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Henryv Radio has

RF POWER
FOR SALE

Na, we don't seil RF by the wart but we do oifer 2 broad line of power RF dJevices for
many ditferent services. ., communications, HF-YHF-L'HF (both vacuum tube and
solid siate), plasina generation for sputtering, etching, laser excitation, optical
emissions spectromeiry, cancei research, nuclear wagnetic resonance, M¥MR
imaging, meteor hurst communications and many others. Frequencies from 1.5 to 500
#Hz and power levels from 10 watts to 10.000 watts. Possibly no wiher single
wompany oifers such a wide range of standard and special RF power amplitiers
it 4il started many vears ago with superb amaienr linear ampiitiers #nd today as always
Henry ampiifiers are famous throughout the Amateur world of HF. VHF
and UUHF communications.

Today the range of choice is truly “mind boggling”.

Consider these examples:

Plasma excitation for sputtering or etching. .. frequencies at 13.56, 27.12 or 40.68.
Powers from 500 watts to 10,000 watts.

Marine communications. .. 5,000 and 10,000 watts HF shore or shipboard CW,
RTTY, SSB for 4, 6, 8, 12, 16, 22 MHz.

Commercial two-way FM. .. solid state to 130 watts, frequencies from
30 MHz to 500 MHz. Vacunm tubes to 500 watts.

Nuclear magnetic resonance pulse amplifiers... powers from 500 to 10,000 watts
on the resonance frequency of choice.
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For more than haif a century Henry Radio has provided the world’s most diverse source
of Amateur radio equipment. Now we offer the same expert personalized assistance
for commercial, industrial, scientific, medical and research applications either
communications or process engineering. Tell us how we can help you. Call or write
Ted Henry, Ted Shannon or Mary Silva (Los Angeles office).

HENrY e

2050 S. BUNDY DR., LOS ANGELES, CA 90025 {213) 820-1234 » 931 N. EUCLID, ANAHEIM, CA 92801 (714) 772-9200 » BUTLER, MO 64730 (816) 679-3127




HAL. is proud to announce the ARQ1000 code converter, This terminal not only supports the AMTOR amateur cndes, but
meets ALL of the commercial requirements of CCIR Recommendation 476-2. The ARQ1000 can be used with present and
previous generation HAL RTTY products. In fact, any Baudot or ASCII full duplex terminal at data rates from: 45 to 300
baud may be used with the ARQ1000. Some of the outstanding features of the ARQ1000 are:

* Send/receive error-free ARQ, FEC, and SEL-FEC modes * nierfacing for loop, RS232, or TTL /O

* Automatic listen mode for ARQ, FEC, and SEL-FEC » “Handshaking” control for printer and keyboard or tape
* Meets commercial requirements of CCIR 476-2 * Self-contained with 1207240V, 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 nen-volatile EEPROM ® Built-in DM170 modem option available

® Keyboard control of normal send/receive functions » Encryption option available for commercial users

* 30 Front panel indicators and 11 control switches o Bl 1T < 101"

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

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

* New AMTOR connertions for use with ARQ1000 * Expanded HERE IS storage for a total of B8 characters
» Keyboard programming of all 8 “brag-tape” messages * Non-vaolatile storage of HERE [5, “brag-tape,” and SEL-CAL code
* Programmable selective call code o 30w 17 101"

All of the proven CT2100 features are retained. Some of these features are:

+ Tuning scope nutputs (a MUST for AMTOR) ¢ Buiit-in demodulator for high tones, low tones, “103”, or *202” modem tones »
36 or 72 character display lines ® 2 pages of 72 charatter lines or 4 pages of 36 character lines # Split sereen or full screen display
* Baudot or ASCIL. 45 to 1200 baud ® Full or half duplex ® Morse code send/receive at 5 to 99 wpm ® Send/receive loop
connection * Automatic transmit/receive control {(KOS) * Audio, RS242C, or Loop [/ * On-screen tuning and status indicators
® Clearly labeled front panel switches, not ohscure keyboard key combinations ® Separate convenient lap-size keyboard
Internal 120/ 240, 50/60 Hz power supply ® Atftractive shielded metal cabinet

In addition, an update kit is available so that alt 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 cur full RTTY catalog.

- HAL COMMUNICATIONS CORP.
. Box 365
. Urbana, IL 61801 (217) 367-7373
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What's the celebration
about? The IC-745 ... anewall
ham band HF transceiver with
§5B, AM, CW, RTTY and an FM
option .. plus, o 100KHz ~ 30MHz
genaral coverage receiver.

And...the IC-745 has a
combination of fectures found
on no other transceiver at such
an incredibly low price.

Compare these exceptional
fegiures:
& Q0KHz - 30mHz Receiver
% 16 Memones
& Fulltunction Metering with
Huilf in SWR Bridge
& |F Shift and Pass Band Tuning
& 10Hz / 100z / 1KHz Tuning
Rates with 1MHz band steps
& Optional Intermal AC Power
Supply

a5 9% %8958

Adiustable Noise Blanker
(widthand level)
Continuously Adjustable AGC
with on GFF position

Receiver Preamp

100% Transmit Duty Cycle

Sther Standard Features:
100 Wott Qutput Transmitter
with exceptionally low IMD
VOX ’
Speach Compressor
Tunable Notch Filter
RIT ancl X7
All Mode Squeich
Scanning
ICOM System Compatibility

Optional Accessories:

IC-PS15  Lxtemal Power
Supply

" e 5 & 68 8

L]

iC-PS740

IC-2KL
1K2-5P3
1C-MB12

1C-AT100
IC-ATE00

IC-BC10

[C-EX241
IC-EX242
IC-EX243
IC-FLE2A

IC-FLAG

internal Power
Supply for the
Ultimate in
Portability

Linear Amplifier
External Speaker
Mobile Mounfing
Bracket

Antenna Tuner
{100W)

Antennda Tuner
800N

Memeory Backup
Marker Module
FM Module
Electronic Keyer

AU0Hz 458KHz W
Fitter

500Hz 9MHz CW
Filter

® A4 270HZ OMHZ CW
Filter

® |C-FLR3A  250Hz 455MHz CW
Filter

@ IC-HA4A 2 1KHz 455KHz 558
Filtar

® |C-AME Dask Mic

¢ IC-HM12 Hand Mic

The IC-745 isthe only
franscaiver today that has such
features staindard . . . the numbe
of options and accessarnos
available ., and such alow
nrcs,

[COMIs ,.Simply the Bestin
cuality built ham squipment
foday. See the IC-745 at vour
local authorized ICOM dedler or
sontact ICOM for more
informetion.

ECOMNneﬂEq. e 2412-116th Ave NE, Bellevue, WA 98004 (206)454-8155 / 3331 Towerwood Drive, Suite 307, Dallas, TX 75234 (21 4)620-271
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SPECIFICATIONS AND FEATURESE: MORE BOOMER NUMBERS

4248 3219 W4-146MHz 19 elaments

424.435 MHz, 7.6, galn *maximized, F/B ratio 4B M4-45MHz 14 alaments

*axcallent, boamwidth 19°, langth 17.42 ft, 5.2 m. 214FB  1455.148 MHz 14 elaments
410B: 228FB 145.5-M48 MHz 28 elements

2208 220-223MHz 22 elements
424435 MMz, 2.27, gain *maximized, F/B ratio

A17-68  50-51 MHz & alements
. .
excellant, beamwidth 337, length 6 ft. 183 m. ©ur list ot model numbars also includes a full line of
416T8:

Boomer power dlviders and stacking kits. Ses your
428-438 MHz, Gircular Potarization 224 gain dealer for all of the numbars, then talk 1o your friends
*maximized, F/B *excelient, beamwidth 34°, throughout the world with Boomer antannas.
langth 6.7 ft. 203 m.

ALEADER FOR OVER 30 YEARS

¢ cushcrdft

GCGORPORATION

THE ANTENNA COMPANY TELEX: 953050

*{3ain and F/B sstio cannot be published in GST. .
They are included in Gushcratt specthication 48 perimeter Road, PO. Box 4680 CUSHSIG
sheets and other publications. Manchester, NH O3108 LISA
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AII mode (FM/SSB/CW) 25 watts, plus...!!!

* Six memories. On FM, memories

The TR-9130 is a powerful, yet

compact, 25 watt FM/USB/LSB/

CW transceiver. Available with

a 16-key autopatch UP/DOWN

microphone [MC-486), or z basic

UP/DOWN microphone.

TR-9130 FEATURES:

+ 25 Watts RF output on ail
modes, (FM/SSB/CW).

* FM/USB/LSB/CW all mode.
Selectable tuning steps of
i00-Hz, i-kHz, 5-kHz, 10-kHz.

i-5 for simplex or £600 kHz
uifset, using OFFSET switch,
Memory 6 for non-standard
offset. Ail six memories may be
simplex, any mode.

* Memory scan.

¢ [nternal battery memory back-
up, using 9 V Ni-C:d battery, (not
KENWOOD supplted), Memories
Aare retained approx. 24 hours,
ddeguate for the typical move

T Lidds

Y .n\“‘“)

-
—
-
-
—

trom base to mobile. External
hack-up terminal on the rear.
* Automatic band scan,
* Dual digital VFO's.
* Transmit frequency tuning
for OSCAR operations.
s Squelch circuit tor FM/SSB/CW,
¢ Repeater reverse switch.
* Tone switch.
* CW semi hreal-in: sidetnne.
¢ Compact size and lightweight.
» Covers [43.9 to 148.9999 MHz.
* High periormance noise blanker,

B N wEh

?'0 CM SSB/CW/FM

transceiver

s (nvers 43u4.m MHz. in steps
of 100-He, 1-kHz, 3-kHz, 25-kHz
or 1-MHz.

* CW-FM HI—10 W, Low—| W.
SEB 10 W.

* aptomatic band/mermory scan,
Search of selected 10-KHz seg-
ments on SSB/CW,

* 6 memory channels,

* HET.OW power switch. 25 or s
watts on FM or CW,

* RF gain control. « RIT efrcuit,

{iptionai accessorics:

+ KP3-7A AU power supply.

» P53-20 AC power supply
[TR-G500 only).

» B0-0A system base with
memory back-up supply.

¢ 5P-120 external speuker.

* TK-1 AC adapter tor memory
hack-up.

All mode “Dual-
Bander”...2-m & 70-cm
all mode, dual digital
VFO’s, 10 memories,
scan, IF shift...

TH-7THO FEATURES:
* USH, LSB, CW, FM all mode,

covering the 2-m band (144,000

§48.000 MHz) and the middle
70-cm band (430.000-440.000
MHz). UP/DOWN band switch,

TROAH uny

T T U AT TR UM, i liodiairdh i
MEMORY
a ¥y

FURCTION
A R m

EY I I By
A

1.

& Dual digital VRO's with normal/
tight drab. switch, VPO steps in
20-Hz, 200-Hz, 5-kHz, ur

12.5-kHz, plus “FM CH" channel-

tzed tuning. Split lcross) fre-
quency operation possible. F.
LOCK switch provided.

¢ 100 memories include band and
freruency data, backed up by
internal butteries (not supplied).
Battery life exceeds one vear.
Memaries @ and 10 for prority
instant recall.

& Band scan, with sclectable 0.5,
1,3, B, and 10-MHz scan
bandwidth.

PUR N

P BIKP RIT EL.‘\N HOLD X

mmmm--

e v —

* Memory scan sciectable for all

memories, ar 2-m or 70-cm only,

o [F shift circuit rejects adjacent
initerterence.

* High sensitivity and wide
dynamic range,

¢ 7.digit fluorescent tube digital
display.

s 10 watt RF output.

¢ 2-m £H00-kHz TX offset switch
with reverse switch.

» Tone swiich for optional TU-4C
programmable two-frequency
CTCSS encoder unit.

* VOX and semi break-in CW
built-in.

KENWOOD

TRIO-KENWOOD COMMUNICATIONS
1111 W(n;t Wainut, L,ompton Ld[lfomla QDQ”D

* FM center-tune meter.,

* Noise blanker for 5B, CW.

TH-TR0 accessories:

+ TU-4C programmmable two-
frequeacy OTCSS encoder.

* MC-428 500 Q UP/DOWN hand
microphane.

* MC-48 16-button Autopatch UP/
DOWN microphone.

* MC-80A detuxe desk top
microphone,

« MC-80 desk top UP/DOWN
microphoiie.

s TK-1 AC adaptor for memory
hack-up.

Subject tn FOC approval




Ultra-compact and
lightweight, priority,
memory and band scan,
25 watts/TM-201A &

12 watts/TM-401A.

The KENWOQOD TM-201A

2- meter and TM-401A 70-cm
¥M mobile transceivers are the
smallest and lightest units
available, allowing maximum
fiexibility in antomotive
instaliation.

PM-2 A TMA40TA FEATURES:
* Ultra compact and lightweight
Measures 5.6 (1411W x 1.6
139.5)H x 7.2 831D, inchimm),
weighs 2.4 lbs., 1,25 kgl
« 25-watt output,
with HI/LO power switch

Froduces o powerful 25 watts RE

nutput from a surprisingly

compact design [ TM-201A).
* Dual digital VFO’s built-in
* 3 memories plus “COM"

channel, with lithium battery
back-up [est, 3 yr, life]

* Memory scan/programmable
band scan

& Priority alert scan

+ Highly visible yellow
LED frequency display

* High performance
receivc]transmit
(iads FET RF amplifier for high
sensitivity with wide dynamic
range. Transmit madulation
characteristics selected for best
sound and minimurm distortion.

» External high quality speaker
supplied [N¢ internal speaker)

« 16-key autopatch UP/DOWN
microphone

Optional FC-10 frequency
controlier

May be easily conneeted to the
TM-2(1A or TM-401A, Conve-
ntent controt keys tor frequency
I#/DOWN, MHz shift, VG ArB,
and MR (memory recali or
change mewory chanel), A
prect, easy-to-read, back-tghted
LD display indicates transmit/
recetve frequencies, memory
channel number, ALERT, and
SCAN Iwith blinking Mz deci-
mal). Size: 1.4 1129W » 1.4 |35H
% 0.9 (2210), inchimm) *Weight:
3.5 ne (100 g).

» Repeater offset switch (1600
kHz/TM-201A; +5 MHz/TM-
4014; and simplex} and reverse
switch

* Audible “BEEPER” confirms
operation

* Easy-to-install mobile mount
TM-20LA/TM-41 A acceessories:
* TU-3 programmabhle iwo-
frequency CUTCSS encoder
s KPS-7A fixed station powser
supply
TM-40A subject to FOC appropal

FM “Dual Bander
2-m & 70-cm in single
compact package,
LCD, 25 W, optional
voice synthesizer.

REENWOQOOD's TW-4000A FM
“Dual-Bander” provides new
versatility in VHF and UHF oper-
ations, uniquely combining 2-m
and 70-cm FM functions in a
single compact package.

FW-d0NA FEATIIRES:

* 2-m and 70-cm FM in a
Compact Package
Covers the 2am band (142.000-

148,995 MHz), including certain
MARS and CAP frequencies,
plus the 70-cm FM band
[440,000-449.995 MHz), all in
a single compact package. Only
B-3/8 (161W x 2.3/8 (6071 x
%9716 {2171D inches imm), and
4.4 |ba, (2.0 kg).

¢ Large, Easy-to-Read
LCD Display

+ 25 Watts RF Power on
2-m/70-cm. ‘

s Opt. “Voice Synthesizer Unit”
Instalis inside the TW-40004,
Woice announces {requency,
bad, VFOQ A or B, repeater off-
set, and memaory channel
number,

» Front Panel Illumination

+ 10 Memories with Offset Recall
and Lithium Battery Backup

* Programnmable Memory Scan

» Band Scan in Selected 1-Miz
Segments

« Priority Watch Function

« Common Channel Sean

* Dual Digital VFO's

» 16-Key Autopatch UP/DOWN
Microphone
s Repeater Reverse Switch

» High Performance
Receiver/Transmitter
GiaAs FET K aptifiers on both
Z-m and 70-em, high perform-
ance MUF's in the 1st [F section,
provide bigh receive sensigivity
and excellent dynamic range.
The high reliability RE power
modules assure clean and
dependable trapsmissions on
either band,

KENWOOD

TRIO-KENWOOD COMMUNICATIONS
1111 Wast Walnut, Compton, Ca

* Rugged Die-cast Chassis

* “BEEPER"” sounds through
speaker.

s Easy-to-Install mobile mount

TW-40004 accessories:

* V8-1 voice synthesizer

o TU-4C programmable two-
frequency CTCSS encoder

* KPS-TA fixed statlon
power supply

* $P-40 rompact mobile speaker

* 8P-50 high quality mobile
speaker

* MA-40600 diai-hand mobile
ditenng with duplexor
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divisions of the League are further arrangad into 73 administrative “sectlons,” sach headed by an elacted
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Radia volunteer Interests. Whatever your license class, your SCM/SM has an appointment availabla, Gheck
with your SGM/SM (below} for turther Informatlon. Section boundaries are defined in the booklet Operating
an Amateur Radio Station, free {o members.
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The American Radio Relay League, Inc., is a noncom-
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promotion of interest in Amateur Radio communica-
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messages by radle, for the advancement of the radic
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maintenance of fraternatism and a high standard of
nenduct,

It is an incorporated association without capital
stock, chartered under the laws of Connecticut. Tts
afiairs are governed by a Board of Directors, elected
every two years by the general membership. The of-
ticers ara elected or appointed by the Directors. The
League Is noncommersial and no one sommercially
angaged in the manufacture, sale or rental of radio
apparatus is eilgible to membership on its board.

“Of, by and for the amateur,” it numbers within Its
ranks the vast majority of active amateurs in the na-
tion and has & proud history of achievement as the
standard-bearer in amateur affairs,

Inquiries regarding membership are solicited. A
bona fide Interest in Amateyr Radio is the only essen-
tial qualification; ownership of a transmitting station
and knowledge of the code are not prerequisite,
although full veting membership is granted only to
licensed amateurs.,
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“It Seems to Us...

Amateur Radio’s Newest Frontier

All summer, the excitement has been building:
We're going to have & ham in space! When
Astronaut Owen Garriott, W5LFL, rides into or-
bit on the Space Shuttle’s STS-9 mission (now
scheduled for October 28), he will have on board
a 2-meter hand-held transceiver and an antenna
that has been especially designed to fit into one
of the Shuttle’s windows, During off-duty hours,
when it won’'t disturb other Shuttle activities,
COrwen has NASA's permission to operate. He will
be trying to contact as many of us earthbound
amateurs as possible during the few hours thus
available. if you use the information in July and
Angust QS7, and the updates appearing this
month and next, your chances of working him
will be as good as anyone’s!

The “*ham in space® concept took more than
11 years to come to fruition. When Dr, Garriott
was chosen as a member of the crew for Skylab
11, NASA gave serious consideration to an
AMSAT proposal, made with ARRL backing,
that he bring a rig aloft for the two-month mis-
sion, March 1972 QST reported that the proposal
was turned down ‘“with refuctance.” The $T5-¢
proposal, made jointly by AMSAT and ARRL,
met a happier fate because of support for the
idea that built up within the NASA organization.
The first ham in space should not be the [ast;
Astronaut Tony England, WBORE, is scheduled
for a subsequent Shuttle ride, and there’s no
telling how many other members of the astronaut
corps may be bitten by the hug!

While hundreds of people have worked o
make this operation possible, as discussed on
page 51 of this issue, none has been more diligent
or has shown greater vision than Roy Neal,
K6DUE. Roy has covered the space program for
NBC practically since its inception and with this
background was able to see, perhaps more clearly
than anvone, how the idea of private citizens
communicating directly with an astronaut would
excite the imagination of the general public.
Last November, even before the joint
AMSAT/ARRL proposal bad been submitted
formally to NASA, Roy submitted a proposal
of his own to the League: an offer to produce
a video tape keyed to Qwen Garriott’s mission
and tying together the concepts of Amateur
Radio, space communication and computer
technology. The League's Executive Committee
embraced Roy’s proposai enthusiastically, since
it appeared to be an ideal way to bring Amateur
Radio to the attention of the public, and par-
ticularly of young people, in a positive and pro-
gressive light.

Planning for the video tape, cntitied
“ Arnateur Radio's Newest Frontier,"” progressed
through the spring and was given an added boost
with NASA’s approval of the W5LFL operation
on April 13. Just nine davs later, the ARRL
Foundation provided vital assistance in the form

of a $5000 grant toward the estimated 330,000
in production expenses.

Actual shooting took place the week of July
18, on location at the Kennedy Space Center,
Johnson Space Center, Marshall Space Flight
Center, Goddard Space Flight Center and ARRL
Headquarters, Roy himself served as Executive
Producer as well as correspondent/narrator; Bill
Pasternak, WAGITF, was Field Producer and
Technical Supervisor. Camera and audio work
was done by local crews, including George
Barker, WBBPBC; Bob Brandon; §. Larry
D’Anna, WA3KOK; Gary Eldridge, KC3UD;
Gary Hendrickson, W3DTN; Steve Mendelsohn,
WA2DHEF; Bill Robison, and Justine Schmidt.
Tape shot by the NASA astronauts of STS-6
and 8T5-7 also was used. Producer was Alan
Kaul, W6RCL, who also helped Roy write the
script; Frosty Oden, N6ENV, was Editor, using
the facilities of CBS Television City in
Hollywood.

While many of the participants in the project
were volunteers, they are all professionals in the
field — as the results dramatically attest. What
has emerged from their efforts is an 18-minute
presentation in which Owen Garriott himself
plays the key role. We see him describe how he
first became 2 ham as a youngster in Enid,
Oklahoma; we hear him say how important that
early involvement in Amateur Radio was to his
subsequent career, We listen to a *“¢rial run™ con-
ducted to give Owen an tdea of what 2 meters
is going to sound like after his first CQ! NASA
and Amateur Radio couldn’t ask for a better
spokesman than Owen Garriott; on camera, he
displays a refaxed competence which is among
the best of all American traits.

For ham audiences, Owen taped an additional
six-minute segment describing in more detail the
equipment he will use in flight, and how he in-
tends to operate. The primary audience,
however, is hams-to-be, particularly young
people. Two video tape formats are available:.
3/4-inch U-matic, mainly for use by television
broadcasting stations and cable outlets, and
1/2-inch VHS for showing to groups. The time
to use the program is new! If you can put a tape
to goad use before or during the $T8-9 mission,
contact ARRL Headqguarters for the loan of a
copy foday! We have 150 copies of the U-matic
version, and 200 copies of the VHS; if we run
out, we'll make more!

Most opportunities for bringing Amateur
Radio inte public view occur in connection with
some unpredictable event involving human suf-
fering: fires, floods, tornadaes, hurricanes, ship
sinkings, and the like. With this one, not only
has advance planning been possible, but the
positive aspects are not overshadowed by
tragedy. Let’s make the most of it! — David
Sumner, KI1ZZ
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League LIhes...

RFI Assistance List being revised. The ARRL RFI Task Group has neared completion of updating
its list of electronic home-entertainment equipment, computer, electronie deviees and appliance
manufacturers who volunteer help in resolving RFI problems. Harold R. Richman, W4ACIZ, reports
that early amateur and industry responses to the Task Group's efforts are very encouraging.

The new, expanded list will appear in QST.

Robert 5. Foosaner, an attorney and ecareer FCC emplovee, has been named new Chief of the
Private Radio Buresu. James McKinney, who had served as PRB Chief since July 198%, has been
appointed Chief of the Mass Media Bureau.

Atfention artists: A design contest for a pateh and logo for the Special Service Club Program

is now underway. Submit original designs to Hq. before January 15, 1984, Designs will be anon-
ymously presented to the Membership Affairs Committee and the ARRL Board of Direetors for a
final decision. The winner will receive prizes and photo coverage in @8T. This contest is for
ARRL members only. Contest details will appear in October Club Corner, or write to the Club
and Tpaining Department for more information (please include s.z.s.e.).

Starting with this issue (page 75), each month QST will publish a mini directory of items of
particular interest and when they most recently appeared in QST. See "Mini Directory™ in the
Table of Contents.

The Space Shuttle STS-9 mission, on which Astronaut Dr. Owen Garriott, WSLFL, is to use Amateur
Hadio, has been postponed to Oectober 28. The nine-day mission has not otherwise been changed.

Repegter Directory produetion is again in full swing. Send Hg. info about vour repeater(s) for
the new edition. ¥Form CD-240 (available from Hq. for an s.a.s.e.) is a good way of giving us
details, but anything else will do as long as it gets here by November 1.

Should the ARRL sponsor life, disability, in-hospital, major medieal or other types of

insurance plans? Let us know. If vou did not respond to the questionnaire that appeared in

last month's OST, please take a few moments now to fill out and return the questionnaire on
page 24 of this issue.

The Club and Training Department is looking for an Asgistant Training Manager. Solid teeh-
nical writing sability is required to assist in writing the Advanced Class License Manual, in
revising Instructor Guides, in contributing to department periodicals, and in helping develop
training materials for instructor certification. An Advanced or Extra Class license is
essential. Send resume and writing sample to Jonathan Towle, WB1DNL, at Ha.

Roy Neal, K6DUE, and crew have completed work on ARRL's new videotape, "Amateur Radio's
Newest Frontier." The League has U-matie 3/4" eassettes available for professional TV use, and
also VHS copies for elubs to use in presenting Amateur Radio to non-ham groups. This tape

about Amateur Radio and STS-9/0Owen Garriott must be re-edited after the flight, so we want as
mueh mileage as we can get. If you ean arrange a showing, contact the ARRL Publie Information
Office today. We'll send you a copy.

STS-9/Amateur Radio will go to high school, thanks to Bob Heil, K9FID, and the gang in the
Marissa {IL) ARC. Rob has arranged to show our new tape to the school followed by an attempt
to work the Shuttle from school. Can you do the same thing at vour loeal school?

The Commission is seeking comments on regulation of rf lighting devices sueh as energy-
efficient light bulbs {General Docket 83-806). It particularly is looking for "eomments from
other parties, especially those associated with licensed radio communications services that may
be affected by emissions from rf lighting devices." S8peeifically, the FCC is seeking sup-
porting data, e.g., mathematical analysis, empirical results, and modeling, to substantiate any
elaims of interference. Comments are due by Oectober 14; reply eomments are due December 2.
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Graphics on RTTY

Sending schematics over
the air may not be as
difficult as you think. Read
about a computer-graphics
technique that may be

your opportunity to help
advance the state of the art!

By Ted Thompson,” VE3FTT

This is an account of how Bob Howard,
YEIGQW, and I combined Amateur Radio
with the latest computer-graphics
technology. We conducted picture-
transmission experiments on hf using a
coding method that has not been used
previously on Amateur Radio. Techniques
have existed for vears to send pictures from
one Amateur Radio station to another.
Amateurs have used, and at times have
been the first to use, such methods as uhf
fast-scan television, vhf and hf slow-scan
television, and facsimile, and have even
sent greeting cards using asterisks or other
characters.

A Betier Way

Bob and | have been active in Amateur
Radio and computering for several years.
We had come to the point of wanting to
combine the two hobbies and iry ex-
perimenting beyond normal RTTY com-
munications. There is a definite limit to the
quality of graphic information that can be
sent using RTTY characters (notwith-
standing the fine pictures that appear every
s0 often on the air). While trving to
describe a circuit diagram on ssb one
evening, we realized that there must be a
better way. That was a real exercise in
frustration!

We searched the available literature to
see what methods had been used to send
highly detailed pictures, such as circuit
drawings, on hf. The distance between our
locations restricted operations, for practical
purposes, to 80 and 40 meters with the at-
tendant bandwidth and mode restrictions.
If we had been closer, we could have tried

210-MHz packet radio and used a higher

*B1 Sample Rd., Ottawa, ON K1V 279

transmission data rate, but we felt that
whatever we finally decided on should be
applicable to all the hf bands for the widest
possible use.

Qur literature search revealed only two
methods in common use; slow-scan televi-
sion and facsimile. Either of these would
have meant the purchase of equipment for
each end. In addition, neither method was
directly related to our interests in computer
graphics.

The search moved into the computer

graphics field, and we were quickly over--

whelmed with reports of methods for
storing detailed picture data in computer
memory. We soon found that several
methods had been developed for transmit-
ting pictures over coaxial cables, telephone
lines and even broadcast television signals,
This seemed more like it! There was no
reference to any use on hf; in fact, several
reports implied that the slow data rates we
are required to use would be impractical.
We were not aware of any data available
about the error rates that could be expected
on hf RTTY. This was important because
we had decided to try to make use of some
modern computer-communication method
for sending graphic data.

Which Method?

Of the systems we researched at the
time,! three stood out as possible methods
to meet our requirements: Prestel, Antiope
and Telidon. These three methods differ in
the picture-storage space required, the
amount of data to be sent to define a pic-
ture, the method of drawing the picture and
most important, the picture quality. We
bad the opportunity to see a Telidon

'Notes appear on page 14.

demonstration. This technique provided
higher quality and greater versatility than
the others, so we decided to look into it
further.

At this point we had a fairly good idea
of just what we wanted to do on the air:
Select one of the available standards and
try sending picture data, find out if error
rates are low enough for useful work and
see if sophisticated error-correcting tech-
niques would help, There was one re-
maining problem, however. In Canada, as
in most other countries, the rules specify
that all Amateur Radio communications
must be in “*plain language.” Unfortunate-
ly none of the techniques under considera-
tion are “‘plain language,” so we realized
there would be difficulties, whichever one
we chose. In Canada, the Department of
Communications (DOC) controls Amateur
Radio. Coincidentally, another branch of
this Department had developed the Telidon
picture-transmission techniques. 1t was this
fact that finally led to our selection of
Telidon as the experimental technique.

The DOC allows the use of Baudot or
ASCII for amateur RTTY, but Telidon
falls into a gray area. It is an internationally
recognized extension of the ASCII
character set but can hardly be called
*‘plain language.” Bob and I applied for
special permission to use Telidon codes on
the air. After further discussion with the
Department, we were given permission,
subject to several restrictions and the re-
quirement for a full report to the Depart-
ment on the results of our tests.

What is NAPLPS?

A few months laier the choice would
have been easier: Telidon is now recognized
by the Canadian Standards Association —
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Fig. 1 — Block diagram of the station set up used for the Telldon tests.

CSA(T500), the American National Stan-
dards Institute — ANSI(X3L2), and the
American Telephone & Telegraph Co. —
AT&T(PLP). This graphics-transmission
technique has become known as the North
Armerican Presentation Level Protocol Syn-
tax {or NAPLPS) and is being supported
by such industry giants as AT&T, DEC and
Intel. 22

NAPLPS is a method of using an inter-
national standard code set (the Interna-
tional Organization for Standardization —
ISO 2022) to encode text and pictures using
a scheme that is independent of the par-
ticular terminal equipment used. Amateurs
are already familiar with the idea of ter-
minal independence in that the text code
(ASCII) has been used for years on all sorts
of terminals and hard-copy devices. The
same idea is now extended to sending
graphics data.

