and the bandwidth gets very narrow. As a
strict rute of thumb, do not use conduciive
spreaders! Some experiments use waxed dowels.
I originallly used Frishees® (Whamo, lnc.).
They provided the necessary spaciog, but were
not strong enough for the winter climate. When
they froze, they cracked. 1 bought a plastic mold,
and now make my own ABS spreaders. For 80-
and 40-meter antennas, the spreaders [ use are
less than 10 inches in diameter. On 160-meter
antennas, 1 use 22.5-in. circular PVC plates. [
have also found that there is no significant dif-

Jerence in antenna characteristics within the

following range of cage diameters:

40 meters ~ 6 in. to 10 in,

B0 meters — 9 in. to 20 in.

160 meters — 19 in. to 36 in.

The total length of a capge array will be shorter
than that of a single-wire antenna. Basically, a
cage is a “‘fat” dipole that takes advantage of
& lower length-to-diameter ratio. As Hall says,
there are no tables on this subject. However,
Fig. 2-4 of The ARRL Anienna Book can he

used, but does not go below a K factor of 0.90; .

true cage antennas have K factors below this. For
80- and 40-meter versions, | suggest a K factor
of (1.885; for 160 meters use 0.832.
Mechanical problems also manifest themselves
when & cage antenna gets long. Hall suggestad
using a spreader every touple of feet, but with
good spreaders you can obtain 19-ft spacing on
a 40-meter cage. Lp to 29-ft spacing is possible
on 80-meter cages. On 160 meters, my tests are
not complete enough to finalize a good spacing,
but I expect it to be approximately 35 ft.
The free-space feedpoint impedance of the
antennas in this discussion is 67.8 ohms — a

| good match to popular coaxial cables. This
- directly corresponds to Hall's computer model.
For a cage designed for 3750 kHz, SWR at
resonance is 1.09:1; the 2.0:1 SWR points are
3200 kHz and 4300 kHz!
1 hope that I have helped in the continuing
search for a broadband dipole. Any questions?
-1 will be more than glad to answer them if the
need arises. — David C. Johnsor, W2BN,
Burfington, New Jersey

Feedback

(3 Author Zander has some corrections for
“Build the AAGPZ Power Charger’” (Dec. 1982
237, Eq. | reguires that the current be
expressed in amperes (0.7 tepresents 700 mAj,
rather than milliamperes, In Fig. 8, the compg-
nent labeled R1 (at the upper right) is actually
RS, The author has a list of “*bugs’* and applica-
tion hints for the Power Charger that he will send
to constructors for an s.a.s.e.

[71 Please note these corrections to the Viewstar
V8 1500A Transmatch Product Review {Oct.
1982 Q8T): The price is $390, and the unit is
available from the Ham Radio Outlet Stores in
California, tel. 800-854-60346.

11 There are two errors in “WARC Bands for
the TS-B20(S)"* (Feb. 1983 QST). On page 41,
the third line of the second paragraph under
18-MHz Modifications should read: ““On the PD
board ..."" On Page 42, the third line of the first
paragraph under 24-MHz Modifications should
read: ‘‘35-MHz crystal X10 ..." CLL

S{E[ryg -7

On August 12-14, members of the USAF MARS
Los Angeles Base Support Team conducted
their annual emergency communications
project by operating frem a century-old gold
mine near Johannasburg, California, During
the exercise, the amateurs contacted
members of the Johannesburg Chapter of the
South Africa Radio League who also were sta-
tioned in a gold mine. Ameny the operators
who participated were (I-r) ZS6BFS/G4LRF
wisiting from South Africa), KK6L and WeULZ.
WABNKL photo)
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-~ Reading, ’Riting and Radio

Ham Radio in the elementary-school classroom?

It's well worih the ftrip.

By Allan R. Leslie,* KASNPY, Carole Perry,** WB2MGP and Steve Place,””* WB1EY!|

In response to ARRL's new Ham Radio
on the Road program, many volunteers are
already taking Amateur Radio to youth,
civic and church groups around the coun-
try. Another favorite target has been the
high school or college science classroom.
Though vou're doing a bang-up job as
“roadies,”’ we hope vou won'’t overlook the
younger school children in grades 5 through
& — their enthusiasm can’t be beat. And
lest you fear that Amateur Radio is a bit
beyond the reach of this age group (10 to
13 years old), two experts share their ex-
periences and put you on the right track.
Allan Leslie, KASNPYV, is an old hand
at introducing elementary-school students
to the wonders of Amateur Radio, and
Carole Perry, WB2MGP, is an elementary
school teacher who uses Amateur Radio in
her classrooms with great success. Both
agree that success comes only when the
material is presented clearly in ways that
are relevant to the students’ abilities, neaeds
and experience — in other words, made in-
teresting from the students’ perspective. In
their articles that follow, Allan looks at the
demonstrator’s role and Carole assesses the
situation through a teacher’s eyes.

An Qutsider Learns Why

When asked to tell an elementary school
class about Amateur Radio, Allan Leslie,
KASNPY, responded, “‘Isn’t Amateur
Radio a little too complicated for kids that
young?”’ After his first presentation, a
challenge both for him and the children,
he realized that’s one reason why amateurs
have several classes of license.

“*Any subject, Amateur Radio included,
is as difficult as the student and the teacher
make it. If it’s over the student’s head, it
won’t be understood; but if the teacher is
willing to meet the student at his or her own
level, and if the student is willing to learn
what is being taught, then Amateur Radio

*P.O. Box 701, Zuni, NM 87327
**10 Berglund Ave., Staten Island, NY 10314
***Manager, Club and Training, ARRL
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YHE WHUTD 1i0iish

WATHINETAN

November J&, L9R2

Dear Studenita:

zacently | learned of the amateur ham radio
operation praoject you, along with the faculty
and friends f Junior High School Humber 22,
have undertaken. €aving road the dekails which
Colonel Reger Wells supplied to my office, I
augt. tell you hew lopressed I am with Ehis
worthwhile endeavor. I .an personally attost
to the vpportunities which radie work can pro—
vide, A4 you may already know, my first job
after puthing myself through coilege was with

a amall 1adio mtation ek in Davenport, Lowd,
48 A sponke annonneer,

Ib i encudrading b Xnow thak studenta like
YoU are AbIRARG your ettorts with othera o
that you can share and enjoy kogether tha [ree—
D which we are so folbuaats to have in this
sountry.  The frandom 0 Spedk cut, &0 put forth
vergoral initiative, ang the freedom to resp
the rewards of & job well dome. The educalional
enpeg ieaws this projeet allevs von is one that
will help vou to make sound judgmenta when you
heeowe tomorvowts declsion-muxers. Cuncrdkula-
tions apd Xeep up the good work!

With my keat wishez now and for the yeara ahoad,

Sincerely,
"y
P
( N aenld re'.a-.?‘g,»‘
The sStudents af 6. Straubenmuller
Sunier High Schesl Numbez 22

111 columpia Street

MNow York, New Yoxk Lbo0i

The use of Amateur Radio by junior high
school English teacher Joseph Fairclough,
WB2JKJ, in New York Gity, has been lauded
by a longtime friend of radio.

need not be too complex. But why bother?

