


ICOM IC-751A

“ITS WHATS INSIDE THAT COUNTS!”’

All HF Band Transceiver /
General Coverage Receiver

Advanced Circuit Designs

All Modes Built-in USB, LSB,
FM, AM, CW, RTTY

Superb Frequency Stability
Continuous Duty Operation
Crystal Clear Signal Quality

Midsize Masterpiece! The de-
luxe IC-751A includes more high per-
formance features and professional
circuitry per cubic inch than any
other HF transceiver. Its smooth-as-
silk operation and long-term reliabili-
ty produce the ideal contesting,
DX'ing. mobiling and portable rig.
Owning an IC-751A truly means
"Going First Class!”

Unsurpassed Quality and
Reliability. Quality and Reliability is
important to you and it's important
to ICOM. ICOM now covers you and
your investment with its exclusive

= 105

one year warranty. There's more!
The IC-751A’s receiver boasts 105dB
dynamic range for superb listening.
The 100% duty cycle transmitter
defies abuse and delivers 100 watts
of exceptionally stable and clean RF
output. Reliability. Quality. One

year warranty., That's ICOM.

All Bands, All Modes Included.
Operates 160 through 10 meters, it's
easily modified for MARS operation,
plus it includes general coverage re-
ception from 100kHz to 30MHz. No
compromise, no comparison!

32 Tunable Memories. Store
both frequency and mode informa-
tion. Use them to quick-access your
favorite spots or as 32 preferred fre-
quency-remembering VFOs.

A Modern Amateur's Delight!
Special attractions include an elec-
tronic keyer, semi or full break-in
rated to 40 WPM. panel selectable
500Hz/FL-32A CW filter, and volume
control-tracking sidetone. SSB trans-
missions are enhanced with an RF
speech processor and tone control to
produce sparkling clear audio. PLUS
there's a new rubberized tuning
knob for velvet-smooth tuning and a
full line of accessories and filters

RF Power Control. Varies output
independent of mic gain, ALC and
speech processor action. Enjoy
maximum “talk power” at any drive
level!

To see the IC-751A. contact your
local ICOM dealer

|ICO

Firstin Communications

ICOM America, Inc., 2380-116th Ave NE, Bellevue, WA 98004 Customer Service Holline (206) 454-7619

3150 Premier Drive, Suite 126, Irving, TX 75063 / 1777 Phoenix Parkway, Suite 201, Atlanta, GA 30349
ICOM CANADA, A Division of ICOM America, Inc., 3071 - #5 Road, Unit 9, Richmond, B C. V6X 2T4 Canada

All stated specifications are approximate and subject to change without notice or obligation. All 1COM radios significantly exceed FCC regulations hmiling spurous emissions
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Get It All Together With

KAM

Kantronics All Mode

KAM gives you CW, RTTY, ASCII, AMTOR, HF and VHF
PACKET all together in one unit.

We combined the features of
our UTU-XT and KPC-2 to give
you the true all mode unit you've
been asking for, the Kantronics All
Mode (KAM™ ).

KAM features bargraph tuning
and user programmable MARK
and SPACE tones for RTTY and
HF packet, as well as limiter/
limiterless operation on HF for
weak signal operation.

KAM’s CW demodulator is also
programmable for baoth center
frequency and bandwidth.

KAM'’s RS-232/TTL terminal
interfacing provides universal
compatibility to all computers,
including Commodores and PC
compatibles.

If you're looking for increased
sensititivity and the greatest
amount of flexibility in an
all mode unit, look to Kantronics.
We've got it all together in the
Kantronics All Mode.

Suggested Retail $319.00

[ KAM’s FEATURES

* Transmit and receive CW 6-99,
RTTY/ASCIl 45-300 baud, ARQ, FEC,
SELFEC, Listen ARQ, VHF and HF Packet.
* HF and VHF radio ports.

* Command driven by your computer with
over 100 software commands.

* User programmable baud rates for RTTY/
ASCIll—selectable in one-baud increments.
* User programmable MARK and SPACE
tones on HF, you choose the tones.

» Selective RTTY Autostart operation.

e Separate CW demodulator filter with pro-
grammable center frequency and bandwidth,

* Separate CW keying relay for positive or
negative keying.

* 12-pole programmable switched capac-
itance input filtering.

* Quartz synthesized AFSK or direct FSK
operation,

* RS-232 or TTL level operation by jumper
selection.

* 16K RAM (expandable to 32K), 256K
EPROM, EEPROM for parameter storage.

* Compatible with any computer having an
asynchronous serial |/0 port.

* FCC Part 15 compliant. w106

" EXTRA & simultaneous HF and VHF

SPECIAL Packet connects & digipeating.

FEATURES * HF/VHF Gateway operation.

K< Kantronics
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KENWOOD

..pacesetter in Amateur radio

“DX-(:ltmg"’

TS-4408 S
with general coverage rece

3 raue

ivel )0 m I
Frequency and mode may be stored in

Kenwood’s advanced digital know-how » Superior receiver dynamic range 10 groups of 10 channels each. Split fre
brings Amateurs world-wide “big-rig” Kenwood DynaMix™ Imjh sensitivity direct quencies may be stored in 10 channels
performance in a compact package. We mixing system ensures true 102 dB receiver for rej r operation
call it “Digital DX-citement”—that special dynamic range. (500 Hz bandwidthon 20 m) s TU-E S t (opt )
feeling you get every time you turn the » 100% duty cycle t mitter Subtone is memorized when TU-8 is installed
power on! Super efficient cooling permils continuous Superb interfe | reductio
e Covers All Amateur banas key-down for periods exceeding one hour IF shift, tuneable notch filter, noise blanker,

General coverage recewer tunes from RF input power is rated at 200 W PEP on all-mode squelch, RF attenualor, RIT/XIT

100 kHz —30 MH: 1sily modihied for SSB, 200 W DC on CW, AFSK, FM, and 110 .|l|<| optional filters fight QRM

HF MARS operation W DC AM. (The PS-50 power supply 1s s MC-435 ( luds
s Direct keyboard entry of frequency needed for continuous duty,) s

- IF I 1or

¢ All modes built-in
USB, L5SB, CW, AM, FM,
and AFSK. Made

lection is verified in
Morse Code

¢ Built-in automatic
antenna tuner
(optional)
Covers 80-10 meters

» VS-1 voice synthe-
sizer (optional)

A built-in S5B filter is
standard. When an
optional SSB filter
(YK-88S or YK-88SN) is
installed, dual filtering
is provided

HF TRANSCEIVER
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This month’s cover:
Can | patent it?

.. No, you can't patent the muli-
octave, omnidirectional antenna pic-
tured on the cover, because it's al-
ready been patented - by Harold A.
Wheeler, a well-known inventor and
holder of many patents in eléctronics
and communications, some dating
back to the late 1920's. U.S. Patent
No. 4,633,265 was issued to Wheeler,
with rights assigned to the Hazeltine
Corporation of Commack, NY, on
December 30, 1986.

Thanks to Harold Wheeler, the
Hazeltine Corporation, and Leo Zuck-
er, K2LZ (see ""Can | Patent 112"’} for
making these illustrations availabie.

- Ed.
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manned vs. unmanned space flight

Having recently celebrated the 25th anniversary of the launch of OSCAR |, the world’s first non-government orbiting satellite,
Amateur Radio has a proud history to look back upon, and an exciting future to anticipate. Our nearly two dozen experimental
communications satellites and three manned Ham-In-Space missions have made it possible for thousands worldwide to partic-
ipate, both personally and vicariously, in space exploration and research. They have also afforded us an unprecedented oppor-
tunity to compare the relative value and merits of manned vs. unmanned space missions.