Pictures are defined under NAPLPS as
points, lines, arcs, rectangles and polygons
in a manner that does not depend on such
terminal characteristics as resolution or
color capabilities. The picture is produced
by the receive terminal based on the
drawing commands received.

This standard has found support from
several major hardware manufacturers and
could become as important to communica-
tions, and in particular computer com-
munications, as ASCII is today. Full details
of the standard can be found in a series of
articles starting in the Feb. 1983 issue of
BYTE magazine.*

Technical Details
Equipment

The equipment configuration at each
station is shown in Fig. 1. Each station used
a transmitter capable of producing 130 to
200 W on RTTY and a receiver with a
homemade RTTY demodulator or terminal
unit {TU). VE3FTT used a demodulator
based on the Exar 2211 chip using Exar ap-
plication notes for the design.5.6.7
VE3IGQW used a DT-600 demodulator
described in the Feb. 1976 issue of Ham
Radio.* Both units were optimized for the
somewhat unusual baud rates used in the
tests.

Each station had a computer connected
to the transceiver for picture file genera-
tion and storage. One computer was a
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Heath HB89, and the other was an
S-100-based machine. Each computer was
also connected to a Norpak Mark 1II
Telidon decoder unit, This unit drove a
modified color television used as an RGB
(red, green, blue) type monitor.

RTTY Standards

All RTTY operation used standards that
have developed on the amateur bands. We
used 170-Hz shift with the mark frequen-
cy high. Data rates of 45, 75, 110 and 150
bauds were tried.

Propagation

A restriction forced on us by our station
locations was the limitation to 80-meter
operation. The path length was about 150
miles, but 40-meter QRM was always so
high that 80 meters was the only band
usable most of the time.’ We operated in
typical autumn/early winter conditions
with low atmospheric-noise levels but fairly
heavy band usage in early evening. There
was generally strong fading with the signals
going from 59 + down to noise level within
seconds. Such fades would last for several
seconds and do a lot of damage to a
transmitted data stream.

We found very good cooperation from
other operators. Only once did we fall prey
to malicious interference in several evenings
of operation. All coordinating communica-
tions were carried out in ASCII at the baud
rate in use at the time. The Telidon files
were each identified as such before transmis-
sion. This was a DOC requirement because
the files were not ““plain language.”

What We Sent

Figs. 2 through 5 are examples of the pic-
tures we used in our experiments. All the
photographs are as drawn by the Norpak
decoder on a modified Heath GR-169
14-inch color television using received data.
All are error-free except Fig. 5, which is in-
cluded to illustrate the effect of errors on
a display file. Table ! is a listing of the data
file that will produce the display in Fig. 4.
The underlined characters represent the
corrcspbnding control characters, used to
switch the decoder from text to graphics
mode and back. The rest of the characters
are as sent, and appear as ‘‘non-plain
language” when received by a normal

Flg. 2 — Photograph of ona trial picture, as
received by VE3IFTT. The picture was received
error frae,

Fig. 3 — An error-free picture received during
the Telidon testing.

Fig. 4 — An arror-free Telidon picture, illustra-
ting the picture detail possible with this
system.

Fig. 5 — A tast picture received with aerrors.
Cuompara this with Fig. 4.

ASCII terminal.

The time required to transmit a Telidon
file will vary depending on the actual pic-
ture being transmitted. A more detailed pic-
ture requires an increased number of
characters. The data for Fig. 4 will take
68.5 seconds to be transmitted at 45 bauds,
and 28 seconds at 110 bauds.

Error-Rate Results

The one word that might best describe
the results of our tests is ““surprising.”” The
experience we had with RTTY seemed to



Table 1
Sample Telidon Data File

N=M=z8<P3888Xv<h38GFZxz< 3@nBA[VXTAnBACFxhHGERGW2< TAjREXPxp " wZ<654H

nXhHWZBPX<X3P"BA[V< 58P @xhHGDACETYRPIPxxp  xhHWZI<X5%x hBHNn30j<O*AbOBK

FIFOS+YJIJNAT@)FOA+Ae[BH +B g@88x+YMkY +ZPABBx<x/Z1188 ] xxL<hTZkFB&gxxg

$HBO8<{x=acQTELIDON TEST HO.

HQ€)vv)@pl]sJe\OPDI'SN=H

3N=aC38TcOVEZFTTNSP sQVE3GQWN=J+BkFExg)vv)

indicate much higher error rates than we
found. It may be that there are a lot of poor
typists out there but we think rather that
it is a matter of controlled conditions pro-
ducing better results. There is not a ot of
ASCII operation on the air at the lower
baud rates. that we were using, except for
ARRL bulletins. Error counts on the
bulletins seem to indicate the same order
of magnitude as our 110-baud error rates.

Before we started we were not en-
couraged by those who are using Telidon
every day. A normal Telidon decoder runs
at 1200 bauds, so our low baud rates were
deemed unworkably slow. However, that
point of view is influenced by Telidon
design objectives. Qur application does not
require the speed (although it would be
nice) but rather the flexibility and image
quality available.

We conducted extensive tests using
Telidon files at 45, 75 and 110 bauds by
saving each received file and doing
automated and manual error counts. As [
mentioned earlier, fading tends to in-
troduce an extended burst of errors and
missed characters. The calculated error
rates include all these burst errors as well
as single-character errors, Counting a burst
as a single error gives an order of
magnitude improvement in error rates, but
that is a biased figure.

There is another effect that can introduce
error bursts at the receiver. We found that
it is possible for a terminal to lose syn-
chronism with the data stream if the wrong
sort of noise pulse comes along at just the
right time. RTTY is an asynchronous com-
munications method, requiring start bits
and stop bits. In a continuous data stream
a noise pulse can cover up a start bit, de-
laying the start of a character. The data
stream would then be out of sync for a ran-
dom period. We found that it sometimes
took up to 30 character times at 45 bauds
for the system to become synchronized
again. This loss of sync did not happen very
often so it has been left out of the error rate
caiculations but it will be considered
further.

Table 2 shows the details of the error
rates that we obtained over the entire test
period. Remember that these error-rate
numbers are statistical, There were evenings
during which good conditions resulted in

Table 2

Error Rate Resulis

Baud  Errorsi! Error

Rate Chars. Sent Rate
45 72/4890 1.5%
75 5772103 3.1%

110 B1N181s 8.1%

only two character errors in over 2400
characters received (at all baud rates), The
tabulated error rates combine the good
days with the not-so-good ones to give the
averages shown.

These statistical numbers are fine but
what do errors do to the pictures? Fig. 5
is a photograph of a reproduced display file
with typical error effects. This picture re-
quires 308 characters to define, and there
were 10 errors for an error rate of 3.2%.
As can be seen, the errors show up not as
noise spots (snow) in the picture but rather
as obvious errors of omission or position-
ing of the picture details. This shows two
things: first, that single errors can cause
large picture faults and second, that even
this high error rate can produce quality
pictures.

Comments

There are several comments that can be
made about our test results:

1} Error rates decrease with decreasing
transmission speed as would be expected,
but never approached rates that are nor-
mally encountered in telephone-line data
communications (typically ! error in 10,000
characters at 300 bauds).

2) Propagation conditions were average
to good for normal amateur RTTY
communications,

3) We could always produce an error-
free file by using the results of three
separate transmissions of a picture file to
build one perfect copy. This is not a *“*high
fech’’ way to do things but was good
enough for our purposes.

4) Transmitting a full character time of
constant mark every 25 characters or so
helped reduce the length of out-of-sync
trursts, The spacing required between mark
characters depends on path conditions,
with frequent static bursts requiring more
frequent characters.

5} The original idea was to use this
technique to transmit schematic diagrams
but the error rates are somewhat high for
that type of picture. There is; however, no
problem in using NAPLPS coding for gen-
eral-purpose graphic communications on hf
RTTY such as QSL cards, pictures or car-
toons. The use of more sophisticated error
detection and correction schemes (such as
longitudinal parity, over say 25 characters,
and packet techniques) could improve the
error rate so the transmission of schematic
diagrams would be feasible.

As a result of our successful tests, we
have forwarded a recommendation to the
Department of Communications that
MNAPLPS be allowed as an Amateur Radio
RTTY code set. Because it is a North
American standard it seems logical that the
FCC might also allow NAPLPS on the air.

There is still a lot of experimental work
to be done on the technique, such as error-
correcting schemes, packet-radio trials,
tests on other bands and over longer paths,
tests through amateur satellite Iinks, and
tests at higher baud rates. Work on any of
these areas depends on being permitted to
use the NAPLPS on the air,

Equipment Availability

During our tests we used Telidon
decoders supplied by Norpak Ltd.'® These
decoders are available ready to use or as
a board-level product that requires power
supply and cabinet ($499 U.S. funds). A
more advanced Mark 1V unit is also
available; details can be obtained from
Norpak. Others sell decoders either as a
board, a black box or a complete color
monitor. For example, a decoder board is
available for use with Apple® computers.
Companies such as Electrohome, GTE and
ATE&ET are selling or developing NAPLPS
equipment. Development work is pro-
ceeding in Japan as well. In the verv near
future chip-level integration should bring
the price of NAPLPS decoders below $200,
and access to this new communications
technigue will be -readily available to
anyone who is interested.

Conclusion

In trying to find out if a picture can be
described in a thousand words, we finally
found ourselves using a communications
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techngiue that is new to Amateur Radio.
After some experimentation we concluded
that the transmission of pictortal informa-
tion using the NAPLPS/Telidon coding
method is suitable for the type of work
amateurs are interested in and that further
work will refine the technigue to be an even
more usefnl one. Here is an exciting new
field to test the traditional ingenuity of
Amateur Radio operators.

We would like to thank Norpak Ltd. for
the use of the Telidon decoders and the
Canadian Department of Communications
for the ready approval we received when

we first requested permission to use Telidon
codes on the ki bands. '

Ted Thompson has been o radio amaleur for over 19
years, und he currently holds « Canadien Advenced
Amateur Certificate (VEIFTT). He also held the call
GRICV during a year spen! in England.

A professional engineer, Ted works on air-traffic-
control rader and display equipment for the Canadion
Department of Transport. He holds e 848 degree in
efectrical engineering from the University of Walerloo
and an MS in aviation electronic systems from the
Cranfieid Institute of Technology, Bedford, England.
He has been working with computers and computer
graphics for 12 years.
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New Books

HEARST BUSINESS
COMMUNICATIONS IC MASTER

{C Master, Yols. 1 and 2, edited by Dave
Howell. Published by Hearsi Business
Communications, Inc./UTP Division,
CGarden City, NY. Hard-bound, § < [l
inches, 3677 pages, 395.

11 In the early days of radio, amateur gear
was not nearly as complex as it is today.
The typical amateur normally constructed
cquipment with hollow-state devices
(vacuum tubes), vesistors, condensers
{capacitors) and a coil or two.

These sitaple rigs were replaced by com-
pact, solid-state transceivers, and servicing
units constructed on printed-circuit boards
became commonplace, Integrated circuits
have replaced much of the circuitry found
in the gear of the 605 and *70s. With these
1Cs, the equipraent became more compact
and complex, to the point where the
number of servicing do-it-yourselfers has
dwindled to almost nil.

Why doesn’t the ham down the street
service his own equipment anymore? Sure-
ly, the compact layout of the circuitry is
playing a role in this, but most likely it is
the lack of information on individual IC
packages that is causing the bulk of the
problem,

Just what is the L.J-8764583 chip, how
does it function and who makes it7 With
the IC Masrer, you need never ask these
gquestions again. The Muaster is a compila-
tion of data from over 150 IC, single-
board-computer, microprocessor-develop-
ment-system and PROM-programmer
manutacturers, designed to provide quick,
detailed information on over 55,000 com-
rronly used ICs,

Data is compiled several ways: by ap-
plication category, type, specific function,
part number and manufacturer. In addi-
tion, devices are listed numerically by part
number, alphabetically by application, and
pin-for-pin as equivalents.

- For those who like fioding sources of
generic ICs, the Masrer lists the generic

14 nsT=

number (555, for instance), the various
manufacturers who make the chip, and the
specific manufacturer’s part number. Did
you realize that the 555 is available from
nine different sources and that 19 different
part-number designators identify a 355
timer?

With such detailed information, it should
be obvious that the fC Master is not a
minor publication; in fact, the 3585-page
guide is suppled in two hard-bound
volumes. Hundreds of manufacturers’ data
sheets, applications notes and. directories
are included.

While not aif ICs are contained in the /C
Masier, most of the commonly used chips
are documented sufficiently. During the
review period, only one of the components
I needed information on was nowhere to
be found. That is a very good track record,
especially in the fast-paced electronics
field.

Volume 1

This text consists of 14 divisions, in-
cluding a master selection guide, a part-
number index and a part-number guide.
These indexes are organized for quick loca-
tion of any IC contained in this reference
mannal.

A guide to manufacturer logos is a
welcome section in the manual. With over
150 different logos listed, the user should
have no trouble locating any manufacturer.

An extensive application-note directory
follows the logo section of the IC Master.
This section lists various available applica-
tions notes from many manufacturers, and
is invaluable for anyone who is interested
in using ICs for a specific application.

A military-parts directory includes a
master selection guide for components used
in military/aerospace electronics. This sec-
tion also includes a military-to-commercial
cross-reference,

Digital devices are referenced next, along
with microprocessors, pP-development
systems, P boards and-support boards.
For the computer-oriented do-it-yourselfer,

these sections prove important.

Abbreviations frequently used in IC
work are listed, along with an alternate-
source directory. If a component is
unavailable from the local T1 distributor,
for instance, this section will direct the user
to another manufacturer, including that
manufacturer’s exact component designa-
tion for that particular device.

Volume 1 closes with a manufacturers-
and-distributors directory, to help the user
locate both a manufacturer’s main office
address and local distribution offices.

Yolume 2

This hook begins with a section on in-
terface devices, including an index of
digital-to-analog and analog-to-digital con-
verters. It also contains manufacturers’ ap-
plication notes for some of the more ad-
vanced devices.

Linear devices are covered in Chapter 11.
As in other chapters, this section i com-
plete - a generous helping of manufac-
turers’ application notes are supplied.

Chapter 12 is devoted to memory
devices. This section contains listings and
notes from several manufacturers, and is
the most complete ['ve ever seen.

Chapter 13 contains a chart of PROM
programmers from several manufacturers.
Specifications and safety features are ad-
dressed, and the user is directed to the ap-
propriate page in the chapter for more
detailed information.

What manual would be complete
without a chapter on special devices?
Chapter 14 lists companies thaf supply
custom digital, linear and combined
digital/linear circuits. Twenty different
manufacturers have supplied detailed in-
formation for the compilation of this
section,

I recommended the IC Master for the
serious “*homebrewer’” or the professionat
engineer. This reference is #of for everyone,
although 99% of hams would at one time
or another find information in the books
useful, - Michael B. Kacgynski, WIiOD
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Do you need six hands to run the equipment in your satellite
station? W6IOJ may have the cure for you!

By John Reed,* W8BIOJ

M aking AMSAT-OSCAR 8 or RS
satellite contacts is similar to DXing on the
hf bands — communications between sta-
tions are on or about the same frequency,
and exchanges are generally limited to
signal reports and station information
{equipment, location, etc.).! Limited
satellite access time and variable propaga-
tion conditions during a satellite pass en-
courage a similar short-QSO format. The
ability to operate in the transceive mode

during satellite operation would improve .

operating efficiency and enjoyment.
This article describes an adapter that

makes use of an existing communications

receiver and a variable-frequency 2-meter

transmitter to provide transceive operation:

on OSCAR. 8 Mode A or the Soviet RS
satellites. The design has excellent dynamic

range performance, and a converter can be -

added for OSCAR 8 Mode J operation.

1At presstime, OSCAR 8 is not aperational,
although it may again beceme active (at unpre-
dictable times) when it is in periods of greatar
exposure to sunlight.

*770 La Buena Tierra, Santa Barbara, CA 93111
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Fig. 1 — Block diagram of the Satellite Transcelver Adapter.
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EXZEPT AS INDICATED, DECIMAL VALUES OF
CAPRCITANCE ARE IN MICROFARADS © ur 1)
OTHERS AR IN PICOFARADS [ pF OR ppk}j
RESISTANCES ARE IN OHMS ; ks | COD

Fig..2 — Schematic diagram of the LO portlon of the adapter. Fixed-value capacitors are disc ceramic, unless otherwise noted. Polarized
capacitors are electrolytic. Fixed-value resistors are 1/4- or 1/2-W carbon types, unless indicated otherwise. All inductors are alr-core units wound
with no. 22 bare solid wire, 3/8-inch diameter by 3/4-inch length, unless specified otherwise. Numbers In parentheses ara Radio Shack catalog

fiumbers.

C1-CE, ingl, -~ 580 pF trimmer capagitor
(272.1340).

L1 -- 14 turns.

L2, L4 — 6 turns.

L3 — 2 turn link ot no. 22 stranded hookup
wire aver L2, _

Many of the parts are available from Radio
Shack; all are available from mail-order
houses.

Concept

The block diagram of the transceiver
adapter is shown in Fig. 1. One milliwatt
of 2-meter drive is required from the
transmitter; this signal is mixed with a
crystal-controlled first LO to produce a se-
cond LO signal tuning the range of 50.4 to
50.55 MHz. A second mixer combines the
50-MHz LO and the 29-MHz satellite
signals to produce an i-f at 21 MHz. An
alternate choice for the i-f would be 28
MHz; tests show performance to be equal
to the 21-MHz version, except that the rf
signals are isolated from the i-f by only 60
dB, introducing the possibility of in-
terference from strong 28-MHz signals.

The aidvantage of this system is that one
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L5 — 2 turn link of no. 22 stranded haokup
wire over L4,

LG, L8 — 7 tumns,

L7 - 2 turn [ink of no. 22 siranded hookup
wire over L8,

L9 — 3 turn link of no, 22 stranded hookup

knob controls both the transmit and receive
frequency. Coarse tuning is provided by the
transmitter dial, and the receiver dial is ad-
justed to account for Doppler shift (an
RIT-type function.)

Circnit Description
Local Oscillator

The LO schematic diagram is shown in
Fig. 2. The crystal oscillator operates as a
doubler, with the emitter circuit tuned to
the third harmonic of the marked crystal
frequency. A buffer stage (Q2) cleans up
the oscillator signal and provides isolation.
Drive from the 146-MHz transmitter is pro-
cessed through a buffer stage (Q3) and in-
jected into the base of bipolar mixer Q4.
Output from this Ffirst mixer is lghtly
coupled to the next stage. LO output is ap-
proximately 20 mW, more than e¢nough to

wire over Lg,

L10 — 9 tumns.

Q1-Q5, incl. — 2N2222A npn silicon ganeral-
purpose transistor {276-2009),

Y1 — 47.726-MHz crystal (International Crystal
type 031081),

drive the following passive mixer. The out-
put level from the LO is adjustable using
R1.

Signal Mixer

In this circuit application, the proximi-
ty of the i-f to the signal frequency requires
the use of a doubly balanced mixer (DBM).
A DBM provides superior port-to-port
isolation and can be built with inexpensive
components. The diode-ring DBM shown
in Fig. 3 provides aproximately 40 dB of
port-to-port isolation using ordinary, un-
matched diodes. To ensure proper opera-
tion of the DBM, 4-dB pads are used at the
rf and LO ports to provide a constant-
impedance load.

Pre- and Postamplifiers

The preamplifier-stage schematic
diagram is shown in Fig. 4A. Maximum
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C7 — 560 pF trimmer capacitor (272-1340),

D1-D4, inel. — 5082-2835 sllicon barrier diodes

(276-1124).

L11 — 9 tums'ef no. 22 solid bare wire wound

on a 3i8-inch-diameter, 3/4-inch-long form.

L12 — 3 turns of no. 22 stranded hookup wire
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wound over L11
Tt, T2 — § turns of no. 26 enameled wire
trifllar wound on an FT37-43 toroidal core. .

Fig. 4 — Schematic diagram of the (A)
preamplifier and (B) postamplitier stages of
the adapter. Fixed-value capacitors are disc
ceramic. Fixed-value resistors are 1/4- or 1/2-W
carbon types. Numbers in parentheses ara
Radio Shack catalog numbers.

C8-G12, incl. — 560 pF trimmer capacitors
{272-1340).

L13, L16 — 2-turn links of no, 22 stranded
hookup wire wound over L14 and L15,
respactively.

£14, L15, — 25 turns of no. 22 snamelod wire,
3f8-inch diameter by 3/4 inch long.

(86 — MRF-901 npn silicon vhi amplifier tran-
sistor (276-2044),

Q7 — 2N2222A npn silicon general-purpose
transistor (276-2009).

RFG3, RFC4 — 30 turns of no, 30 wire close
wound on a high-value 1/2-W resistor.

T3, T4 — 10 turns of no. 26 enameled wire
bifilar wound on an FT37-43 toroidal cors.

gain is aproximately 20 dB, and the noise
figure should be less than 2 dB. If large
signals are present at the preamp input,
gain can be reduced by decreasing the value
of CI10.

Post-mixer amplification is provided by
a single bipolar stage using a 2N2222A in
a circuit similar to that of the preamplifier
(Fig. 4B). The gain of this stage is variable
from 3 to 17 dB.

Construction

The transceiver adapter is built on a
5-1/2 x 12-in. single-sided pc board.?
Components Tnount on both sides of the
board using push-in terminals. Each ter-

‘mm = in. x 25.4.
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(B}

Fig. 5 — Top {A) and bottom (B} views of the transceiver adapter, iliusirating construction

technigues.

minal is isolated from the ground-plane foil
by removing 1/8 inch of copper from
around the terminal with a drill bit. [t is
very important to observe good vhf con-

struction practices while assembling the-

unit -~ keep lead lengths as short as possi~
ble, especially between stages. Layout
details can be seen in Fig. 5. Two shields
are used on the top and bottom of the pc
board; they are made from aluminuin cane
stock. This light, perforated material is easy
to bend and drill.

Alignment

The initial alignment and trouble-
shooting work does not require the shields
to be in place; the unit is very stable. Align-
ment is straightforward.-A dc voltmeter,
attached to the L.O MONITOR test point
and set to the I-V range, is used to measure
1.O output. First, peak the crystal-oscillator
trimmer capacitors for maximum- output.
Next, peak the remaining stages with 1 mW
of 2-m drive applied. The oscillator drive
control, R1, should be adjusted so that the
dc meter reads 0.7°V when all stages are
peaked. Tuning the preamp and post-
18 O5F .

Table 1
Adapter Performance Summary

Circuft Gain Maximum

Qutput
Input GdB 0.1 mw
Preamp 20 dB 10 mW
Pad - 4 1B 4 mWw
DBM - 6dB 1mw
Postamp 17 dB 50 mW
Tatal gain 27 dB

amplifier stages requires a signal source.
Either a signal generator or dip meter
coupled to the antenna circuit will work.
Peak each tuned circuit for maximum out-
put at the i-f port.

A performance summary for the
transceiver adapter is given in Table 1. The
unit has performed well at W6IOJ and con-
tinues to add enjoyment to my satellite
operation. The ease of construction, align-
ment and operation should encourage the
newcomer to try (single-handed) satellite
operation.  [EEE]

Newxt Month in GST

There’s some fine reading ahead for
those of us info contesting andfor
computers. In the October issue you'll
be able to see how you (and your com-
petition} did-in the International DX
Contest. And you laid-back types can
prepare for the next one with an arti-
cle describing a BASIC program that
generates contest QS0s as well as
random code (for practice, not
contestingl).

Elsewhere in the issue you’ll find
out how to join the fun on 10 MHz in
an article surveying several simple but
effective antenna designs. Another ar-
ticle shows how to build an Amateur
Radio modem. What's an Amateur
Radio modem? Quite simply, it’s the
interface between a computer and a
transceiver.

All this, and a great deal more, in
October QST.

Strays

WORRING CMOS KEYBOARD
MEMORY UNIT SOUGHT

(2] There have been many inquiries to the
ARRL Technical Information Service
about the interfacing of ““An Inexpensive
Morse Keyboard” (Jan. 1978.(QS7T) and
“Memory for the K2BLA CMOS
Keyboard”. (Dec. 1980 (ST). Problems
with the design have so far proved the two
units incompatible. If anyone has a
working memory unit for the CMOS
keyboard, please contact Bob Schetgen,
KU7G, Technical Information Service,
ARRL, 225 Main St., Newington, CT
06111,

Amateurs at the Colling Radio Company in
Cedar Rapids, lowa, are celebrating the com-
pany's 50th anniversary by operating special .
event station ADOC through the end of the
year. Among those manning ADEC, which wili
be operating betore and atter work hours and
on weekends, are station committee members
{l-ry WBNGL, WAQYZN and KEDAS, Ses July
QST Special Events for operating frequencies.



The “Beeper”: An Audible
Frequency Readout for the
Blind Amateur

A BCD-output frequency counter, a decoder and an oscillator
produce a tone to tell you when your transceiver is tuned
to a predetermined frequency.

By Philip S. Rand,* W1DBM

When a blind ham wishes to tune a

transceiver to a given freguency, he or she
must rely on the 100-kHz crystal calibrator

that is usually built into the rig. He will turn

the tuning dial fully counterclockwise to the
jow-frequency end of the band. Next, he
switches on the 100-kHz calibrator and,
turning the dial clockwise, counts the
100-kHz beat notes until coming to the
marker nearest the desired frequency.
Finally, he counts dial revolutions, having
previously found the number of revolutions
per 100 kHz, and from that, the number
of kHz per revolution {16 kHz per revolu-
tion on my Yaesu FT-101ZD).

By this method. anyone can find, for
example, 3716 kHz quickly and accurately
by counting two beat notes plus one dial
revolution, turning the dial in a clockwise
direction. Some transceivers have frequen-
ty markers every 25 kHz, and also tune
almost 50 kHz out of the band at each end.

*P.0. Box 8, Haverhifl, NH 03785

With such & rig a blind ham must count 10
beat notes to reach 3700 kHz.

Suppose he wants to tune into a net on
3923 kHz. He must count 18 beat notes and
continue tuning clockwise about 1-1/2 dial
revolutions. He tries to locate the net by
tuning around and listening for a familiar
voice,

Some blind hams vse an external 1-MHz
crystal marker generator for finding band
edges accurately. This is followed by several
ICs to divide the frequency down to 100,
50, 25 or 10 kHz, as selecied by a switch.
Others use specially made crystals to serve
as markers for their favorite frequencies.

A Better Way

Having designed a visual frequency
display previously,' 1 decided to convert
this unit to an audible frequency display
that could be used by visually handicapped
amateurs. This device allows a ham with

'Notes appear on page 24.

impaired vision to tune his transceiver
quickly and accurately to any frequency in
any amateur band without counting heat
notes or dial revolutions, The lead photo
shows my “‘Beeper’” along with the fre-
quency counter described in note 1,

Theory of Operation

Basically, the unit consists of 5 sections,
as shown in Fig. 1. These are:

1) The up/down presettable BCD-
output counter,

2) A decoder to change the BCD data
into decimal form.

3 A set of three program switches for
setting the desired frequency.

4) Two NOR gates and one NAND gate to
provide the logic that determines when you
have tuned to the programmed frequency.

5) A one-shot multivibrator that triggers
an audio-frequency oscillator driving a
miniature loud-speaker,

The Up/Down Counter

The up/down, presetiable counter is
almost identical to my previous design ex-
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Fig. 1 -~ & block diagram of the audible frequency readout unit.

cept that to allow for a faster tuning rate,
one divide-by-10 IC has been eliminated in
the clock and a preset up/down counter has
been eliminated from the counting chain.
I can now turn the dial at a rate of 50 kHz
per second instead of only 5 kHz per
second.

As explained in note 1, an up/down
preseitable counter is necessary so the unit
can be used with almost any transceiver
regardiess of VEQ frequency or i-f. The
only connection to the transceiver is a piece
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of miniature coaxial cable to the VFO. A
complete schematic diagram of the counter
and readout is given in Fig, 2.

‘The DPecoder

The decoder consists of three 7442s that
decode the BCD data for the three least-
significant figures of the frequency. For
example, a frequency of 14,303 kHz wouid
be decoded as 303. You know that you are
tuned to !4 MHz because of the position
of the band switch on the rig. The counter
does not read hundreds of hertz because it

would slow down the tuning rate and really
is not necessary. Most nets and round
tables operate plus or minus a few kilohertz
as band conditions and QRM dictate.

Each 7442 has four BCD inputs and 10
decimal outputs. All cutputs are high ex-
cept the decoded one, which is low. A high
is represented by + 3.5 V or higher on the
output pin of the IC, while a low is usual-
ly +0.3 V or less.

Program Switches
The three frequency-programming

switches are one-pole, I0-position, non- -
shorting rotary switches. The output pinss
of each IC are connected to the 0 through
9 positions on a switch. Fig. 3 shows a
means by which shorting-type switches can
be used for the programming switches. The
0 through 9 positions of each switch are
marked on the top panel with no. 2-56
machine screws so the blind ham can tell
the position of the switch by feeling with
his or her finger (Fig. 4). The left-most
switch programs the 100s of kHz, the mid-
dle switch programs the 10s of kHz while
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Fig. 2 -— Gomplete schematic diagram of the frequency counter and audible frequency readout.

52.84 — Thumb-wheel switches, 0 to 9 BCD
output.
58-810 — Single-pole, 16-position, non-

shorting, rotary-type switches,
811 — Single-pole, three-position rotary-type

switch,
8§12 — Spdt toggle switch.
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Fig. 3 — A method of using shorting-type
rotary switches for the frequency-programming
switches.

Flig. 5 — A three-input cr gate can be wired {rom two NoR gates and a nanD gate. The output
from this gate when the transceiver is tuned to the programmed frequency is shown at A; B
shows the output when the tuning is off by 9 kHz or less.

Fig. 4 — Photograph of the top panel of the
decoder and beepet chassis. The three
frequency-programming switches, with no.
2-56 machine-screw position markers, can be
seen. No aetched-circuit pattern is given
because the wiring is simple, and experienced
builders should be able to lay out a board if
they desire to use one.

the right-most switch programs the umits
digit. The programmed output is taken
from the movable contact on each switch
and fed to the three gates.

Logic Gates

A circuit is needed that will give a low
output only when three lows are fed into
it. This requires a three-input OR gate. Any
ouiput containing a high will be ignored by
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Fig. 86 — A schematic diagram of a power supply suitable for use with the complete audible

frequency readout unit.

the decoder. The OR gate is easily wired as
shown in Fig. 5. A NOR gate output will be
high only when both inpuis are low. If one
or both inputs are high, the output is low.