“The benefits are vast. The most obvious
one is that of helping children learn various
subjects they are already studying in school.
Children at that age are wide open to new
experiences and want to learn more, But
they are also unsophisticated, not vet sure
quite what they want to learn, or how to
go about learning it. Opening a social
studies book, for example, students read
of some far-off place, but it is only a name
on a page. By means of Amateur Radio,
geography becomes wonderfully alive for
them: ‘KL7? P’ve got friends there!®

““In other subjects, the same can hold

true. For instance, children must apply
basic arithmetic to get even the Novice
license or to do some experimenting on
their own — something that kids are fre-
quently inclined to do. Further, they are
aided in the study of grammar, punctua-
tion, spelling and vocabulary - all impor-
tant parts of a child’s educational develop-
ment. These also can be enhanced via
Amateur Radio.

“And vet Amateur Radio can benefit
children in other areas not readily
recognized either by the ham who is hot in-
volved in education or by a teacher who is
not involved in Amateur Radio. For in-
stance, there is the skill of memorization.
Morse code is an example of something
that must be memorized if a child is to
become proficient in its use. {f students can
memorize for Amateur Radio, they will
likely have an easier time memorizing
inultiplication tables or spelling words.
Teachers welcome the chance to have their
students memorize material in which
they’re interested and for which they have
a real, immediate application.

“Another seemingly unlikely skill that
Amateur Radio can help develop in
children is eye-hand coordination. As late
as the fourth grade, many students still are
developing their fine motor skills. Using a
straight key and a code practice oscillator
(or for that matter using the code in QS0)
is excellent practice, particularly when striv-
ing to distinguish correctly between a *dit’
and a ‘dah.’ **

An Insider Reports Results

Carole Perry, WB2ZMGP, has been
teaching the course, **Introduction to Ham
Radio’’ for several years at Rocco Laurie
Intermediate School 72 in Staten Island,
New York. Carole reports that she found
strong motivation and self-confidence were
not only the key to getting the children to
learn the Morse code and technical
material, but also emerged as a reswif of ex-
periencing success in the ¢ourse. Her in-



sider’s perspective should be of interest to
any elementary school teacher you
approach.

“Parents, other teachers and students
were spon reporting back to me that work
and study habits had improved in other
subject areas, and that a new enthusiasm
for school was evident in many children.
Discipline and behavior problems are vir-
tually nonexistent. In class we continuously
stress courteous behavior on the air and to
cach other. Intelligent and responsible use
of the airwaves is also discussed often. My
students realize it is a privilege to get a
license and to get on the air, and they act
accordingly.

**Students began to develop an interest
in geography, world affairs and scientific
phenomena related to the hobby. The
ARRL’s map of the world call areas
became a focal point of the room as we
discussed future DX contacts. Stimulating
discussions erupted spontancously about
such issues as why certain countries don’t
allow Amateur Radio. Observing eager
young minds being stimulated is a thrilling
experience for any teacher.

*l am especially interested in drawing
voung women into the program, and |
won't allow them to delude themselves
into believing that women are somehow
genetically ill-equipped to learn technical
things. Quite stmply, girls do in fact fare
as well as boys once they gain self
confidence. A course like this provides the
opportunity for helping young people,
especially girls, get over their preconceived
misconceptions and attitudes about deai-
ing with scientific material.

“Though each student’s motivation for
obtaining a license is different, each is able
to find an arca of the hobby that is most
appealing. For instance, one student was
a Vietnamese boy who escaped with his
sister from Vietnam three vears ago with
the **boat people.”” He couldn’t speak
English when he got to this country. We
spent hours together practicing code with
the use of flash cards and tapes. He got his
Novice license and is presently studying and
trying to upgrade. His hope is to be able
to relay a message to his parents in Viet-
nam someday via bam radio. Another
voung man has decided on a career as an
¢xobiologist, combining his new love of
radio with his interest in astronomy, to
determine if there is extraterrestrial life that
can be detected via radio signals to earth.

“To date, 189 voungsters have become

licensed. Many of them have experienced’

a sense of accomplishment and achieve-
ment for the first time in their academic
lives. Bven parents and other teachers have
been caught up in the tremendous en-
thusiasm generated by Amateur Radig, |
have personally witnessed incredible social
and academic growth of children in this
program, and strongly urge school ad-
ministrators to consider introducing a
similar program in their school systems. It

Gerald Skloot, KE2N, has his students at Rockaway Beach Junior High School in Rockaway
Park, New York, listening to the tune of a differant radio — Amateur Radio. in the class's threa
years of operation, 25 students have earned their Novice licensss or upgraded o General class.

will open new worlds to children who
would otherwise experience little beyond
the bounds of their neighborhoods and
communities.’”

Before the Classroom Door Swings Open

When vou take Ham Radio on the Road
to a local elementary school, share Allan’s
and Carole's experiences above with your
contact teacher. You’ll be on firm footing
both theoretically and practically. With
your foot in the door — assuming you've
convinced an elementary school teacher
that Amateur Radio is worth a try and have
secured an invitation -- vou’ll want to
tailor your presentation to your very special
audience. Allan Leslie again offers a few
tips on effectively preparing for presenting
and following up an elementary-classroom
demonstration.

*‘Because you might have only a half
hour or so in which to state your case for
ham radio on the first visit, list the things
you want to talk about long before you get
near the classroom. What are the most im-
portant things to cover? Strike out anything
that requires a lot of talking and explain-
ing. Remember: Some things are so basic
that vou needn’t waste a lot of time on
them. For example, every child probably
knows that a radio needs an antenna. They
may not know, however, that there are
various kinds, sizes and shapes of antennas.

““When your list is pared down to what
you think are the essentials, outline the
order of your presentation. What wiil you
talk about first? Second? Third? How will
you end your discussion?

“Then practice. Get it under the time
limit. And don't do it by talking fast,
either! You aren’t doing a Federal Express
commercial; you're explaining new ideas to
children. Tape your rehearsals and listen
carefully to the tape. Ask questions, ‘Is this

too hard? Am | telling too much here?
Should I explain a little better there?’

*You'll probably find yourself saying,
‘Wow, better add something; that’s not
everything they need to know about
Amateur Radio!’ Don’t do it. This is a first
session. Allow the students 5 o 10 minutes
to ask questions. You may get a chance to
come back and explain areas of interest in
more detail. in your first visit, however,
give only a general overview of Amateur
Radio and try to plant some seeds of
interest,

**Audio and visual aids are a must. By
alt means, take a rig to schooi with you.
Even if there isn’t time to set it up, you'll
have it to show off. Kids like to see new
things, and to see just what makes them
new and different. 1f you have a special
piece of equipment you don’t want
touched, doxn’t bring it!