Are the complexity, expense, and risk of manned space exploration justified, and if so, on what grounds? These questions
are voiced by the lay public from time to time, either in the wake of a disaster or when appropriations are under consideration.
The great strides in space exploration attributable to unmanned space probes raise some valid questions. Couldn’t shuttle-type
missions be accomplished by unmanned, computerized, robotically controlled machinery? Wouldn't this be cheaper, safer,
and easier than providing life support systems? Isn‘t man, in the final analysis, just so much excess baggage?

A more general question might be: Does the future of the space program lie in manned or unmanned missions? The un-
manned craft now in space, and those planned for the foreseeable future, are singular enough in purpose to be controlled
by telecommand. Their missions are of long duration and generally one-way; hence volunteer crew members are scarce. The
rationale behind unmanned space probes is obvious; that behind manned exploration less so.

The common justifications for a human presence in space fall into three categories: philosophical, political, and technical.
“Earth is the cradle of mankind,”” wrote early rocketry theorist Konstantin Tsiokovsky (1857-1935), “but man cannot live in
the cradle forever.”” We go into space for the same reason we climb mountains, explore caves, and sail the Queen’s ships
toward the edge of the earth and certain doom; because it is there, and we are who we are. We still rise to a challenge,
just as we did in Columbus’ day, and the challenges are much the same: propulsion, guidance, and environment. Within the
past generation we have met these challenges, to the extent that space travel is now not only possible, but almost routine.
But is it advisable?

The politician will consider the military aspects of a manned space presence, and conclude that further progress is inevita-
ble; the only question is whether to lead or to follow. A generation ago President Kennedy said, ““The exploration of space
will go ahead whether we join it or not. It is one of the great adventures of our time and no nation that expects to be the
leader of other nations can stay behind in the race for space.”

The United States and the Soviet Union may dominate, but no longer monopolize the quest for space. Japan and the Euro-
pean Space Agency are making great strides not only in their well proven launch capabilities, but in space manufacturing.
If the United States is to remain competitive we must continue to send manned laboratories into space. The financial and
scientific rewards are just around the corner.

The technological imperative for manned space missions becomes obvious when we consider the experiments which have
been carried aloft in the cargo bay of the space shuttle, just in the past three years. We have witnessed breakthroughs in
space manufacturing and materials processing, as well as astronomy, space plasma physics, life sciences, crystal growing,
antenna testing, remote sensing, radar experiments, and of course, Amateur Radio! The launching, retrieving and on-orbit
repair of unmanned spacecraft require mission specialists, as well as pilot astronauts to deliver hardware and personnel to
the lofty job site.

All that is present technology. In January of 1984 our President directed NASA to begin developing plans toward launching
a permanent space station by the end of the decade. Current schedules suggest that fabrication can begin this year, leading
to an operational space station between 1992 and 1994. Even allowing for further scheduling delays associated with returning
the space shuttle to service, it is clear that the question is not one of /i, but rather when. Already Europe, Canada, and Japan
have indicated an intention to participate in a truly international, permanent manned space presence.

There are still those who say manned space missions are tao costly, in human life as well as dollars and cents. But by the
National Transportation Safety Board’s uniform measure of safety — fatalities per hundred thousand miles — space travel
shines as the safest transportation mode yet devised! As for financial costs, how can one put a price on progress? The medical
breakthroughs alone justify the expense of the whole program. Through electrophoresis, the separating of cells by electricity
in microgravity, pharmaceuticals have been manufactured in earth orbit at 700 times the yield and five times the purity of
similar processes on earth. Dramatic advances in the treatment of anemia, cancer, diabetes, emphysema, dwarfism, thrombo-
sis, and viral infection are but a few of the tangible results.

We who have been privileged to participate in the Amateur space program, through our OSCARs, RSs, ISKRAs, and now
JAS-1 — as well as through the efforts and accomplishments of WELFL, WOORE, and DP@SL — are in a unique position
to appreciate the roles which both manned and unmanned missions will play in a well balanced space program. To whatever
extent we can influence national space policy, it behooves us to press for an aggressive space future which avails itself of
the relative strengths of both men and machines. It is not only prudent to pursue both avenues of exploration, but essential
to the advancement of civilization, and worthy of our financial and patriotic support.

Tedd E. Hankins, AMSAT 19192 and H. Paul Shuch, N6TX, AMSAT LM167
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KENWOOD

...pacesetter in Amateur radio

Attention “computing” hams! The
Kenwood IF-Series computer inter-
face units will enable you to connect
your TS-711A, TS-811A, TS-940S, or
TS-440S transceivers to your home
computer. RS-232C standard is
used, so the interface units are
compatible with many computers!

The IF-10A and IF-10B computer
interface boards and IC-10 IC kit are
designed to be installed inside the
transceivers. Control is performed
via the computer RS-232C port and

through the IF-232C level translator.
The level translator performs two
functions: (1) converts voltage levels
from the RS-232C port to the TTL
levels in the transceiver, (2) and acts
as a noise supressor. A complete
interface "kit" would include the
appropriate computer interface units
(IF-10A, IF-10B, or IC-10) and the
IF-232C level translator.

The applications of automated
station control are almost endless!
Just imagine...work DX from your
hand-held...operate OSCAR "“auto-
matically”...remote operation of your
station...or put together the “ultimate”
contest station.

Here's how you can put your transceiver “on-line”

This means that one program may be  Memory input and recall, frequency

used with several rigs, to minimize selection, frequency step, sub-tone

program changes. frequency, offset, antenna tuner,
DCS, scan, and many, many more
functions are accessible with the
Kenwood computer interface unit!

KENWOOD

TRIO-KENWOOD COMMUNICATIONS
1111 West Walnut Street

Complon. Califorma 90220
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NOVICES GET 220, 1270 MHz — PLUS
SSB AND DIGITAL ON 10 METERS

Novices will soon be eligible for full privileges in all emission modes (though with a 25-watt power limit) on
as yet unspecified subbands of 220 and 1270, as well as expanded privileges on 10 meters, which will be divid-
ed evenly between CW/digital (including packet, RTTY, ASCII, etc.) and SSB/CW. While complete details
were not available at presstime — in early February — more information is expected shortly, with the release
of the Commission’s official report and order. Informed sources predict that the new privileges will take effect
in late March or early April, perhaps even before you read this. ‘

In awarding privileges on 220, the FCC reportedly took the Amateur community somewhat by surprise, since
it had indicated earlier that 220 would not be a part of the enhanced Novice package because of unresolved
conflicts over thatband. A strong showing of support for granting 220 privileges to Novices, however, was credit-
ed for convincing the FCC of the importance of reserving portions of that band for Novice Amateur use. Though
not specified inthe FCC’s January 30 release, repeater operation is expected to be included among the enhanced
privileges.

According to the FCC release, Part 97 will not only be modified to include expanded Novice privileges, but
will also provide for the separation of Element 3 of the Amateur Radio examination into Elements 3(A) and 3(B),
providing different theory tests for Technicians and Generals. All Technicians licensed before the effective date
of the new regulations willbe “grandfathered,’” however, and will not be required to pass the new General theory
exam before upgrading.

Allexisting Novices will likewise be *’grandfathered’’ and will be allowed to operate on the new bands without
passing the new, more demanding Novice exam, which will be expanded to include questions pertaining to
operation on the newly-awarded bands. While current Novice examinations may be supervised by only one
licensed Amateur, Novice exams occurring after the effective date of the new privileges will be supervised by
two examiners. The FCC has specifically recommended that current Novice operators, who were authorized
the new privileges without additional qualifications, become knowledgeable in the new requirements before
using their new privileges.