[ have wired a three-input OR gate by using
two 2-input NOR gates with one input tied
to ground and then combining their out-
puts with a NAND gate. A NAND gate only



4~ POLE, 10" POSITION
S5WITCH

— +ay

N —
Dre—
O._

BTD QUTPUT
FOR DECIMAL 4 SWITCH SETTING

Fig. 7 — A method of wiring a four-pole, 10-position rotary switch to provide a BGD output is shown.

produces a low output when both mputs
are high. Referring to Fig. 5A, note that
when you have tuned to the programmed
frequency, three lows are present at the in-
put to the NOR gates, producing two highs
at the input of the NAND gate and forcing
its gutput low. Fig. 5B illustrates the situa-
tion when you have correctly tuned to the
left and middle digits of your programmed
frequency but are still as much as 9 kHz
away from the exact frequency.

The Becper

We need a low output from the NAND
gate to trigger the 555 one-shot
wmultivibrator shown in Fig. 2. Since the
output from the NAND gate is high up to
the moment that you tune to the exact pro-
grammed frequency, and then falls to 0,
C17 and R15 are used to differentiate this
wave form to produce the necessary pulse
for the one-shot. The output of the one-
shot is timed by R16 and C18 for about
1/10 of a second and is fed to the controf
pin of the second 555, an audio-frequency
oscillator that generates a tone in a
miniature loud speaker. The tone of the
beep is controlled by the values of R17, R18
and C19, R15 ensures that the voltage on
pin 2 of the one-shot is always high except
during the short interval of the trigger
puise. The trigger pulse always must be
shorter than the one-shot output pulse.

Canstraction

You have several choices in building this
audible frequency readout. If you own a
rig with a digital frequency display you may
omit the counter portion and build only the
decoder and beeper sections. [n this case
you must tap into the BCD lines with a
I4-wire cable, This may be difficult because

of the compactness of modern solid-state
transceivers and the fact that some use
single-chip counters with no BCD output
available. Generally, it is much easier to
connect a short length of miniature coaxial
cable to the VFO output and use an exter-
nal counter.

If your rig does not have a built-in fre-
quency counter, then you will need to build
or acquire a suitable counter. If vou elect
to build the counter from scratch, the en-
tire unit will fit on one 7- x 9-inch circuit
board.* All the switches go on the front
patel,

A power supply can be included in the
cabinet. See Fig. 6 for the circuit diagram
of a suitable supply. The power-supply re-
quirements are reduced by not using the
visual readout. A brute-force line filter is
included to help prevent RFI problems.

[f you afready built the counter described
in note 1, you may do as 1 did, and build
just the decoder/beeper on a circuit board
to be mounted on & separate 7- x 9- x
2-inch chassis. The Beeper is connected to
the counter by means of a flat 16-wire cable
with 16-pin DIP plugs on each end (a
standard Radio Shack item). The new cir-
cuit board and switches could also be
mounted directly over the counter. If you
are using a circuit board from Circuit
Board Specialists®, be sure to put jumpers
from input to output across the spaces for
the two divide-by-10 1Cs that are not used.
The BCD outputs are available at the in-
put pins of the old 7448 sockets.

Thumb-wheel Switches

Since we are using only three digits in the
audible readout, three thumb-wheel
switches are needed for presetting the
up/down counters instead of the four used

in the origina! counter, If you cannot locate
0-to-9, BCD-putput, thumb-wheel
switches, you can make substitute switches
from 4-pole, 10-position rotary switches by
connecting them as shown in Fig. 7.

Calibration

Calibration of the up/down presettable
counter is necessary because the unit is
designed to work with any rig that you may
have, with or without a frequency display.
When shifting from band to band, from
upper to lower sideband or to cw, an addi-
tional adjustmeitt of the thumb-wheel
switches will be necessary.

To calibrate, simply tune to a known fre-
guency containing three 0s (such as 7000
kHz) using the 100-kHz crystal marker.
Now set the program switches fully
counterclockwise to 000, place the
QSY/QRG switch in the QRG position and
set the three-position ““digit®* switch to the
right, the least significant digit; Next, rotate
the right-hand thumb-whee! switch until
you hear a beep. Now set the digit switch
to the middle position and rotate the middle
thumb-wheel switch until you hear another
beep. Finally, with the digit switch in the
most significant position, fully
counterclockwise, rotate the left thumb-
wheel switch for a third beep. The counter
is now calibrated for that particular band
and mode of operation.

Next it is necessary to check for up/down
counting. To do this, sei the program
switches to read 100 and then tune the rig
to the next 100-kHz marker, turning the
dial clockwise. 1f the unit beeps as you
reach zero-beat, it means you are counting
in the right direction. If not, you must
change the up/down switch and repeat the
calibration. Rigs such as the Heathkit



HW-101, Yaesu FT-101 and others using
the same conversion logic require the switch
to be in the count-down position. This need
only be checked once for your rig.

Using the “‘Beeper’’ to QSY

To tune rapidly from one part of a band
to a net frequency, simply program the
desired frequency with the three switches,
set the QSY switch and crank the dial one
way or the other until you hear a beep. If
you were tuning fast you probably overshot
the mark, so tune slowly in the other direc-
tion a few kilohertz until you hear another
beep. You are now on frequency, plus or
minus 1 kHz if you calibrated the up/down
counter for the band and mode of opera-
tion in vour particular transceiver.

QRG? What Is My Frequency?

‘To read the frequency you are tuned to,
it is necessary to question each digit, one
at & time. This is not as hard as it sounds
because you usually know about where you
are tuned: You may only have to question
the least significant digit. For example, set
the QsY/QRG switch to QRG, set the digit
switch to the right (the least significant
digit) and rotate the right-hand program
switch until you hear a beep. Let’s assume
you are working in the General class por-
tion of the 20-meter phone band and you
think vour frequency is somewhere between
14,300 and 14,310 kHz. You determine by
feeling the screw heads with vour finger
that the switch is in the 3 position, It's a
preity good bet that you are on 14,303 kHz.
It could not be 14,403 or 14,203 but
perhaps it is 14,313. To be sure, set the digit
switch to the middle position and rotate the
middle program switch for a heep. Your
finger tells you that the second digit is in
fact a 0. If you want, vou can also confirm
that the left-hand digit is a 3. Of course the
14 MHz is determined by the band switch
on the rig.

Conclusions

[ gave some thought to using a voice syn-
thesizer to produce an audible frequency
readout, but this seemed to be a needless
complication. Most operators would not
want to move a few kilobertz, wait for a
voice announcement of the frequency and
tune a tew more kilohertz, repeating this
procedure until finally reaching the desired
frequency. The circuit required for a voice
synthesizer would be more complicated,
and construction. of the unit would be more
difficult. The device just described is sim-
ple to build and easy to use, It enables a
ham with impaired vision to tune to any
desired frequency quickly and accurately.

Notes

'Rand, “A Versatile Digital Frequency Display,” QST,
Nov, 1977, page 21,

mm = in, % 25.4

*Clircuit boards and complete parts kits for the original
trequency counter and the audible frequency readout
are available from Circuit Board Specialists, P.O.
Box 969, Pueblo, €O 81002, ERET
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Strays -’

TEACHING THROUGH
AMATEUR RADIO

(] Have vou ever participated in a
historical event, or met a famous person?
Why not tune to 21.395 MHz between 1200
and 2100 UTC Monday through Friday,
and share that experience with members of
the NYC Junior High School No. 22 ARC?
See the difference you can make in 2
voungster’s education. — Joseph J.
Fairclough, WB2JKJ, New York, New
York

Wayland “Soupy” Groves, WSNW (lelt), of
Qdessa, Texas, was haonored recently with a
party put on by the members of the West
Texas ARC in racognition of his 60 vears of
membership in the ARRL, 35 of which were
spent on the Board of Directors. Helping
Soupy celebrate were club President K5LHD
{center) and ARRL West Guif Division Director
WEEDZ. (photo by Rainey)

MOVING, CHANGING CALL?

] When you change your address or call
sign, be sure to notify the Circulation
Drepartment at ARRL Ha. Enclose 4 recent
address label from a QST wrapper if at all
possible. Address your letter to Circulation
Department, ARRL, 225 Main 5t.,
Newington, CT 06111. Please allow six
weeks for the change to take effect. Once
we have the information, we’ll make sure
your records are kept up-to-date so you’ll
be sure to receive QST without interrup-
tion, If you’re writing to Hgq. about
something else, please use a separate piece
of paper for each request.

(HN HAS NEW MANAGFR

[”1 Cal Burt, KABDFN, is the new manager
of the international Handicappers® Net,
succeeding Ray Meyers, W6MLZ, sponsor
of the IHN for the past 25 years. KAGDFN,
a retired Air Force colonel, was recently ap-
pointed to the President’s Committee for
the Employment of the Handicapped.
Membership in the IHN costs but a letter
stating your call sign and the nature of vour
handicap, and a business-size 5.a.5.¢. to
holid your certificate. For more informa-
tion, write to Cal Burt, KAGDFN, P.O.
Box 39, Oregon, MO 64473,

INTERESTED IN LEAGUE-SPONSORED INSURANCE?

{1 The Membership Affairs Committee is studying the feasibifity of offering League
members additional insurance programs beyond the present ARRL Ham Radio Equip-
ment and Club Liability programs. Participation in the plans would be voiuntary. Please
take a few moments to complete the following questionnaire and send it to the Member-
ship Services Department, ARRL, 225 Main 5t., Newington, CT 06111. Make a
photocopy if you’d like, or simply answer the questions on a separate piece of paper.

Thanks,

| would be interested in the following types of voluntary insurance plans, should

the ARRL offer them:

1) Life Insurance

| am

2) In-Hospital Insurance (to pay a fixed

amount each day during
hospitalization)

3) High-Limit Accident Insurance (to pay
specified amounts for specific levels

of injury due to accident)
4) Disability Income Protection

5) Excess Major Medical {to pay medical
charges above a deductible of $15,000

to $25,000)

€) Major Medical (to pay medical ex-

penses above a deductible of $500

o $1000 but with a maximum
benefit of $20,000)

interested not interested
L] (.
i Ll
] ]
[ I
1 i3
[ [

| do not beiieve the ARRL should sponsor insurance programs
that have no direct relation to Amateur Radioc. !

Please note: An expression of interest in no way binds you to a particular course at action. This
survey is designed oniy to gauge membership interest in these insurance programs.



A Top-Fed Vertical Antenna
for 1.8 MHz — Plus 3

Mathematical analysis unlocks the secret behind this unusual

antenna system.

By Carl Eichenauer,* W2QIP

D 0es your antenna act strangely at
times? Does it resonate where it is not sup-
posed to? Well, mine does, To understand
why, I developed a BASIC computer pro-
gram to “‘crunck’’ through various
mathematical calculations. The program is
listed in the Appendix. My *‘strange”’ in-
stallation consists of 80- and 40-meter
inverted-Vs, fed from a single coaxial cable
and mounted on a common support.

There is nothing unusual about this
system; the approach is described in The
ARRL Antenna Book,' The antenna
shown in Fig. 1 provides satisfactory per-
formance on 80, 40 and 15 meters, It also
provides — strange as it may seem — ef-
fective radiation on 160 meters! No traps,
switches or antenna matching networks are
required to accomplish 4-band operation.

A certain amount of skepticism is in
order at this point — in fact, 1 could not
have been more surprised. After trying to
tune the antenna on 160 m with the aid of
a Transmatch, I eventually found that the
system had a SWR of 1.2:1 on 1805 kHz
with no matching network at afl!

The following description and analysis
of my antenna system should present ideas
useful to other antenna builders. Those
familiar with BASIC programuning may
¢eliminate many hours of number crunching
on a calculator by using a program similar
to mine.

Physical Details of System

A 34-foot wooden mast with a 12-foot
aluminum-pole extension provides a center
support for both antennas.? The 80- and

'Notes appear on page 27.
*205 Lathrop Rd., Syracuse, NY 13219
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Fig. 1 — Physicat details of the antenna system used by W2QIP. A shows the element and radial

layout and B details the feed system.

d40-meter inverted-Vs are positioned
roughly at right angles to each other. The
lower ends are connected to convenient
supports (such as trees, house corners or
lamp posts) and the height above ground
ranges from & to 20 feet. RG-8/1J coaxial
cable runs up the mast and through the
center of the aluminum extension pole. A
small aluminum plate covers the top end
of the aluminum pole and a ceramic feed-
through insulator passes through the plate.
The four antenna wires, in addition to an
insulated guy wire, support the top of the
antenna. The wooden mast is also guyed.

From the feed point, the coaxial line runs
down the mast to ground level and then
continues underground (at a depth of
several inches) to the house, through the
basement, and eventually reaches the
operating position. Total line length is ap-

proximately 100 feet. The outer braid con-
nects to the mast support at the point where
the coaxial line goes underground. Bottom
support for the mast consisis of a 1-1/2
inch steel pipe driven into the earth to a
depth of 10 feet, A set of eight wire radials
ranging from 20 to 40 feet in length are
buried to a depth of an inch or 8o and are
connected to the coaxial-cable braid where
it goes underground. This ground aetwork
turns out to be an important part of the
160-meter radiation system.

System Modeling

In an attempt to understand the
mysterious antenna resonance at 160
meters, 1 investigated several analytic
techniques. The technique that gave the
closest agreement with measurements is
based on principles set forth in Jordan’s
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book.* He points out that while lumped-
constant circuit elements can be used to
model an antenna system over a narrow
band of frequencies, transmission-line
simulation of the antenna elements is a
more accurate approach when analyzing an
antenna over a broad frequency range.

The following 10 steps and the BASIC
program outline the analysis of my anten-
na system. Each step is based either on
transmission-line or radiation-resistance
formulas. In each case, the formulas are
functions of frequency.

The six conductors represented in Fig, 2
consist of two §0-meter dipole halves, two
40-meter dipole halves, and the center con-
ductor and braid of the coaxial feed line.
For the purpose of mathematical modeling,
we will first assume that the six antenna
conductors are suspended in tree space.

1) Fig. 2A shows the two S(-meter
antenna elements. Each wire can be an-
alyzed as a sloping transmission line in
which one conductor is a combination of
the earth and antenna radial system. In-
spection of the actual antenna shows that
the input end of the line (1) is 46 feet high,
the output end (K) is 6 feet high and the
output load impedance is infinite. This in-
formation along with wire diameter and
frequency-of-operation data is placed into
an appropriate formula and the reactance
looking into each half of the antenna (X8}
is calculated. Next, the same data is used
in a different formula to calculate the
radiation resistance looking into the two
elements acting as a dipole. One-half of this
value is assigned to each element (R8). The
key electrical properties of these two
“radiating transmission lines’’ are now
defined.

2} The same procedure used in step |
is used to calculate R6 and X6.

3) Next, the 40- and 80-meier elements
are connected together and their total reac-
tance is calculated, This value (X9) is simple
- the parallel value of X6 and X8 (Fig.
2C).

4} Fig. 2D represents the analysis of the
coaxial line, Since the bottom end is con-
nected to ground, only the 46-foot section
shown is relevant to the model. Further-
more, since the line is open-circuited at the
top end (for the moment), nothing but a
source of voltage appears at the upper end
(assumiing, of course, that the signal
generator is turned on and that it can
operate into an infinite-impedance load).

3) As an alternative equivalent, the
transmission line can be represented by a
solid conductor whose diameter is equal to
the O.D. of the transmission-line outer
braid (Fig. 2E). The voltage from the
transmitter is represented simply by a two-
terminal sine-wave generator with one ter-
minal connected to the vertical conductor
and one terminal open circuited (for the
moment).

6) Next, the two sets of conductors from
step 2C are “‘connected’” to the vertical
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conductor top. From the reactance of this
combination, X9, the equivalent ¢lectrical
length (in degrees) of the eicments can be
determined for any given frequency. The
vertical conductor electrical length (in
degrees) is calculated from the physical
length. These two sections form a top-
loaded vertical antenna. By ““lifting’’ the

bottom connection off ground, the base
radiation resistance of the top-loaded ver-
tical can be determined (¥ig. 1F).

7) An unfortunate fact of nature must
be accounted for — no ground system is
perfect. Therefore, a resistor (RG, the
ground loss) is inserted in series with the
radiation resistance of the vertical, as




shown in Fig. 2G. Consider the 46-foot ver-
tical section as another transmission line in
which the input end is af 46 feet above
ground and the output end is terminated
in a resistor of value R1 + RG. This in-
formation, along with the vertical-section
outside diameter and operating frequency
is used to determine the values of X1 and
R1, the reactive and resistive components
of the vertical transmission line.

8} In Fig. 2H one set of sloping elements
is reattached. Now, the series equivalent
value for the whole system is calculated.

9 In Fig. 21 one terminal of a sine-wave
generator is attached to the vertical element
and the set of wires and the other set of
sloping wires is connected to the other ter-
minal of the generator. This allows the
equivalent series reactance and resistance
for the complete set of wires to bhe
calculated.

10y Fig. 2J displays the equivalent result
of the modeling. The resistances and reac-
tances of steps 8 and 9 are added together
to give the effective input impedance for
the complete antenna system. Since this
representation is broadband in nature, the
system SWR can be checked at any fre-
quency by ““sweeping’” the signal source!

Calculated vs. Measured Results

An SWR meter at the transmitter end of
the transmission line was used for SWR
measurements in all cases except one;
because SWR values from below the
160-meter band were desired, a home-made
RX bridge was employed,

Fig. 3 shows the measured and calculated
SWR curves. Resonance occurs near the
bottom edge of the 160-meter band. For-
tunately, virtuaily all of my operation on
160 is cw. For operation higher in the band,
the computer program showed that
lowering the height of the apex by a foot
or two should provide satisfactory
performance,

Note that the calculated SWR is con-
sistently higher than the measured values,
This characteristic can be modified by
sclection of the value of ground resistance
used In the calculations. In the case shown,
a value of 5 ohms has been arbitrarily
selected. If a lower value is used, the lowest
calculated SWR coincides almost exactly
with the lowest measured value, but the off-
cesonance SWR rises at a more rapid rate
than the measured values. This simply
points out the fact that the model is
representative, but not exact. In defense of
the model, it should be pointed out that
SWR measurements are seldom exact
either!

The SWR curves for the other bands pre-
sent few surprises. Over the vears, similar-
Iy installed dipoles and inverted Vs have
produced essentially the same response
characteristics.

Conclusions
If you wonder whether this antenna

really works, I must confess that it has not
been responsible for a 160-meter DXCC
award. However, in a recent ARRL
160-meter contest it was used with a QRP
rig running three watts input. Over a three-
hour period 50 stations in 22 states were
worked. If nothing else, this should prove
that the system does radiate on 1.8 MHz!

Appendix

The BASIC program listed below was developed
on a Timex/Sinclair 1000% computer with 16K
of RAM. [The program will run on the 2K T/S

1000 if the REM statements are removed from
the program. — Ed.] The program follows the
analysis algorithm presented in the text. Readers
familiar with BASIC programming should have
no trouble in adapting the program to any
BASIC-equipped machine.

Notes

'G, Hall, Ed., The ARRL Antenna Book, 14th ed.
(Newington: ARRL, 1982), chapter 8.

mo= ft X 0,3048; mm = in. ¥ 25.4.

flordan, Electromegnetic Waves and Radiating
Systems (Englewood Cliffs, NJ: Prentice-Hall,
1950), chapter 13.
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a digital unit? Try your hand at putting together this easy-to-build
project, and you’ll have one.

By Frank Noble,* W3MT

A conventional chmmeter has a non-
linear scale. At high resistance values the
meter is hard to read because the scale
graduations are so close together. It may
be difficult to interpolate between the
calibration points at the [ow-resistance end
of the scale. The meter accuracy is de-
graded as the battery approaches the end
of its life. While most of these disadvan-
tages can be overcome by providing addi-
tional ranges, the construction of a meter
scale remains a major problem if you want
to build your own ohmmeter. Finally, most
multimeters pass a relatively large current
through the device under test, and this may
be sufficient to destroy some components.

The nonlinear scale of the conventional
ohmmeter causes larger reading errors with

*10004 Belhaven Rd., Bethesda, MD 20817
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increasing resistance. For best accuracy the
instrument should be calibrated against
standards in the range of the unknown each
time it is used. This article describes a
linear-scale meter, self-calibrating against
internal standards, which dissipates very
little power in the unknown resistor. It has
six decade ranges from 100 ohms to 10
megohms, full scale, so that any resistance
in the range 10 ohms to 1{ megohms will
yield a meter deflection of at least 10% of
the scale, Neben presented a similar meter,
but the circuit described here includes
several design improvements.'

‘The Scheme

An understanding of the system requires
a quick review of op-amp theory. In Fig.

'Notes appear on page 30.

1, the amplifier is assumed to have infinite
gain, infinite input impedance, zero output
impedance and exact phase inversion.
Because the gain is infinite and the output
voltage is finite, the voitage at the amplifier
input is zero. Hence the current in Ry is
just

I = Ey/Ra {Eq. 1}
MNone of this current can enter the amplifier
because any current flowing through an in-
finite impedance will produce infinite
voltage, saturating the amplifier. The only
recourse is for the same current to flow in
Rp, foreed there by E,.

I = Ey Rp (Eq. 2)
Setting Eq. | and 2 equal, we have the usual



Egt-)

| T
ju

Fig. 1 — Diagram of a simple inverting
amplifier. The theory of operation is explained
in the text.

formula for the gain of an inverting op
amp.

G = EC,/EI = RF!'/RA (Eq 3)

Design Considerations

To minimize the power dissipation in the
unknown resistor, E, must be as small as
possible, but still drive the meter to full
scale. Although almost any meter move-
ment could be arranged to read low
voltages, a sensitive meter is indicated
because it must be protected from tran-
sients that can occur when you switch
ranges, disconnect the unknown, or turn
the meter on with no unknown connected.

Diodes are not suitable elements for this

protection because they will degrade the
scale linearity, A large R-C time constant
is used instead. (Fig. 2). While this does not
climinate the meter overload, it does slow
the deflection rate so the meter will not be
damaged mechanically. The internal
resistance of my 100-pA meter is 1800
ohms, as compared to 50 ohms for a typical
t-mA meter. The larger meter resistance
makes it possible to siow the meter move-
ment with 2 much smaller capacitor for C6.

{ptimum sensitivity combined with long
time constant is achieved by coupling the
capacitor/meter combination to the
amplifier through a resistance equal to the
meter resistance, in this case 1800 ohms,
The meter now reads 360 mV full scale.
This is the maximum on-scale voltage that
can appear across an unknown resistor; a
maximum power dissipation of about 1.3
mW will occur in a 100-0hm resistor. The
maximum: voltage that can be applied to the
meter is 4.5 volts, producing less than
12-mW dissipation in the meter winding.
This will not burn it out, even over long
periods. In addition to these precautions,
a switch is provided to shunt the meter
whenever transients are expected. A small
resistor limits the capacitor discharge cur-
rent, protecting the capacitor and switch.

The 360-mV maximum output is large
compared to the expected offset drift, and
small enough to expect good amplifier
linearity and low current consumption. Fig.
2 shows that a dual op amp is used, the first
section being a voltage follower and the
second section an inverting amplifier as
shown in Fig, 1. The voltage follower sup-
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41, J2 — Binding posts.
51 — 2 pole 6 position nonshorting rotary.
52 — 1 pole 3 position nonshorting rotary.

33 — Spst toggle. .

54 — Dpst toggle.

Ut — Dual JFET op amp, LF353N (Radio Shack
part no. 276-1715),

Fig. 3 — Construction details of the chmmaeter. A piece of perf board and point-to-paint wiring is
used for those compaonents not connected directly to panel-mounted parts. Note that C8, wired
directly across the meter terminals, consists of two 500-4F capacitors in parallel.

plies sizable currents to R, from an out-
put impedance of much less than an ohm,
providing good voltage and gain regulation
against range changes. Since the input im-

pedance of this amplifier {s virtually in-
finite, it can be supplied by a high-
impedance source requiring little battery
current. The net result is.that F; to the in-
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verting amplifier does not change material-
ly with range switching, and the control is
always linear.

The question of gain (Rp/Ra) now
arises. Suppose we choose a gain of 1/10.
This would require the follower to operate
at 3.6 volts in and out, which would cer-
tainly reduce drift problems. But the
maximum Rp value for a 10-megohm
range would be 100 megohms, which is not
commonly available and not likely to be
stable in the presence of moisture and dirt.
Suppose we consider a gain of 10. Then the
follower would operate at 36 mV in and
out, which is too small in relation to off-
set drift. So the vicinity of unity gain is in-
dicated. The availability of lnexpensive
pairg of 5% resistors from Radio Shack in-
fluenced my final choice.

From Eq. 3 we seec that E,willbe 0V
when Rg = 0, and E, = E;, when Rg =
R,. The ohmmeter in this article is con-
structed so the meter reads zero with Ry
shorted, and full scale when Rg = Ry, An
unknown with a resistance of Rg or less
can be read on a linear scale with this
meter.

Construction
I built my unit in an aluminum box

measuring 5 x 6 x 4inches (HWD).? The
meter and all controls are.mounted on the
front panel for convenience when using the
ohrmmeter. The 9-V transistor-radio bat-
teries are mounted on the side of the box
by means of an aluminum strip. The op-
amp 1C and associated components are
mounted on a piece of perf board, and the
cireuit is wired using point-fo-point tech-
niques. There is nothing critical about the
circuit layout or the lead lengths. Fig. 3
shows the construction details.

Operation

The range switch, SI, is turned to the
position that will put R, on scale. The
function switch, $2, is rotated to zero, and
the zERO control, R21, is adjusted to sef
the meter needle at zero. The function
switch is then turned to the full scale posi-
tion and the meter is deflected to full scale
by adjusting the s control, R20. Finally,
the function switch is set to R, and the
meter reads the unknown resistance
directly.

In practice, the zero and fuil-scale posi-

‘tions do not vary more than a few percent

with range changes. For routine work it is
necessary to make these settings only oc-
casionally. But for greatest accuracy, both

settings should be adjusted iromediately
before the measurement is made,

-Accuracy

Correct readings depend on the accuracy
of the resistors in Group B and on the
meter guality; Resistors with 1% tolerance
may be justified if the meter is an excellent
one. Close-tolerance resistors in Group A
would also be a convenience because the
full-scale deflection would not vary with
range. However, precision resistors are ex-
pensive and not readily available.? In the

‘rare event that extreme accuracy is re-

quired, a standard resistor may be con-
nected to the R, terminals and the meter
set to full scale with R20. Now when the
unknown is connected to the R, terminals,
the readings will be as accurate as the meter
permits.

Notes

'H. Neben, “‘An Ohmmeter With 4 Linear Scale,”
ST, Nov, 1942, pp. 38-39.

‘mm o= in. % 254,

‘[Bditor’s Note: 1£2W, 1% metal-film resistors (L0 &
1o 1 M) are available from Mouser Electronics,
11433 Woodside Ave,, Santee, CA 92071, The price
is 13¢ each in single lats, with a ¥20 minimum

order.] e

Strays

SPANNING THE WORLD WITH
MICRO AMTOR

(21 Pounding a key or talking into a mike
may well be the traditional notions of
Amateur Radio, but more and more
- amateurs have taken to Baudot radio
teletype (RTTY). Still others have turned
to AMTOR (AMateur Teletype Over
Radio), an error-detecting system that pro-
duces a spectacular improvement in ac-
curacy over ordinary RTTY.
This system is specified in I'TU (CCIR}

Recommendation 476, and it is widely used

by maritime stations. Credit for the
development of the amateur version must
be given to Peter Martinez, G3PLX, who
producad a workable microprocessor pro-
gram and the AMT-1, which houses the uP
unit and the terminal (see June 1981 Q8T,
page 25).

The final “*micro’” touch at S9M2CR (see
photo) was achieved by using an NEC
FC-8201 personal computer as a keyboard
and display. Powered by four penlight bat-
teries, it can house up to 64K of RAM and
run BASIC..-The standard RS-232-C port
can be set with the required parameters for
the AMT-t by keving in a code, which stays
in the memory even after shutoff. There are

30 n&aT=

AMTOR has found its way to Malaysia, where
Colin Richards, 9M2CR, gets big results using
littte power with this station.

also ports for a printer, a cassette-recorder,
a CRT and disk drives. And allin a 10 x
12 % 2-nch package. With the tiny
TS-120V putting out 10-W maximum, the
system spans the world. It’s micro magic!
— Colin Richards, 9M2CR, Negri
Sembilan, Malaysia

SATELLITE LINKS REPEATERS

7 In what may be the first operation of
its kind, Amateur Radio repeaters on the
East and West Coasts were linked by
satellite. On May 21, 1983, amateurs at the
RCA Astro-Electronics Space Center at
Hightstown, New Jersev, used an RCA
Satcom satellite to establish a transcon-
tinental link between their club’s 450-MHz
repeater, WB2JQR/R, and a 2-roeter
repeater, WAGOBT, in Thousand Oaks,
California. During the seven-hour opera-
tion in commemoration of the 25th an-
niversary of the Space Center, several
hundred contacts were made between hams
in New Jersey and California, with more
than 150 QS30s bheing logged by
WB2IQR/R. — Irv Seideman, KB2LG,
RCA Astro-Electronics ARC, Princeton,
New Jersey

E would like to get in touch with...

[J anyone who has the engineering
drawings and installation plans for a
Tristao HZ-354 tower. Marty Waite,
WAGIDU, 11408 Buell St., Sante Fe
Springs, CA 90670.



A Traveler’s Receiver for

20 Meters

Whether visiting the next state or

halfway around .the world, most hams
wonder what band conditions sound like
from a different location. My business pro-
vides travel to several rare spots on the
globe, and so I decided to build a poriable
ham-band receiver to listen in from ““the
other side.”” The ‘*‘Progressive Com-
munications. Receiver® ¢ircuit by Hayward
and Lawson..had the basic features |
desired, but as:in any design a series of
compromises had to be made.’

Design Tradeoffs

For simplicity, I chose a single-band, bat-
tery powered design. Twenty meters was
selected because it is the best ali-around DX
band. The antenna would be:a quarter
wavelength of hoeksup wire, so the design
required & “*hot!” fronteend. Strong-signal
performance was not a consideration —
there would be few (strong) local signals.
where [ travel.

A direct-conversion design was chosen as
a tradeoff bf size for performance. A block
diagram of the receiver is shown in Fig. 1.
The modules are the Hayward-Lawson
designs. The VFO is modified to cover 13.9
to 14.5:MHz and a 20-meter preamplifier
is added td. increase the system gain. These

'Notes appear on page 32.
*4 Maple La., Brookfield, CT 06804

circuit changes are shown in Fig, 2. A
6-pole ssb-bandwidth audio filter is also in-
cluded; it provides adequate selectivity for
casual listening on phone and cw. A pair
of lightweight headphones designed for use
with personal tape players are a delight to
use because of their small size and their
clean, sharp response.