*T use drawings a lot; either I take the
time to make them in severai colors before
I go (teachers like to keep them, to display
in the classroom) or | use the biackboard.
The trouble with blackboards is that you
have to keep up a running commentary on
what you're drawing, to hold the children’s
interest. You can’t get away with, ‘Just a
sec, while I draw this!’ In junior high,
drawings and sketches can be a little more
technical; a sine wave or a simple schematic
diagram are all you’ll need, though more
is better.

“‘What sort of technical background do
the children have? Have they studied eleg-
tricity? Have they gone over basic elec-
tronic or electrical svmbols? Establish
beforehand just how much technical
background they bave. Find out where you
can start. A look at their science text will
heip.

“A great tool is the *beeper.” As far as

- many of those kids are concerned, that is
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the name for a code-practice oscillator.
‘Beeper’ gets the point across quickly and
effectively.

“With a little luck, the schoo! may have
oscillators lying around somewhere. If so,
you need only ask the teacher if you can
borrow them, check them out for opera-
tion and bring them to class with you. By
stringing a wire across the room or even
into the next room, two students can read
the code stamped on the case, and ‘beep
at each other.” Headphones are most useful
for private practice without disturbing the
rest of the class.

“If the school doesn’t have oscillators,
make a few. A very simple one that pro-
duces a tone is all you’ll need. Then, leave
detailed instructions with the teacher so the
kids can make similar oscillators, or ar-
range a date to come in at another time for
a building-project afternoon with the class.

**But all the visual aids in the world and
all the audio toys you invent still won’t do
a bit of good if vou stick too closely to the
special jargon we hams use, Watch your
vocabulary! Keep it simple. [f you use
technical words or phrases, be sure to ex-
plain them clearly. 1f you can’t explain a
term in 10 words or less, don’t use it. Now
you are ready for the classroom.”

At the Head of the Class

“Your very first words and actions will
set your listeners' attitudes toward the rest
of what you have to say. Begin where the
children already are. They know about a
few bands: a-m and fm commercial and
CB, and perhaps they have even heard of
something called ‘shortwave radio.” They
have only a hazy notion of just what that
is. Start by clearing away the haze.

**1 begin with a chart, on which { [ocate
the commercial a-m bands and discuss that
briefly. [ follow this with a chart showing
five more bands, with a different color ink
for the ham bands. We then discuss the
hands they can use as Novices. When bring-
ing in each new chart or drawing, chatter

Twelve-year-old Michael Popelia, KASHID, of
Balle Varnen, Pennsylvania, beams with pride
for good reason: He recently upgraded to
Extra Class, giving the Popellas a full house
of Extra Class licensees. The others are
WASCXW (father}, WBIDUE {mother} and
KAJHIE (brother,
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a little to help fill the time needed to tape
or tack it in plain view. For example, *How
many of vou have read such-and-such
book?’ By asking that, I develop both an
intimacy with those who have read it, and
the curiosity of those who have not.

‘“My next drawing is a picture of the
globe, on which transmitter towers stand
out to exaggerated heights, each represent-
ing a continent or nation. I use this to ex-
plain that shortwave travels farther. *When
was the last time you heard Los Angeles or
Chicago on the radio? It’s not often. With
shortwave, you can hear and talk with sta-
tions as far away as Moscow or London.’

“You need to know as snuch as possible
about the age group vou're talking to.
Remember, for example, that fourth
graders are very curious but still naive
about the world in general. They want to
know, they just don’t know what they want
to kanow. You are there to tell them, and
to tell them in a way they can understand.

*“To wrap the presentation up, a section
on how to get into Amateur Radio that
mentions code, theory and regulations
works nicely. The children want to know
what they’ll have to do to get on the air.
Recitations of FCC Part 97 certainly won’t
do the trick; what might is to tell them
about a follow-on licensing class and how
you or another friendly local ham will give
them the test.”

After Class

“What’s the use of introducing these
children to the world of Amateur Radio,
when after all they are still children and
probably would have 2 hard time getting
enough money for a rig to actually go on
the air? This is a common question that can
he answered in any number of ways. You
should discuss the problem with the
teacher; he or she may know of money
within the school that could be used: en-
titlement funds or PTA money, for exam-
ple. Try working within the system getting
help from the teacher or principal.

During the recent Match of Dimes
WalkAmerica walkathon, Marion Ross, telavi-
sion star of “Happy Days” fame, stopped by a
checkpoint to thank members of the Los
Angeles Amateur Radio Emergency Support
Team {(AREST) for their assistance in providing
communications for the event. The lucky ham
with Ms. Ross is Wast Valley ARC Prasident
Bill Stevens, WIWEX. (March of Dimes photo)

“*Alternatively, if the children are will-
ing to do some work, and if you want to
help out, suggest activities such as paper
drives or aluminum can collections to raise
money for equipment. Also, look around
for used eguipment, sales and donations
from other hams. Schools aren’t necessarily
cheap; rather, everyone is faced with a
budget crisis these days, and schools are no
exception. If you can provide an inexpen-
sive alternative, you can go a long way
toward getting a club going in that school.
{See this month’s editorial for more
thoughts on this subject.)

“Once you have gone into the classroom
to begin introducing children to Amateur
Radio, be prepared for a ot of hard work.
Possibly no one will want to have anything
to do with Amateur Radio, no matter how
brilliantly you have prepared your presen-
tation. But if one, two, six or even a dozen
decide to accept the challenge you’ve of-
fered them, you're their link to Amateur
Radio and they won’t let you go. You may
he asked to help or advise in setting up a
club, teaching code and theory, and
coaching for the FCC exam. You may even
end up taking them into your own shack
to use your rig. No one ever said it was
going to be easy, but the rewards are
tremendous.””

Yes, Amateur Radio does have 2 place
in the elementary and middle school
classrooms. And your offer to take ham
radio on the road will be welcomed by most
good teachers.

Let us at ARRL Headquarters know how
we can best support your work. To get
started, refer to “*Ham Radio on the Road”
in last month’s ST and send for vour
HROTR kit to Leo Kluger, WB2TRN,
Recruitment Program Manager, at ARRL
Hq. With vour kit and this article in hand,
you’ll be ready to hit the road. As Carole
and Allan both attest, *“The small amount
of time vou invest in your local classrooms
will pay dividends 10 times over — both to
the students and to you.”

Nengt Meonth fn @ST

What happened at the October ARRL
Board Meeting in Houston? A full
report including the Minutes of that
meeting will be published in the
December issue. in case you can
hardly wait for the results of the 6th
UHF contest, there will be a treatise of
this along with rules for the upcoming
1984 ARRBL DX Test and the January
VHF Sweepstakes.

Technical articles will feature a
“*basics” treatment of hf propagation,
including a discussion of the
ionosphere. Were you hooked by this
month’s treatment of the Personal
Computer? Part 2 in December will go
into the computer peripherals, and
much more.



AMSAT-OSCAR 10 —
A Tribute

~—

The success of AMSAT-OSCAR 10 is a tribute to the spirit and creative drive of
thousands of radio amateurs from all corners of the world, united in a common pur-
pose. With their support, the kernef of talent that is AMSAT’s technical crew conquered
countless “insurmountable’” obstacles in the quest for predictable, long-distance, long-
duration communication at vhf and higher frequencies.