According to the FCC release, the expansion of Novice privileges will be implemented in order to attract more
Novice operators to the Amateur service without diminishing theirincentive to upgrade to higher license classes.
FCC Private Radio Bureau Chief Mike Fitch was quoted as saying, ‘1 am delighted with the Commission’s ac-
tions. 1 believe the new operating privileges on the 0.23, 1.25, and 10-meter bands will attract new people to
Amateur Radio and keep their interest in the hobby by encouraging upgrades. We've provided these new growth
tools to Amateur Radio. It's now up to the Amateur community to put the tools to work."”

ham radio

6 March 1987



KENWOOD

.pacesetter in Amateur radio
Kenwood brmgs you the
greatest hand-held trans-
ceiver ever! More than just
“big rig performance,” the
new TH-215A for 2 m and
TH-415A for 70 cm pack the
most features and the best
performance in a handy size.
And our full line of accesso-
ries will let you go from ham-

shack to portable to mobile
with the greatest of ease!

freemy 141183 M

[CS5 decoder opliona

emaory Channe in slore fre

1ency, mequ I el
reverse swatch pos:tlon ind
| h fre uer

“seek scan” and priority
alert.

TRIO-KENWOOD: couwmcmcms e el R
<« 111 West Walnut Street g L
o Cﬂ[‘]:]pton' ..Ic_arfofma. m220" ., P A ‘.I , X Lk




can | patent it?

Some patent law basics
for the industrious Amateur

Although Amateurs often express interest in
obtaining patent protection for some circuit, anten-
na, or other device which they’ve conceived, they may
not have sufficient understanding of the patent proc-
ess to protect their inventions adequately.

In this article, we'll discuss what makes an inven-
tion patentable. We'll examine a typical patent appli-
cation, timing limitations, and employee agreements
covering inventions created on the job.

what is a patent?

Article |, Section 8 of the United States Constitu-
tion authorizes Congress to “’promote the Progress of
Science . . . by securing for limited Times to . . . In-
ventors exclusive Right to their . . . Discoveries”’ —
in short, to grant patents. While the constitutional
directive would appear to offer virtually unlimited pro-
tection, it's important to note that the owner of a pat-
ent has the right only to exclude others from making,
using, or selling the patented invention in the United
States without license by the owner. The patent grant
does not confer an absolute right to produce or mar-
ket the invention free of infringement claims by
another who holds a so-called ‘‘"dominant’’ or broad-
er patent {(more on this later).

The bulk of legislation dealing with patents comes
under Title 35 of the United States Code (35 U.S.C.),
as enacted in 1952 and amended to date. The federal
agency authorized to examine applications and issue
patents is the Patent and Trademark Office (PTO) of

8 March 1987

the United States Department of Commerce.* The
PTO’s Rules of Practice' deal with specific require-
ments for patent applications, procedures to be fol-
lowed while applications are pending, and payment
of maintenance fees for issued patents.

The PTO issues utility patents, patents for new vari-
eties of asexually reproduceable plants, and patents
for ornamental designs of articles of manufacture. Util-
ity patents are of potentiaily greatest interest to
Amateurs because they're granted to those who in-
vent or discover ’...any new and useful process,
machine, manufacture or composition of matter, or
any new and useful improvement thereof.’’? These
patents are granted for 17 years from date of issue,
but may lapse after 4, 8, or 12 years if maintenance
fees are not paid in a timely manner.

In electronics, utility patents were granted last year
for items ranging in sophistication from, for example,
an electric cord holder to nuciear magnetic resonance
(NMR) methods and apparatus. While it isn’t neces-
sary to furnish a model or prototype of the invention
with a patent application, the PTO does reserve the
right to require one. So if you've conceived of a de-
vice that consumes less energy than it produces —
i.e., a "'perpetual motion”” machine — be sure to have
a working model on hand. The patent examiner will
certainly want to see it.

To be worthy of a patent, the subject of a utility pat-
ent application must be more than just new and use-
ful. It must also have been “‘non-obvious’’ to one of
ordinary skill in the pertinent art when the invention

*Address: Commissioner of Patents and Trademarks, Washington, D.C.
20231.

Leo Zucker, K2LZ, 34 South Broadway, White
Plains, New York 10601
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was made.? The “non-obviousness’’ criterion is deter-
mined initially during PTO proceedings on an applica-
tion, usually by an evaluation of two or more prior
patents or publications which together show all the
elements of the claimed invention. If, in the examiner’s
judgment, it would have been obvious to a skilled
worker to combine the disclosures of the references
s0 as to give rise to the invention, your claims will be
rejected.

A word of caution: if you're making or selling an
article for which a patent is pending, you may use
terms such as “‘patent pending’’ on the article or in
advertising to dissuade others from risking an infringe-
ment suit should a patent ultimately be issued. The
false use of ““patent pending’’ or similar phrases, how-
ever, subjects the perpetrator to a maximum $500 fine
for each offense.

what to do before applying

Let's say you're trying to develop a system that
will automatically select from four different antennas
the one antenna that will provide optimum signal
strength while a signal is tuned on your receiver.
You've searched the available literature and found
nothing. You sit down and sketch out a system
as shown in fig. 1.

Even before trying out the system, sign and date

your sketch and have a withess who understands it
countersign the sketch. Properly signed and dated
sketches — preferably on sequentially numbered
pages of a hardbound notebook — can be used as
valuable evidence of the date of your invention.

You may then try to assemble all necessary parts
for your system and determine operating parameters
such as the following: the antenna sampling time and
protocol; the necessary increase in receiver AGC lev-
el a sampled antenna must provide over a previously
switched-in antenna, for the sampled antenna to be
switched on line; and the time period over which a
switched-in antenna will be held on line prior to initiat-
ing the next sampling routine. You may allow the oper-
ating parameters to be set in a microprocessor CPU
by an input device such as a keyboard and create a
program for enabling the CPU to carry out all operat-
ing functions.

When your system performs exactly as you planned,
make sure you properly record the successful test in
your notebook, with all components correctly identi-
fied. By doing this, you've established a so-called
“reduction to practice’ of your invention, evidence of
which may also be vajuable at a later time.

It isn't necessary to have actually reduced your in-
vention to practice before applying for a patent, how-
ever. Once you've conceived your system (for
example, as shown in fig. 1), and determined what
you believe to be all other details a skilled worker
would need to make and use your system in the best
way you know, you may consider filing a patent
application.

At this point it's wise to consider obtaining guidance
from a patent attorney or agent. A roster of attorneys
and agents registered to practice before the PTO is
available from the Superintendent of Documents,
Washington, D.C. 20402. You should, of course, feel
satisfied that a particular individual has the technical
background and experience to portray your invention
adequately in a formal application if you decide to have
him or her represent you before the PTO.

the search

Your attorney will probably advise that a search be
conducted before formal papers are filed with the PTO.
The cost of a search is often many times less than the
total cost — including drawings and filing fee — of
preparing formal application papers. It typically takes
about two weeks to conduct a search and obtain the
results.

The search should be directed to cover all impor-
tant aspects of your invention. Frequently, an inven-
tion disclosure may encompass more than one
patentable invention, and a professional search will un-
cover references pertinent to every aspect of your in-
vention that might qualify for a patent. Two or more
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Wide Dynamic Range and Low
Distortion — The Key to Superior
HF Data Communications

Dynamic Range >75dB « BER <1X10°>forS/N=0dB

40010 4000 Hz * 10 to 1200 Baud
BW Matched to Baud Rate » Linear Phase Filters

ST-8000 HF Modem

Real HF radio teleprinter signals exhibit heavy distortion, not sharp-skirted filters with high phase
fading and distortion, requirements that cannot be distortion. All signal processing is done at the input
measured by standard constant amplitude BER and tone frequency; heterodyning is NOT used. This
distortion test procedures. In designing the S-8000, avoids distortion due to frequency conversion or
HAL has gone the extra step beyond traditional test infroduced by abnormally high or low filter Q's.
and design. Our noise floor is at -65 dBm, not at -30 Bandwidths of the input, Mark/Space channels, and
dBm as on other units, an extra 35 dB gain margin post-detection filters are all computed and set for
to handle fading. Filters in the ST-8000 are all of the baud rate you select. from 10 to 1200 baud. Other
linear-phase design to give minimum pulse standard features of the ST-8000 include:

+ 8Programmable Memories « Signal Regeneration « FDX or HDX with Echo
Setfrequenciesin1Hzsteps « Variable Threshold Diversity « Spectra-Tune and X-Y Display
Adjustable Print Squelch + R§-232 Remote Control I/O » Transmitter PTT Relay
Phase-continuous TX Tones = 100-130/200-250VAC, 44-440Hz + 8 or 600 Ohm Audio Output
Split or Transceive TX/RX - AM or FM Signal Processing « Code and Speed Conversion
CRT Tuning Indicator = 32 steps of M/S filter BW Signal Amplitude Squelch
RS-232C,MIL-188C, or TTLData  » Mark or Space-Only Detection < Receive Clock Recovery
8,600, or 10K Audio Input « Digital Multipath Correction « 3.5" High Rack Mounting

. 8 & ¥ &
.