Construction

I built the receiver using ready-made pe
boards, except for the- 20-meter
preamplifier board, which. I made.*

Simple, small and sensitive —
three noteworthy features of
this portable receiver design.

By Doug Blakesleg,* N1RM

Everything “‘played’” well the first time.
For those who build their own equipment,
the YFO capacitor and associated dial are
always difficult to locate. My junk box
vielded a capacitor with a built-in reduc-
tion drive (of unknown- origin) that is
physically large. A dial pointer was
fashioned by soldering a stiff wire to the
outer brass shaft of the capacitor. Not very
elegant, but inexpensive! A planar drive
with a standard capacitor would work as
well.

Packaging the receiver was a difficult

14 - MHz

¥

AUDIC
FILTER

DETECTOR  AND

PREAMPLIFIER

AUDID. AME -

VFO
13.9=14,5 MHz

Fig. 1 = Block diagram of the portable receiver.
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Fig. 2 — Component value and circuit changes to the VFO and rf ampllifier sections of the
Hayward-Lawson recelver are shown here. Component designations are those of the original

cirguits.

Fig. 3 — Internal view ot the portable receiver.

problem. The receiver size had to be small.
It had to appear simple — not similar to
an aircraft control panel! The appearance
had to be innocuous, as it would have to
pass through Customs in a number of
countries. So, the package ended up with
2 tuning knob, volume conirol and an on-
off switch on the front panel. A miniature
phone jack provides for antenna connec-
tion; it looks less conspicuous than a
coaxial connector.

To make the smallest package, the cir-
cuit boards are mounted vertically, as
shown in Fig. 3. 1 was concerned about
coupling from the VFOQ into the
preamplifier. So the VFO and preamplifier
are placed on opposite sides of the chassis.

32 '“571.

The audio-filter board is used as a shield.
[nvestigation with an hf oscilloscope
indicated that there are no unwanted
coupling problems. A Radio Shack 5-1/4
% 3 ®x 5-7/8 inch (270-253) cabinet houses
the receiver;® a Bud Minibox would have
been a better choice, because the front and
back panels of the Radio Shack cabinet are
unsupported and, thus, tend to be bent as
my suitcase endures international travel.

Results

The receiver was finished only two days
before | was to leave on a trip to Asia.
Casual listeming with an outside antenna
proved that it was indeed ““hot.” Using a
1/4-wave end-fed antenna stretched across
the floor, a good deal of DX was audible.
I tried assorted shake and bounce fests,
fearing that one bad solder joint would
render the unit inoperative 9000 miles away
from my soldering iron. These fears were
also groundless — the unit worked perfect-
Iy for the entire trip. Many stations from
around the world were heard. BYIPK was
one of the loudest signals on the band —
while I was listening from Singapore, of
course! If onfy they were as loud in the
northeastern U.3.!

Notes

'Hayward and Lawson, ““A Progressive Communi-
cations Receiver,” OST, Nov. 1981,

*Circuif Board Specialists, P.O. Box 969, Pueblo,
CO 81002,

‘mm = in. X 25.4. 3

Strays ‘-

STRAY HINTS

{7 “Strays™ are those interesting fillers
used when space allows in QST Think you
have an item with Stray potential? Here are
some hints to help your submission become
one. (1) Be sure the information will be of
interest to most readers of QST (2} Sub-
mit your material before deadline — the 8th
of the second month preceding desired
publication (i.e. arrive at Haq. before
September 8 for November QST). (3) Any
photographs you send should be good-
quality, black-and-white glossy prints.
Color prints, slides and instant photos do
not usually reproduce well.

ftems “submitted are normally
acknowledged, but that doesn’t necessari-
ly mean that your Stray will be appearing
in OST. We receive far more material than
we can find room for. If you want your
material returned, please include a state-
ment to that effect and an s.a.s.e.

Follow the above hints and maybe your
Stray will find a home in OST. — Andrew
Tripp, KALIJGG

Last May, memhers of the Albuquerque (New
Mexico} Amateur Radio Caravan Club set up 2
station at the 34th International Science and
Engineating Fair in Albuquerque, whera they
passed messages through the National Traffic
System for students participating in the falr.,
Among those manning the station were (l-r}
KABKYR, NSCFO, KC5QF and WBEVCE.

RCA ARC ADDRESS UPDATE

[ Many amateurs who sent for the cer-
tificate and QSL card issued to com-
memorate the East Coast to West Coast
linkage of 2-meter and 450-MHz repeaters
by means of the RCA Satcom Communica-
tions Satellite on May 21, 1983 have had
their requests returned undeliverable. This
is because the Cullbook address for the
RCA “Astro-Electronics ARC is outdated,
and the post office does not forward the
mail. The club’s correct address is P.O.
800, Princeton, NJ 08540, Certificates and
()SL cards are being sent to all stations
having a QSO entered in the club’s log.
— [rv Seideman, KB2LG, RCA Asiro-
Electronics ARC



The Ever-Useful
Wavemeter

No amateur workshop is complete
without a wavemeter. Learning a
few useful tricks with these simple
instruments can save time during
construction-project exercises and

antenna experiments.

By Doug DeMaw,* W1FB/8

You say that building homemade gear
is beyond you because you [ack suitable test
equipment? If this has been your reason for
not becoming involved in this satisfying
and enjoyable side of Amateur Radio, then
follow this (2ST series. Last month’s Begin-
net’s Bench column marked the start of a
series on homebuilt test apparatus for the
ham workshop. We have a number of sim-
ple, interesting test-equipment projects
planned for the OST issues to come,

The wavemeter has been a basic Amateur
Radio tool since the start of our com-
munications pastime. [n fact, it was
perhaps the primary unit for frequency
measurement during the early vears of this
hobby. Although digital frequency meters
are accurate and reliable, we need not use
them for coarse frequency checks. A home-
constructed wavemeter will suffice for
numerous routine measurements, and the
cost for our own instrument will be a frac-
tion of that for a commercial frequency
counter. Furthermore, our wavemeter can
be used as a relative field-strength meter or
an *vf sniffer’ for detecting rf-energy
leaks. Still another advantage of the
wavemeter is its passive nature — meaning
that it requires no dec power supply to
operate the circuit. This. provides us with
aninstrument that can be carried afield for
all manner of uses, without dependency on
a power source,

‘This month, we shall learn some uses for
wavemeters, how to apply them and how
to build an inexpensive unit that covers the
range from 1.5 to 38 MHz. An un-

*ARRL Contributin
Box 250, Luther,

Editor,
| 49658

complicated construction technique is
described to make duplication a simple
matter for even the least-experienced
builder.

What Is a Wavemeter?

A wavemeter is a tuned circuit with com-
ponents of capacitance and inductance (a
coil and a tuning capacitor). The tuned cir-
cuit must be capable of tuning the frequen-
cy range of interest. For example, if we

WAVEMETER
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Fig. 1 — CGireuit fllustration of an early-day
absorption wavemeter that used a lamp or
ngon bulb as a visual indicator.

want to check the relative field strength of
our 80-meter antenna when adjustments are
being made, our wavemeter must tune from
3.5 to at least 3.8 MHz. A short antenna
is connected to the instrument so it can pick
up enough radiated energy to provide a
field-strength indication.

But, we need something in addition to
the basic tuned circuit. It is essential that
we employ some form of visual indication
to show us that we have the instrument
tuned to the desired frequency. In the eatly
days of radio, the indicator was often a
small incandescent lamp or neon bulb that

was coupled to the tuned circuit. If suffi-
cient rf energy could be sampled, the lamp
would glow when the wavemeter was tuned
to the frequency of the energy source. Fig,
1 shows a circuit of this type. Greater sen-
sitivity is possible by using the modern
technique of rectifying the sampled energy,
thereby converting it to de. The dc is routed
through a sensitive meter, and the response
of the tuned circuit is indicated by an up-
ward deflection of the needie in the meter,
A circuit of this kind is depicted in Fig. 2.
Considerable sensitivity is possible when a
microammeter is used For the indicator.
Most wavemeters have a calibrated dial
face that indicates the approximate fre-
guency to which the L-C circuit is tuned.
This permits us to take a direct analog
reading from the dial when the peak
response is obtained. Alternatively, a
numbered dial can be used. If this is done,
we can cornpile a list of frequencies versus

WAVEMETER

coi kT
1
l:. {NDICATOR
’

7

Fig. 2 — Simplified circuit of a modern

wavemater. A link I3 used to couple to the
detector diode, theraby minimizing ioading
of the tuned clreuit, L2/C1.
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the dial numbers (a calibration chart) to
permit us to be aware of the frequency to
which the instrument is tuned..

A wavemeter can be used for field-
strength observations when we experiment
with antennas. Cienerally, a short whip
antenna is plugged into the wavemeter to
increase the pickup ability. Rf energy that
reaches the sampling antenna (whip) is car-
ried to the tuned circuit in the instrument,
detected and displayed visually on the dc
meter. For many vears; this was the only
indicator used by some amateurs for ad-
justing antenna matching sections,
Transmatches and pruning the coils for
resonance in mobile antennas; rf-power
meters and SWR. indicators were not com-
mon items in those days. A field-strength
meter is useful for determining the ap-
proximate radiation pattern of an antenna
— still another application we can take ad-
vantage of.

Some Other Uses for Wavemeters

Let’s suppose we were working on a
homemade iransmitter and wanted to
observe the operating frequency of one of
the stages in the circuit. We may wonder
if the tuned circuit of that stage is on the
desired frequency, or if it is tuned to a har--
monic of the desived frequency. We simply
place our wavemeter probe (plug-in coil) in
proximity to the questionable tuned circuit
and adjust it for a peak reading. If all is
well, our wavemeter will show the correct
frequency. If not, our response will occur
at. some other frequency — indicating a
problem with the coil or capacitor value in
the transmitter.

Another trick we can play with our
wavemeter is to observe the progress we are
making in extracting the last acceptable
vestiges of power from a particular tuned-+
circuit in our transmitter, We can place thex-
wavemeter probe near the output tuned cir
cuit of the stage in-question, then tune or -
adjust the circuit values for maximum
wavemeter indication. Caution: Do not .
poke the wavemnteter near any circuit that
contains high operating voltages: This
could result in personal injury. There
should be no need for concern, however,
when working with transistorized circuits.

A wavemeter is useful in getting a general
idea of the harmonic energy contained in
the output of a transmitter or excitation
stage. Tune the wavemeter to the second
and third harmonics of the operating fre-
quency. if a significant amount of har-
monic current is present,.the wavemeter
will yield a pretty good indication. Com-
pare the amount of meter deflection with
that obtained at the fundamental frequen-
cy. This will provide a comparative analysis
of the problem. Take corrective steps to
reduce the harmonic levels, then recheck
the circuit with your wavemeter until the
harmonics do not deflect the indicating
meter or just barely show up on the
instrument.

Transmitter and receiver stages that are
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unstable can be detected quickly with a sen-
sitive wavemeter. This calls for a spectrum
search with our meter — tuning from
medium frequencies through the upper end
of the high-frequency region. If a
wavemmeter response is noted on some fre-
quency that is unrelated to the operating
frequency, chances are that we will know
the self-oscillation frequency. Qf course,
such unwanted oscillations may be oc-

curring in the vhf region or in the standard .

a-m broadcast band, or lower. Our
wavemeter would have to cover all of those
frequencies to make the search complete.
Some hams build two or more wavemeters
- pne for low frequency, one for high fre-
guency and perhaps another for the vhf
range. It depends primarily on how com-
plete you want vour test-equipment
capability to be.

VHF Wavemeters

The plug-in coif concept can be applied
at vhf and uhf, just as it is for dip meters.
But, most commercial vhf or uhf
wavemeters are constructed in a more
riugged manner. Tunable resonant cavities
or strip-line resonators are the usual choice.
The sampling point can be effected by
means of link or probe coupling to the cavi-
ty, and output to a rectifier camsbe by the
same means. A circuit example of a strip-

- line resonator. for wavemeter use is given

Table 1
Wavemeter Applications

Transmitter Testing

1} Tuning indicator for maximizing stage
output.

2} Testing for fundamental output or
unwanted harmonic output of a transmitter
stage.

3) Finding the frequency of a transmitter
stage.

4) Detecting an unwanted self-oscillation and
determining its frequency.

5) Comparing the relative tevel of harmonics
against that of the desired transmitter
frequency.

4) Determining whether an oscillator Is
functioning.

7) Comparing the relative output power of
transmitter stages to ensure that each low-
level stage is providing gain.

Recelver Testing

1} Establishing that-oscillater circuits are
operating.

2} Investigating stages-for self-oscillations,

3) Coarse frequency measurements of
ascillators.

Rf Snitting

1} Checking for ground laops (rf) on pe
boards and chassis.

2} Sampling cabinet openings for rf leaks
{meters, louvers, efc).

3) Checking for ¢f leakage on line cords,
microphone cables and control iines.

Antennas

1) Making relative field-strength
measurements. .

2) Adjusting antennas for maximum gain.’ .

3) Observing approximate radiation patterns.

- TUNING
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Fig. 3 — Hybrid diagram ot a vhi or uhf style
of wavemeter. A strip-line tuned circuit is in-
dicated. L3 and the inner surtace of the hox

form a transmission-fine section.

in Fig. 3. The tuned circuit, L.3 and Cl1, are-
selected for the vhf range of interest.

For example, we might use a 25-pF
variable at Cl to work with a strip line (L3)
that is, say, 15 inches (381 mm) long. This
should give us coverage from roughly 100
to 160 MHz. L1 and L2 are adjusted in size
and proximity to L3 in accordance with the
degree of coupling we desire. Too much
coupling will lower the tuned-circuit Q.
Too little coupling will cause the tuned cir-
cuit to present an insertion [oss. The tuned
circuit is contained in a metal box made
from copper, -aluminum or silver-plated
brass. The impedance of the strip line and
box, considering them as-a section of
transmission line, can be on the order of
75 ohms. J1 is connected to a diode detec-
tor and indicating meter, similar to that
showit in Fig. 2. J2 is mated with a suitable
length (short) of 50-ohm coaxial cable that
has a one-turn small loop at the far end.
The loop is used to probe the circuit of in-
terest. A short whip antenna can be at-
tached at J2 for field-strength use when ad-
justing antennas.

Table 1 provides a. digest of the many
uses to which we may put a homemade
wavemeter, Certainly there are additional
applications that did not come to mind as
this article is being written. Perhaps you
will think of them in the course of vour cir-
cuit testing.

A Practical Wavemeter

Let’s dispense with the whys. and
wherefores of wavemeters and consider
constructing oneef these instrumentss, ['m
sure each of us enjoys short-term, simple
projects that can be huilt during an
evening. This.instrument fits that descrip-
tion. The design and assembly of this
wavermeter took six hours. It may require
more or less time to complete the task,
depending on the variety of hand tools you
have in your shop and how much skill you
may possess in assembling circuits. At any
rate, you should be able to complete your
work in a weekend.

The wavemeter is built in two pieces. It
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Fig. 4 — Schematic diagram of the wavemeter described in the construction section of this arti-
cle. D1 and D2 are small-signal diodes. See text for a discussion of the components in this cir-

cuit. R1 Is a linear-taper composition control.

Table 2
Wavemeter Calibration

Colf  Dial-Skirt Numbers Versus Frequency (MHz)

0 1 2 3 4 5 6

A 380
B- 120 89 70 59 525 47 44
G 54 40 32 28 24 22 192

7 8 9 10

270 220 1B0 160 145 135 1256 11.75 110 105

40 38
179 167

36 34
157 15

Coil information: Coll A contains 7 turns no. 20 enarn. wire (0.7 aH} space wound
s fill 0.5inch iength. Coil B has 30 turns no, 22 enam, wirs (6 aH) close wound.

Coil & contains 6!
mihimum mesh with the tuning dial at 0.

tums no. 28 enam. wire (27.5 nH) close wound. Note: Sat 1 at

could be assembled as 4 one-piece unit, but
that would make it unwieldy for use with
compact circuits, The two-piece format
makes the unit more convenient to use,
especially when it is necessary to probe into
tight places during a test. The tuning -head
is built around a4 x 2 x 1-1/2 inch (in.
X 254 = mm) Minibox. A homemade
enclosure can be fashioned from pieces of
pc board if that is vour pleasure. A piece
of aluminum sheet (3-1/2 x 3-3/4 inches)
is bent to provide a sloping panel. This
serves as the base for the microampere
meter (2-1/4 x 2-3/4inches) and the sen-
sitivity control. A fancier indicator unit
would resuit if we were to use a sloping-
panel meter case, but the cost would be
greater,

Fig. 4 shows the circuit of the
wavemeter. Only three plug-in coils are re-
guired for coverage from 1.5 to 38 MHz.
P1 is the base of the plug-in coil, and J1
is the jack into which if is inserted. C1 is
4 single-section - broadcast-radio tuning
capacitor.® It has a capacitance range of 15
to 410 pF, as. measured in the ARRL lab.
A 365-pF variable capacitor can be used,
but this will result in a sacrifice of the
tuning capability at the low end of each
plug-in coil range.

Light coupling from the high end of the
tuned circuit to the rectifier is ensured by
our use of a 5-pF capacitor. This permits
ample rf energy to reach the rectifier
without lowering the @ of the tuned circuit
by loading it with the low impedance
presented by D1 and D2, Too low a loaded
Q would cause broad tuning and reduced
sensitivity.

'Notes appear on page 36.
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Fig. 5 — Assembly and modification details ot
the PL-55 style of phone plug used for plug-in
cails A, B and €. Do not exer! undue pressurs
on the plug insulating sleeve when drilling
holes X and Y, jest the plastic cracks. Drill a
no. 60 pilot hole at each point before applying
a larger drill bit. See text for additional data.

A voltage doubler is used for the rec-
tifier. ‘This results in somewhat greater
meter deflection than would be realized
with a single diode in a half-wave rectifier,
Germanium diodes, such as the IN34A
type, are recommended for best sensitivity
at low signal levels. I used silicon smali-
signal diodes (IN914) with good resulis.

P2 plugs into J3, thereby connecting our
meter and sensitivity control to the tuning
head. J2 isa pin jack that accepts a short
whip antenna (18 inches for my unit) made
from brass brazing rod. The lower end of
the rod is soldered into a pin plug. A small

Fig. 8 — Interior view of the wavemeter tuning
head. Large-diameter bus wire is used to join
C1 to J1. This will help to reduse unwanted
stray inductance.

loop is formed at'the top of the whip to
prevent eye damage through accidental
contact with it,

Construction

in an effort to provide a small plug-in
coll of good mechanical strength, 1 decided
to try a PL-55 type of phone jack. This
seemed like an inexpensive solution to an
otherwise perplexing problem. The notion
was a good one, for the coils are easy to
wind on the insulating sleeve of the jacks,
and the resultant unloaded € is acceptable,
The Qs for coils A, B and C are 130, 120
and 90, respectively,

Fig. 5 shows the details for preparing the
plug-in coils. First, remove the sleeve from
the plug and note where the solder tab for
the ring connection is. Place 2 mark on the
ring rod so that it’s aligned with the center
of the ring tab. Next, screw on the in-
sulating sleeve until the threads are snug.
Now, make a mark on the sieeve so that
it is lined up with the mark on the ring rod
of the plug. This will indicate the line along
which you will drill hole “Y.** The line can
be extended up the sleeve to show where
hole **X** must be drifled.

Use a 3/16-inch drill bit when making
hole “*Y.”” This will allow sufficient access
for soldering the lower cotl lead to the ring
tab. A length of no. 20 bus wire is soldered
to the tip tab and extended through the
upper opening in the insulating sleeve of
the phone plug. The upper coil lead will be
soldered to this wire, flush with the top of
the sleeve. Poke the solder joint into the
sleeve slightly so that it is not exposed. An
interior view of the tuning head is shown
in Fig. 6.

Coil A has the ring tab at its full length,
The tab is snipped off {see chart in Fig. 5)
adjacent to hole **Y"’ for coils B and C.
This prevents the ring tab from protruding
into the coil and degrading the Q. A drop
of epoxy cement can be placed on the plug
threads just before vou screw the sleeve into
place for the last time: The coil is wound
after the sleeve is in place. Start with the
~ Saentember 1983 35



lower end, and solder it to the ring tab.
A coating or two of coil cement or Q Dope
can be applied to the completed coil
windings to protect them and to hold the
turns in place. Shrink tubing might offer
an even better solution to this problem. I
did not try it.

Calibration

If the coil dimensions in this article are
followed closely, and if the variable
capacitor specified for C1 is used (or one
of the same capacitance range), a 0-10 dial
face will vield the calibration specified in
Table 2. If you depart from the circuitand
component values suggested here, calibra-
tion can be eifected by using a dip meter
to plot the megahertz points on your tuning
dial. The dipper signal can be checked for
accuracy by listening to it with a calibrated
general-coverage receiver.

The readout resolution can be made

better if a smaller amount of capacitance
is used at C1 --- such as 100-pF variable
capacitor. If this is done, it will be
necessary to wind more coils in order to
cover the desired tuning range. My inten-
tion was to keep this circuit as simple and
inexpensive as possible, hence only three
coils.?

Summary Comments

Care needs to be exercised when
sampling rf near a high-power part of a cir-
cuit. Too much rf energy will destroy the
detector diodes. Fortunately, diodes are in-
expensive and easy to replace, so there’s no
need to be deeply concerned about this
potential problem. When in doubt, start
your tests with the wavemeter a con-
siderable distance from the circuit being
tested. Move it close enough to get a full-
scale meter reading with the sensitivity con-
trol set for maximum meter response. That

procedure will ensure you of safety to'the
diodes.

If vou constructed last month’s project,
and will build this one, you'll find yourself
well down the road toward having some
useful gadgets in your workshop for de-
signing, building and testing homemade
amateur equipment. Perhaps now is the
time to get involved!

A parting comment: Almost any
microammeter will serve in this project.
Many of the surplus edgewise fm tuning
meters can be used. See note 1 for a sup-
plier of low-cost meters of that variety.

Notes

‘400-pF variable capacitars and low-cost fmr tuning
meters are available from Surplus Electronics Corp.,
7294 N.W. S54th St., Miami; FL 33166, tei.
303-887-R128. Catalog available.

*A kit of parts for this project is available from
Circuit Board Specialists, P.O. Box 969, Pueblo, CO
BI0H02. RS

New Procucts

KILO-TEC ANTENNA AND DIPOLE
CENTER CONNECTOR

i1The KT5B is & multiband antenna
designed for use on the 1.8-30 MH:z
Amateur Radio bands. It uses no loading
coils or traps and the manufacturer claims
it will handle 2 k'W PEP, Price: $59.95.

The DP-1 antenna center connector is
supplied with an $0-239 fitting and can be
used with dipoles, guads or V antennas
where a weather-resistant coaxial connec-
tion is needed. The manufacturer rates the
unit at a full 2 X'W and states it features
a Mil-type potting material to prevent rf
flashover. Price: $8.95. For further infor-
mation on these products, contact Kilo-
Tec, P.O. Box 1001, Oak View, CA 93022
or call 805-646-9645. -— Paul K. Pagel,
NIFB
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DX PREDICTOR

{1 A QST article describing MINIMUF, an
hf propagation prediction program, raised
considerable interest within the amateur
community.' A program currenily being
marketed by Flvan’s Business Services,
P.0O. Box 903, Mountain View, CA 94043,
embodies not only the NOSC (Naval Ocean
Systems Center) MINIMUF program but
also algorithms that predict fot (frequen-
¢y of optimum transmission) and hif
(lowest usable frequency). This package
relies upon NOSC algorithms and has a
user-friendly input routine and a graphic
display. The program was written to pro-

'Hose, A., "MINIMUF: A Simplified MUF-
Prediction Program for Microcomputers,”
Q8T, December. 1982, p. 36.

vide amateurs with a ready-to-go program
that can be of use as an operating and,
possibly, an educational tool.

The DX Predictor i{s priced at $40 and
includes a 3%-inch diskette (or tape) and
documentation. It is available for the Apple
II® (48K), Commodore PET® and
Commodore VIC 20% (16K RAM card
required) personal computers. The pro-
gram is also compatible with the Apple
ile.® - Paul K. Pagel, NIFB

ICM CRYSTAL CATALOG

1A new, 32-page crossover list and
custom-crystal catalog is available from In-
ternational Crystal Mfg. Co., Inc. The
crossover list provides the user with the
1CM crystal catalog number, referenced to
the manufacturer’s equipment number for
the most popular types of commercial two-
way equipment. The custom crystal list
features charts that establish the ICM
catalog number and available holder
dimensions for their crystals.

If you’re a builder or vou like to modify
commercial equipment, you’ll probably
find the catalog to be a valuable addition
to your stash of reference material. To ob-
tain vour free copy, write to International
Crystal Mfg. Co., Inc., Dept. A, P.O. Box
26330, Oklahoma City, OK 73126, - Paul
K. Pagel, NIFB



Hints and Kinks

CONVERTING A HUSTLER MOBILE
ANTENNA FOR 30-METER
OPERATION

[J A Hustler RM-40 resonator can be trimmed
easily for operation on the 30-meter band by
removing a few turns from the coil. There are
two versions of the 40-meter resonators made by
Hustler. One has a coil diameter of about | inch,
and the other has a diameter of about 1-1/2
inches. !

1 moved the smaller coil higher in frequency
by removing turns from each end, leaving 35
turns in the middle of the form. With the larger
coil, I had to leave 30 turns on the form. These
numbers were the end result of my experimen-
tation. [ would suggest that you leave a few more
turns on the coil at first, Check the resonant fre-
quency of your system, and remove turns
gradually until the antenna resonates at 10,125
MHz with the adjustable whip extended haif its
length.

My SWR measurements with both coils were
less than 1.4 at resonance. On-the-air results have
been good. ~- Bob Douglas, WIGEL, Corpus
Christi, Texas

A TRIPLE-MODE POWER SUPPLY

[T A low-voltage utility power supply can serve
triple duty it a double-pole, triple-throw switch
is included in the circuit, as shown in Fig. 1. You
may choose to build a separate supply or add
a switch to one you already have. This supply
provides a switch-selectable output: either as a
full-wave center-tapped ¢ircuit, a bridge-rectifier
circuit or as a full-wave voltage-doubler circuit.

When the mode switch, 81, is in the 1.2 posi-
tion, D1 and D3 are effectively out of the vir-
cuit. The center tap of the transformer is con-
rected fo ground, and the supply is in 2 conven-
tional full-wave, center-tapped configuration.
The loaded output voltage is nominally about
halt the total secondary rms voltage. To con-
figure the supply as a full-wave bridge circuit,
move the switch to the t position. The ground
connection is transferred to the junction of D1
and D3, and the loaded output voltage is ap-
proximately equal to the transformer rms
voltage, With S1 in the 2 position, D1 and D2
form a full-wave voltage-doubler circuit. D3 and
D4 are reverse biased in series across the output
and have no effect on cireuit operation. Nominal
fuaded output voltage is twice the rms voltage
of the transformer.

The voltage and current ratings for the com-
ponents in your supply must be chosen for the
warst case of the three modes. Diode and filter-
capacitor voftage ratings are determined by the
voltage-doubling mode. The diodes must have
a PIV rating of at least 2.83 x V., plus some
safety factor. A rating of about 4 % Vs would
be about right for most applications. C1 and C2
each have a maximum voltage of 1.41 x V.
applied to them, so they should be rated at about
2 % Vi Power ratings for the
eqqualizer/bleeder resistors, R1 and R2, are also
determined in the doubling mode. This rating can

'mm = in. x 254
“Assistant Technical Editor

Conducted By Larry D. Wolfgang,* WA3VIL
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Fig. 1 — Schematic diagram of a triple-mode power supply. Component vaiues and ratings are

discussed in the text.

be found by
B,
| — 1
7 {a. O
where
P = the minimum power rating for the

bleeder resistors
E, = the nominal loaded output voltage of
the supply in the voltage-doubling mode
R = the total resistance of the bleeder
resistors, R1 + R2

The filter capacitance and the diode current
ratings are determined by the maximum current
to be taken from the supply in the full-wave,
center-tapped configuration.

This design offers a degree of flexibility for
an unregulated power supply, and it can also pro-
vide increased operating efficiency with a sup-
ply that uses an adjustable three-terminal
tegulator. You can sefect the appropriate mode
to reduce the voltage drop in the regulator for
different output voltages. This will permit the
regulator to handle more current at low voltages,
while remaining within power dissipation limits.
- R. B. Gibson, KESE, Los Alamos, New
Mexico

BEWARE THE GROUND
CONNECTION!

(1 Many mobile-radio manufacturers recom-
mend that you make all power connections as
close to the battery as possible. This will reduce
noise pickup and other problems, but it is im-
perative that boeh the positive and negative leads
be fused.

Must cars are wired so that a short, heavy
fiegative battery lead goes directly to the engine
black, on or near the starter motor. Another
smaller-diameter lead completes the circuit to the
car chassis, which is used as the power return
(or negative) connection for the car accessories.
Since the starter motor is the biggest current hog
(taking several hundred amperes while cranking
the engine}, it is essential that the voltage drop
ot the cables to the battery be minimal.

On my car, the bolt aitaching the negative lead
to the engine block loosened. One morning when
I tried to start the car, it cranked slowly and er-

ratically. [ traced the problem o the loose boit.
1 tightened it, and the car started right up. But
when 1 turned on my Clegg FM-76 220-MHz
mobile rig, it did not seem to work right. "The
cutput power was down, there was ignition noise
ou the receiver and the squelch did not operate
properly,

Mike Santana, WB6TEB. helped me
troubleshoot the radio, We found four burned-
out ground traces on the printed-circuit board,
with charred debris around them. Amazingly,
bridging these spots with short pteces of wire was
all that was needed to restore the radio to full
performance. But what had caused this near-total
disaster?

After some thought, I realized that the radio
was grounded through the chassis and my anten-
na; this had provided the ground return path for
the starter motor when the bolt loosened. The
power cord for my rig had a fuse only in the
positive lead, even though the manufacturer
recommended connecting both leads to the bat-
tery. With a fuse in both leads, if this problem
ever recurs, the starter-motor current will blow
the negative-lead fuse before any dJamage can be
done to my radio.