Few of us have the opportunity to meet the wizards who make it happen, and fewer
still get the chance to witness the work that leads to launch day. In tribute to their
perseveranceand accomplishment, then, we salute the AMSAT technical crew and pro-
vide a brief glimpse into the prelaunch days of AMSAT-OSCAR 10,

A sl i o
M. A . - - L

The AMSAT launch support crew: Standing
(- are W4PUJ, DK4VW, DJSKQ, WIGEY and
ZS1FE. Kneeling are W. Gladisch, W. Mueller,
K. Mueller and DJ4ZC. {photos courtesy
AMSAT)

W. Mueller (left) and Dick Daniets, W4PUJ, wear protective clothing while loading the on-board’
kick motar with the highly toxic liquid fuel, Unsymmetrical Dimethyl Hydrazine.

Jan King, W3GEY, applies the AMSAT decal to
the third-stage tairing of the European Space
Agency Ariane rocket,

A last view of AMSAT Phase HIB, mounted on
its attach fitting, as it is lowered into the
hottom half of the SYLDA, During launch, the
SYLDA (a carbon-filament “coscoon™ com-

pletely encased the satsllite; the top half was Ignition ... liftoffl The Ariane rocket rises

Just before the fairing Is closed, the ECS 1 jettisoned shortly after the ECS 1 spacecraft above the ESA launch facility in Kourou,
satellite sits atop tha SYLDA, AMSAT-0SCAR was separated, and just before Phase I8 was  Frengh Guiana, at 1159 UTC on
10 is beneath it, inside the SYLDA. separated and became AMSAT-OSCAR 10. June 18, 1983. L3 ]
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Meet Robert A.

Foosaner,
Chief,

Private Radio

Bureau

8y Carol L. Smith,* AJ2I

A chance to talk to soineone with real
governmental authority doesn’t come along
too often. This interview with Robert
Foosaner, newly named FCC Chief of the
Private Radio Bureau (PRB), provided
such an opportunity. Mr. Foosaner does
and will, after all, have a profound in-
fluence on Amateur Radio, so [ wanted to
take full advantage of the occasion. Your
concerns, your questions — that’s what 1
wished to express. The questions I posed
are, | hope, questions you would have
asked. :

A native of New Jersey, Mr, Foosaner
came to Washington after graduating from
Rutgers University. His first association
with the FCC was as a clerk while he was
attending American University School of
Law. Now (17 years later), as Chief of the
PRB, he still subscribes to an ethic of hard
work and dedication, plus some of the
idealism that was characteristic of the *60s
and *70s. **| don’t think anything can equal
having the feeling that vou’re doing
something good for the American public,”
he said. 1t’s easy to believe he means it!

OST: You're something of an unknown
guantity to hams. Whait can we expect?

Foosaner: | don’t think m a totally
unknown quantity to amateurs, but |
haven’t worked so directly with amateur
issues. I have been at the agency 17 years,
and ’ve worked in the Broadcast Bureau,
Office of Science and Technology, and
Office of the General Counsel prior to
coming to the Private Radio Bureau. 1've
done an extensive amount of enforcement
and international work as well. When |
came here as deputy chief to Jim McKinney
two years ago, we worked on everything
together. I was involved in each one of the

*Membership Services Assistant, ARRL
66 05T=

decisions that was reached in the last two
years concerning the Amateur Radio Ser-
vice. My perspective on the Amateur Radio
Service is that it is ome of major
importance.

QST: What is it yvou like about the

Amateur Radio Service?

Foosaner: | particularly like three things:
(1) the goodwill it generates. [t generates
goodwill domestically, and I think a lot of
hams in this country see that when they go
to 4 social affair and somebody else there
happens to be a ham. Hams also generate
good will internationally, which is
extremely vatuable to this country. I've seen
that goodwill when I go to an international
meeting, and { walk in and immediately
there’s a sign for amateurs to get together.
1 was recently at a WARC that dealt with
global marine future distress safety systems
{2 satellite system)]. There was an amateur
night! That’s helpful; it gave me entry to
discuss other things. (2) Perhaps much
more important is that the amateurs stand
up when it counts, in emergency disaster
situations, for example. (3) They are also
on the forefront of technology, as was
shown in the past with single sideband and
as 1s being shown today with packet con-
cepts and satellite communications.

QST: Whai do you like about amateurs?

Foosaner: They are everywhere! The
things [ mentioned about the Amateur Ser-
vice are really just a reflection of the in-
dividuals. They are there when you need
them. They are guod, general people who
are able to communicate their concerns,
and are willing to work.

I would like to see a little more participa-
tton from individual amateurs before the
Commission, 1 think the trade press that
you are representing does 2 good job. I
think organizations that represent the

amateurs do a good job, but 1’d like to see
more participation from individual
amateurs before the Clommission. For
example, we will be receiving volunteer-
exam questions from different organiza-
tions. 1’d really like to see some guestions
come from members of those organizations
directly.

Q8T: So amareurs should let the Cominis-
sion know how they feel about policies af-
JSecting our Service?

Foosaner: Yes, I would like to receive
more policy queries in the Amateur Service.
1 think this Service is important; [ think an
individual’s call sign is less important. The
great amount of time amateurs force this
agency to work on their individual call signs
allow us less time to work on much more
significant matters. [ understand that a call
sign is important to an individual amateur,
but is it more important than the Service?
If vou look at the mail we get, you begin
to believe that amateurs feel that their call
is the most important thing.

I*d say off the cuff that the last two years
["ve been here, call sign requests outnumber
everyvthing else we deal with in the Amateur
Service by two to one. The Commission’s
call signt policy is an administrative decision
we made. I believe it's a proper decision.
The alternative would be to take our per-
sonnel off processing your licensing re-
quests, off processing the lmportant ruie
makings that you want considered in order
to have a call sign request. 1f we do just
one, we must do thousands of them.,

OST: It’s true that there have been no ex-
ceptions to the policy of no special call sign
requests?

Foosaner: There have been no exceptions,
and there will be no exceptions!

QST: Many amateurs have strong feelings



about some of the things going on in our
Service; in fact, they view this as a “‘general
decline’ in Amatenr Radio, I'd like to ad-
dress some of these issues — for example,
bad language on the air. Amateurs are
generally upset about this.

Foosaner: ['m a lawyer. I'm also the main
policy advisor to the Commission on this
Service as well as a number of other ser-
vices. You will see us prosecuting with our
best capabilities the use of bad language on
the air. There’s a case on appeal right now,
which | can’t talk about, that will be key-
ing in on what we are able to do. I will do
anything that is legally permissible to keep
the Service as it was intended.,

QST: What can amateurs do when they en-
counter bad language?

Foosaner: 1 have a difficult time respond-
ing to what they can do. | wenf to do
things, and I need to do them legaliy and
properly. I would hope that amateurs con-
tinue to bring these matters {o our atten-
tion, and the best way to do that is through
our local field offices. Secondly, if I
received as many coraplaints about bad
language as 1 receive requests for individual
call signs, 1 think Congress would take
heed.