.

Write or call for complete ST-8000 specifications.

HAL Communications Corp.
Government Products Division

Post Office Box 365

Urbana, lllinois 61801

(217) 367-7373 TWX 910-245-0784
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patents sometimes stem from a single “parent
application.

Even if the results are discouraging, you'li get a good
idea of how your invention stacks up against the state
of the art. If you later conceive of certain additions
or improvements to your invention which are not sug-
gested or "‘obvious’’ over the references found in the
search, you may then give serious thought to obtain-
ing patent protection for the later version.

A patent search can be beneficial in other ways.
Remember that even if your invention is eventually
patented, it could still infringe upon an enforceable
patent of broader scope. Such dominant patents of-
ten turn up in the search, and you will at least be fore-
warned of their existence at an early stage.

the application

If all systems are ‘‘go,”” you’ll want to have a for-
mal application prepared and filed with diligence at the
PTO. Although the process of examining an applica-
tion and issuing a patent, if warranted, takes time,
there’s now a definite trend toward shortening the
traditional wait between filing and final disposition.
Furthermore, both the applicant and his or her attor-
ney now must inform the PTO of all information they
know ““which is material to the examination of the
application or else face strict sanctions.® Such infor-
mation includes those patents found during prior
searches, and thus can be of great help and save time
for the examiner who conducts the search at the PTO.

A complete patent application includes a written
description of the invention sufficient to enable one
skilled in the pertinent art to make and use it; one or
more claims delineating the scope of the invention
described; a drawing of one or more figures if neces-
sary; an oath or declaration by the applicant stating,
inter alia, that he or she believes himself or herself to
be the original and first inventor of the claimed sub-
ject matter; and the required filing fee.

Using the automatic antenna select system pro-
posed in fig. 1 as an example, your notebook entries
will provide a good basis for the written description.
If you've arrived at one or more variations of the origi-
nal configuration you think would enhance the sys-
tem construction or performance, these alternative
“embodiments’’ must be specified as well. The
description must be adequate to enable a skilled work-
er to make and use the invention you’'re claiming.

The claim(s) of invention must particularly point out
and distinctly claim those aspects of the system you
regard as your invention. Depending on what your
search uncovered, you may feel you're entitled to rela-
tively broad, intermediate, or only narrow protection.
Each claim generally must read as a single sentence.
In cases where the invention itself is believed quite nar-
row, just one claim having very specific terminology

START

}

INITIALIZE

|
|

ENTER OPERATING

PARAMETERS

SWITCH AND SAMPLE A,8,C,D,

DETERMINE  AGCpax

[

SWITCH IN Max ABC.D

AND MOLD

fig. 2. System operation flow chart.

may occupy two or more pages of the application
papers.

A drawing showing at least the overall system as
shown in fig. 1 would facilitate the drafting of the writ-
ten description, which can make frequent reference
to the illustrated system components while explain-
ing their structure and operation.

Once completed, your application should be filed
promptly with the PTO along with the prescribed oath
and filing fee. If all formal requirements are met, it will
be accorded an official filing date and serial number,
and then routed to a patent examiner for further
action.

Don’t forget to disclose to the PTO all material refer-
ences of which you’re aware. You can do this by fil-
ing a separate statement with your application papers
or shortly thereafter.

what about software?

You may have taken considerable time and effort
to create working system software and wonder if it
alone can be protected by a patent. Insofar as soft-
ware is only a list of instructions addressed to and per-
formed by a computer to bring about a certain result,
a patent is generally not available for software, per se.
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You may, however, apply to register your software
with the Copyright Office at the Library of Congress,
Washington, D.C. 20559. For further information, call
or write the Copyright Office and ask for Circular No.
R61, ‘‘Copyright Registration for Computer
Programs.”’

Since your software enables your system (fig. 1)
to operate as you intended, a flow chart such as
shown in fig. 2, depicting the system operation when
properly programmed, is a worthwhile, possibly even
essential addition to your original application dis-
closure. A full listing of your program need not be in-
cluded with your written description, as long as a
skilled programmer could arrive at a working program
without undue difficulty by referring to your written
description and drawings.

some important time limits

As mentioned, it's important to move swiftly once
you decide you’ve conceived of a patentable inven-
tion. Suspension of pre-filing development work for
a long time without good cause can amount to an
““abandonment’’ on your part. The result — if another
person conceives the same invention and acts without
delay to file an application, he or she may be the one
entitled to any patent which may be issued.

If your invention was patented or described in a
printed publication anywhere in the world more than
a year before your application filing date in the United
States, you'll be barred from obtaining a patent here.
You'll also be barred if the invention was in public use
or on sale in the United States more than one year
prior to your filing date.5 For example, if an article
describing all essential details of your automatic
antenna selection system appears in a magazine pub-
lished in Japan on January 1, 1987 — and you believe
you're the original inventor — you have only until
January 1, 1988, to apply for a patent in the United
States.

Another example: suppose your antenna selection
system works so well you decide to manufacture a
large quantity and offer it for sale through an adver-
tisement in the January 1, 1987, issue of ham radio.
Your deadline for filing a United States application (as-
suming no prior disclosures) is January 1, 1988.

Although you may disclose your invention publicly
up to one year before filing an application in the Unit-
ed States, it's sometimes necessary to file before pub-
licly announcing or commercially exploiting your
invention. One example is when you wish to file cor-
responding applications in certain other countries
where ‘‘absolute novelty’’ requirements exist for pat-
ent applications. That is, the patent laws of some
countries do not allow public disclosure of an inven-
tion anywhere in the world prior to filing an applica-
tion with their governments. Because other time bars

12 March 1987

may exist, in your case, consult your patent attorney
or agent prior to filing.

employment agreements

Amateurs who work in technical capacities for
others may be required, as a condition of employment,
to execute a written agreement to assign all inventions
they develop while on the job to their employer. With-
out such a written agreement, the employer could not
claim title to any patents obtained by the employee
independently. The employer would derive only a
’shop right’’ or royalty-free license to use the patent-
ed invention.

Because the employee agreements are generally up-
held if contested in court, employees who are subject
to them should review them carefully before applying
for patents on their own. Sometimes an employer will
release an invention after an employee discloses the
invention and the employer decides not to pursue a
patent. Upon obtaining such a release, the employee
is then free to apply for a patent — at his or her own
expense,

conclusion

The patent system is an integral part of our nation’s
commercial activity and growth. To foster and reward
inventiveness, the framers of our Constitution em-
powered the owner of a patent with the right to ex-
clude others, for a limited time, from making, using,
or selling the claimed invention in the United States.
Before obtaining this right, however, the patent ap-
plicant must describe the invention in a manner suffi-
cient to enable others skilled in the relevant art to make
and use it.

Individual inventors and small businesses play a
prominent role in advancing the state of the art in
many high technology fields. To encourage this initia-
tive, the PTO reduces by 50 percent its patent filing,
processing, and maintenance fees for applications filed
only in the interests of individual inventors and smali
businesses (i.e., those with 500 or fewer employees).