Fortunately, some of the more ragent radios
being produced have fuses in both leads. A single
fuse would be safe if you connect the negative
lead to the car chassis, but if you want to
minimize noise pickup by going directly to the
battery, make sure you have fuses in both leads!
[The fuses should also be as close to the battery
as possible. — Ed.] — Merv MacMedan, N6NO,
Arcadia, California (adapted from an article of
the same title in WEVIO CALLING, Dec. 1982,
the Jet Propulsion Laboratory ARC newsletter)

COAXIAL CABLES
FOR MINIATURE PROJECTS

(7 In the construction of small projects it is often
desirable to use miniature coaxial cables. The
most popular type is RG-174/U. The major
drawback to this cable is that the insulation is
made of polyethylene. This material will melt
with the heat of soldering the cable, making it
difficult to work with. One good thing about it
is the price, about 15 or 20 cents per foot in small
quantities.
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1 find it far better to use Teflon-insulated cable
for these projects. This type of cable is expen-
sive, costing as rnuch as a dollar or two per foot,
but it is much easier to work with. It is no
problem to do 2 nice Iooking job of wiring a
project with this cable. The price is acceptable
when you realize that only a foot or two will be
needed for most projects. RG-178/BU is one
type of Teflon cable.? It features silver-coated
copper braid and a stranded center conductor.

Ty this method for making a neat wiring job
on your project: Cut all the way around the outer
insulation with a sharp knife, Start about 1/2
inch from the end and be careful not to nick the
braid. Tin the exposed braid. When this is done
properly, the braid weave should be visible. If
you apply too much soider, heat it again and flip
the excess off. Be careful if vou do this, and wear
safety glasses so you don’t flip hot solder in your
eves. Now use a sharp knife to score the hraid
all the way around about 1/4 inch from the end.
Bend the braid back and forth at the score mark
with your fingers until the piece breaks off. Trim
a piece of the Teflon insulation away from the
center conductor using your knife. Be caretul not
to nick the wire, You may need a short length
of wire to connect the outer braid to your cir-
cuit, Wrap a few turns of bare hook-up wire
around the braid and solder it, Fig. 2 illustrates
this technique. - Roberi Shriner, WAMZO,
Pueblo, Colorado

Fig. 2 — You can make a neat connection 1o
the shield braid on a piece of Teflon-lielectric

miniature coaxial cable by wrapping a few
turns of wire around the braid and soldering it.

A FLEXIBLE MOBILE-ANTENNA
MOUNT

{_! § have found an easy way to build a complete-
ly flexible and inexpensive mount for my 1/4-x
2.meter antenna. Overhead obstruetions, such
as garage doors and low tree branches, no longer
damage my antenna.

To build this mount, vou will need to cut two
1-1/2 % 2-3/4 inch pieces of galvanized sheet
metaf. These must be bent into a right-angle
bracket, one side heing 1-1/4 inches long and the
other 1-1/2 inches. Drill a 5/8-inch hole in the
i-1/2 inch side of one bracket to accommodate
an 80-239 connector. Cut a small piece of
sidewall from a discarded non-steel-belted tire.
The piece of tire should be 1-1/2 x 3-1/4 inches.
Fig. 3 gives the assembly details. You will have
to drill the required bolt holes in the brackets
and tire sidewall, I drilled matching holes in the
lower bracket and my car roof for mounting the
antenna. You may want to find an alternate
means of attaching the bracket to your car.

My antenna consists of a 17-inch-long piece
of 1/16-inch brass brazing rod. 1 soldered this
into the 50-239 connector on my anienna
mount, and attached a short plece of braided
wire between the two brackets to ensure a good
ground connection. A little extra length is needed

‘RG-178/BU Téflon cable is available from Circuit
Board Specialists, P.O. Box 969, Pueblo, GO
81002,
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Flg. 3 — Gonstructlon details of a flexible mount
built by NSDHN for his 2-meter mobile antenna.

for tlexibility. Finafly, I placed an SWR meter
in the antenna feed line and trimarned the anten-
na to resonance. ~— P. K. Hurlibut, NSDHN,
Midland, Texas

REPEATER INPUT FREQUENCIES
WITH THE AZDEN PCS-300

(3 Owners of an AZDEN PCS-300 2-meter
hand-held transceiver can listen to the input or
output frequency of a repeater at the touch of
a few keys. First, lock the keyboard while re-
ceiving on the repeater output frequency. Now,
press any number key in the top row, and
simultaneously press the corresponding key (in
the same column) in the bottom row. You are
now receiving on the repeater input frequency.
Releasing either key puts the receiver back on
the repeater output frequency. — Dick Shongut,
W20FR, New Rochelle, New York

OLD TIMER’S NOTEBOOK

Making Inductance Clips

I71 Tt is hard to do a neat job of making small
clips to go on tubing, etc., with a pair of pliers.
This kink may help.

A strip of phosphor bronze or other suitable
material of the proper width is bent in the middle
to form the two sides of the clip. A nail or rod
of approximately the same diameter as the tubing
on which the clip is to work is then inserted be-
tween the blades at the point where the bends

METAL CLIP

— s
:

WOODEN BLOCKS

~ o] . FAI

NalL”

Fig. 4 — Spring clips for transmitting induc-
tances can be formed readily with the help of
a pair of wood blocks and a vise.

should occur. The assembly is then put in a vise
between two small blocks of very hard wood
(Fig. 4), the nail carefully set at right angles to
the length of the material, and the vise screwed
home, Fast and neat — and the two halves come
opposite each other! The outer lips are then bent
back slightly with pliers. A small bolt may be
put through the clip about mid-way along the
length if necessary. — K. B. Warner, WIEH
{reprinted from Hints and Kinks for the Radio
Amateur, 2nd ed. [Newington: ARRL, 1937],
p. 6

Tapping Transmitter Coils

[7 A satisfactory method of making taps on
heavy wire coils is shown in Fig. 3. A short piece
of bare wire, bent as shown, is soldered directly
to the turn to be tapped. In soldering, both the
coil wire and the tap should be tinned separate-
Iy and then sweated together without additional
solder. This method helps prevent shorting the
adjacent turns.

The insulated *“*clip,”’ also shown in Fig. 5,
consists of a jaw taken from a minjature knife
switch, the handle being the top of an old binding
post. A machine screw of suitable fength is first
run tirmly into the binding-post top, then the
head of the screw is clipped off and the assembly
fastened to the switch jaw with a small nut. The
connecting wire is fastened between the jaw and
handle, The resultant clip is positive, ¢asy to
handle, has plenty of contact surface and is neat
in appearance. (reprinted from Hints and Kinks
for the Radio Amateur, 2nd ed. [Newington:
ARRL, 1937, pp. 6-7}

Fig. 5 — Details of a method of tapping a coil
are shown at A. A suitable clip for attaching
to this tap is shown at B.

Coil-Tapping Aid

I'] Findipg the correct point for the tap on a
small air-wound coil can be greatly simplified by
using a paper clip that has been equipped with
a flexible wire lead. The smaller paper clips can
be easily slipped over turns that usually cannot
be gotten at with regular commercial clips. —
John J., Schullz, W2EEY {reprinted from Hints
and Kinks for the Radic Amateur, 5th ed.
[Newington: ARRL, 1954], p. &)

Tapping Miniature Coils

i1 Tt is always difficult to make a movable tap
arrangement for small coils, where the turns are
s0 close together that almost any of the usnal
¢lip arrangements merely short out several ad-
jacent turns.

This problem can be solved easily by using a
shortened bobby pin. Cut off all but the last
“wiggle,” clean the enamel off, and solder a
flexible lead to the top. This gadget makes a swell
movable tap that will fit between the turns of
any of the grmall ceils, and will make 2 good con-
tact without shorting turns. -~ Dor Geary,
VE3RTS (reprinted from Hints and Kinks for
the Radio Amateur, 4t ed. [Newington: ARRL,
19491, p. 7} L3 ]



Product Review

Icom IC-740 HF Transceiver

Amateur Radio equipment has changed
drastically in the past decade! Back in 1973,
equipment designers were toiling over how to im-
prove such things as oscillator stability and image
rejection. Also, their efforts included trying to
produce high-performance, low-cost transceivers
for the limited-size amateur market. In the late
705, this market mushroomed, largely because
of the influx of disheartened CB operators. This
increase tn market size allowed manufacturers
to develop quality equipment for sale at a
reasonable price. Also, during this period, the
state of the art in communications electronics
equipment improved significantly, but there were
still deficiencies, specifically in receiver
performance.

In much of the Amatenr Radio literature there
was talk of improving receiver dynamic range.’
The ability of a receiver to tolerate large signal
levels is important to the consumer, Manufac-
turers responded to this market demand and, by
1980, were producing equipment with excellent
dynamic-range figures.

‘The challenge of the "80s will be to produce
a fully synthesized hf transceiver that is low in
cost and has a low-noise frequency synthesizer.
Much of today’s amateur equipment uses digital
frequency synthesis; the advent of LSI syn-
thesizer and microcontroller (dedicated com-
puter) ICs greatly simplifies circuit designs. But
the new problems associated with synthesizer cir-
cuitry are by no means simple.? Digital frequency
synthesizers inherently generate noise that is
superimposed on the output signal; this noise can
mask weak signals present in a receiver passband
or cause QRM to nearby stations while
transmitting.

The IC-740 features most of the **bells and
whistles’” found on competitive products, smatt
size and all-band coverage. The most important
feature, in my opinion, is the high-performance,
low-noise receiver section.

Basic Featares
Receiver

Frequency coverage of the transceiver includes
all the amateur bands (WARC bands, too!) from
1.8 through 30 MHz. Passband tuning eT) and
i-f shift @ functions are adjusted by front-
panel controls, although they are not available
independently. The agc decay time is set by a
potentiometer rather than a switch; this should
satisfy those who are not happy with a *““two-
speed’’ control. Two noise-blanker switches con-
trol the blanking level and the pulse width — nar-
row for ignition-type noise and wide for
“woodpecker-type”” QRM. Other unique
recefver functions include an rf notch filter, an
audio squelch control that works in all modes,

"W. Hayward, "More Thoughts on Receiver
Perfarmance Specification,” Technical
Correspondence, QST, Nov. 1979, p. 48, and
Burwasser, “Reducing Intermoculation Distor-
tion in High-Frequency Recelvers,” Ham
Radio, March 1977. .

*A. Helfrick, “The Universal Synthesizer,” QST,
Sept. 1981,

*Assglstant Technical Editor

Conducted By Paul ¥. Pagel,* N1FB

ICOM IC-74D0 HF Transceiver, Serial No. 01721

Manutacturer's Claimed Spacifications

Measured in ARRL Lab

Frequency coverage: 1.8-2.0, 3.5-4.0, 7-7.3, 10.0-10.5,
14.0-14.35, 18.0-18.5 {receive only), 21.0-21.45, 24.5-25.0

{raceive only), 28.0-29.7 MHz.

Modes of operation: Ssb, cw, RTTY and fm (with an

optional fm unit installad).
Readout: 8-digit, 100-Hz resolution.

kHzfturn of knob: Not specified.
Frequency resolution: 100 Hz.
Backiash: Not specifled.

RIT range: Not speaified.

S-meter sensitivity: Not specified.

Transmitter rf power input: 200 W cw; 200-W PEP, ssb;

adjustable.

Harmonic suppression; Better than 50 dB.
Third-order IMD: Not specified.
Spurious suppression: Better than 50 dB.

Receiver sensitivity: Less than 0.15 4V tor 10 dB 5+ N/N
with preamp on; 0.3 pV for 10 dB S + N/N with preamp off.

As specitied,

As specified; the fm unit was not
supptied with the review unit.

12-in, high, 6-digit fluorescent-blue
display.

10071041,

As specified,

MiE.

+ 800 Hz.

Wio preamp {band, V) — BO m, 9.5;
40 m, 15; 20 m, 16; 15 m, 13.5;
10 m, 11.

Greater than 100-W output, except on
160 m (90 W}, 80 m {95 W) and
40 m (95 W).

- &7 dB (see photo).

—30 dB (see photo).

- 63 dB (see photo).

Receiver dynamics measured with
optional FL-45 500-Hz cw tilter:

FPraamp Off Preamp On
Noise floor (MDS) dBm: - 153 - 141
Blocking DR (dB): 130 125
Two-tone, 3rd-order IMD
IR, worst case (dB): 85 94
Third-arder intercept: + 85 -~ 0.5

Color: Black and gray,

Size (HWD): 4.2 x 1.7 x 14. in. {107 x 297 x 356 mim).

Welght: 17.6 1b (8 kq).

an audio tone control and a switchable 10-dB
gain broadband preamplifier. The remaining
controls and jacks are listed in Table 1.

Transmitter

Fmission type is selected by the MODE switch,
which can select hetween NoRmal or REVerse
sideband (lsh on 1.8 through 10 MHz, usb on

14 through 28 MHz), cw, fm (with the optional
fn unit instafled) or RTTY. True tsk is used
during RTTY operation; the user must supply
a pair of *“dry contacts” to key the radio. On
ssb, an ri-type speech compressor circuit can be
activated by the comp button. A new feature
cropping up these days is an rf-power control
that works in all modes; the *740 includes this
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Table 1
Additional Front- and Rear-Panel Controls and Connectiions

Front Panel Rear Panel!
METER switch Acrassory socket (Molex)
vox switch Fower socket (Molaex)

v0OX DELAY control

YOX GAIN/KEYER $peed control

power switch

-6 switch (MGCX)

+osmHz switch (for 10-meter operation)
AF GAIN control

HE GAIN control

wmic aaiN control

pHONES Jack (1/4-inch phone)

mic tack {(multi-pin}

Antenna connector (PL-259)

Memory backup terminal

T-R control jack

External alc jack

Transverter jack (T-R)

Recelver input jack

RBeceiver qutput jack

ATTY keying jack

Key jack (1/4-inch phone)

External speaker jack (1/8-inch phone)

Incremental tuning control
ar and xit switches

Jacks are phono types unless otharwise spacitied,

feature. Another front-panel control sets the
speed of a built-in electronic keyer (which isan
option).

Several other functions are controlled by
knobs mounted flush with the top of the cabinet.
These include a MONITOR switch, which lets the
user hear the transmitted signal; a MARKER
switch and calibration control for an optional
crystal calibrator; a FREQUENCY SET control that
allows minor adjustment of the dial calibration;
and the Awt-vox potentiometer.

Frequency Controi

in keeping with the ICOM tradition, this
transceiver incorporates a chopper-type optical
counter dial and three speed-selector push
buttons to select an operating frequency. Each
pulse from the counter dial will step the frequen-
cy synthesizer 10 Hz, 100 Hz or 1 kHz, de-
pending on the selected speed. An additional
button provides a lock fuction that electronically
turns off the counter dial, Two “VFQOs™ are built
into the transceiver; they may be used in-
dependently or combined for split-frequency
operation. A one-frequency memory is available,

Circuit Highlights

To describe the entire transceiver circuitry is
beyond the scope of this column, Rather, T wili
highlight specific design areas that influence the
overzll performance.

The receiver front-end design is typical of to-
day’s high-performance equipment — band-pass
filters followed by a doubly balanced diode-ring
mixer. A switchable 10-dB-gain MOSFET
preamplifier improves the receiver noise figure
(sensitivity) on the higher ht bands. Note in the
specification table that the receiver input in-
tercept (P,) drops 10 dB when the preamp is
switched in; this means the ability to tolerate
large input signals has decreased. This switchable
preamp feature allows the user to choose betwesn
best sensitivity and best strong-signal per-
formance — 2 choice not found in equipment
that uses 2 simple attenuator.

A dual-conversion system allows the user to
select several i-f filters. [n the standard model,
a 2.3-kHz crvstal filter is used at the first i-f (9
MHz) and a ceramic 3-kHz filter is used at the
second i-f (455 kHz). Several optional filters are
available that increase the ssb-filter shape fac-
tor (by changing the second i-f filter to a crystal
type) and narrow the cw bandwidth (by replacing
the first i-f cw filter with a narrower bandwidth
crystal type unit).

40 05T~

Fig. 1 -~ Spectral display of the 1C-740. This is
the worst-case condition, operating with 105-W
output on 14 MHz. Each vertical division is 10
dB, and each horizontal division is 10 MHz.
The 1C-740 complies with current FCC
specifications for spectral purity,

Fig. 2 — Spectral display of the IC-740 output
during two-tone IMD test. Third-order products
are 30 dB below PEP, and fifth-order products
are 40 dB down, Vertical divisions are each 10
dB, and horizontal divisions are each 1 kHz.
The transceiver was operated at the rated in-
put power on the 14-MHz band.

Probably the most significant portion of the
transceiver design is the frequency synthesizer.
In this unit there are two PLL systems: one is
used to generate the HFQ injection signals, and
the other generates the VFQ signals.

Checkout and On-the-Air Performance
When the *740 arrived at Hq., I was anxious

Fig. 3 — Cw kaying waveform of the 1C-740,
Upper trace is the actual key closure; lower
trace is the rf envelope, Each horizontal divi-
sion is 5 ms. This keyed wave has a rapid tall
time, which may cause key clicks.

to see how it performed in the lab (other
transceivers with frequency synthesizers have
been reviewed and many have a poor synthesizer
design, which results in a noisy receiver), To my
delight, the receiver performance is impressive;
in fact, the dynamic range figures shown in the
specification table are better than those of some
analog YFO transceivers. Receiver mixing and
synthesizer products are nonevident, Of course,
the supreme test for any piece of equipment is
an on-the-air evaluation.

The first performance test came during the
ARRL November 58 cw contest. As always,
signals were loud. No evidence of blocking or
overload was noted. I noticed several signals with
noise modulation on their carriers. Thesc stations
were probably using synthesized equipment; I'm
sure the [C-740 was not at fault.

Although the “electronic® performance of the
radio is impressive, the buman engineering leaves
much to be desired. The front-panef knobs are
small; my large fingers found them hard to
manipulate, Many of the functions are mounted
using concentric control knobs; this makes the
situation more difficult. The cw filter is available
only when passband tuning is engaged; this re-
yuires the operator to press two buttons to
change one function, and since there are no in-
dicator lights, it is sometimes hard to discern why
the ¢w filter is not working.

The cw wavetorm photograph looks great, but
the sidetone is so mushy sounding that dots and
dashes run together at speeds above 50 wpmt.
Most of the time 1 used my kever sidetone for
monitoring. Also the S-meter sensitivity is guite
high.

Overall Thounghts

HCOM has done a superb job with the *740.
Their experience in designing synthesized equip-
ment has patd off; I have seen very few amateur
products that are comparable. Don't let the
small size of the unit fool you, it packs a lot
of electronics in a small space. [n fact, an op-
tional built-in ac-operated power supply
is available. Those potential buyers with farge
hands should play with the radio before pur-
chasing one. Price classes: 1C-740, $1099;
FL-44 2.3-kHz second i-f ssb tilter, $159; FL-45
500-Hz cw filter, $59.50; PS15 external power
supply, $149; P5-740 internal power supply,
2160, For more information on the 1C-740 HF
Transceiver, contact [COM America, Inc., 2112
116th Ave. N.E., Bellevue, WA 98004 — Gerry
Hull, AK4L



Yaesu FT-730R 440-MHz FM Transceiver

Manutacturer's Claimed Specifications
Frequency coverage: 440-449.975 MHz.
Synthesizer steps: 25 and 100 kHz.
Power output: 1 W,

Mode of aperation: F3 {tm),

Spurious emissions: - 80 dB or better.
Antenna connector: Type N.

Measured in ARRL Lab
440-449.975 MHz..

25 and 100 kHz.

15 W.

Fm.

Bettaer than —64 dB.
Type N.

Receiver type: Double-canversion superheterodyne,

First i-f: 46.255 MHz.

Secand i-f: 455 kHz.

Sensitivity: 0.25 4V for 12-dB SINAD.
Squelch sensitivity: 1 ¢V for 30 dB SiN,

0.2 pV for 20-dB quieting.
0.56 pV for 30-dB quieting; 0.085 pV
minimum, 0.34 zV maximum.

Selectivity: +£7.5 kHz (~6 dB), %15 kHz { - &0 dB).

Audio output: 1 W into 8 phms.
Audio putput impedance: 8 ohms.

Power requirements: 13.8-V de {negative ground).

Current consumption: 3 A on transmit {(10-W rf
outputy; 0.3 A on receive,

Case size (HWD): 2 x 59 x 7.1in.t

Waight: 3 Ib 5 oz.

fmm = in. > 25.4; kg = Ib x 0.454

2W @ 10% THD.

3.8 A (15W output).
265 mA {squelched).
2% 589 x 71in.

YAESU FT-730R 440-MHz FM
TRANSCEIVER

i1 Fm transceivers for the vhf and ubf amateur
bands are becoming more compact and versatile
with advances in the state of the technical art.
Rigs not much larger than yon would expect for
hand-held use are available for mobile (and
fixed-station) eperation, providing power out-
puts inn the 10- to 15-W class. And they are
packed with features that will amaze you if you
haven't kept up with what has become available
recently. The FT-730R is one such rig.

At first glance, the 730 may look like just
another fm transceiver. The case is finished in
a dark gray, almost black enamel. The rig sports
a 1.4-in. edgewise D’ Arsonval type of § meter

that doubles as a relative-power-output meter.”
In operation, the meter scale, with its red and
black markings, is itluminated from behind. To
the left of the meter is the digital frequency
readout. This is a liquid-crystal type of display,
with five 1/4-in. numerais displaying frequency
to the nearest 100 Hz. This is a newly developed
readout device with wide-angle viewing, and is
also illuminated from behind. When power is
removed, the black numerals disappear, leaving
the frosty-gray area clear. Between the readout
and the $ meter are two LEDs, one above the
other. The upper red LED indicates o AIR, and

mm = in. x 254

the lower green LED indicates BuSY when the
squelch has been opened.

The usual + transmit frequency offset switch
is located at the upper left of the front panel.
Directly below are concentric voLume and
sqQueLch controls. To the right, below the fre-
quency readout, is a large knob, obviousty for
frequency tuning. A mukiposition MEMORY
switch indicates some type of memory capabili-
ty. The seven-pin microphone connector may
seem a bit strange if you consider the need for
only audio, PTT and common lines. There are
also eight push buttons with various labels on
the front panel, a clue that there are additional
features. A 3-inch built-in speaker is located at
the bottom of the enclosure, with a2 miniature
phone jack on the rear panei for an external
speaker.

Operating Features

But behind the neatly arranged front panel are
all kinds of features that are not immediately ap-
parent at first glance. The *730R is
microprocessor controlled. In part, that's why
the manufacturer can pack so many features into
such a small space. The rig has [0 memories and
two VFOs for frequency selection. A small
lithium battery provides power to hold all 12 fre-
quencies in memory when the rig is turned off
or disconnected from the 13.8-V supply. (Life
expectancy of the battery is five years or more.)

The frequency displayed on the indicator is
that of actual operation, except that the first two
digits (44) are omitted. In other words, add 440
MHz to the readout indication to get the actual
operating frequency. A three-position rotary
switch labeled RPT controls the transmitting-
frequency offset. With simplex operation (center
position of the switch), the readout remains un-
changed when going from receive to transmit,
At the right and left positions of the switch, the
transmitter offset is plus and minus § MHz,
respectively. The readout changes to indicate the
transmitting frequency during offset transmis-
stons. Provisions are also made for split-
frequency operation, by receiving on a memory
channel and transmitting on a VRO frequency
{while following the instruction you set vp with
the offset switch), In this way, an almost
unlimited number of frequency combinations
may be used in split operation.

The *730R has a2 “goof-proof’ feature, too.
1f by chance you have selected 2 frequency and
an offset combination that would place your
transmitted signal owufside the 440- to
449.975-MHz frequency range, depressing the
PTT switch on the microphone does nothing ex-
cept display an E on the readout. Meanwhile,
the transceiver remains in the receive mode.

Frequency Selection

With 10 memories and two VFOs, you might
think that selecting desired frequencies would be
a confusing or perhaps cumbersome process. Not
so! In manual VFO operation, the appropriate
VFO (A or B) is selected with a push switch.
When pushed once, this switch locks itself in the
IN position for one VFO. When pushed again,
the switch unlocks and returns to the ouT posi-
tion for the other VFQ. 1t’s as simple as that,
Meanwhile, the frequency that was last selected
on the unused VFO is held in memory, and is
available instantly, merely by returning to that
VFO,

YFO tuning is done with the main tuning
knob, This is not 2 continuously variable con-
trol, but has closely spaced detents — 50 per
knob revolution, to be exact. There is no
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Fig. 4 — Spectrai display of the Yaesu
FT-730R. Vertical divisions are each 10 dB;
horizontal divisicns are each 100 MHz. Output
power is approximately 15 W at a frequency ot
448,775 MHz. The fundamental has been
reduced in amplitude approximately 40 dB by
means of notch cavities; this prevents
analyzer overioad.

mechanical stop on this control; it may be turned
indefinitely in either direction. Switching to the
next detent position changes the frequency by
one step. The frequency steps are selectable at
the front panel with a sTEP push switch, either
25-kHz or 100-kHz increments. This switch is
a momentary tvpe, not a locking switch. For
rapid frequency_changes from one end of the
band to the other, the 100-kHz steps are useful.
Then, pushing the s1ep switch toggles operation
to provide 25-kHz steps tor “‘fine tuning.’” The
instrument continues to step in 25-kHz in-
crements uutil the sTEP switch is again de-
pressed, when it returns to 100, The direction of
frequency tuning is conventional — clockwise
rotation of the knob to select higher frequencies,
and counterclockwise for lower [requencies.
There are no provisions to tune to frequencies
that are not multiples of 25 kHz.

The 10 memories are selected with a rotary
switch. Any VFO frequency may be stored in
memory, merely by pushing a switch fabeled M,
(The previous content of that memory is lost
when a frequency is stored.) Recafling a frequen-
¢y from memory requires only pushing a
“memory recall” switch and selecting the ap-
propriate memory with the rotary selector switch.
The transmitting-frequency offset functions are
the same with memory frequencies as with VFQO
operation. This allows vou to set up the
memories on the output frequencies of repeaters
in your area, and transmit in normal offset
operation to hit the repeater input frequencies.
With this Feature, the operator who spends most
of his time on only a few repeaters will have little
use for the VFOs except for storing frequencies
in memory. But, of course, two VFQs are nice
to have.

Harlier, I mentioned a seven-pin microphone
wonnector. Those extra pins provide for
frequency-scanning operation, controlled from
the microphone. Two switches, labeled up and
pwi, control this feature. During YFO opera-
tion, a momentary push of either switch shifts
the frequency up or down by one frequency step.
Operation is exactly the same as moving the main
tuning knob by one detent position. But if either
switch is held down for approximately one
second, the entire frequency range of the rig is
svanned automatically, either in 25- or 100-kHz
steps, as controlled by the stEP switch.

A three-position slide switch on the rear panel
permits you to select momentary interruption of
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the scanning on either a busy channel or else a
clear channel, or to scan continuously without
interruption. Let’s say vou set the *730R up to
scan in 25-kHz increments for a busy channel.
Scanning will start from the VFO frequency that
is displayed when you initiate scanning, and pro-
ceed in the frequency direction according to
which control switch you pushed. The scanning
will continue until a frequency is tuned where
a signal of sufficient strength to open the receiver
squelch is found. Scanning will pause
automatically for approximately five seconds,
and then resume.

During that five-second period, you can hait
the scanning operation by depressing the up or
the bwN switch or the microphone PTT switch,
Now you are ready to transmit on that frequen-
¢y {or an offset from that frequency} immediate-
Iy, if you so desire. This is a handy feature if
you are looking for signals on the band. Scan-
ning of the entire 10-MHz raoge without
momentary halts requires about 4¢ seconds. If
no signals are found, the scanning progresses
from the bottom of the frequency range to the
top, and returns to the bottom of the range
without delay to continue upward again (ot vice
versa, if vou are scanning <ownward in
frequency;.

But that’s not all the scanning you can do. If
you wish, you can scan only the frequencies re-
tained in the 10 memories. All the features
mentioned above, except frequency steps, are
available in memory scanning, too. This is superb
if you want to search only your favorite repeater
frequencies for activity.

YFO A or B, or readiness for memory scan-
ning, is selected from the front panel. Actual
scanming is controlled from the microphone only;
there is no provision to initiate or terminate scan-
ning from the front panel.

The *730R has yet another useful feature called
priority channel operation. Using a VFO and a
memory, this feature lets you listen on a frequen-
cy vou select with the VFQ, but provides
automatic checking of the memory frequency tor
activity every five seconds. If the memory fre-
quency is busy (or clear, as selected by the three-
position slide switch}, the scanner will halt on
the memory channel. Otherwise, it will return
immediately to the VFO frequency, and bhardly
a word of what is being said will be missed.

The FT-T30R comes with yet other features.
One is a tone-burst generator. When activated
with a two position rear-panel slide switch (oN
and ok}, an 1800-Hz tone having a duration of
approximately 0.5 second is keyed each time the
PTT switch is activated. For longer bursts, a
front-panel caLL switch provides for manual
control of the burst duration.

An optional feature contained in the review
unit is a tone-sguelch decoder. Many repeaters
operate with such decoders on their input fre-
guencies, perhaps more commonly known as
PL# operation. A front-panel push switch on the
*730R activates this feature to prevent unwanted
signals from breaking the receiver squelch, An
encoder in the equipment provides the subaudi-
ble tone at all times during transmission.

As shown in the title photo, a mounting stand
for using the *730R at a base station is available.
An accessory FP-80 ac-operated power supply
i also offered. For mobile operation, a univer-
sal bracket is supplied for under-dash mounting.
The transceiver may be removed from the
bracket merely by unsnapping a locking bar and
sliding the rig forward. Mobile installation re-
quires a vehicle with a negative ground. Power
connection is made through a keyed, two-pin

plug, supplied with leads for interconnection to
the power source.

The FT-730R is manufactured by Yaesu Elec-
tronics Corp., P.O. Box 49, Paramount, CA
90723, tel, 213-633-4007. The price class is $399.
Various versions of the FT-730 are manufactured
for use in countries other than the U.S. and
Canada. These madels offer various features,
such as a frequency coverage that is 10 MHz
lower and & different tone call frequency.
-~ Jerry Hall, KITD

FOX-TANGO 2.1-kHz KENWOOD
TS-830S TRANSCEIVER FILTER
MODIFICATION

1 For the past two years, | have ased a TS-8305
transceiver at my home station. The variable
bandwidth tuning (vBT) and 1F SHIFT controls are
uxtremely valuable for the eclimination of
adjacent-channel interference, On ¢w, these con-
trols eliminate just about any QRM encountered.

On ssb, however, the stock Kenwood filters
didn’t perform as well as | expected. In fact,
while operating on a crowded band, 1 noticed
many instances in which using the ver and 1
SHIFT controls together wouldn't put a dent in
the QRM! Since most of my operating time is
spent on cw, this problem didn't disturb me too
much. When a serious operation in November
Sweepstakes was undertaken, however, the
shortcoming of the standard filters became
apparent.

A few weeks after the contest, I noticed a Fox-
Tango advertisement in QST. A single Fox-
Tango 1.8-kHz filter worked very well in my
TS-5208 several vears ago, so the twin 2.1-kHz
filter TS-830 madification was extremely ap-
pealing to me.