QST What do you have io say about
another thorny problem in the Amateur
Service -— deliberate interference?

Foosaner: Most cases that we have deal-
ing with enforcement problems are
delegated to the Field Operations Bureau
to handle. Deliberate or malicious n-
terference is a problem we retain respon-
sibility for. We will work closely with the
Field Bureau, aad we will prosecute. It's
not always easy to establish a deliberate or
malicious interference case, but I’'m pleased
to say that we have been winning these
cases. There is an emerging body of case
law now that should make it plain to see
that the FCC revokes licenses for malicious
interference. 1 expect that within the
amateur volunteer enforcement powers of
P.L. 97-259, some procedures will come
about to help us in cases of deliberate or
malicious interference.

QST: So, the best thing amateurs can do
is contact the nearest field office and report
deliberate or malicious interference?

Foosaner: Absolutely,

OST: What about the increasing state and
iocal restrictions on Amateur Radio opera-
tions?

Foosaner: Anytime there i a restriction
dealing with transmissions in the Amateur
Service, it’s something we would be con-
¢cerned about, and I would anticipate being
able to participate in. When you talk about
zoning laws, antenna heights, etc., it’s
beyond our jurisdiction, and we haven’t at-
tempted to intervene. It’s certainly of con-
cern. | would, however, caution the

Amateur Service that they have to deal with
this on a local level. Cooperating with local
authorities would probably be the most suc-
cessful path to follow.

The right of the amateur to transmit,
however, has been preempted by the federal
government. We will, and we have, exerted
federal preemption in the past, and we
would in the future in transmission in-
terference matters, not in zoning matters.

“I will do anything that
is legally permissible to
keep the Service as it was
intended.”’

QST: One of the more frequent times that
hams get to deal with the FCC is when
someone complains that an amateur is
causing TVI. What can amateurs do to
make these occasions more productive?

Foosaner: 1n most cases, the amateur com-
munity is already doing what it should be
doing. A iot of areas have TV1 committees
that help work with the amateur and with
the people receiving the interference. Most
of the problems are easily correctable, but
there’s no easy overall solution. Receivers
pick up emissions they shouldn’t. I would
hope that the amateur community would
help in the 1 or 2 percent of the cases where
the amateur licensee is at fault, The
individual amateur licensee might not be
cooperative in that situation. If the amateur
community would bring their goodwill to
help in cases where the amateur licensee is
at fault, 1 think a lot of damage could be
eliminated. TVI committees are a good way
of dealing with this problem. Unfortunate-
ly, they don’t cover the whole nation,

QS37: You mentioned that you were in-
volved in international affairs, in par-
ticular, the WARCs. What Is in store for
the Amateur Service on the internarional
froni?

Foosaner: The Amateur Service has a net-
work throughout the world that is unlike
any other service, Entering WARC-79, the
Amateur Service was concerned about how
many frequencies they would lose, about
how much spectrum cutback there would
be. it was a defensive mechanism - a
defensive mode — that we entered ap-
proaching WARC-79. The result of that
conference was that nothing was touched
concerning the Amateur Service.
Everything was retained, and some poten-
tially very interesting spectrum was
obtained. A total success] \ .
In the international community, th#3
Amateur Service is well set. [t will do welt '
in the future. That feeling is being
reinforced whether I am in bilateral

meetings with Canada or in multilateral
meetings in Geneva when I go to discuss
other services. 1 always am asked about the
Amateur Service., They always want to
know what more they can do for the
Amateur Service. 1 don’t think you have
3 problem.

QST: I'm glad you mentioned Canada.
Since the recent 20-meter phone-band ex-
pansion came about for U.S. amateurs,
many Canadian hams are upset. Do you
know If this has affected the goodwill be-
‘tween Canadian and U.S. hams?

JFoosaner: This is the first time anyone has
mentioned that subject, so I must assume
that whatever unhappiness exists has not
affected our goodwill. Anytime you have
change there will be some problems,
though. The Canadian government cer-
tainly has not brought it to my attention.

‘QST: How greatly will budgetary cutbacks
affect Amateur Radio in the future?

Foosaner: 1n the Private Radio Bureau, I
don’t anticipate any budgetary cutbacks
this year or next vear. I don’t believe the
past budgetary cutbacks have adversely af-
fected the regulatory program for the
Amateur Service, There hias been a preater
impact in the Field Operations Bureau,
especially in the areas of exam administra-
tion and enforcement. We have to work
through how we are going to administer
those programs. There will be kinks as they
are administered, and there will be things
that have to be ironed out, But | don’t
think the budgetary cutbacks will adversely
affect the Amateur Service.

OST: How would vou like amateurs 1o
characterize your terin as chief of the PRB?

Foosaner: I would hope to be character-
ized as being open and having an open-
door policy — available, willing to [isten
to concerns and interested. | believe,
however, that I will be characterized strictly
on the outcome of one proceeding. It’s a
proceading that I haven’t reached a con-
clusion on yet as to what 'l recommend
to the Commission. It’s called ro-code, 1
believe no matter what { do, if I'm here for
20 vears or one year, the outcome of that
proceeding will determine how amateurs
think of me.

QST: Is there anything eise you would like
to say ro amateurs out there?

Foosaner: Yes, | don't have an
opportunity to communicate with in-
dividual amateurs very often. I think that
the amateur press does an excellent job pro-
viding that communication. | hope the
amateur community appreciates that. 1t’s
important that [ and this bureau have com-
munication with the amateur community,
all the community that we’re responsible
for regulating. I would like to continue that

.dialogue. 1 truly understand that it is essen-
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tial to do so.
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FCC Approves Volunteer

Examining

By Steve Place,* WB1EYI

At their September 22, 1983 meeting,
the FCC Commissioners reviewed and ap-
proved the Report and Order to implement
a program of volunteer examining in the
Amateur Radio Service for license classes
above Novice. The Report and Order was
released on September 29, 1983, The Com-
mission was authorized to accept the volun-
tary and uncompensated services of radio
amateurs in preparing and administering
Amateur Radio license examinations by the
Communications Amendments Act of
1982, specifically in Public Law 97-259.
The Report and Qrder stems from ARRL’s
Petition for Rule Making (RM-4229, filed
on October 22, 1982) and subsequent com-
ments filed by ARRL and other concerned
parties. ARRL’s Washington Area Coor-
dinator, Perry Williams, WIUED,
attended the Commission meeting and in-
terviewed Ray Kowalski, chief of the FCC
Special Services Division shortly thereafter
to clarify some of the issues.