The next time you conceive a new circuit, system,
antenna, or any other useful device or process — and
feel you can exploit it on your own — consider con-
ducting a professional search. You just might have the
makings of a patentable invention.

references

1. Title 37, Code of Federal Regulations (37 C.F.R.).
2. 35 U.5.C. Sec. 101.
3. 35 U.S.C. Sec. 103.
4. 37 C.F.R. Sec. 1.56.
5. 35 U.S.C. Sec. 102.

Leo Zucker, a patent attorney, welcomes inquiries from readers and sug-

gestions for future articles.
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MF] TUNERS

all at a great price!

Meet '‘Versa Tuner V''. It has all the
features you asked for, including the
new smaller size to match new smaller
rigs-only 10%"'Wx4'2""Hx14 7/8"'D.

Matches coax, balanced lines, ran-
dom wires—1.8 to 30 MHz, 3 KW PEP
—the power rating you won't outgrow
(250pt-6KV caps).

Roller Inductor with a 3-digit turns
counter plus a spinner knob for pre-
cise inductance control to get that
SWR down to minimum every time.

Bulit-in 300 watt, 50 ohm dummy
load, bullt-in 4:1 ferrite balun.

MFJgsgas 34995

This may be the world’s most popular 3 KW roller inductor tuner because t’s small, compact, rellable,
matches virtually everything and gives you SWR/Wattmeter, antenna switch, dummy load and balun —

Lighted Cross-needle Meter reads
SWR, forward and reflected power all in
one glance. Has 300 and 3,000 watt
ranges. Meter light requires 12 VDC

6 position antenna switch (2 coax lines,
through tuner or direct, random/ba-
lanced line or dummy load). 50-239
connectors, ceramic feed-throughs,
binding post grounds

Deluxe aluminum low-profile cabinat
with sub-chassis for RFI protection,
black finish, black front panel with
raised letters, tilt bail

MFJ’s Fastest Selling TUNER
mrs-o410 $99.95

MFJ's fastest selling tuner packs in plenty of new
features. New styling! Brushed aluminum front
All metal cabinet. New SWR/Wattmeter' More
accurate, Switch selectable 300/30 watt ranges
Rend forward/reflected power.

New antenna switch! Front panel mounted, Se-
lect 2 coax lines, direct or through tuner, random
wire/balanced line or tuner bypass for dummy load

New alrwound Inductor! Larger more efficient 12
position airwound inductor gives lower losses and
more watts out. Run up to 300 RF power output

Matches everything from 1.8 to 30 MHz! dipoles,
inverted vee, random wires, verticals, mobile
whips, beams, balanced and coax lines.

Bulit-in 4:1 balun for balanced lines. 1000 V ca-
pacitor spacing. Black. 11 x 3 x 7 inches. Works
with all solid state or tube rigs. Easy to use any-
where.

MFJ's 1.5 KW VERSA TUNER IlI

wrs-g628 $229.95

Run up to 1.5 kw PEP and match any feedline con-
tinuously from 1.8 to 30 MHz: coax, balanced line
or random wire.

Lighted Cross-needle Meter reads SWR, forward
and reflected power in one glance. Has 300 and
3,000 watt ranges. 6 position antenna switch
handles 2 coax lines, wire and balanced lines.
4:1 balun. 250 pf, 6 kv variable capacitors. 12
position ceramic inductor switch. New smaller
size matches new rigs: 10% x 4%z x 14%
inches. Flip stand for easy viewing. Requires 12V
for light.

MFJ’s B_os_lVERSA TUNER
mrs-saec $149.95

MFJ's best 300 watt tuner Is now even better!

The MFJ-949C all-in-one Deluxe Versa Tuner ||
gives you a tuner, cross-needle SWR/Wattmeter,
dummy load, antenna switch and balun in a new
compact cabinet. You get quality conveniences
and a clutter-free shack at a super price.

A new cross-needle SWR/Wattmeter gives you
SWR, forward and refiected power—all at a single
glance. SWR is automatically computed with no
controls to set. Has 30 and 300 watt scale on easy-
to-read 2 color lighted meter (needs 12 V).

A handsome new black brushed aluminum cabl-
net matches all the new rigs. Its compact size (10 x
3 x 7 Inches) takes only a little room.

You can run full transcelver power output—up 1o
300 watts RF outpul—and match coax, balanced
lines or random wires from 1.8 thru 30 MHz. Use
It to tune out SWR on dipoles, vees, long wires,
verticals, whips, beams and quads.

A 300 watt 50 ohm dummy load gives you quick
tune ups and a versatile six position antenna switch
lets you select 2 coax lines (direct or thru tuner),
random wire or balanced line and dummy load.

A large efficlent alrwound Inductor—3 Inches in
diameter—gives you plenty of matching range
and less losses for more watts out. 100 volt tuning
capacitors and heavy duty switches gives you safe
arc-free operation. A 4:1 balun is bullt-in to match
balanced lines

Order your convenisnce package now and enjoy.

2 KW COAX MF-m2 2
SWITCHES  $19.95

MFJ-1702. $19.95. 2 positions.
60 dB Isolation at 450 MHz.
Less than .2 dB loss
SWR below 1:1.2.
MFJ- 1701, $29.95.
6 positions. White
markable surface
for antenna positions

$29.95 mrs-1701

ORDER ANY PRODUCT FROM MFJ AND TRY IT-NO
OBLIGATION. IF NOT SATISFIED, RETURN WITH-
IN 30 DAYS FOR PROMPT REFUND (less shipping).
* One year unconditional guarantee » Made in USA
* Add $5.00 eath shipping/handling * Call or write

for free catalog, over 100 products.

MFJ’'s Smallest VERSA TUNER

MFJ-9018

$59.95

MFJ's smallest 200 watt Versa Tuner matches
coax, random wires and balanced lines contin-
uously from 1.8 thru 30 MHz. Works with all solid
state and tube rigs. Very popular for use between
transceiver and final amplifier for proper match-
ing. Efficient airwound inductor gives more watts
out. 4:1 balun for balanced lines. 5 x 2 x 6 inches
Rugged biack Ml aluminum cabinet

MFJ’s Random Wire TUNER

MFJ-16010

$39.95

==

MFJ's ultra compact 200 watt random wire tuner
lets you operate all bands anywhere with any trans-
ceiver using A random wire. Great for apartment,
motel, camping operation. Tunes 1.8-30 MHz
2 x 3 x 4 inches

MFJ’s Moblle TUNER

MFJ-945C "

$79.95 [N _'_ oo

Designed for mobile operation! Small, compact.
Takes just a tiny bit of room in your car. SWR/dual
range wattmeter makes tuning fast and easy. Care-
ful placement of controls and meter makes antenna
tuning safer while in motion

Extends your antenna bandwidth so you can op-
erate anywhere in a band with low SWR. No need
to go outside and readjust your mobile whip. Low
SWR also gives you maximum power out of your
solid state rig—runs cooler for longer life.

Handles up to 300 watts PEP RF output. Has ef-
ficient airwound inductor, 1000 volt capacitor spac-
ing and rugged aluminum cabinet. Bx2x6 inches.
Mobile mounting bracket available for $5.00.

MFJ ENTERPRISES, INC.
Box 494, Mississippi State, MS 39762

TO ORDER OR FOR YOUR NEAREST
DEALER, CALL TOLL-FREE

Call 601-323-5869 in Miss. ahd outside
continental USA Telex 53-4590 MFJ STKV

» 108

800-647-1800
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TOP-OF-THE LINE
HF TRANSCEIVER

GREAT PRICE, CALL
KENWOOD
TR-2600A

SUPER
SALE!

A few left at

$269.95
plus free spare PB-26

#HAM RADIO
HOME STUDY

® lpdated novice-voice qUEShions

® 6 stereo code & theory cassette lapes

® 2 text books code oscillalor. key & battery

® Color Ham Bands wall chart & frequency hist

@ Sealed nowice exam for a Ham tnend to give you the
code & theory test in your home

@ FCC license application forms & instructions to your

examines ldeal for spouse & the kids!