The filter modification comes with several
photocopied pages of instructions to assist in the
installation of the filters. The documentation is
rather extensive; in fact, too much information
is supplied. A prospective modifier may become
discouraged after reading the complete package.
The modification is relatively simple to perform,
so don't feel intimidaied by the pages of
paperwork!

Modification installation is fairly straight-
forward, but care should be used during the
operation. Screws that hold the i-f board in place
must be removed and the board tilted 90° to
allow unsoldering and removal of the stock
filters. Exercise care during this operation, as the
circuit board traces in this area are narrow and
close together. The filters supplied for this
modification are not direct plug-in replacements
for the stock filters, sv it is necessary to mount
them elsewhere in the transceiver.

Instructions suggest mounting the new filters
on top of the existing cw filter {if installed) with
double-sided tape. Suitable tape is supplied with
the Kkit. This approach didn’t appeal to me, so
i ptaced them on a piece of perforated board,
This board is mounted on the chassis, just to the
left of the power transformer.

Connections between the filter terminals and
the i-f board were made with RG-174/1J coaxial
cable (supplied). The supplied cable length is suf-
ficient for filter installation atop the cw filters,
per instructions, but more was reguired for my
mstalfation.

Filter installation took approximately four
hiours, Much of this time was spent fabricating
the filter mounting board and realigning the i-f
after installation. Realignment 15 not required,
but highly recommended. ¥ an rf signal
generator is available, foltow the i-f alighment



Table 2

Receiver Performance

Specification Befare After

MDS

80 Meters ~129dBm  ~133 dBm
20 Meters ~130 dBm - 133.5 dBm
IMD D.R.

80 Meters {low) 85 dB 88 dB
80 Meters {high) 78 dB 81 dB
20 Meters {low) 83 dB 885 dB
20 Meters thigh} 7 dB 81 dB
Third-Order intercept

80 Metears {low) ~ 15dBm -~ 1dBm
80 Meters (high) -12 dBm - 115 dBm
20 Metars (low) - 55dBm - 1dBm
20 Meters {high} -145dBm 12 dBm

procedure in the TS-830 service manual. if either
is not available, the procedure in the user’s
manual will suffice.

Overall, I'm pleased with the performance of
the **new’’ *830. The band-pass response curves
of a stock T5-830, one with a new 2,1 kHz firss
i-f filter (standard second i-f filter} and one with
both new 2.1-kHz filters, are shown in Fig. 5.
Measured ~ 60 dB bandwidth of the unmodified
830 was 3.4 kHz. After modification, the
measured bandwidth at — 60 dB is 2.7 kHz —
4 700-Hz improvement.

Receiver performance characteristics (before
and after) are shown in Table 2. An approgimate
3-dB improvement in two-tone dynamic range
and third-order intercept is noted, This, in ad-
dition to the narrowed bandwidth, made the
necessary work worthwhile.

The FTK-830 maodification is available from
Fox-Tango Corporation, Box 1594471, West
Palm Beach, FL 33406. Price Class: 5150.
— Michgel B. Kaczynski, WIOD

KLM AP-144DIII BASE STATION VHF
ANTENNA

1) Some hams may think that once they have
seen 4 few base-station antennas for 2 meters,
all such antennas are basically similar, The KLM
AP-144D11 is different.

This antenna is a collinear, double
5/8-wavelength vertical for the 2-meter band that
also incorporates a discons antenna for 70-cm
{(440-450 MHz) operation. The feed point is
weatherproof, being housed within a machined
aluminum hub. A seated static-charge arrestor
i fitted to the feed point. KLM claims the ar-
restor will offer some degree of protection to the
transceiver in the event of static buildup.

All the parts and the machining of the KLM
AP 144D are of a high standard, and
everything fit together beautifully during con-
struction. The clearly written instructions include
excellent exploded drawings of the antenna,
especially of the feed-point housing. Several
reducing adapters are provided for the feed point
to accommeodate different sizes of coaxial cable.
Coaxial cable ranging in size from RG-58/U to
slightly larger than RG-8/1J can be used. [ am
feeding the review model with RG-8/U. Two
small tubes of silicone sealant are provided in
the kit, along with specific details for weather-
proofing the antenna. 1 used only half of one
tube to seal the antenna; this leaves plenty of
sealant for other uses around the shack. in ali,
complete assembly of the antenna took about
one hour, with an overnight wait for the sealant
to set,

At my QTH, the antenna is mounted atop the
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tower at a height of 75 feet. The antenna per-
forms better than another commercially manu-
tactured collinear that it replaced. For purposes
of comparison, | used a distant (95 mi) 2-meter
repeater in northwestern Massachusetts, Before
[ installed the new antenna, my signals into that
repeater were marginal, and the repeater output
would scarcely open the squelch of my
transceiver. The first QSO with the new anten-
na netted me a signal report of almost full
quieting; 1 pow vould copy the repeater 3 3 to
S 4. Overall, the improvement was immediate
and gratifying. SWR checked across the 2-meter
fm band is shown in Fig. 6. Worst case, it is less
than 1.5:1, SWR on 440-450 MHz siopes from
1.5:1 to near unity. Signal reports on 440-450
MHz were excellent through the local repeater,
as well, Although the antenna instructions pro-
vide for some adjustment of antenna length for
minimizing SWR, none was necessary.

The SWR chart for typical operation, supplied
by KLM, suggests that the AP-144DI1I can be
used on the 220-MHz fin band with a reasonable
SWR, although KLM makes no claims to that ef-
fect. I decided to try operation on 220 MHz, and
’m pleased to report that this antenna appears
to operate on that band with an SWR of approxi-
mately 1.5:1. The frequencies nsed were three
standard 220-MHz repeater pairs and 223.50-MHz
simplex. The entire 220-MHz fm band was rot
checked, inasmuch as the rig | used is a crystal-
vontrolled unit. This three-band capability should
definitely interest many active vhi ops.

The KL.M AP-144D1Ii appears o be a well-
engineered antenna, Materials and finish are
first-rate; performance has been excellent on 144,
220 and 440-450 MHz. It certainly is nice to put
up a two-band vhf vertical antenna and find
you've got operation on an extra band (220

MHz) along for the ride! The AP-144DIII is im-
ported by KL.M Electronics, P.0. Box 816,
Morgan Hill, CA 95037. Price class: $112. The
same antenna, less the uhf discone, is availabie
in the $99 price class as the AP-144DII. — Sandy
Gerll, ACIY

WEST JERSEY COMMUNICATIONS
PRODUCTS 80-METER “BN CAGE"
ANTENNA

(1 Many amateurs would like to find an anten-
na that provides coverage of the eniire R0-meter
band with an SWR of 1.5:1 or less. Solid-state
rigs reduce power output if the SWR is much
higher than this. Of course, you can use a
Transmatch to present the required low SWR to
your rig, but that seems to be an unnecessary set
of controls to manipulate. The advantage of a
“no tune™ rig is, after all, being able to tune
from one end of the band to the other without
adjusting any controls,

The cage antenna has been around since the
early days of radio, and was discussed in QST
articles in recent times.%5 The idea behind the
cage antenna is really guite simple, As the length-
to-diameter ratio of an antenna efement
decreases, the resonant length for a given fre-
quency will decrease. The antenna bandwidth
will also increase. This principle is more evident
in higher-frequency designs, where aluminum
tubing is often used for the radiating elements.
It is impractical, however, to use large-enough
diameter tubing on 160, 80 or 40 meters. One

‘A, Harbach, “Broad-Band 80-Meter Antenna,”
QST, Dec. 1980, p. 38.

*J. Hall, “The Search for a Simple, Broadband
80-Meter Dipole,” QST, April 1983, p. 22.
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method of producing an antenna element of large
effective diameter is to space 2 number of wires
around the perimeter of a cylinder. At the ends
of the cylinder, or cage, the wires can be brought
to a point in & conical taper, and joined.

There are a number of parameters that will af-
fect the feed-point impedance and bandwidth of
the cage. The size and number of wires, the
diameter of the cage and the length of the taper
are all important. WJCP has experimented with
all of these parameters, and appears to have
balanced them in a workable design.

The 80-meter antenna kit comes in a box
10-1/2 inches on a side and weighing about 13
pounds.® [t includes everything you will need to
put the antenna together, except some basic
tools. In the box you will find eight molded-
plastic spreaders, a spool of no. 14 enameled wire
(approximately 800 feet) and 100 feet of coaxial
cable with a PL-259 on one end and pigtails
ready to connect to the antenna on the other.
You will also find S0 feet of 1/8-inch Nylon rope,
center and end insulators, and alf required hard-
ware. Even a small piece of emery cloth for
removing the enamel insulation from the ends
of the antenna wire and a small packet of
Moalox® compound for use with the aluminum
cable connectors are included. The coaxial cable
is about the size of RG-59/1J, but is sold by
Channe! Master and is specified to have a
characteristic impedance of 67.2 ohms.

The instructions that come with this antenna
are detailed and seem to cover all aspects of con-
struction. The manufacturer recommends that
you tead them through at least once before
beginning work. | certainly agree that this is a
good idea. It is much easier to understand each
step when you are aware of what will have to
be done next.

One person could build the antenna, but &
helper sure is nice, at least for measuring and cut-
ting the wires. Mike Kaczynski, W10D, assisted
ne with most of the construction. At one point
you are directed to secure a collet 11 inches from
the end of each wire. This is to prevent the last
spacer from sliding on the wire when the conical
taper is formed at the end. The instructions sug-
gest that you use a crimp took or ordinary gas (slip-
joint) pliers to crimp the collet in place. (These
collets look like erimp-on wire connectors.) We
found it impossible to dent the ones supplied, even
with a large pair of pliers. Ultimately, we had to
resort to using a hammer and a piece of serap iron
to crimp the collets in place.

i found the insulation coating on the wire to
ise quite heavy, and | needed about three times
as much emery cloth as had been supplied to
complete the job of stripping the wire ends. A
pocket knife could be used to serape the enamel
off, but the danger with this procedure is that
you may nick the wire, causing it to break after
the antenna is up.

As the four ends of the cage sections are com-
pleted, you are instructed to twist the six wires
together, apply a thin coating of Noalox and
tighten an aluminum cable clamp over them. The
manufacturer suggests that you may want to
solder the wires together first. T would say this
is a required step if you want the electrical con-
nection to be maintained. The amount of Noalox
supplied really is insufficient to cover the wires.
A few years ago, | purchased a container of this
compound at an efectrical supply store. it is in-

‘mm = in. x 25.4;m = It x 0.3048; Kg = 11 X
00,454,
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expensive, and { apply a liberal coat to all ex-
posed connections. The investment for a con-
tainer of Noalox would be worthwhile for most
hams involved in antenna work. T'otal assembly
time for the cage was about three hours.

Deployment and Performance

The First real snag in the operation came when
Mike and I went to move the entire assembly into
position to put it in the air. The anfenna weighs
only about 15 pounds, but to hold the entire
fength off the ground by pulling on the ends, 100
pounds or more force is needed! If any part of
the antenna is allowed to touch the ground while
you are moving it, the spreaders will roll, twisting
the cage wires together, Believe me, it is very dif-
ficult to get all of the twists out once this hap-
pens! A third person to hold the center insulator
would be a great help for moving the antenna.

Initially, one end of the dipole was aitached
to a 40-foot tower atop the ARRL Headquarters
building and the other end sloped down to a tree.
The feed line was brought in to Haq, club sta-
tion WIINF, and the SWR curve was plotted.
A Bird Model 43 wattmeter was used o make
these measurements. We found it necessary to
prop the center insulator with a wooden pole to
hold it about 10 feet above the corner of the
building. This resuited in the SWR curve shown
in Fig. 7. The curve compares favorably with the
manufacturer’s claim of an SWR of 1.5:1 or less
over the entire band.

The amount of sideways pull exerted on a
tower with the antenna in this configuration is
quite large. Any additional tug on the antenna,
ar a slight breeze, would cause the tower to sway
noticeably. We did not leave the cage up this way
for very long! 1f you want to support the anten-
na from your tower, I would recommend that
you hang the center insulator from an arm off
the tower.

After carefully coiling the antenna wires to
prevent kinks or tangles, 1 took it home for fui-
ther evaluation. My yard has two tall maple trees
in the center. There is no way to support an
antenna above those trees, so 1 decided to use
a branch of ope of them as a center support.
About half of one side of the dipole goes through
the top branches of this tree, about 30 feet off
the ground. One end is tied off to the peak of
my house roof and the other is supported by
another maple tree. One problem that developed
i5 a tendency for the wires to twist once the cage
is in the air. This may be a result of having
“rolled” the antenna carlier when we tried to
move it. BEven though this arrangement would
have to be considered less than ideal, a check of
the SWR curve revealed it to still be less than
2:1 over the entire 80-meter hand. Not bad!

The real question about any new antenna is,
“How does it perform compared to the old anten-
na?” Tn many cases, such a comparison is dif-
ficult because the old antenna is taken down to
make room for the new one. My comparison
antenna was a 135-foot inverted L fed through
1 Transmatch, | did not have to take this anten-
na down, and was able to switch between the two
conveniently. The inverted L is mostly horizon-
tal, also goes through part of a maple tree, and
is about the same height as the cage dipole. This
should permit a reasonable comparison to be
made. Received signals are two to three 5" units
stronger on the cage antenna. Transmitted signal
reports indicate the same results. For a while, [
had a hard time convingng some of my friends
on the Eastern Pennsylvania Emergency Phone
and Traffic Net that I had not moved back to PA!
The cage antenna made a definite improvement
in my 3(-meter antenna system.

14 A . TR e A

PREGUENCY 1 MHz Y

Fig. 7 — SWR curve for the 80-meter BN
Cage" antenna.

One ordeal | was not able to put this antenna
through during the review period was the test of
a typical New England ice storm, Several Head-
quarters statfers have virtually guaranteed me that
this antenna will come down in such a storm.
Their feeling is that the weight of the ice build-
1p on the cage wires will break either the support
rope ot the wires themselves, My own feeling is
that ice is not going to build up on the wires, The
insulating coat is guite staooth, and any water or
tce just seems to fall off. One snowstorm did stick
to the coaxial cables, the inverted L wire and even
to my Cusheraft R3 vertical. The snow built up
to about two inches in diameter, The cage wires
remained clear, however. This seems to support
my feeling, but 1’It have to wait for a real ice storm
to know for sure.

Specifications

A few things about the antenna specifications
are worth mentioning. Our measured SWR curve
does not go as low at the center of the band as
the manufacturer suggests it should. After some
thought, [ realized that the 67.2-Q coaxial-cable
impedance would provide some mismatch to the
Bird wattmeter and tfransmitter, which are
designed to operate into a 50-Q resistive load.
Under these conditions, the feed line will act like
an impedance transformer, and the impedance
seenn by the transmitter and wattmeter will de-
pend on line length and the degree of mismatch
at both ends. The rmeasured SWR will not
necessarily be the actual SWR caused by a
mistnateh at the antenna. Of course, there are
many other factors that will influence the SWR
measurement, but 1 found these few thoughts
shed some light on one aspect of the problem.

The 80-meter cage antenna has a wind-loading
surface area of about 2.5 ft2. In an 80-mph
wind, this would produce about 60 pounds of
force on the antenna. Add this to the 100 pounds
or so of force needed just to hold the antenna
up without unreasonable sag, and you will realize
that a couple of very sturdy end supports are re-
quired. This should reinforce what I said earlier
about not using your tower as an end support.

The manufacturer claims the coaxial cable sup-
plied with the antenna will handle 1000 W, but
I did not test this capability because I do not have
an amplifier. A few calculations indicate that this
should be reasonable power for a cable this size
to handle.

Besides the 80-meter antenna, WICP also has
cage antennas for 160 and 40 meters, If vou
like to operate at both ends of these bands and
want an antenna that will cover the entire band
with a low SWR, then I recommend the ““BN
Cage’® antennas. They are available from West
Jersev Communications Products, 932 Qakland
Ave., Burlington, NJ 080i6. Price class:
160-meter cage, $180; BO-meter cage, $100;
40/15-meter cage, $80. ~ Larry Wolfgang,
WAIVIL R
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THE QUAD-J-COLLINEAR ANTENNA

(1 This new antenna is essentially a four-
element, wide-spaced, collinear broad-side array.
However, it has been reduced to the minimum
possible overall size without diminishing its per-
formance. The Quad-J-Collinear antenna is a
highly efficient, bi-directional array that pro-
duces a moderate 6-dRB gain over a 1/2-) dipoie.
If it’s installed so the lower element is at least
1/2 X above ground, this array will provide low-
angle, elliptically polarized radiation useful for
DXing. The elliptical-polarization feature pro-
vides a desirable polarization-diversity effect,
which overcomes signal fading caused by
constant variations in ionospheric refraction.

Fig. 1 illustrates the basic principle of opera-
tion, and may also be used as a design guide.
Fig. 2 provides the dimensions for a 10-m anten-
na. The array is constructed from copper wire
for light weight and low wind resistance, It may
be suspended by nylon ropes from existing
towers, masts or even trees — provided that suf-
ficient separation between supports exists. .

This is a fairly broadband type of array and
provided the dimensional proportions are main-
tained, it will work effectively over a large fre-
quency range. Overall bandwidth is primarity
governed by the *“J*’ type phasing stubs and the
method employed in transmission-line matching.

Feed methods are left to your particular sta-
tion requirements. However, it should be known
that the feed point has a high impedance {> 1
k@), and is balanced. Because of these
characteristics, either tuned feeders or a 1/4-A
matching section with a balun (Fig, 2) may be
used. The length of coaxial cable from the balun
to the transcsiver is non critical in this applica-
tion, — Richard Schellenbach, W1JF, Reading,
Massachusetls

IMPROVEMENTS FOR THE AAGPZ
POWER CHARGER

[} The AASPZ Power Charger (Dec. 1982 QST,
p. 17) has proven most useful in maintaining my
HT battery in both mobile and home operation.
Zander’s article is informative as well as deserip-
tive, and the charger fills the need to quick-
charge a battery safely, | have a few comments
that will correct a minor circuit error, and help
the builder ensure that his battery is charged to
maximum capacity.

Correspondence received with the power-
charger pc board indicates that the emitter of Q4
is connected to the wrong side of the ammeter
jumper. A voltage drop in the meter could turn
on Q4 and limit the curtent to a lower-than-
normal value. Cut the pc trace and reconnect the
emitter of Q4 to the correct side of the jumper.

The text implies that RS should be left out for
a 700-mA charge-current limit; however, any
variation because of the tolerance of R1 and
other resistors will affect the current limit
value markedly. I my charger, R1 was actual-
Iy 1.1 @ and the limit was only about 250 mA/!

*Assistant Technical Editor

Conducted By
Dennis 4. Lusis,* W1LJ
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Fig. 1 — Drawing of the Quad-J-Coilinear
antenna, showing principal phase and
alament-length relationships.

A value of 1 kQ for RS was required (as indicated
by Eq. 1) to bring the limit to 700 mA.,

Calibration of the output voltage is extreme-
ly critical, and most inexpensive VOMSs are
definitely not accurate enough to do the job, Fur-
thermore, typical milliammeters have a relatively
high series resistance and will affect the charge
current when removed from the circuit. Here's
why: To charge the battery to 100% of capaci-
ty, the individual cell voltage must reach a
minimum of 1.42 V at a charge rate of 0.1C, or
11.36 'V for an 8-cell battery without an inter-
nal diode.* A set point of 11.20 V, or 1.40 V per
cell (as suggested), will result in only 15-37% of
full charge. | experienced an apparent loss of bat-
tery capacity, which was actually due to insuf-
ficient charge current at 11,20 V. Similarly,
voltmeter errors as little as 0.16 V or
milliammeter-induced voltage drops of the same
amount will result in failure to charge the bat-
tery properly.

The charge rate must taper to the normal
charge rate of 0.05C to 0.1C at 1.42t0 1.44 V

'Nickel-Cadmium Application Engineering
Handbook, 2nd ed., General Electric Co,
(Batte% Business Dept., Box 861, Gainesville,
FL 32802), pp. 422, 4-33.

Fig. 2 -~ Dimenslonal drawing of a2 Quad-J-
Collinear antenna for the 10-m band.
Resonance is set for 28.0 MHz.

per cell, or 22.5 to 45 mA for a 450-mAh
battery.? This charge rate may be left on in-
definitely. A charge rate of 0.02C is a trickle
charge, and it is used only to maintain a battery
which previously has been fully charged, The
power charger should not taper below 0.05C, or
the battery will never reach 100% of capacity;
0.1C is a better minimum value.’

You may wish to calibrate the charger with a
digital voltmeter as follows:

1} Using the slow-rate *“‘wall charger,” give
your battery a 16-hour charge,

Z) Connect the battery to the power charger
for at least one-half hour. Monitor the current
with a meter having a resistance of less than
0.24. You may use a current-sampling resistor
of 0.1 £ in series with the charger, and measure
the voltage drop across it with a good DVM. For
example, a reading of 0.0045 V indicates a charg-
ing current of 45 mA. (This measurement is
usually beyond the means of anything but
faboratory-grade instruments.)

3) If aiaboratory-grade DVM is not available,

*bid., p. 4-11.
Hbid., p. 4-12..
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connect the charger directly to the battery,
without any series resistor or ammeter, using the
{eads intended to be permanent, Measure the bat-
tery voltage with 2 DVM or laboratory-grade
analog meter.® Adjust R2 for a battery voltage
of 1.42-1.44 V per cell, adding 0.7 V if your bat-
tery pack has an internal diode. Adjust R3 so
that the vellow LED barely glows, then readjust
R2 (because of Interaction). Alternatively,
measure the voltage across B1 and adjust R2 and
R3 to give a reading corresponding to
0.05C-0,1C, V = R1 » 0.1C, so for a 450-mAh,
&-cell battery, V = 1.0 % 0.045 A = G045 V,
As a final thought, I strongly suggest the use
of a multifingered or other effective heat sink
and thermally conductive grease together on Q1.
Without them, excessive temperatures and ther-
:makeycling will eventually damage the transistor,
possibly damaging vour battery from overcharge.
- Sam Bases, K2IUV, Yonkers, New York

HYSTERESIS T.OSS AND METAL
DETERIORATION

{1 With reference to the article “* A Homemade
High-Power Tuning Capacitor’ (June 1943
8T), 1 suggest that brass washers be used for
this application. From my experience with high-
frequency rf circnits, [ have found that hysteresis
loss will eventually cause steel washers to
disintegrate where high currents are present.
- Bl Barnard, Jr., WBSACV, FElintridge,
Culifornia

MORE ON REFLECTED POWER

{71 Since Walter Maxwell, W2D1J, was gracious
in suggesting that my own article be
consulted,** T thought it propitious to add a
few comments. Maxwell’s most recent effort
quite correctly states the reflected-power case.’
My own article also attempted, in a heuristic
fashion, to describe the mechanism of reflection.
1 took into account matters seemingly most con-
tradictory to experience: That power is actually
reflected and shouid not be confused with
standing waves; and that power “flowing’™
backward doesn't necessarily cause the source
to suffer for it. I'm sure that more than one
amateur has suggested the possibility that
reflected power must somehow dissipate in the
output tank circuit. The corollary, that “*real””
power is not reflected, as suggested by some
authors, must therefore come as a relief to those
who don’t understand the mechanics involved.

The practicai result is that an understanding
of thissubject has little to do with the everyday
operation of most stations. We have all been
warned to avoid high SWR. If you operate a
modern solid-state, broad-band rig, protective
feedback circuits sitnply reduce or eliminate the
power output if feeding into a gross mismatch.
Thus, new amateurs rnight conclude that
operating into a high SWR limits the ability of
the amplifier to transter power to the load.
Vacuum tube users are more likely to conclude
that while it is entrely possible to transfer
maximum (or nearly so) power, reflected power
would cause all kinds of havoc to the final tubes

*Mercuric-oxide “mercury” cells (used In photo-
graphic light meters) can be used as preclsion
voltage-calibration standards. They are either
1.35 or 1.4 V, depending on type.

*“Faedback," Q8T, April 1983, p. 40.

sM.-Kramer, "Reflected Waves and Mismatched
Loads,” CQ, June 1978,

W, Maxwell, “The Reality of Reflected Power,”
Technical Correspondence, QST, Feb. 1983.
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and tank circuit. Of course, it’s all nonsense
{although some types of damage can result when
the SWR is excessive), but most hams avoid
trouble by resorting to a Transmatch circuit,
Thus, as Maxwell [ong ago advised, SWR real-
{v doesn’t mean all that much.

1 think the most interesting of the arguments
suggested by Maxwell is the analog to visible light
teflected from a mirror. Those amateurs who
have seen light both reflected from, and transmit-
ted through, a half-silvered mirror must ap-
preciate, a priori, that reflected power is real.
You can do this with a fTashlight as long as you
are willing to accept that the essential difference
is one of wavelenpgth. -- Martin R. Kramer,
K2KGF, Brooklyn, New York

LESSONS LEARNED

[Z1 1 recently had a potentially disastrous elec-
trical fire in my car. Here’s what happened: A
short developed in the line carrying 12-V dc to
the slide-in mount for my 2-meter rig.
{Everything was burned so badly | couldn’t pin-
point the exact cause.) Although the rig had an
in-line fuse, the short was on the battery side of
it. Consequently, the 12-V power line got so hot
that the insulation started to burn and parts of
the car were also ignited.

At 35 mi/h this was quite a thrill. | stopped
the ¢car and pulled (ripped was more like it!) the
tig from the slide-in mount. That of course didn’t
help a bit. [ ran back to the trunk, where the hat-
tary is located, grabbed a pair of diagonal eut-
ters and cut the wire coming off the positive bat-
tery terminal. 1 then ran back to the front of the
car and extinguished the fire by blowing and
swatting it out.

All this was bad enough, but I was very lucky
not to lose the whole car. 1 learned the following
lessons:

1) 1t’s 2 good idea to check your mobile in-
stallation periodically for possible loose connec-
tions and cut and chafed wires.

2) 1n addition to the fuse that protects your
rig, make sure every wire vou install is adequately
fused af the power source. Alternatively, rely on
the car fusing by making sure the wires you in-
stall going to the rig are at least the same or big-
ger gauge than the wires of the 12-V source you
are tapping. (The typical l-meter rig or car
radio/stereo ¢an trap vou. The in-line fuse is nor-
mally installed close to the unit, with 4 or 3 feet
of cord left for attachment.' Connecting that
wire to a source like an ignition switch exposes
vou to exactly the situation I hadl)

3) Carry a fire extinguisher,

Al of this may seem like overkill, but, believe
e, all you need is one fire at 55 mi/h to become
a believer. An ounce of prevention. .. - Hank
Garretson, W6SX, Edwards, Californa

KEEPING RF OUT

23 You can’t keep tf out of the shack! Even the
amateur who uses coaxial cable to the antenna
often weeps that the microphone burns his fip,
the vfo chirps, the keyer or computer doesn’t
work, or that sparks c¢an be drawn off of the
gauipment cabinets. The poor guy mutters that
he's “‘gotta get a better ground” and tries to
figure out the best way of running a wire to
carth.

His real problem isa’t ground, but that all the
pieces of equipment (inciuding the person

fmm = in. X 25.4; m = feet x 0.3048

hoiding the mike} ate at different rf voltages.
That potential difference vauses feedback and
sparks.

First, 4/l equipment cabinets should be wired
together with the shortest possible connections.
‘The cabinets can be strung together in a line, with
a good dc ground somewhere around the center.
tThis also is a good shock and fire preventative.)
Sometimes the connections are made to an inch-
wide copper strap running under the back lip of
the operating desk.

If the desk isn’t metal, the underside can be
turned into a ground plane by gluing aluminum
foil or tacking copper screen to it. If grounded
to the equipment, this plane will help all equip-
ment resting on it (including the amateur,
through his arms) to stay at the same r{ poten-
tial. 'This markedly reduces sparks, feedback,
and weeping., ~ David T. Geiser, WAZANU,
ARRL TA, New Hartford, New York G}

Feecback

17 Please note: P¢ boards and kits ot parts for
the ASCII/Baudot character generator in the
July issue of (ST (A Serial ASCII/Baudot
Character (Generator You Can Build”) are
available from Circuit Board Specialists, P.Q.
Box 969, Pueblo, CO 81002,

71 A number of readers have expressed dismay
aver Fig. 1 of **Wire Antennas for the Begin-
ner,” June 1983 37, p. 34. Some type of stress
relief should be used at either end of the anten-
na support cable to prevent damage to the vent
pipe from tree movement. Thanks to the many
who wrote us!

[} In **An [ntroduction to AMTOR,” July 1983
(ST, there is an error in the bibliography. The
reference to A. Daley should read: ....J/EEE
Transactions on Vehicular Technology, VT-26,
No. 3...

Strays '

In recognition of the 7600 radio amateurs in
Maryland, Governor Harry Hughes proclaimed
June 20-26 as Amateur Radio Week. Par-
ticipating in the presentation are (l-r) AK3B,
KK3C, Governor Hughes, WB3ELV and
KB30B.



Finding OSCAR 10

Using AMSAT-OSCAR 10 can be as simple as, “If you can hear
it, you can work it.” So, what's all the fuss about tracking?

By Steve Place,* WB1EY!

We’re about to share the wisdom of
the ages — the secret to using our OSCAR

satellites! Sorry, no mysterious ministra- -

tions by satellite sorcerers over rotators and
Yagis; no secret incantations passed on

from wizened Brujo to eager apprentice..

Simply stated, if OSCAR 10 is line-of-sight
to your station, vou can work it, How can
you tell when the satellite is within your
line-of-sight? You can hear it. Not so in-
timidating after all, is it?

Nonetheless, a lot of OSCAR 10 users
take the time to predict access times and
tracking angles. Though not absolutely
necesary, these techniques can help you
derive more enjoyment from your satellite
time as you advance beyond the first few
casual contacts.

To Track or Not to Track?

Onee you're equipped for satellite apera-
tion, vou’ll quickly tire of hit-or-miss
methods of tuning it in. When you’re in the
mood, OSCAR 10 may not be — that is,
it may not be within line-of-sight. Satellite-
tracker map devices and computer pro-
grams can help you pler your operating
time. You will know exactly when a satellite
will be within range of your shack — when
you'll first be able to hear it, and conse-
quently work through it — and exactly
when you’l lose access. Taking this a step
further, you can also predict when your
buddy in Des Moines or Saskatoon — or
even a 9Q5 in Kinshasa — will share line-
of-sight time to the spacecraft. Then you
can carry on to your hearts’ content
throughout the entire time that you both
have access. How many other Amateur
Radio ‘“‘bands” can you think of that
guarantee such reliable scheduling?