Much of what was proposed by the
ARRL remains intact. Several areas, such
as contlict of interest, Volunteer Examiner
Coordinators, fees, retesting and instant
upgrading, were more clearly defined or
changed. These modifications will be
reviewed here, and the full derails reporied
in a subsequent issue of QST

The Report and Order provides for
regional Volunteer Examiner Coordinators
{VEC). As defined, the 13 regions corres-
pond one-to-one with the 13 FCC call sign
districts: the 10 U.S. call areas plus the
Pacific area, the Alaskan area and the Car-
ribean area. Any organization that enters
an agreement with the FCC to serve as a
VEC within a given region will be respon-
sible for meeting the VEC c¢riteria, per-
forming all functions required of VECs and
serving the entire region. More than one
VEC per region will be permissible, and one
VEC may serve more than one region. No
organizations other than the ARRL have
indicated to the FCC any interest to date
in applying to become a VEC.

Fees

In this Report and Order, the FCC has
interpreted the **voluntary and uncompen-
sated” clause of P.L. 97-259 as prohibiting
individuals and organizations from charg-
ing fees. This prohibition in FCC rules is

*Manager, Club and Training Program ARRL
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based on the statute: The Commission
believes it is not authorized to rule other-
wise at this juncture. The FCC Private
Radio Bureau, however, is on record as
supporting, in principle, remedial legisla-
tion designed to permit recouping the real
operating costs of administering such a
program. The ARRL bas drafted legisla-
tion proposing that Congress establish an
overall ceiling of $4 as an initial fee and
thereafter authorize an increase in the fee
of no more than 50 cents per exam in any
one year; Congress would not have to act
each time. Jack Lee, FCC’s Director of
Legislative Affairs in the Office of the
General Counsel, has indicated that the
FCC would probably support such
legislation.
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Conflict of Interest

To address the issue of possible conflict
of interest should a publisher of Amateur
Radio training manuals or study guides
want to participate s a VEC, the FCC will
require that there be some sort of bona fide
separation between employees who ad-
minister the volunteer examining function
and those who write, produce and seil in-
structional publications. Referring to such
aseparation as a **Chinese wall,”” likening
the situation to that often found in the legal
profession, the General Counsel’s Office
intends that the rule prevent “*VEC’s ex-
ploiting their access to questions to benefit
the commercial side of their operation.”

Other Changes

Among other changes incorporated into
the Report and Order is the FCC’s retain-
ing its authority to retest anyone who is
licensed based on having taken an examina-
tion administered by volunteers. A licensee

would be subject to retest only on those
¢lements administered by volunteers, not
on those previously administered by the
FCC. Also, instant upgrading will be
permissible; the VEC will establish a two-
letter code (WA-WZ, KA-KZ, NA-NZ and
AA-AL) for each exam opportunity, and
successful applicants must append the slant
bar and proper code to their catl signs un-
til they receive their new licenses from the
Commission. The telegraphy test will re-
main exactly as it s now.

The basic requirements of Volunteer Ex-
aminers are that they be 18 years of age or
older and not related to the applicants. The
license of anyone who falsifies or accepts
money for taking someone else’s exam will
be revoked. Exams will be administered by
teams of three Volunteer Examiners,
though the concept of Team Chief has been
eliminated. VECs are permitted to require
ardvance registration and at least 30 days
in advance of the registration deadline must
notify the FCC Engineer in Charge at the
refevant Field Operations Bureau District
Office about the time, place and registra-
tion requirements for an exam session. A
Public Notice will be issued detailing how
an organization may apply to become 4
VEC. Though the new amendments to Part
97 take effect December 1, 1983, testing
will not likely start for a month or so
thereafter.

More to0 Come

This summary leaves many questions
unanswered and probably raises a few in
the process. We’ll pass more detailed in-
formation on to you as soon as possible.

In the meantime, we ask all Advanced
and Extra Class licensees who are interested
in serving as Volunteer Examiners to join
the hundreds of others who have sent
statements of their intent to ARRL
Volunteer Examiner Program Manager Curt
Holsopple, K9CH, at ARRL Headquarters.
Though we have not yet been approved as
a national Volunteer Examiner Coordinator,
the ARRL is laying the groundwork now for
our future involvement. Those who com-
municate their interest with Curt will be
among the first to he contacted when the
requirements for accreditation as 2z
Volunteer Examiner are known. We're one
step closer to a program that the Amateur
Radic Service needs in the face of otherwise
dwindling exam opportunities. ]
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ARRL Director and Vice Director Nominees

Every two years, ARRL full members have the
opportunity to select Directors and Viee Direc-
tors to represent their ideas and needs on the
ARRL Board, The ARRL Board of Directors
is ultimately responsible for all League matters,
such as determining ARRL policies and priorities
and deciding what services will be made available
to members. ARRL Directors and Vice Direc-
tors are elected to represent specific geographic
areas called divisions. (To determine your Divi-
sion and the names of your Director and Vice
Director, see page 8 of QST)

This year, nominations were open in the
Atlantic, Canadian, Dakota, Delta, Great Lakes,
Midwest, Pacific and Southeastern Divisions.
The ARRL Executive Commitiee met September
10 to examine the nominating petitions filed by
members in these eight Divisions. The follow-
ing were the only candidates nominated and eligi-
ble in their divisions, and for that reason, the
Executive Committee declared them elected for
two-year terms beginning January 1, 1984,
without need for membership balloting.
Atlantic Division: For Director — Hugh A.
Turnbull, W3ABC,

Canadian Division: For Director — Thomas B.
J. Atkins, VE3CDM. For Vice Director — Harty
MacLean, VE3GRO.

Dakota Division: For Director — Tod A, Qlson,
K#TO, For Vice Director — Howard B. Mark,
WHQZC.

Delta Division: For Vice Director — Robert P.
Schmidt, WSGHP.

Great Lakes Division; For Director — Leonard
M. Nathanson, WERC. For Vice Director —
George 8. Wilson, 11I, W40YI.

Midwest Division: For Vice Director — Claire
R. Dyas, WBJCP.

Ballots already have been sent to all ARRL
full members {of record as of September 10) in
those Divisions in which two or more candidates
were found to be eligible for elective office.
Those Divisions and the eligible candidates are
as follows:

Atlantic Division: For Vice Director — Vince H,
Bardsley, KB30OM; E. Merle Glunt, W30KN;
CGeorge *“Bud" Hippisley, K2KIR; Edward J.
K.uoebert, K3KA.

Delta Division: For Director — Clyde D.
Hurltbert, W5CH; O. D. Keaton, WA4GLS,
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Midwest Division: For Director — Paul Grauer,
WOFIR; Robert 3. McCaffrey, K@CY:
Wellington B, Stewart, KOSI.

Pacific Division: For Director — Jettie B. Hill,
W6RFF; William J. Stevens, W6ZM; Robert B.
Vallio, W6RGG. For Vice Director — Frederic
M. Barry, K6RTU; Gary Kip Edwards, W6SZN;
James Knochenhauer, K6ITL; James A.
Maxwell, W6CF,

Southeastern Division: For Director — Frank M.
Butler, Jr., W4RH; Stewart H. Woodward,
K4SMX. For Vice Director -— Evelyn D
Gauzens, W4WYR; James A. Gundry, W4IM.

League Elections — Muke
Your Voice Heard Now!