40° TUBULAR TOWER

5745 SALE! $549
MA-550%

55 TUBULAR TOWER

s1245 SALE! $899
® Handles 10 sg. 1t at 50 mph

& Pleases naighbors with
tubular streamlined ook

aTX-455

55 FREESTANDING
CRANK-UP

® Handles 18 sq. ft. at 50 mph

.‘. ® No guying required

IN S

® Extra-strength Construction
e Can add raising and motor
drive dccessories

TOCK |

KENWOOD
R-5000

@

High Performance Rece

L]
.

LOW PRICE!

e el CEAGTA
MAF rotos Dae

OR QUICK DELIVERY
OTHER MODELS AT GREAT PRICES

$49.95

L A NI RN

f‘," O I L Ay
U I e O T 0 T 0 0 T TR el

CRANKUP SALE!

Single Strength

(handles 9 sq. ft.)
HG37SS - 37" Tower
HG525S - 52' Tower

Heavy Duty
(handles 16 sq. ft.)

All steel

plate
® No guying required
® Hot dip galvanized

HG54HD - 54" Tower
HG70HD - 70" Tower

Includes base & rotor

® Accessories available

_CALL FOR PRICE!

.4

FT-727R
@:'W Dual Band
2m/ 440 MHz

Enhanced Version
Now Available!

GREAT PRICE!

E. e

30w in, 160w out,
with low-noise
praamp!

MODEL
2M30-160P
for 2 meters

BALE!

$218.85

From the Originator of the

QUALITY VHF AMP/PREAMP COMBO!

Full Line Now Includes T 4
yREE

UHF Models with
GaAs FET PREAMPI

All Major Brands in Stock Now!
CALL TOLL FREE (800) 854-6046

Toll Iree including Hawaii. Phone Hrs: 7:00 am to 5:30 p.m. Pacilic Time. California. Arizona and Georgia customers call or visit nearest slore
Calilornia. Arizona and Georgia residents please add sales tax. Prices. specilications. descriptions subject to change without nolice

14 [@ March 1987
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More Details? CHECK — OFF Page 118



Bob Ferrero WERJ

LARGEST HAM OUTLET IN THE WORLD

STORE BUYING POWER

Superior Grade General
Coverage Receiver

SALE!CALL FORPRICE

€3 1ICOM
IC-28A/28H

2-METER MOBILES
1C-28A (25w) 1C-28H (45w)

OW PRICH

ICOM

The Latest in ICOM's Long
Line of HF Transceivers

CALLFORLOW,LOWPRICE

ANAHEIM, CA 92801

ATLANTA, GA 30340

OAKLAND, CA 94606

€3 1COM
IC-275A/275H

138 l/lMHZ

IC-275A (2 SH (100w

GREAT PHIC.‘:!

25 MHz-1300 MHz
IN STOCK FOR

IMMEDIATE DELIVERY

All Major Brands in Stock Now!

BURLINGAME, CA 94010 PHOENIK AZ 85015

2620 W. La Paima 999 Howard Ave 1702 W. Camelback Rd
(714) 761-3033, (213) B60-2040 (415) 342-5757 (602) 242-3515
Between Disneyland & eorge. Mgr WBBDSV Bob. K7RDH

Knotts Berry Farm 5 miles south on 101 from SFO  East of Hwy 17

SAN DIEGO, CA 92123

President
6071 Bulord Hwy 2210 Livingston St 5375 Kearny Villa Rd
Jim Ratferty N6RJ  (404) 263-0700 (415) 534-5757 (619) 560-4900
VP So. Calif Div Neil. Mgr KCAMJ Al Mgr WABSYK Tom. Mgr. KM6K

Anaheim Mgr Doravilie. 1 mi_ north of |-285

Tell "em you saw it in HAM RADIO!

17N-5in Ave /175-16th Ave

Hwy 163 & Claremont Mesa Bivd

CALL TOLL FREE (800) 854-6046

Toll free including Hawaii. Phone Hrs: 7:00 am to 5:30 p.m. Pacilic Time. California, Arizona and Georgia customers call or visil nearest store
California. Arizona and Geornia residents please add sales tax. Prices. specifications. descriptions subject to change without notice

1.2 GHz Transceiver:
The First Full-featured
1240-1300 MHz Transceiver

ARE YOU READY FOR

1.2 GHz OPERATION?

ICOM HAND-HELD

VHF/UHF

IC-2AT
IC-4AT

IC-02AT
IC-04AT

ICOM
IC-u2A/u2AT

Mini

Hand-Held

AT Model

w/ TT Pad

GREAT
PRICE!

"IC-3AT

;

VAN NUYS, CA 91401
6265 Sepuiveda Bivd
(818) 988-2212

Al. Mgr KBYRA

San Diego Fwy

at Victory Bivd

STORE HOURS
10 AM-5:30 PM
CLOSED SUNDAYS

addald’ A

;_4'

March 1987 [ 15



- 1.5 Meg

awatts at 50 MHz—AnNd More!

Delivered by EIMAC’s 8973 Power Tetrode

The versatile super-power 8973
tetrode Is designed for tough,
on-the-job results under difficult
circumstances. For CW or long-
pulse service in plasma heating
and accelerator applications,
this rugged Varian EIMAC power
tube fills your needs. Look at
these demanding applications
where the 8973 is operating
today.

It takes a sturdy, reliable power
fube to have on-the-job results
like these and the 8973 is doing
it, day after day.

And this is just the beginning!

The X-2242 available early in
1986, will provide 2.5 megawatts
at 80 MHz and 1.5 megawatts at
130 MHz. All of this, plus 1.4

User Application | Frequency (MHz) | Power Output Pulse Length
JET ICH* 25-50 1.5 MW 20 seconds
JT80 ICH* 110-130 750 kW 10 seconds
JFT-2M IGH* 10-40 1.5 MW 300 milliseconds
KFA-Textor ICH" 20-59 1.5 MW 3 seconds

*ICH = lon cyclotron heating

w11

megawatts anode dissipation
rating. The X-2242 is the same
size as the 8973. That’s a lot of
power In a small package!

For a data sheet and technical
literature on the 8973, contact
Varian EIMAC, 301 Industrial
Way, San Carlos, CA 94070 or
call (415) 592-1221, TWX 910-376-
4893,




modular transmit and
receive converters
for 902 MHz

MMICs make inexpensive
building blocks
for new band circuits

This article describes a set of up- and downconvert-
ers for the 902-MHz band. When used together with
the local oscillator chain described previously,' the re-
sult is a set of building blocks which can form the core

AMPLIFIER AMPLIFIER AMPLIFIER
MIXER FILTER FILTER

(%<

AMPLIFIER AMPLIFIER AMPLIFIER

MIXER FILTER FILTER
F RF

Lo

fig. 1. Block diagrams of the converters. The upconverter
(top) and the downconverter {(bottam) differ only in the
direction of the signal flow.

of a complete 902-MHz transverter. The converters
have a common board design for simplicity; MMIC am-
plifiers are used throughout, and the filtering is
designed for ease in tuning.

The block diagrams of the up- and downconverter
are shown in fig. 1. The similarity between the two
is immediately apparent. The mixer and the two band-
pass filters are identical in each converter, and only
the direction of signal flow is changed by reversing
the MMIC amplifiers. The two bandpass filters in each
are used to provide selectivity, for the amplifier stages
are inherently broadband.

With these converters, a 902-MHz transverter is eas-
ily assembled. A power amplifier hybrid, such as those
discussed by Reisert?> and Hilliard,® can be driven
directly from the upconverter module. A low-noise am-
plifier, such as the one described by Hilliard* can be
used ahead of the downconverter for critical small-
signal work; the converter board alone will provide
sufficient sensitivity for local QSOs.

design goals

These converters were designed to achieve several
goals which were not met in some of my earlier de-
signs. First, the converter printed circuit board (PCB)

Jerry Hinshaw, N6JH, 142 Kensington Place,
Frederick, Maryland 21701
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GROUND

outeyr
INPUT AND BIAS

GROUND

fig. 2. MMIC device typical outline. The various MMIC
amplifiers all have the same pin configuration, though
the package dimensions vary somewhat.