Most OSCAR aficionados have another
very good reason for predicting orbit times
and {racking. Like most hams, they want
to get the greatest possible ““mileage” for
their dollars.: Knowing that vou need
roughly 1000-W effective isotropic radiated
power (eirp) from your 70-cm ground sta-

*Manager, Club and Training, ARRL

_OSCAR 10 Status Update

AMSAT-OSCAR 10's kick motor was fired initially at 2236 UTC Monday, July 11, 1983, roughly
26 days after launch, The intended 107-gecond burn actuatly lasted for 190 secands, fifting
periges to 3058 km and the angle of inclination to 28,2 degrees. The final kick-motor fiting
was attemnpted at 0032 UTC Tuesday, July 26. Thotigh the command was sent several times,

- ang though telemetry indicated that the commands were received, there was no change in .

- ORIt The mMater did nof fire, -

The European Space Agency has anfounted that 53 seconds atter OSCAR 10 separated
from the launch vehicle on June 16, the Artane third stage caught up with and bumped
OBCAR 10 on the underside. AMSAT speculates that this colfision damaged a portion of the
ontiogfd plumbing; when the valves were opéned to mix the fuel and oxidant for the initlal
tiring, & Jeak ih the heltum (used for pressurization) lines emptied tha helivm tank, Thus, the

fina
T
A

ing was disabled for Jack of the necagsary hetlum pressure. - ) :
gh AMSAT-OSCAR 10's final orbit i$ not the one planred by AMSAT, it is nonetheluss
il.one that should provide years of longgistance, lang-duration communication. in-

. :gzﬁfﬁrié&jr&c}(mg goes; the problem fies mainiy-with. Phase i Trackers: Because the perigee

il precess more rapidly than with dp orbit at.a higher inclindtion angle, the ground-track

* B0y MRt Be changed more trequetiily, probably every tow weeks.

achedules, . - .

;s The.Mode 8 transponder was scheduied to be tufned on. for general use 1ar the first time
[ on August 6, Monitor W1AW and AMSAT Nets for orbital data and transponder operating

tion to -work through the Mode B
transponder, what’s the most cost-efficient
way to achieve this level? (Don’t be put off
by the term ejrp; it’s not a sorcerer’s incan-
tation. Eirp is simply the output power of
vour transmitter final amplifier, multiplied
by the numerical gain of any furcher
amplifier stages, multiplied by the
numerical gain of your antenna, divided by
transmission-line losses. Numerical gain is
not expressed in decibels; 3 dB is equivalent
to a numerical gain of 2; 6 dB is equivalent
to a numerical gain of 4; 10 dB is equivalent
to a numerical gain of 10.) In designing
vour ground station, you have many
choices.,

The solution settled on by the majority
of users is elegantly simple. The typical
output of today’s 70-cm (435-MHz)
transmitters or transmitting converters is
about 10 W. A typical off-the-shelf solid-
state amplifier provides about 10 dB of
gain, giving 100 W out when driven by 10
W. Average coax and connector lne losses
can be “‘guesstimated” at 3 dB, reducing
the power level to this point by a factor of
2 to 50. W. Finally, the typical gain of
antennas commonly used in OSCAR
ground stations is 13 dB, raising the power
level by a factor of 20 to about 1000-W
girp,

Not magic, just common sense. This is

also the most straightforward, economical .

approach for the user who chooses not to
build his or her own vhi/uhf amplifier.
Alternatively, you could use a higher-power
amplifier and lower-gain antenna as long
as the eirp comes to roughly 1000 W.

Though we've digressed a little, your
choice of ground station system will, to an
extent, determine your need for tracking.
A 13-dB gain antenna is very directional;
you must point it in the direction of the
other station to realize its full gain. In this
case, the other station is OSCAR 10. Map
plotters.and computer programs not only
help predict when. you have access to a
satellite, they also tell you where to point
your antennas at any given time,

Take heart, though: AMSAT-OSCAR
10 is & very “‘forgiving’® bird, For several
hours near its apogee (Farthest point from
earth) OSCAR 10°s apparent movement
from our perspective on earth is slight. You
won’t have 1o chase the spacecraft furiously
across the sky even with directional anten-
nas. Minor adjustments every half hour or
so will suffice,

Menu of Tracking Methods

Experienced OSCAR users take the time
to predict when satellites will be within
range. This helps them o squeeze every last
minute ouf of a pass, to schedule their
operating time in advance or to plan shared
access times for **skeds.’’ They track the

September 1983 a7



satellites because they typically use high-
gain vhf antennas that are directional.
Beginners, though, may just want a casual
taste of OSCAR 10; you may want only to
listen to the General Beacon at 145.810
MHz or to the activity in the passband
{centered about 145.903 MHz) as a first
step. Whatever your reasons for finding
(OSCAR 10, the following menu of pro-
gressively more precise alternatives will
bring vou on target quickly.

Easy-chair tracking. Following our basic
premise, *“If you can hear it, you can work
it,”” is. by far the simplest method. If you're
ready for a little satellite aciion, listen for
the General Beacon, plus or minus a few
kilohertz. Assuming your receiver performs
sufficiently well (as low a noise figure as
possible — a 2-dB-af or less preamplifier
is often worth the minimal expense), if you
don’t pick up the signal at first, scan your
2-meter receive antenna around in azimuth
(side-to-side). If you still can’t hear it, the
earth is probably between you and OSCAR
10 — the satellite is not within line-of-sight
of your station. if you do hear the signal,
peak it up by adjusting your antenna in
hoth azimuth and elevation (up and down).

For a first contact, many hams dispense
with rotators and use the ‘‘arm-strong”
method — aiming the antenna manually.
My friends and I have spent many hours

- working .together on OSCAR 7 and
(ISCAR 8 passes: One would work the sta-
tion while the other steered antennas that
were mounted temporarily on a camera
tripod in the front yard, raising eyebrows
throughout the neighborhood! OSCAR 10,
of course, simplifies the task enormously,
as it apparently hangs motionless in the sky
for hours at a time near apogee.

Apogee subsatellite point. A slightly
more efficient method is to use the time of
apogee, the latitude and longitude coor-
dinates of the subsatellite point (the point
on the surface of the earth directly under
the satellite) and a little common sense.
Though not every apogee will be in range
of every North American station (higher
latitudes are favored slightly over lower
latitudes}, a few hours before apogee is a
good time to start listening. Given the coor-
dinates of the subsatellite point (SSP),
you’ll know where to aim your antennas
in azimuth just as you know where to aim
your hf antennas to work a particular
country.

Don’t forget: You're steering a ““Great
Circle” course in aiming at the SSP — the
direction of the shortest distance on the sur-
face of a globe between your station and
the SSP. When the signal appears, peak its
strength by adjusting your antenna eleva-
tion. Apogee times and SSP latitudes and
longitudes will be available from many
sources, including WI1AW bulletins,
monthly orbit predictions (available from
Hq. to ARRL members only for ans.a.s.e.)
and even on the OSCAR 100 General
Beacon!

Phase [IT Trackers. Thousands of hams

05T

48

Fig. 1 — A typlcal Phase |l Tracker with range and bearing curves centered on Washington, DC.
The ground-track curva is derived for a satellite with a 35,800-km apogee, 1500-km perigee,
57-degree angle of inclination and an argument of perigee of 210 degrees — values that may dif-
fer significantly from those of OSCAR 10. The range circles are affixed over a particular QTH;
the ground track is drawn on a transparent overtay that rotates about the North Pole.

e

fite Information Available from
ySources 7 v 7 o
he staius of AMSAT.QSCAR 10 changes
.day 10 day. To determine the currant
‘status, moritor the daily WIAW butistins

. East Coast Net
. Mid Stafes Net
- Wast Coast Net

| 800 UTC - international Net
280 kHz 1800 UTC - International Net
MEAY Net and Calling Frequency in the
SR80 passband: 435.043 MHZ up
50 MHz down (approx.) .
MSAT-OSCAH 10 nparating intormation
50 be carrled on the M2 [ssbi and |2
IRTTY} Special Service Channels.

have used ARRL’s OSCARLOCATORS to
plan their QOSCAR work in vears past.
OSCARLOCATORs consist of a card-
board polar-projection map centered on the
North Pole, a range circle that you center
and fix on your QTH, and a large,
transparent, rotatable ground track
{satellite path) curve. By setting one end of
the ground track to the longitude where the
satellite crosses the equator (information
published months in advance), an operator

would know access and loss times and
minute-fo-minute antenna azimuth and
elevation bearings to a surprising degree of
accuracy. OSCARLOCATORs are simple
devices with range circles that are fixed in
gize because ail amateur satellites before
OSCAR 10 have orbited at constant
aftitudes. Whenever the ground track falls
within the range circle, you have access to
the satellite.

AMSAT-OSCAR 10 is not, however, a
constant-altitude, circular-orbiting
spacecraft. In its high, elliptical orbit,
OSCAR 10’s altitude is changing constant-
ly. Thus, the size of the range circle is not
constant; it grows larger as the spacecraft
fravels away from earth, and grows smaller
as the spacecraft travels toward earth. The
higher OSCAR 10’s altitude, the greater the
communications range through it; obvious-
ly, the greater the communications range,
the larger the range circle over your QTH
at that time. Therefore, the tracking device
for OSCAR 10 contains several concentric
range circles that are color-coded, each one
used during a specified portion of a given
orbit.

Additionally, the ground track is not the
smooth, gradual curve to which past
OSCAR users have been accustomed. It
more closely resembles an ocean wave seen
from the side. Whereas the ground-track
curves for carlier satellites were valid
throughout a satellite’s Hfetime, the
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Fig. 2 — AMSAT AMS-81 Tracking System screen displays {left to right):

{1} MAIN MENU — displayed after successful
program load;

(2) 8PAGECRAFT — choose from among 14
possible satsliites;

(3} Menu Selection 1: SCHEDULING — date
and time a particular sateilite will be within
ling-of-sight of your QTH (ahove your horizon);
the time, terrestrial distance and azimuth of

OSCAR 10 ground track will gradually
change. Given OSCAR 10°s final orbit (in-
clination angle about 26.2°), the ground-
track overlay curve will likely have to be
teplaced every three weeks or so to main-
tain tracking accuracy.

You’ll find tracking OSCAR 10 with a
Phase 111 Tracker is easy and accurate after
a few minutes of practice. The Tracker is
a good choice for OSCAR users who want
orbital prediction and tracking data, but
who do not have access to a
microcomputer,

For a more detailed discussion of this
method, and for instructions on making
your own OSCAR-10 Tracker, see
“AMSAT-OSCAR Phase Il on the
Horizon — Part 3" by Martin R. Davidoff,
K2UBC, in May 1980 QST

AMBSAT Sofrware Exchange. For those
of you with microcomputers, AMSAT of-
fers a variety of programs at very
reasonable prices. From orbit predictions
and azimuth/elevation antenna aiming
data to computer-automated antenna
aiming, AMSAT’s software eliminates your
tracking concerns altogether. Most of the
common personal computers are sup-
ported; programs are available in hardcopy
listings {85}, on standard cassette tape ($10)
and on 5¥4-in, diskette (315) from AMSAT
Software Exchange, Box 27, Washington,
DC 20044, Send an 5.a.s.e. for their catalog.

maximum communications range {ar range
and elevation for Phase 1l satellites);

4) Menu Selection 2: TRACKING ~ time in-
crements, antenna azimuth/elevation, slant
range, orbit phase (0 to 285; 0 = perigee, 127
= apogee) and Doppler shift;

i5) Menu Selectlon 3: KEPLERIAN FILE —
Kaplerian elemants used by AMSAT to define
a particular orbit; numbers to be plugged in

- OSCAR-10 Mode B Band Plan

& banid pian for the AMSAT-OSCAR 10
ode B transponder appears in the 1983
adio Amateur's Handbook, page 14-4, and
083, QBT, page 49, Thase diagrarms
2 presented using refative fragquency
Tsels from ant unspesified passband -
er.frequenty. Now that the satellite is
-OrbIt, AMSAT has refeased ihe acfual
efereénce fraquencias) you car logate any
parﬁiquia( activity in the passband using

 {Ground Station Transmit}
... Genter of passband
2 .. AMSAT Nof and Calling.
... Fremuency = = -

(Graund Statfon Receive)

~ General Bsacon

- Englnesring Beatcon

.. - Gentgr of Passband
AMBSAT Net and Cailing
- Fraquency :

© Approximate §3C H2
yoloe bulletin fraquency
Approximate §SC L2

“o owlRTTY bulletin

- trequency

. Note: All of the above frequencies should be con-

siderad dccurate to about 1 3 kMx to aliow {or
Coppler ahift,

Of particular interest to those of you
who do not yet own a personal computer
is the AMSAT AMS-81 project. For the
cost of a Timex Sinclair 1000 with 16K
RAM (less than $90 — not sold by

are available from many sources;

{6) Menu Selection 4: QTH — latitude,
lengitude and height (in meters) above sea
level of your GTH,

For detatled explanations see the program
documentation and the related articls in
Orbit #14,

[AMSATIRalph Wallto, WeRPK, photos)

AMSAT) you can calculate and disptay on
a television screen up-to-the-minute satellite
schedule, tracking and range information
{see Fig. 2). The program on cassette (also
compatible with the soon-to-be-released
Timex Sinclair 1500 computer) is available
with documentation for $15 from AMSAT
AMS-81 Tracking System, c/o Bob
McCaffrey, KOCY, 3913 29th St., Des
Moines, 1A 50310. A program listing, with
variables, is available for $5.

AMSAT’s AMS-8] Project Group
reports that work is also nearing compte-
tion on an AMS-81 add-on interface board
(real-time clock, D/A and A/D converters,
RS5-232 and enclosure) that will enable you
to use your TS-1000 computer to aim your
OSCAR antennas automatically under
computer control! Watch Orbit and QST
for announcements of interface availabili-
ty. This is one very intelligent way to put
an inexpensive microcomputer to work in
your shack,

What’s the a-track-tion? Tune in to
145.810 MHz and find out for yourself,
Your satellite tracking can be as simple or
as sophisticated as you like, The end result,
however, is to get you in contact with the
thousands of other OSCAR 10 users
worldwide, With the AMSAT-OSCAR 10
“band”’ open many hours each day, you’ll
wonder how you got along without our first
Phase III satellite! A=
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Owen Garriott: The Man Behind
the Mission

By Roy Neal,* K6DUE

When the Space Shuttle Columbia fifts off

from Cape Canaveral, Floride, on October
28, Amateur Radio will be aboard looking
fo make its own mark on history. If is
during that nine-dey mission, designated
8TS-9, that NASA Astronaur Owen
Garriott, WSLFL, will become the first
radio amateur to operate from space. Using
« specially designed 2-meter fm transceiver
and antenna. Dr. Garriott will attempt, at
certain times during the flight, to make
wo-way contacts with Amateur Radio
operators worldwide (see qccompanying
sidebar), Recently, NBC Science Editor
Roy Neal, K6DUE, had the chance to meet
with Dr. Garriott and find out more about
the man who will soon usher Amateur
Radiowinto the world.of manned space
copmunications. -

n Enid, Oklahoma, the main road is
“*Qwen Garriott Street.” Enid is as proud
of its astronaut as he is of his home town.
Garriott feels strongly that Enid gave him
the training and inspiration to become what
he is today — and Amateur Radio played
a prominent role.

During the early "40s, when Owen was
in junior high school, his father came home
with the news that the Enid Amateur Radio
Club was starting a code class. Father and
son began taking lessons. A few months
later, the club offered classes in the theory
and practice of radio, and the Garriotts
Lept right on studying. They went to the
FCC field office to take the fest for an
amateur license, and both passed. Owen
Garriott, Sr., became W3KWQ; Owen K.
CGarriott. got the call WSLFL.

The future astronaut’s first station was
a “*homebrew™ two-tube transmitter — a
616 feeding an 807. His antenna was a wire
strung from a bedroom window to the
garage, and 80-meter cw was his favorite
hunting ground.

By the time Owen graduated from high
school, his interest in radio had set him on
course for college. He earned a BSEE
degree from the University of Oklahoma
{1953) and an MSEE degree {1957) and a
PhD (1960) from Stanford, where he
taught electronics, electromagnetic theory
and ionospheric physics as an associate pro-
fessor. Later, he was presented with an
honorary doctorate from Phillips Univer-

*clo NBC News, 3000 Weast Alameda Ave.,
Burbank, CA 91523
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Aboard the Space Shuttle Trainer at Johnson Space Center in Houston, Astronaut Owen Garriott,
- W5LFL, goss through = trial run with the specialiy designed equipment he will use when he
becomes the first radio amateur to operate from an orbiting spacecraft. (NASA photo)
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sity in Enid. Qwen has authored or
coauthored more than 30 scientific papers
and a book, most dealing with ionospheric
physics. He remains & consulting professor
at Stanford.

As an electronics officer in the U.S,
Navy from 1933 to 1956, Owen saw duty
at sez on.several destroyers. Also, he has
fogged more than 4300 hours of {lying time,
including more than 2500 hours in jets.

In June 1965, NASA selected Owen as
a scientist-astronaut. As scientist-pilot

aboard Skylab 3, he was in orbit from July
28 to September 25, 1973, logging a total

of 1427 hours and 9 minutes in. space.

Owen also spent more than 13 hours in
three separate spacewalks outside the or-
bital workshop. He tried to get permission
to carry Amateur Radio equipment on that
flight, but NASA management turned
down the request.

Since then, Owen and fellow scientist-
astronaut Robert Parker have been
working as mission specialists, preparing
for the Spacelab 1 flight aboard the Space
Shuttle Orbiter Cofumbia. When NASA.
decided to allow him to operate 2-meter
equipment on-that flight, Owen says it was
a dream coming true - the achievement
of a project that had been on his mind since
he first became an astronaut,

In his 53 vears, Owen Garriott has re-
ceived many honors, among them the
Collier Trophy, the Goddard Memorial
Trophy and the NASA Distinguished
Service Medal — special honors awarded
to a man who has pioneered the technigques
of space. Now, he is about to pioneer
Amateur Radio from-the flight deck of a
spaceship. And one of his proudest posses-
sions is the ticket that reads *‘Owen
Carrioft, W3LFL.” Mg



They Made First Space
Operation Possible

A happy coincidence and three men in key spots have made
Owen Garriott's upcoming historic shuttle operation a reality.

By Peter R. O'Dell,* KB1N

H undreds of hams and nonhams in
MASA, AMSAT and ARRL have worked
tor more than 10 years to bring about the
first Amateur Radio operation from space,
but- three individuals (in addition to
Astronaut Owen Garriott) have played
critical roles, They are Major General
James A. Abrahamson, NASA’s Associate
Administrator for Space Transportation
Systems; Harry G. Craft, Jr., Mission
Manager for Spacelab (the primary mission
of 8T5-9); and Roy Neal, NBC Science
Editor (better known to us as K6DUE).

Ceen. Abrahamson, who is “on loan to
NASA from the Air Force, is the man who
approved the concept of an Amateur Radio
station aboard the Shuttle. A graduate of
MIT, he holds a master’s degree in
aeronautical engineering as well as having
trained as an astronaut with the Afr Force
Manned Orbiting Laboratory,

*ARRL Public Information Coordinator

Gen, James A. Abrahamson, NASA Shutile
Chiet

Spacelab Mission Manager Craft is the
man in charge of the STS-9 mission once
it’s in orbit. He is the person who has given
Garriott permission to operate -aboard

"STS-8. Craft is responsible for seeing to it

that the objectives of the mission are met
— sometimes it’s hard for us hams to recall
ihat the main purpose of the STS-9 mission
is Spacelab, but Craft is the man who will
keep the priorities straight. A native of
Huntsville, Alabama, Craft holds a RS
degree in elecirical engineering from
Auburn University and a master’s degree
in administrative science from the Univer-
sity of Alabama. He entered the Army in
1964 and served as a Signal Corps officer
in Vietnam and at the Army Missile School,
Redstone Arsenal in Huntsville. After
leaving the Army, he returned to work at
the Marshall Space Flight Center, special-
izing in scientific payloads and mission
management.

During a commercial break on the Today
show last spring, Roy Neal reminded Gen.

&T8-9 Mission Manager Harry G, Graft

Abrahamson of the often-talked-about
plans for an Amateur Radio station on 2
Shuttle mission. That happy coincidence set
the stage for one of Amateur Radio’s finest
hours. Neal is NBC’s leading expert on
aerospace coverage, and has been present

.at every one of America’s major space

flights. Born in Bryn Mawr, Pennsyivania,
Roy graduated from the University of
Pennsylvania, where.he majored in jour-
nalism, English and drama. He began his
ham radio career as W3GIB in Wayne,
Pennsylvania, in 1934, After serving in
Europe during WW 11, Neal returned to the
Philadelphia area, where W3GIB was
among the early experimenters with tri-
band antennas and 2-meter relay stations
{now called repeaters). In 1952, NBC
moved him to California, where he picked
up the now-famous call K6DUE.
Hundreds of people are playing a major
role in this operation. But all effort would
be to maught if it were not for the coopera-
tion of these three men, Gwel

NBC Science Editor Roy Neal, KEDUE
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JOTA — Worldwide Scouting
Through Amateur Radio

By Leo D. Kluger,* WBZTRN

The Jamboree-on-the-Air! What an
event! The combination of Scouting, friend-
ship and Amateur Radio. Rarely is the com-
munications medium put to such good use
as it will be on QOctober 15-16, 1983.

This 26th Annual Jambores is sponsored
by the World Scout Bureau in Geneva,
Switzerland, Scouts from the voungest
Cubs to the ofdest adult Scouters meet
Amateur Radio firsthand. Anyone in-
terested in Scouting and ham radio is in-
vited to join the fun. If you’ve ever been
a Scout, why rot join in? If you've never
been a Scout, it’s not too late to experience
the excitement and camaraderie.

HB9S, the World Scout Bureau Station,
and K2BSA, the Boy Scouts of America
National Hgq. ARC Station {now in W5
land, after the BSA National Headquarters
moved to Dallas), will be operating. The
New Zealand Jamboree will be represented
by ZL2APE, and many other local and na-
tional camp-out jamborees coinciding with
JOTA will have operating amateur stations
at their campsites.

The Scout Jamboree-on-the-Air (JOTA)
is an annual activity that enables Scouts
and other interested people all over the
world to talk to each other via Amateur
Radio. The emphasis of JOTA is not a
brief five- or 10-minute exchange of RST
reports and weather. Rather, i is the
cultivation of friendship over the air, the
exchange of thoughis, ideas and
experiences.

Through JOTA, international friend-
ships are made and old ones renewed, as
the Scouting community {called Guides and
Rovers in some countries) is made aware
of the international range of the movement.
JOTA is held for 48 hours every third
weekend in October. Those who participate
in this year’s JOTA can receive a QSL-sized
participation certificate or, for your Scout
uniform (if you have onej, a distinctive
pocket insignia.'

Last vear, the 25th JOTA was held on

tCertificates are available for an s.a.s.e, (20 cents
postage tor up to eight cards and 17 cents for
each additional eight cards) to Boy Scouts of
Amerlca, intemnational DivisionlJOTA Cards,
1325 Walnut Hill La,, irving, TX 75062-1296.
Reports and [ogs are not required, but photos,
articles, announcements and narrative reports
are solicited for a BSA report to the World
Seout Bureau. Send to JOTA Coordinator
g\é%ggm, 2168 Maxwell Ave., Hightstown, NJ

*Recruitment Program Manager, ARRL
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George Endres, K2ZLL, assistant Scoutmaster
of Troop 4 in Bloomfield, New Jersey, guided
these young Scouts as they demonstrated the
marvels of Amateur Radio to local Scouts
during the “Jamborae-on-tha-Air 1982" last
Cctober. (photo courtesy K2ZLU)

October 16-17, eoinciding with the 75th an-
niversary of Scouting. Ninety-nine coun-
tries participated, from Sri Lanka (457) to
the Jan Mayen Islands (JW).

In the U.S., activity was widespread. As
reported by Harry Harchar, W2GND, the
national JOTA coordinator, more than
8000 participation certificates were
distributed throughout the 50 states and to
several overseas districts that serve the
military services and the diplomatic corps.

The Canadian contingent was well
represented, with at least 1040 stations par-
ticipating. VE7TBAR was a real combina-
tion of Scouting and radio: a portable
operation on top of Mount Seymour, 1600
meters above sea level! As advance promo-
tion for JOTA, the special call sign
VE6CS] was used during the 15th World
Scout Jamboree held in July (983 in
Calgary, Alberta.

Following each JOTA, the World Scout
Burezu puts out a compendium of each
participating country’s activities. The 25th
JOTA provided participants with many
stories for future campfires. Among them
were

e Aeronautical mobile JOTA by
VK3PFH.

» In Bolivar, Argentina, Scouts braved
a heavy wind storm and the loss of elec-
fricity to make a few but well-earned
contacts.

» Cubical quads, specially built for the
event by Scouts in Luxembourg, resulted
in big signals — on the neighbors’ televi-
sion sets!

The first JOTA was held 25 years ago.

580 7,030 14.070 21,140 28.190 MHz ~
L 940 7.290 14.290 21.360 24,980 MHz,
The Ususl Novice, RTTY and 55TV fraquencies

Conceived by Les Mitchell, GIBHK, the
event was sponsored by the International
Scout Club of London. The first JOTA
“‘information letter’* explained some of its
purposes: ‘“Apart from individual par-
ticipation,- it is hoped that radio stations
will be set up in group and district head-
quarters and on camp-sites with the co-
operation of local Amateur Radio socleties
and clubs who are being asked to assist if
at all possible. . . The event is being express-
ly organized to Further the bonds of inter-
national friendship and brotherhood which
unite the Scout movement.”

From these beginnings have come
wonderful results and tremendous par-
ticipation. More than 400,000 individuals
have participated in JOTA during this past
quarter century.

Hidden transmitter (**fox’) hunts are an
extremely popular form of Scouting/
Amateur Radio competition in Europe,
particularly Scandinavia. The game com-
bines orienteering skills (a true Scout tradi-
tion) with the technological expertise
needed for optimal operation of a
transceiver. The keen competition seen in
Amateur Radio contesting in Europe is
dupticated in these activities (see Aug. and
Nov. 1976 QST for a detailed description
of European fox hunting).

Another popular event is the Radio
Hike. In this activity, one group of Scouts
takes to the trail and radios back verbal
descriptions of the traveled area to the base
camp where, based on these reports, other
Scouts map the area. Comparisons with a
commercially prepared map give an extra
degree of competition among different
groups.

With all this exotic and exciting Radio-
Scout activity, it's unfortunate that we
don’t have more 1.8, stations partici-
pating. So what's keeping you from join-
g in the fun? Call your local Scout
District office and ask for information
about a nearby troop. Contact the Scout-
master and invite his troop over for an
afternoon of international Scouting on the
air! (R



Teaching Team Receives 1982
Instructor of the Year Award

WBEEY and WD5BOW, a proficient and dedicated husband-and-wife
Instructor team, have motivated their students uncommonly well.

By Steve Ewald,* WA4CMS

If it’s true that some things in life are
“more caught than taught,”’ then I can say
that, in my Novice class, I ““caught*’ it. Oh,
f got the information that | went in there
fo get, but I carmne away with more. I came
away sold on Amateur Radio and on the
people involved. I'm sold on Paul and Vera
Woodland, too. They are the best. — Mike
Smith, NSFIQ

I am now a General class licensee and can
truthfully say that I give much of the credit
10 Mr. and Mrs. Woodland for their in-
struction and their encouragement glong
the way. — Jerry Neel, KASOIC

Amateur Radio, as a product, looks ex-
citing and full of wonder. But it takes the
special talent and concern of instructors
like Paul (WBEEY) and Vera (WD5BOW)
Woodland to inspire and guide newcomers
into Amateur Radio. This excellent
husband-and-wife teaching team from
Arlington, Texas, was chosen to receive the
Herb 8. Brier, W9AD, Instructor of the
Year Award.

The Lake County (Indiana) Amateur
Radio Club, in cooperation with the ARRL
Hgq. Training Branch, sponsored the fifth
annual award that recognizes outstanding
Amateur Radio license class instructors.
The award is named in memory of Herb
S. Brier, WY9AD, longtime Novice editor
far CQ. Brier dedicated his life to helping
newcomers, writing articles and setting a
fine example through his operating ac-
tivities. In 1978, the Lake County Amateur
Radio Club established the Instructor of
the Year Award to honor instructors who
have continued in the tradition of W9AD,
An impartial panel of licensed amateurs
awards this honor to the nominee who in
their judgment best exemplifies excellence
in volunteer instruction and the spirit of
Amateur Radio.

The Arlington Radio Club is grateful to
Paul and Vera Woodland for the superior

job they have done with their {raining pro-

*Training Assistant, ARRL

For instructors Vera (WDSBOW) and Paul
(WBEEY) Woodiand, team teaching provided a
winning combination for their students.

980 Dan Hoover, WBVEY . .
31 Eddie Miller, WSEX1. - - - 70
1982 Paul Woodland, WBEEY and

DT Vera Woodland, WDSBOW

gram. Last year, the club honored them for
their leadership and support. Paul became
a Silent Key in late Decernber 1982, leaving
Vera to continue the Novice classes, “With
the great help of many club members, I
hope to carry on Paul’s work,”* Vera said.

Paul, originally from Alma, Michigan,
got his start as an Amateur Radio instruc-
tot 30 vears ago when he taught his brother,
WEKIQ. Vera, also from Michigan, has a
professional teaching background. She was
first licensed in 1977, and now holds an Ad-
vanced class license, Paul’s and Vera's
teaching ¢xperience, patience and Jove of
Amateur Radio encouraged their students
to stick with their newfound interest and
join the Amateur Radio fraternity. Bach
class over the past several vears has
averaged 20 students, many of whom
recommend that their friends join the next
session.

The Woodlands stressed radio fun-
damentals, and found interesting and fun
ways to teach the material. “‘Paul’s 52 years
of experience as a licensed ham gave him
enough anecdotes and practical knowledge
to keep everyone wanting to know more,™
said Tom Anderson, KASOCO. Vera ex-
plained, *“Since many people in our classes
had no scientific background, we started

at the very beginning. For example, when
studying capacitors, we talked about how
they were made and what they did. After
several capacitors were shown to the class,
Paul made one using aluminum foil and
waxed paper. He charged it up, then
discharged it with 2 bang!™

““They had constant enthusiasm for
teaching,” said Melody Ripley, KASQOOD.
“My class was successful because the
Woodlands taught at our level — not so
hard to be discouraging, but difficult
enough to be challenging.”” And extra code
practice was always available, In the true
“Elmer”’ tradition of Amateur Radio
teaching, Paul and Vera helped their
students become acquainted with all phases
of the hobby, even after their licenses ar-
rived. To help promote activity in the
amateur community, Vera edifs a news-
letter for class members, helping new hams
keep in touch with each other and the spon-
soring club.