To be valid, ballots must be received at Head-
guarters by noon, November 21. A committes
of tellers, uader the supervision of the account-
ing firm of Price Waterhouse, will count the
ballots, and results will be announced over
WIAW and in QST. Any full member of record
September 10 in one of the Divisions in which
elections are being held should receive 2 ballot
by November 1. Those members eligible to vote
who have not received a ballot should
immediately contact Donna Camera at Hq.

FCC APPROVES USE OF
YOLUNTEERS FOR AMATEUR
EXAMINATIONS

The Commission has authorized volunteers to
prepare and administer exzaminations for
Amateur Radio licenses above the Novice class
(see Jan. 1983 QST, pp. 56-37, March 1983 QST
p. 57, and June 1983 QST p. 60, for details of
PR Docket §3-27). This changc, the FCC said,
“will offset the limitations in opportunity for
amateurs to take the examinations that have
resulted from funding and personnel cutbacks.”
Under the program (more details appear on
page 68 of this issue) individuals and organiza-
tions will propose questions for all examinations

, regional
"(VEC). The VEC will assist in an orderly flow

based on the FCC's Study Guide for the
Amateur Radio Operator License Examinations.

Individuals are encouraged to submit such gues-

tions to the Comimission. The FCC will issue lists
of approved guestions, to be used for exams.

Written examinations will be administered by
teams of thres examiners who will report to a
Volunteer Examiner-Coordinators

of information to and from the Commission,
coordinate the efforts of volunteer examiners and
ininimize the [ikelihood of fraud or abuse. In a
departure from the proposed rules, the Commis-
sion has decided to substitute regional VECs for
nationwide YECs ot a VEC may elect to be na-
tional in scope. The regions will correspond to
the present amateur licensing call sign districts.

Specific qualifications for participating in the
volunteer program will be spelled out (details will
be reported in QST when they become available).
This action does not affect the volunteer examin-
ing procedures recently adopted for the Novice
class license.

The changeover from FOC Field Office test
sites to more-local examination opportunities will
require plenty of volunteer examiners. Join the
hundreds who have stepped forward already.
Send nominations (include name, license class,
call, full address and phone number} to ARRL
Headquarters, Attn: Curt Holsopple, K9CH,
Volunteer Examiner Program Manager.

PERMANENT SPACE SHUTTLE
WAIVER REQUEST GRANTED

The FCC has issued a blanket waiver for the
duration of all Space Shuttle flights, launched
under the auspices of NASA, to allow any
licensed Amateur Radio operator to retransmit
audio and video communications from the Space
Shuttle. Permission for the retransmission of
Space Shuttle communications must be obtained
from NASA prior to such retransmission. The
retransmitted communications must aiso be for
the exclusive use of licensed Amateur Radio
operators.

In granting the waiver, requested by the Jet
Propulsion Laboratory Amateur Radio Club, the
Commission recogniZed amateurs’ tremendous
interest in space communications. “*Retranstmis-
sion of Space Shuttle communications,' it said,
“aftords amateur radio licensees a unique op-
portunity to become better informed about space
communications and to feel a sense of participa-
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tion in the United States space program. further,
retransmission of the Space Shuttle communica-
tions gives amakeur radio operators experience
in setting up ad koc links and networks of ama-
teur stations around the country in order to carry
the Shuttle information to interested amateurs,
This experience would be invaluable in the event
of a4 natural disaster or emergency in which
similar communications links were required.””

The waiver will apply to any licensed Amatenr
Radio operator who complies with the following:

a) The provisions of Section 97.113 are waived
to permit retransmission, by any licensed
amateur radio operator, of communications
from a station in a radio service other than the
Amateur Radio Service, i.e,, communications
between the Space Shuttle and its associated
earth stations operating on frequencies allocated
to the U.S, Government.

1) Permission for the retransmission of Space
Shuttle communications must be obtained from
MNASA prior to any such retransmission.

¢) Both audio and video communications
from the Space Shuttle may be retransmitted.

d) 'The retransmitted communications are for
the exclusive use of licensed radic amateur
uperators only and may not be used by other
persons.

@) This waiver will continue in effect for the
duration of Space Shuttle flights launched under
the auspices of NASA.

RULES VIOLATIONS BRING 52000
FINE

Gary W. Kerr, ex-WAGJLY

A monetary forfeiture in the amount of $2000
has been issued to Gary W. Kerr, ex-WASJIY,
of Palo Alto, California. Kerr had previousiy
held a General class operator license and station
license WAGILY. Kerr had been found to have
caused intentional interference to amateur
2-meter repeater operations in the San Francisco
Bay area (see Oct. 1982 QST p. 32, for details}.

Though his renewal application had been
denied, local FCC Field Offices continued to
receive reports that Kerr was still operating on
amateur frequencies. After numerous com-
plaints, a field investigation was initiated by the
San Francisco district office. It was determined
that Kerr was operating an unlicensed transmit-
ter on a frequency used by a local 2-meter
repeater station.

Despite two additional official requests, Kerr
has not yet paid the forfeiture. The Commission
says that when certain follow-up efforts don’t
resolve monetary forfeitures, such cases are
routinely referred to a United States Attorney
far collection in federal court proceedings. The
FCC also warns that continued violations of the
Communications Act could result in additional
fines or criminal prosecution. QST will report
more details as they become available,

CALIFORNIA OLYMPIC CALLS
OKAYED FOR SUMMER OF "84

The Commission has waived provisions of Sec-
tion 97.51(b) of the Rules to allow all Amateur
Radio stations located in California whose call
signs contain the digit **6** to use either *23**
or “*#4” in place of the digit **6.” The special
calls would be used to ‘*spread friendship, good-
will and excitement from the location of this in-
ternational event.”” This provision is in effect
only from July 1, 1984 to August 31, 1984, The
numerals 23 and 84 designate the 23rd Olympiad
and the 1984 Olympics.
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Govemor Richard H. Bryan signs into law the
bill that authorizes “Radic Amateur” decals {o
he affixed to amateur call plates in Nevada.
Approving of the proceadings are {§-r) N7RH,
KD7DI1 and State Senator Lawrence Jacobsen,
Senate spensor of the bill, (KB7VT photo)

re You a Lawyer?
Amateur Radio Wants You!

our legal expertise Is needed in the
Amateur Radio community to help build

d malntain the legal foundations for our
obby, The League is [nitiating a Volunteer
sounsel Program, designed fo help stem
hé tide of overly restrictive regulations on
Hiatelr Hadlo, You can Relp. if vou have
an nterest in this exciting area of com-
unications law, are 4 reputable member
[ the har of at feast one state and are a
aglie member, please contact us. As a
foiunteer Counset, you will be kept well
-[nformed about areas of law affacting
mateur Radio, Far further information,
“whrite to the ARRBL Volunteer Counsel Pro-
= gram, 22% Main 5t, Newington, CT 06111,

PRIVATE RADIO BUREAU DEPUTY
CHIEF NAMED

Michael T. N. Fitch was recently named Deputy
Chief of the Private Radio Bureau (PRB) of the
FCC. Mr. Fiteh is a Glenwood Springs,
Colorado, native who holds degrees in Electrical
Engineering and Law. This year, he was
nominated by the Comenission for the Arthur
§. Fleming Outstanding Young Men and Women
in Government Award.