(GROUND)

\ /

Ls N

0.09
(2.3mm)

0.580 0845
(14 7mm) (2. 4mm}

1

{4.4mm)

/7 /EYDELET -ZPLAC(E)S f \

(GROUND)
fig. 3. Details of the 903 MHz filter. The dimensions
shown are for 1/16 inch G-10 board with a ground plane
on the far side.

le—0.250 —of
(6.4mm)

is common to both the up- and downconverter to sim-
plify fabrication. The physical size of each PCB is
small, and a standardized outline was planned from
the start to simplify packaging. The converters were
designed to be non-critical so that tuning with simple
equipment is possible. All circuitry operates from a sin-
gle 13.6-volt dc supply. Finally, no very costly com-
ponents are used. There are two configurations of
a single circuit card: one is for the receiving downcon-
verter and the second for the transmitting upconvert-
er. For receiving, the main considerations are noise
figure and intermodulation distortion, while the trans-
mitting converter should have good spectral purity and
sufficient output to drive a final amplifier. These differ-
ent requirements djctate the selection of different am-
plifiers, but the same filtering is used for both
converters. Before we leap into the “how-to’’ con-
struction hints, however, a brief review of the ampli-
fiers, filters, and the PCB itself should be helpful.

MMICs

Both converters use silicon microwave monolithic

18 March 1987

integrated circuits (MMICs) extensively. These devices
have been described recently in Amateur publica-
tions.5¢ Each MMIC device is a completely matched
broadband rf circuit, so only blocking capacitors and
a bias network are needed ta make a 50-ohm amplifi-
er. These "'building block’ amplifiers are a great aid
in the design of UHF equipment; at last it can truly
be said that gain is cheap.

Among the MMIC amplifier devices suitable for use
in this converter are the Avantek MSA series, the
CGY-40 device from Siemens, and the newly an-
nounced MMIC from Mini-Circuits Labs, the MAR-1.7
Each of these devices is somewhat different, but they
are all similar enough mechanically so that any one
of them can be installed on the circuit baard for this
converter. Only the bias resistor value needs to be
changed to adapt to a different MMIC. Table 1 lists
some MMICs, their principle characteristics, and the
value of the bias resistor for 13.6-volt operation.

Most of the MMIC amplifiers are available in small,
four-lead plastic pill-type packages, while the CGY-40
is available only in a ceramic package. In all cases, two
of the leads are grounds and the other two are input
and output. Bias is applied through the output lead.
Their typical outline is shown in fig. 3. Since the pack-
age is symmetrical, the device can be simply reversed
{(and the bias connection moved to the output) to “turn
around’’ the signal flow in a circuit. This idea is cen-
tral to the re-use of circuitry in this transverter.

filters

The filters used in both the up- and downconvert-
ers are identical, although the filtering requirements
in the two converters are not exactly the same. In the
downconverter, filtering is used to screen the mixer
from noise at the image frequency and to help pre-
vent intermodulation distortion by attenuating out-of-
band signals. The filtering also helps to prevent the
mixer local oscillator (LO) signal from reradiating (out
the antenna port), although the reverse isolation of the
preamplifiers may well be sufficient to block it. In the
upconverter, however, the filters must prevent the LQO
signal from reaching the antenna through the forward
path of the amplifiers. The LO signal must not be per-
mitted to saturate the amplifier chain. In general, these
different requirements would result in different filter
designs, but it is possible, if not optimal, to use one
design.

The filters used here are of edge-coupled design,
and are similar to combline filters. Filters of this type
have been built on microstrip circuitry before and used
with good results by Amateurs.®® Their chief advan-
tage lies in their ease of reproduction and stability; be-
cause the inductors are printed onto the board they



need no adjustment. Here, the main variations on this the filtering is distributed. The use of CAD helps to
old theme are that the filter layout was optimized us- design a good filter, one which comes close to its
ing computer-aided design {CAD) software, and that specifications the first time. By distributing the filter-
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fig. 4. Frequency response of the 903-MHz filter. Both the calculated response (squares) and the measured response {crosses)
of a prototype are shown.

I

fig. 5. Full-size printed circuit board negative.
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ing, the required rejection of out-of-band products is
achieved not in one filter, but in two or more. There
is a simple reason for this: it is easier to tune two in-

dependent filters with few elements than it is to tune
one filter which has many resonators. This is especially
true when simple test equipment (i.e., no spectrum
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fig. 6. Parts placement: (A) downconverter, (B) upconverter, Parts shown in dotted lines are instal!ed on the other side
of the board. Eyelets are used in four places to ensure good grounding for the filters.

Table 1. Typical 900 MHz performance of three different manufacturers’ MMIC's.

Typical Typical Noise

Device gain, dB figure dB
Avantek:

MSA0104 17 5

MSA0204 13 6

MSAQ304 12 6

MSAD404 8 6
Siemens:

CGY-40 9 3
Mini-Circuits:

MAR-1 14 5

Bias Package &
Typical P1dB Bias Resistor Lead

dBm volts/mA 13.6 volts  Identification
+1 4.5/17 560 Plastic package;
+3 5/25% 510 moulded “"bump”
+8 5/35 270 near output lead.
+ 1 5.5/50 160

17 4.5/65 130 Ceramic package.

Output lead slashed.

+1 7/20 330 Plastic package.

Input lead slashed.
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Infroducing...

Now! In America

For the first time, the AR2002 is
available in the U.S.A.! Acclaimed
worldwide for its full spectrum
coverage, its superior sensitivity,
excellent selectivity and convenient,
compact design; it has all the features
a sophisticated and discerning public
service band radio user desires.
Experts in Europe, and around the
world report excellent performance in
independent lab tests. For example:
sensitivity across all bands will
typically exceed .3 microvolts in NFM.
And now the AR2002 is available to
you exclusively through this offer.

Peformance Above
and Beyond

You'll hear signals from 25 through
550 MHz, plus 800 MHz through 1.3
GHz. In any mode: narrow band FM,
wide band FM, or AM. Search
through entire bands, or enter
selected frequencies into any of 20
memory channels. The sidelighted
LCD gives full information on status
and programming. Profession quality
hinged keys and a digitized front

panel control knob make tuning easier
than ever before. There's even a real
time clock with backup, a signal
strength meter and a front panel head
phone jack. Plus, programmable
search increments, a laboratory
quality BNC antenna connector with
switchable attenuator, full memory
backup, and power cords for AC or
DC operation. A professional quality
swivel mount telescoping antenna is
also supplied

...And More!

Every AR2002 has a special connector
on the rear panel. It interfaces to our
custom RC-pack. A little device that
makes the AR2002 controllable by
ANY computer with an RS-232C port.
The possibilities that result from this
option are nearly limitless. In effect,
virtually your only monitoring
constraint will be your imagination.

Yet Convenient to Own

The AR2002 is available exclusively
through us — so call us direct, TOLL
FREE. We'll be happy to answer any
questions you may have. And if you

respond like thousands of other
monitor users the world over, we'll be
shipping you an AR2002 within 48
hours by surface UPS for only $455.
Plus we pay all freight and handling
charges. Remember to ask about our
custom test and triple extended buyer
protection warranty plans, and our
express shipping option. If you're not
satisfied within 25 days, return your
AR2002. We'll refund your purchase
and return shipping costs. There are
no catches, no hidden charges.