The first runner-up this year is George
“Ed” King, KB8OT, of Birch Run,
Michigan. Ed has set an admirable exam-
ple over the vears for his classes sponsored
by the Saginaw Valley ARC. The com-
munity holds a great appreciation for Ed’s
leadership in Amateur Radio, Red Cross
and civic activities. K8OT has taught with
gusto and enthusiasm, and many of his
students have responded with new and
upgraded licenses.

Second runner-up is W, L. **Bill’’ Baird,
WSGXU, of Graham, Texas. Bill has been
teaching the Lake Country ARC classes
since 1976, with more than (50 new
licensees to his credit. Bill encourages
students to learn by doing, so construction
projects highlight each course,

Honorable mentions go to BEd
Holdsworth, N2EH; Peter Kemp, KA1KD;
Doyle McGrew, KC35JS; Ronald Rose,
KW7W; and Gordon West, WB6NOA.
Congratulations to all these instructors who
have inspired their students with splendid
training programs.

Nominations are open for the 1983 In-
structor of the Year Award, Help us salute
outstanding Amateur Radio instructors by
writing to ARRL Hgq. with your
nomination. ]
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1983 ARRL National
Convention, Houston, Texas

By R. Jan Carman,” K5SMA

D allas may be known for its oil barons

and San Antonio for the Alamo, but for
a weekend this fall Houston will become
the Amateur Radio “‘capital’’ of the coun-
try, as radio amateurs from both sides of
the Continental Divide gather for the 1983
ARRL National Convention. As with past
ARRL National Conventions, Houston
Com-Vention 83 promises to be bustling
with Amateur Radio activity. So saddle up
the horses, hitch up the wagons and start
making plans now to join the fun.

'The Convention will be held on October
7-9, 1983, in conjunction with Houston
Com-Vention *83. Facilities will be pro-
vided by the Astro Village Hotel Complex,
adjacent to Astroworld and the Houston
Astrodome. Convenient to the Houston
freeway system and shopping and enter-
tainment facilities, the Astro Village three-
hotel and convention complex provides an
ideal setting for North America’s premier
Amateur Radio gathering.

Sponsored by Houston Ham Conven-
tions, Inc., in cooperation with 19
Houston-area Amateur Radio clubs, the
Convention will undoubtedly attract hams
from all across North America. HHC is a
tanagement committee that has organized
and operated the annual Houston Com-
Vention since 1979. A non-profit Texas
corporation, HHC is a volunteer profes-
sional management team composed of
members from the local supporting radio
clubs. The 1983 committee includes the
following members: HHC President and
General Chairman Tom Taormina, K3RC;
HHC Vice President and Publici-
ty/Publications Chairman Jan Carman,
KSMA; HHC Secretary/Treasurer and
Finance Chairman Mike Warner, K5JIN;
Exhibitor Chairman Bob Burns, W55JS;
Registration Chairman Dennis Motschen-
bacher, KZ3M; Facilities Chairman Russ
Seto, WSTMH; Activities Chairman
Richard Shankle, N3KV; and Intra-
Convention Activities Chairman George
Walker, KQ5W. Many other local ama-
teurs, working on committees reporting to
HHC, are also responsible for the suc-
cessful implementation of the convention.

Something for Everyone

The 1983 ARRIL National Convention is
packed with activities for everyone. Con-
vention activities and features include 110

*Publicity Chalrman, HHC, P.O. Box 79252,
Houston, TX 77278

54 II5T.

Focus of the 1983 National Convention is the Astro Village Hotel Complex (lower laft), located
next to the Astrodome (center} and Astroworld amusement park.

commercial exhibits; plenty of Free parking
convenient to all activities; tours of the
Johnson Space Center; Astrodome and
Astroworld (discount tickets available at
the convention) within walking distance;
nearby shopping and restaurants; covered
flea market; first SMIRK International
VHF Symposium and Tenth Anniversary
SMIRK Convention; International QRP
Forum sponsored by the Texas QRP Com-
tnittee; operation of special-events station
KM5J, arranged and operated by the
Brazosport Amateur Radio Club; first In-
ternational DX and Contest Symposium
sponsored by the Texas XX Society; fami-
ly activities; FCC exams; maritime mobile
group meetings; county hunters activities;
transmitter hunt; hospitality suites; huge
equipment auction held by the Houston
Amateur Radio Club; licensed YL activities
arranged by the Gaylarks; Saturday night
banguet; QWA activities; Wouff Hong
ceremony; convention and club prizes and
“*Amateur Radio in Space,” the events of
space shuttle mission 8TS-9, including, if
the schedule permits, a recording of the
first Amateur Radio space-to-ground QSO.

Featured seminar topics and guest
speakers in the Saturday and Sunday ses-
sions include Emergency Communication
Response Teams, by WDSAAH; Amateur
RTTY and the Red Cross, by AKS3N;
ARES, by K5BY; West Guif Division
ARES meeting, by W5GPO, N5FN, and
WASRVT; erection of the KPRC-TV
{(Channel 2) 1500-ft tower, by W5ANQ;
computers in Amateur Radio, by W@XI;
(OSCAR, by K4TWJ; Slow-Scan TV, by
E4TWI; holographic video, by K4TW;
RFI-TVI Cures, by W6BIP; vhf Super
Repeater System, by K9EID; electronics in
medicine, by N4BOS; rf Interception, by
W5PXH; RTTY-HAL Communications;
amphifier design, by ETO Electronics; Col-

lapse of the Senior Road 2000-ft Radio
Tower, by NSWW; ARRL forum, 3:30
P.M. Saturday; and NTS centrai staff
meeting, by K5RG.

In addition, the program is highlighted
this vear by three special-interest seminars
organized by leading groups in the fol-
lowing subject areas:

First SMIRK International VHF Sym-
posium and the 10th Anniversary SMIRK
Convention. This will be the inaugural
gathering of its sjize on an international
scale. 5ix Meter Internationai Radio Klub
(SMIRK) members in Texas have arranged
an outstanding list of speakers covering
major areas in the vhf/uhf spectrum.
Featured speakers and topics include Dr.
Rick Dorch HCIMD/HCS5 - Ecuadorian
VHF Activity and Galapagos Islands
DXpedition; Jim Treybig, W6JKV —
DXpeditions 1 Have Known; Joe Burke,
WAZOGS — Building YHF/UHF Anten-
nas; Marshall Williams, K5MB -~
Matching VHF/UHF Antennas; Ed Tilton,
WIHD(Q — Keeping up with the Sun —
HF/UHF Propagation, Parts 1 and 2; Bob
Heil, KS9EID — YHF/UHF Remote-Base
Techniques; Jim Stitt, WABONQ -
Building VHF/UHF Amplifiers; Al Ward,
WBSLUA — EME techniques; VHF/UHF
Editors Forum — Bill Tynan, W3XO,
Kazu Ogasawara, JAIRJU, and others;
Graham Baker, VK8GB — 6- and 2-Meter
Propagation Down Under; Al Fromm,
AL7C — Aurora Propagation; Jim Stitt,
WASBONQ — VHF/UHF Contesting; and
SMIRK VHE/UHF breakfast awards on
Sunday, with guest speaker Harry Wilson,
EI2W, and hosted by SMIRK President
Tex Kennedy, N5TX, SMIRK Vice Presi-
dent Roy Albright, N5SRA, SMIRK
Secretary and Treasurer Ray Clark,
K5ZMS, and the SMIRK Board of
Directors.



QRP Forum. The Texas QRP Commit-
tee has organized the QRP forum, which
represents the first time that a major QRP
program will be featured at an ARRL Na-
tional Convention. Featured speakers in-
clude Wes Hayward, W7ZOI well-known
receiver authority and coauthor with Doug
DeMaw, WIFB, of Solid State Design for
the Radio Amateur; Adrian Weiss,
WORSP, QRP editor of CQ; the Rev.
CGeorge Dobbs, GIRIV, secretary of
F-QRP Club; and George Burt, GM30XX,
avid QRP designer and ‘*homebrew’
enthusiast.

In addition to the QRP forum on Satur-
day, a QRP hospitality suite will be open
Friday evening beginning at 5 P.M. The
suite will be open to all interested amateurs,
and will feature most of the participants in
the forum, industry officials, convention
organizers and other guests.

A dinner for QRP enthusiasts is planned
for 8:30 P.M. Friday, at Angelo’s Fisher-
man’s Wharf Restaurant, 10200 S. Main
St., in the vicinity of the convention hotel
complex. There will be a cash bar prior to
dinner. Dinner is $15 per person at the
door, and QRPers will have their choice of
a seafood platter or a steak with vegetables,
salad, rolls and iced tea; gratuity included.
Organizers have promised no lengthy
speeches! Although advance registrations
for dinner are not required, those planning
to attend should notify Leo Delaney,
KCSEY, by Labor Day, at P.O. Box 383,
Bpring, TX 77373, or call 713-880-2340.
Drinner tickets will be sold at the door.

First International DX and Contest Sym-
posium. Sponsored by the Texas DX Socie-
ty, this event will be featured on Friday and
Saturday. The Saturday discussions are
designed to openly present issues of vital
interest to the DX and contest fraternity,
such as QRO, (excessive power), list
operation and contest ethics. Invited
panclists attending will include N6AA,
K4BAL, W9RE, KV4FZ, W6AM, W5IO,
KH6BZF, N4IN, K#TO, GIFXB, NdMM,
WIYL, K4FW, WE0AT, W4KFC and
K1ZZ. Other symposium topics and
speakers include Heard Island DXpedition,
K8CW; Spratly Island DXpedition,
KIMM; African DXpedition, Lloyd and
Iris Colvin, W6KG-W6QL: Amateur Radio
in China, W6AM; Super Stations,

The Texas DX Society continues its con-
vention traditions with the world-famous
TDXS hospitality suite, a weekend-long
event; the TDXS Friday night Texas Bar-
B-Q; and a code-recognition contest. Times
and places for these events will be posted
at the convention, listed in the program
hook and made available at the TDXS
hospitality suite.

Wait! There’s More

The convention banquet and cocktail
hour will be held Saturday ¢vening at the
convention center. Banquet activities in-
clude cocktail hour, dinner, ARRL Presi-
dent’s message and guest speaker Ron

Stone, dean of Houston television broad-
casters. The banquet is $22 per person, and
reservations must be made with advance
registration.

FCC examinations for Amateur Radio
licenses will be held Saturday at the Holi-
day Inn Astro Village, between 8 A.M. and
3 P.M. Seating i3 limited and on a first-
come, first-served basis.

The 14.313 Net Group, consisting of the
Maritime Mobile Net, Intercontinental Net,
Coast Guard Net, Pacific Net and Seafarers
Net will meet for an organized breakfast
on Saturday, October 8, at the Holiday Inn
Astro Village, beginning at 8 A.M. Tickets
will be available at the door. The group will
also have a hospitality suite available Fri-
day and Saturday evenings at the Holiday
Inn. For more information contact
WSYLP.

An auction of operating equipment will
be held Friday night at the convention com-
plex by the Houston Amateur Radio Club.
This is the ARRL National Convention ver-
sion of HARC’s very successful Friday
night selling spree. This event usually packs
the room, so plan to be there early. The
auction gets underway at 7:15 P.M., im-
mediately following the opening
ceremonies at 7 P.M.

The JSC Amateur Radio Club has ar-
ranged a special tour of the Johnson Space
Center for Com-Vention '83 attendees. At
9 A.M. Sunday morning, buses Ieave the
convention hotel for a most unforgettable
five-hour guided tour of JSC, including the
Space Museum, exhibits, and a tour of the
simulators and shuttle Mission Control. In
Mission Control, an astronaut will mest
with you for an interesting view of the
space program and a question-and-answer
session, The tour will return to the hotel
at 2 P.M. Special arrangements have been
made with the hotel to allow late checkout.
A must for the entire family, the cost is $8
per person for the bus and tourguide. Ad-
vance registration is required.

The Iake Houston Repeater Association
will host the flea market, this year bigger
and befter than ever. Spaces will be
available under cover, including one table
and chair, In addition, roped-off parking
spaces will be available for ‘‘tailgating.”
Hours are Saturday from 7 A.M. to §
P.M., and Sunday, from 7 A.M., to 3 P.M.
There is a $14 charge for each undercover
space, or $8 for each uncovered parking
space. Undercover space includes one table
and chair. Charges cover both days. First-
come, first-served both days.

The Brazos Valley Amateur Radio Club
will conduct an exciting transmitter hunt
on Sunday morning. Details and rules will
appear in the convention program book.
Major points are: Frequency is 146.52
MHz; each team must furnish its own
equipment, transportation and maps; wia-
ner judged on elapsed time and total
mileage; judges’ decisions are final.

For those driving to Houston who re-
quire directions and parking information,

a talk-in station has been established at the
Convention. Set up and manned by the
Houston Echo Society, talk-in station fre-
quencies are 69709, 146.52 and
222.66/224.26 MHz.

Hospitality suites will be open at various
times during the weekend, including Friday
and Saturday evenings. Suite room
numbers and operating hours will be posted
in the hotel lobby and in the registration
area.

Houston-area Amateur Radio clubs and
organizations participating in Houston
Com-Vention ’83 are Alvin Community
College ARC; Brazosport ARC; Brazos
Valley ARC; Cypress Repeater Club;
Exxon ARS, Buffalo Chapter; Gaylarks;
Houston ARC; Houston Echo Society;
Houston Shot Chapter, 10-10 International
Net, Inc.; Houston Telephone Pioneers
ARC; Intermedics ARC; JSC ARC; KATY
ARC; Lake Houston Repeater Association;
Matagorda County ARC; Pasadena Radio
Relay League; Texas DX Society;
Tidelands ARS; and University of Houston
ARC. Also recognized for their contribu-
tions to Com-Vention ’83 are regional and
international organizations Texas QRP
Committee, FOC, QUWA and SMIRK.

Convention registration can be ac-
complished in two ways: advance registra-
tion by mail, and registration at the door.
We encourage you to take advantage of ad-
vance registration by mail; it’s less expen-
sive and you receive at the Convention a
commemorative coffee cup free of charge.
Advance registration forms may be re-
quested by writing to Houston Com-
Vention ’83, P.O. Box 79252, Houston,
TX 77279. Advance registration is $6, and
applications will be accepted through
September 27, 1983, Advance-registration
packages must be picked up at the registra-
tion booth.

The Convention is being held at the
Astro Village Hotel complex. The head-
quarters hotel is the Astro Village Hotel,
with the other on-site facilities being the
Astro Village Lodge and the Holiday Inn
Astro Village. Room rates at the Astro
Village Hotel are single, $50; double, $60:
triple and quad, $62.

These are special convention rates. Com-
Vention ‘83 or the ARRL National Con-
vention must be mentioned when making
reservations to ensure the special rate.
Reservations must be made on or before
September 27, 1983, and may be made by
mail; a hotel reservation form is enclosed
with the advance registration form. You
can also make hotel reservations by calling
these toll-free numbers: 1-800-231-2360
(from locations outside ‘Texas) and
1-800-392-4398 (from locations within
Texas).

Free parking space is available in the
hotel complex, and unlimited free parking
is available in the Astrodome parking lot
immediately across the street from the
hotels.

See vou there! i} £
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New Novice Test Procedures

FCC lIssues Report and Order on PR Docket 82-727
e Tests to be graded in the field
e Question pool overhauled and made public
¢ Delays in fest processing reduced
¢ Possible new restrictions for examiners

By Curt Holsopple,* KSCH and Jonathan Towie,** WB1DNL

N ew procedures for giving Novice class
Amateur Radio examinations were adopted
by the FCC on June 29, 1983. Requests for
Novice written examinations under the pre-
sent system will be honored by the FCC’s
Licensing Division at Gettysburg, Pennsyl-
vania, until August 30, 1983. Effective
August 31, examiners for the Novice class
license must follow the new procedures.
Here's a report on how this action will af-
fect Novice applicants and examiners.

What’s changed?

Under the old program, an applicant for
a Novice class license was required to pass
a code test administered by a volunteer
Novice examiner. The examiner then sent
the applicant’s completed FCC Form 610
to Gettysburg and requested a Novice writ-
ten test. After that exam was mailed out,
administered and returned to Gettysburg,
the applicant had to wait several weeks
before learning the results. This was a
tedious process for the applicant and
examiner, and it caused substantial paper-
work for the FCC Licensing Division staff.

Under the new program, the tests will no
longer be issued one at a time by request
to Gettysburg. Al of the questions for the
Novice examination have been released by
the FCC to the public through PR Bulletin
1035-A., which is available free of charge
from any FCC Field Office. The questions
are also reproduced at the end of this
article.

Why publish the gquestion pool?

A person taking the Novice test must
answer 20 questions about Amateur Radio
rules, theory and practice. These are drawn
from a pool of 200 questions. The ques-
tions were written as a combined effort by
many licensed radio amateurs, and were
then edited by the FCC. Al the questions

*ARRL Volunteer Examiner Program Manager
**ARRBL Training Program Manager
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Fig. 1 — In the Certification sectlon on the back of the current FGC Form 610, the instructor
must write in three additions. They are shown in brackets,

are based on the FCC Element 2 Novice
study guide. Having the chance to see the
entire question pool word for word gives
the applicant a clear idea of what
knowledge the FCC considers necessary to
qualify for a Novice class Amateur Radio
license. Seeing the questions in advance also
removes the problem of “‘test shock,”
which sometimes has kept otherwise-
gualified persons from passing.
Publishing the question pool certainly
doesn't **give away the test.”’ The Federal
Aviation Administration (FAA) has used
this procedure for testing pilots, and has
had excellent results. A 200-item pool of
questions is sufficiently large; memoriza-
tion is no shortcut. To quote the Commis-
sion: “Tt is not likely thar anyone will
memorize such o formidable array of gues-
tions. However, if that feat is attempted
and mustered, we do not foresee that it
would compromise the examination. We
are convinced that, especially at the Novice
operator level, in the memorization process
a sufficient competency in radio theory and
amateur rules would unavoidably and
automatically occur.”’ Public disclosure of
the questions also is a form of test-item

quality control. The FCC has solicited in-
put from the radio amateur community to
ensure that the best questions are being
used.

You may submit new test questions at
any time. Write to any FCC Field Office
for PR Bulletin 1035, Aprif 1983, which
describes how test guestions may be sub-
mitted for consideration.

How is the test to be given?

The code test will be administered as
before; the new changes affect only the
written portion of the test. The question
pool has been subdivided by the FCC into
20 blocks of 10 questions each. An appli-
cant must answer one question, selected by
the examiner, from each of the 20 blocks.
Fifteen or more correct answers are needed
to pass the test.

{Jpon passing both the code and written
tests administered by the Novice examiner,
the applicant filis out an FCC Form 610.
Then, the examiner completes the Certifica-
tion section on the back, indicating that
both the code and written elements were
passed. Until the Form 610 is revised, the
examiner rus! write in three additions to



the Certification section: the sentence
3. I have exgmined the applicant and
he/she has passed Element 2'° and the
words “‘in Element I{4)" in two places (see
Fig. 1}.

The completed application is sent to the
FCC in Geftysburg. Since the FCC Licens-
ing staff will not need to handle test papers
or grade tests, the process of issuing a
license should proceed much more quickly.

What happened to the multiple-choice
answers?

The FCC has issued only the guestions
in PR Builetin 1035-A, including this note
of explanation: *“The examiners may use
their discretion as to the form of the
examination. It may be a single-answer test,
a multiple choice or essay type.”” This
opens several possibilities for the examiner.
The test may be conducted entirely on an
oral “‘interview’’ basis, with the examiner
asking the questions and the applicant
responding. Alternatively, the test may be
conducted in written form with fill-in-the-
blank or short essay questions.

Novice examiners are also free to con-
struct true/false and multiple-choice ver-
sions of the test in the field. This approach
may be preferred by some people, par-
ticularly for large test sessions. For those
of you who find the new Novice examina-
tion process a bit confusing, the ARRL will
be issuing a multipie choice version of the
question pool along with complete instrue-
tions to examiners and applicants. The
League’s version of the FCC Novice exam

is available from ARRL Headquarters; ask
for the ““ARRL Novice Test.”” Again, there
is no charge for the test, but an s.a.s.e. is
welcome,

Who may give the Novice test?

Commission Rule §97.28(b)0(2) lists the
gualifications for persons who administer
a Novice class test. Each Novice examiner
must

1) hold a current General, Advanced or
Extra Class operator license issued by the
Commission;

2} be at least 18 years of age;

3) not be related to the applicant;

4) not be in an employer-employee or
employee-employee relationship with the
applicant; and

5} not own a significant interest in or be
an employee of any company or other en-
tity engaged in the manufacture or disiribu-
fion of equipment used in connection with
Amateur Radio iransmissions, or in the
preparation or distribution of any publica-
tion used in preparing for obtaining
amateur station operator licenses,

We should note here that parts (4) and
(5) of this rule have raised some contro-
versy because of the potential for very
broad interpretation. ARRL has petitioned
for reconsideration of the ‘‘employee-
employee relationship” ban as overly
restrictive and unnecessary.

Introdacing the Question Pool

All 200 questions as issued by the FCC
are provided here. We have added page

references with each question to assist vou
in studying for the test. A booklet incor-
porating all of these changes will be in-
ctuded with the ARRL Novice study guide
Tune in the World with Ham Radio, and
subsequent editions of that book will in-
clude the new material.

A note about the question numbering
system: Each question is based on the FCC
Svllabus {see the Novice chapter of the
ARRL License Manual, the new Tune in
the World materials and the ARRL’s FCC
Rule Book). Each topic on the syllabus is
numbered uniquely. For example, the first
question is numbered 2A-1.1, The *2"
stands for ““Element 2 (Novice)'’ the “*A”’
is for the subelement on ‘“‘Rules and
Regulations;™ the first ““1”* indicates the
topic **Define: amateur radio service’”; and
the second “1’° is for that particular
question.

The FCC has given the Amateur Radio
Service an opportunity to remove needless
delays to the Novice class licensing process.
In their discussion of this proceeding, the
Commissioners wrote: **. , . we affirm our
belief in the fundamental integrity of
amateur licensees. They are, as a group,
dedicated to the ideals, principles and goals
of amateur radio.”

This is our opportunity - as licensed
amateurs — to smooth the path for would-
be Novice radio amateurs. If you wish to
become a registered instructor, or if you
have any questions about the new Novice
e¢xamination program, write to the ARRL,
225 Main St., Newington, CT 06111.

QUESTIONS FOR THE ELEMENT 2 AMATEUR RADIO OPERATOR LICENSE EXAMINATION

Note: In subelement 2A, references in brackets refer to Part 97
of the FCC Rules and Reguiations, available in the ARRL’s License
Manual and FCC Rule Book. Page numbers alone refer to Tune

SUBELEMENT 2A — Rules and Regulations (7 questions)

One (1} question must be from the following:

2A98

in the World with Ham Radio. Other sources cited are The Radio
Amateur's Handbook (HBK), the ARRL Antenna Book {ANT) and
Radio Frequency Interference (RFY), all published by ARRL.

What does the term frequency privilege mean? [97.7(c)]

In what frequency band is the Novice class operator trans-
mitting frequency privileges 3700-3750 kHz? [97.7(c)]

In what frequency barid is the Novice class operator trans-
mitting frequency privileges 7100-7150 kHz? |

Je)

What is the only emission authorized for use by Novice class

What does the term A7 emission mean? JQ?.T(e}]
What is the symbel for a transmission o

What does the term CW mean? (87.7(s)i
What, if any, emission privtle_?es are authorized to the
{

telegraphy by

)]

What is the only telegraphy code a Novice class operator

Which, if any, telegraphy codes may a Novice class operator
use baside the international Morse code? [97.7(e)]

What does the term emission mean? [97.7{(e)]

What is the term for a transmission from a radic station, as

2A-10.10 What does the term em/ission privileges mean? [$7.7(a)]

linder what circumstances, if any, may the control operator

cause unidentified radiocommunications or signals to be
transmitted from an armateur radio station? [97.123]
of the term unidentified radiccommuni-

What is the term for transmissions from an amateur radio
station without the required station identification? [97.123]
Under what circumstances, if any, may the control operator

2A-1.1  What is the Amateur Radio Service? [97.3(a)] 2498
2A-21  Who is an amateur radio operator? [97.3(c)]
2A-3.1  What is an amateur radio station? [97.3(e 28.9.10
gﬁ-g} \vaﬂaii‘ Es f}gmttreua radfofcommunrcaﬂons;? “?.a(b)] h
-8, at is that portion of an amateur radio license that conveys : .
operator privileges called? [97.3(d}] ¥ One (1) question must be from the foliowing:
2A-6.1 What authority is derived from an amateur radio station 2A-10.1
license? [97.3(d)] operators? [97.7(e)]
28-7.1  What Is a control operator? [97.3(c)] 2A-10.2
2A-7T2  ‘What is the term used in Part 87 of the FCG Rules to defina 2A-103
the amateur radio cperator designated by the licensee of an on-off keying? [97.7(e)]
amateur radio station to also be responsible for the 2A-10.4
emissions from that station?_}gT,a(o)] 2A-10.5
2A-8.1  What Is third-party traific? {97.3(v)] Novice class beside A17 [97,
2A-82 Who is a third-parfy in amateur radio communications? 2A-10.6
[97.3w)] may use? [97.7(e)]
One (1) question must be from the following: 2A10.7
2A-9.1  What are the Novice class operator transmitting trequency 2A-10.8
privileges in the 80 meter band? {97.7(¢)] 2A-108
2A-9.2  What are the Novice class operalor transmitting frequency used in the FCC Rules? [97.7(e)]
oAD3 \?\m"tegestit:l “ﬁe 4|0 melter band? [97.7(c)] ting 1
2A-9, at are the Novice class operator transmitting trequenc iy
privileges in the 15 mater ha%d? 197.7(8) g Trequency Qne (1) question must be from the following:
2A-9.4  What are the Novice class operator transmitting frequency 24111
priviteges in the 10 meter band? [97.7(c)]
2A-35 What, if any, transmitting frequency privileges are authorized r 8
to the Novice class operator baside those in the 80, 40, 15 2A-11.2 What is the meanin
and 10 meter bands? [97.7(c) cations or signals? [97.123]
2A96  In what frequency bands is a Novice ¢lass operator autho- 2A-11.3
rized 1o be the control operator of an amateur radio station?
97.7(c)] 2A-12.1
2A.9.7 hat does the term frequency band mean? [97.7(c))

of an amateur radio station willfully or maliciously interfere
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2A-12.2

2A-12.3

2A-13.1

2A-13.2

2A-14.1
2A-14.2

with or cause interference to a radiogcommunication or
signal? [87.125]
What is the meaning of the term maliciously interfere?

[97.125]

What is the term for transmissions from an amateur radio
station which are intended by the control operator to
disrupt other communications in progress? [97.125]

Undet what circumstances, if any, may the control operator
cause false or decz%ptive signals or communications to be
transmitted? [97.125]

What is the term for a transmission from an amateur radio
station of the word MAYDAY when no actual emergency has
oocurred? [97.121]

Under what circumstances, if any, may an amateur radio
station be used to transmit messages for hire? [87.112(a)]
Uinder what circumstances, If any, may the control operator
be paid to transmit messages from an amateur radio
station? {97.112(a1]

One (1) question must be from the tollowing:

248-15.1

2/-20.1

2A-20.2
2A-20.3

ZA-20.4
26:21.1
2A-21.2
2A-21.3

2A-21.4

2A-215°

What is one of the five principles which express the
fundamental purpose for which the Rules for the Amateur
Radio Service are designed? [97.1(2]]

Call signs of amateur radio stations licensed to MNovice
class operators are from which call sign gmup?

What is the format of a group U call sign? [113]

What are the call sic?n prefixes for amateur radio stations
licensed by the FCC? [112-113)]

In what call sign district will your amateur radio call sign
be assigned? [113]

With which amateur radio stations mag an FCC-licensed
amateur radio station communicate? | 7.39<a)(1)!:c

With which non-amateur radlo stations may an FCC-licensed
amateur radio station communicate? [97.82{a)(1)]

Under what circumstances may an FGC-licensed amateur
radio station communicate with another amateur radio
siation in a foreign country? [97.89(a){(1}

Lnder what circumstances (other than BACES operation)
may an FCG-licensed amateur radio station communicate
with a non-amateur radio station? j97.85(a)(1)]

What is the term used in FCC Rules ta describe transmitting
signals to receiving %pgaratus while in beacon or radio
contrel operation? (97.8%(a)(1)]

(2A-22 Logging-eliminated by rute change)

One (1) question must be from the following:

2A.23.1
2A-23.2
2A-23.3
2/-23.4
2A-23.5
2A-238

2A-23.7

2A.23.8

2A-23.9

2A-23.10

How often must an amateur radio station ba identified?
[97 84(a)]
How do | identity my amateur radio station communi-
cations? [97.84(a)]
Do the FOG Rules require an amateur radio station to
identify at the beginning of a transmission? [87.84(a)]
How often must an amateur radio station be identified?
97 84(a)]

hat is the FCC Rule for amateur radlo station identifica-
tion? (97.84(a)]
What is the least number of times an amateur radio station
must transmit its station identification during a 156 minute
communication? [97.84(a)]
What is the least number of times an amateur radio station
must transmit its station identification during a 25 minute
camrmunication? (97 84(a)]
What is the least number of times an amateur radio station
must transmit its station identification during a 35 minute
cammunication? [97.84(a)]
What is the longest period of time during a communication
that an amateur radio station does not naed to transmit
its station identification? [97.84{a)]
What is the ieast number of times an amateur radio station
must identify itself during a 5 minute ¢ommunication?
197.84(a)}

One (1) question must be from the following:

24241
2A-24.2

2A-243
2A-24.4

2A-25.1

2A-25.2

2A-25.3

2A-26.1
2A-26.2
2A-26.3
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What amount of transmitter power may an amateur radlo
atation use? [97.67(b)(d}]

What is the maximum transmitter power input permitted to
be used at an amateur radio station transmitting on
frequencies available to the Novice class operater? [97.67(b)d)]
In what circult stage in an amateur radio station
transmitter s power input determined? [97.67{b).(d)]

Which individual circuit power inputs must be included in
determining the total power input to the final amplifying
radio frequency stage to the antenna? [97.37(b).¥d?]

Should an amateur radio operator receive an Official
Notice of Viclation from the FCC, how promptly should
he/she respond? [97.137]

Should an amateur radio operator receive an Official
Notice of Violation from the FCC, to whom does he/she
respond? [97.137]

Should an amateur radio operator receive an Offigial
MNotlce of Violation from the FCC relating ta some viclation
that may be due to the physical or electrical characteristic
of the transmitting apparatus, what information must be
included In the response? [97.137]

Whom does the FCC ho