POWER ERRATA

The Commission issued a correction of the
Report and Order in PR Docket 82-624, deal-
ing with the definition of measurement of
transmitting power in the Amateur Radio Ser-
vice (see Sept. 1983 QST p. 64, and Oct. OS7T,
p. 59). The FCC chose to recognize two alter-
native valid measurement standards for output
power. The first was the “‘reading of a thru-line
peak radiofrequency (rf) wattmeter, properly
matched.” The term *‘thru-line” is not as ac-
curate or as generic a term as the Commission
intended: the term meant in this context was **in-
line.” Accordingly, paragraph 3 of the Report
and Order is chanped to read:

*(1} The reading of an in-line peak reading
radiofrequency (RF) wattmeter, properly
wmatched, or . . 7"

Additionally, a line from Section
97.77(d)6Xii) was missing from page 64 of
September QST. The section properly reads as
follows:

““{ii) No amplifier shall be capable of amplify-
ing the input RF signal by more than 15 decibels.
(This gzin limitation is determined by the ratio
of the input RF driving stgnal to the RF output
power or mean power.] If the amplifier has a
designed peak envelope power output of less than
1,500 watts, the gain allowance is reduced
accordingly. For example, an amplifier with a
designed peak envelope output power of 500
watts shall not be capable of amplifying the imput
RF driving signal by more than 10 decibels.”

SECTION MANAGER ELECTION
NOTICE

Tp all ARRL members in the Eastern New York,
Eastern Pennsylvania, San Diego. South Dakota,
[ouisiana, North Carolina, Virginia and Pacific
Sections: You are hereby solicited for nominating
petitions pursuant to an election for Section
Manager. Incumbents are listed on page & of this
issue, [Editor’s Note: Solicitations for petitions
in Canadian Sections henceforth will appear in
“anadian Newsfronts|,

A petition, to be valid, must contain the
signatures of five or more full ARRL members
residing in the section concerned. Photocopied
signatures are not acceptable. No petition is valid
without at least five signatures on that petition.
No member may sign more than one petition.
it is advisable to have a few more than five
signatures on each petition.

Petition forms {(CD-129) are available on
request from ARRL Headquarters, but are not
required. The following form is suggested:

{Place and date)
(ieneral Manager, ARRL
225 Main Street, Newington, C1' 06111

We, the undersigned full members of the . ..
ARRL Section of the ... Division, hereby
nominate .. . as candidate for Section Manager
for this section for the next two-year term of
office.

{Signature ... Call .,. City ... ZIP ...}

An SM candidate must have been 2 member
of the League for a continuous term of at least
two years and a licensed amateur of General class
or higher immediately prior to receipt of peti-
tion at Headquarters.

Petitions must be received at Headquarters on
or hefore 5:30 P.M. Eastern iocal Time,
December 9, 1983.

Whenever more than one inember is
nominated in a single Section, ballots will be
mailed from Headquarters on or before January
2, 1984, Returns will be counted February 21,
1984, SMs elected as a result of the above pro-
cedure will take office April 1, 1984.

If only one valid petition is received for a sec-
tion, that pominee shall be declared elected
without opposition for a two-year term begin-
ning April [, 1984,

If no petitions are received for a Section by
the specified ciosing date such Section will be
resolicited in April QST. An SM elected through
the resolicitation will serve a term of 18 months.

Vacancies in any SM office between elections
are filled by appointment by the (eneral
Manager.

You are urged to take the initiative and file
a nominating petition immediately.

David Sumner, K1ZZ
Creneral Manager

SM APPOINTMENT

In the Southern New Jersey Section, Richard
Baier, WAZHEB, bas been appointed to com-



New Hampshire Govemnor Sununu made use of ham radio to declare June 19-26 as Amateur Radio
Week in his state. Looking on (I} are WB1BWR, KM, KATHLG, N1BAO, N1CHY, WiNH, WATPEL
and N1AIX

plete the term (December 31, 1984) of Edward
E. Wood, N2CER (resigned).

SECTION MANAGER ELECTION
RESULTS

The following were elected for a two-year term
of office beginning January 1, 1984:
Uncontested

Alaska David W, Stevens, KL7EB

Alabama Joseph E, Smith, Jr..
WALRNP

Delaware John D. Hartman, WA3ZBI

Kansas Robert M. Summers, KBBXF

Michigan James R. Seeley, WBSM'TD

Tennessee John C. Brown, NO4Q

Western Massachusetts
R. Donald Haney, KA1T

MORE ON CATVI

The ARRL has filed with the FCC a Reply to
the National Cable Television Association’s Op-
position to the League’s Motion for Expedited
Action on RM-4040 (the League's petition to
preclude cable cperation on amateur frequen-
cies). See March 1982 QST, p. 58, March 1983
ST, pp. $7-58, and Qctober 1983 OST, p. 58,
for background information.

In its Opposition, the NCTA pointed to its
“comprehensive efforts to cooperate with ARRL
and its members to identify and resolve
cable/amaieur interference problems.” It also
sutbmitted evidence purportedly demonstrating
that the cable TV industry was solving cable-
television interference (CATVI) problems on a
voluntary basis.

ARRL Hg. wrote to approximately 100
CATVI complainants to determine, from the
amateurs’ viewpoint, the present status of past-
reported CATV] problems. OF the 43 responses
received in only a two-week period, 33 reported
that cable leakage is still present at levels suffi-
cient to disrupt or interfere with Amateur Radio
communications. All indicated that the cable
company was notified of the problem. Eieven

responses indicated that actions taken by the
cable company were sufficient to remedy the
problem, but of those [1 cases, eight systems
chose to vacate Channel E as a means of deal-
ing with the interference problem —- precisely the
action the ARRL is requesting in RM-4040.

1t is clear that there is a difference of percep-
tion between what hams consider “*solved’’ and
what the cable industry considers **soived,”” This
simply points out the necessity of maintaining
channeis of communications between amateurs
and the cable TV industry. A properly operating
cable TV system is actually a boon to amateurs
because the net result can be fewer TVI com-
plaints. Moreover, it is true that NCTA's
publications and seminars bave focused on the
{CATV interference problem, and for this the
League is very much appreciative. The CATV
industry has become more aware of the in-
terference problem than it was before. The
publicity NCTA and others have given to the
problem has enhanced this awareness. — Harold
Sreinman, KIET

SUMNER B. (TED) YOUNG, W8CO

It is with a deep sense of loss that we note the
passing of Sumner B. (Ted) Young, W@CO,
Recovering from an illness, in 1951, Ted noticed
that the first five volumes of QST were not in-
dexed. Three years and some 30,000 3 x 5 file
cards later, he had produced 2 privately printed
index for each year. However, it was about as
interesting to read as a telephone book. Young
was persuaded to write a foreword for each
vearly index, and these began to appear in QST
starting in 1954, Fillad with detail and the ex-
citement of those early times, each foreword 