The AR 2002

The Professional Monitor Receiver
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Call Toll Free B800-445-7717
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SPECIFICATIONS

Electrical Mechanical
1260-1300 MHz ® Beam Length
® Element Length

Better than 1.5 to 1 ® Mast. . .ovvin e 2
Feed Imp e Windload

Baltin) soca com aovs wmwsns 4:1 Rigid Coax

Mirage Communications Equipment, Inc.
PO. Box 1000
Morgan Hill, CA 95037
(408) 779-7363
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fig. 7. Schematic diagrams: (A} downconverter, (B) upconverter.

analyzer) is used.

Therefore, a pair of two-section filters is used in
each converter. The two filters are separated by an
amplifier stage which prevents interaction and conse-
quently improves out-of-band rejection.

Each filter consists of a pair of broadside coupled
microstrip transmission lines. Each line is shorted to
ground at one end and capacitively loaded at the open-
circuited end. A top view of this structure is shown
in fig. 4. Signals are coupled in and out of the filters
by transmission lines which “‘tap” the resonators at
a point whose location helps determine the filter's
passband impedance match. The variables in the fil-
ter design include the width, length, and spacing of
the lines, the loading capacitance, and the location of
the tap points. The CAD program juggled these vari-
ables to produce a good compromise between inser-
tion loss, rejection, and in-band VSWR. The circuit
model presumed typical losses in G-10 type PCB ma-
terial. Note that the coupling between the filters is,
according to the model, entirely between the lines. The
tuning capacitors at the ends of the lines are presumed
by the software model to be dimensionless. In prac-
tice, however, the capacitors tend to increase the
coupling between the two resonator sections, increas-
ing the bandwidth and reducing the out-of-band re-
jection relative to the model. No attempt was made
to model the capacitors’ non-ideal behavior because
there are so many different types of capacitors, and

each would require its own analysis.

Figure 5 shows the filter frequency response with
a dual plot. The points are the predicted performance
of a single filter, while the crosses show actual results
from a hand-cut prototype. This prototype used small
tubular trimmer capacitors similar to those used in the
downconverter. Note that the calculated response is
considerably sharper than the actual results, which
show the expected overcoupled behavior. This devi-
ation from theoretical performance is often seen in
handmade prototypes, where the fabrication accura-
cy is poor. The performance could probably be im-
proved by using capacitors which are physically
smaller, and which therefore produce less stray coup-
ling. Further refinement would be made by carefully
etching a precision filter design onto good microwave
substrate material. However, this is an amateur de-
sign, and it is just this sort of expected inaccuracy
which led to the design approach of using non-critical
filters. Non-critical filters tuned to the center frequency
are better than sharp filters on the wrong frequency.
The rejection of the converter depends on the cascade
of two filters. With two of these filters cascaded, as
on the PCB, the out-of-band rejection is approximately
twice that of a single filter.

printed circuit board

The board is common fiberglass epoxy G-10 mate-
rial, 0.06 inch thick. The top traces are shown in the
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ensure that each is at a manageable level at each stage.

MIXER  AMPLIFIER FILTER AMPLIFIER FILTER AMPLIFIER
144 903
IN out
DEVICE SBL-1X MSAQ3 BPF MSAQ4 BPF c6Y-40
.
144 ~-20 12 -40 8 -40 9
STAGE GAIN, - _ _
4B AT MHz 758 20 K3 20 8 20 9
903 -7 2 -2 8 -2 9
144 0 -20 -8 -48 -40 -80 -7
SIGNAL
LEVELS, dBm 758 - -3 - -2t -2 -32 -23
AT MHz
903 - -7 +5 +3 it +9 +18

fig. B. Signal level diagram for the upconverter. The three main frequencies of interest are tracked through the chain to

Parts list, fig. 8
Parts common ta both versions

C1,2,5,6,9,10, 30 ta 100 pF chip capacitor

11,1315

C34,7.8 2-10 pF variable cap

C12,14,16 0.07 to 1 xF ceramic disk capacitor, 25 voits
c17 5-100 «F electrolytic or tantalum

RFC 1,23 Approximately 10 turns No. 30 AWG solid Kynar insulated wire
{wir p wire), clo nd on 0.06-inch diameter form
{remaved after winding)

ur SBL-1X mixer, Mini Circuits Labs

Parts specific to upconverter:

AR1 Avantek MSA0304 MMIC ampiifier
AR2 Avantek MSA0S04 MMIC amplifier
AR3 Siemens CGY-40 MMIC amplifier
R1 270 ohms, 1/2-Watt

R2 160 ohms, 1/2-Watt

R3 130 ohms, 1 Watt

Parts specific to downconverter:

AR1,2 Avantek MSAQ3I04 MMIC amplifier
AR3 Siemens CGY-40 MMIC amplifier
R1.2 270 ohms, 1/2-Watt

R3 130 ohms, 1 Watt

full-size negative (fig. 6). The bottom side, visible in
the photograph, is unbroken copper that serves as a
ground plane for the microstriplines. Components are
mounted mainly on the top of the board, and soldered
to the top traces. Where good grounds are essential,
such as at the bases of the filter stubs, eyelets are used
to connect top and bottom grounds. The edge of the
board was wrapped with copper foil and soldered on
both sides to further decrease ground impedances.

A few components — including the mixer, whose
can is soldered to the ground plane, and the bias resis-
tors — are mounted on the bottom side. Remember
to clear away the copper where non-grounded leads
pass through the board. There are four pins on the
mixer which must be isolated above ground, and each
end of the bias resistors also must be so isolated. There
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is no artwork for the ground plane side of the board,
so the clearance holes are made by hand with a smali
drill or pad cutter. A pad cutter can also be used to
make a pad for the bias resistor on the microstrip side
of the board, if desired.

The MMICs are mounted in a hole drilled through
the board. One of the two ground leads on each pack-
age is soldered to the top ground. The second ground
lead is bent at a right angle to the package, inserted
through the hole, and soldered to the bottom ground
plane. The clearance hole size depends on the device
used, because the MMICs listed in fig. 2 range in di-
ameter from 0.07 to 0.19 inches.

There are two component layout drawings, one for
the upconverter and the second for the downconvert-
er. These are both shown in fig. 7. Note that the bias
inductor is routed to the output end of the MMIC, so
the locations of the three coils are somewhat differ-
ent for the two versions. The MMIC orientations are
of course opposite in the two versions. Otherwise, the
parts locations are identical.

the downconverter

The schematic diagram of the receiving version is
shown in fig. 8. The downconverter should have good
noise performance, moderate gain, and good selec-
tivity. Recall that the intent of this converter is not to
produce the lowest possible noise figure. If a very low
noise figure system is needed, a preamplifier should
be used.

The input signal from a low-noise amplifier, or
directly from an antenna, is fed to the first amplifier
in the chain. There are a number of possible choices
for this first amplifier stage. Any of the listed devices




could be used, but in general an amplifier with a low
noise figure is used at the front end. The CGY-40 is
a good choice here because it combines relatively low
noise figure with good power handling ability, so that
the overall dynamic range is excellent. The main draw-
back of this MMIC is that it is more expensive than
some of the others. (A discrete bipolar or FET tran-
sistor stage could also be installed as the first amplifi-
er in the chain.) The board layout includes a
rectangular pad near the input for use of base or gate
biasing circuitry, if needed.

The first filter stage follows the first MMIC. After
filtering, the next amplifier is used mainly as a buffer
between the two filters and adds a bit of gain. Lower-
cost silicon MMICs are a good choice here; | used the
Avantek MSAQ304. At first glance it may seem strange
that the input stage should have a higher intercept
point than the following stage, but the reasoning is
this: the second stage has the benefit of filtering to
screen strong out-of-band signals, while the broad-
band input stage must face the world of large signals
“‘naked,”” as it were. This reasoning is not theoreti-
cally rigorous, but in practice it seems to be correct
— even a moderately selective filter in front of a
preamplifier works wonders in reducing intermodula-
tion spurious responses.

A second filter and a third amplifier follow. The fi-
nal amplifier provides a good broadband termination
for the mixer, which helps to preserve the mixer's low
intermodulation distortion. If there is too much gain
in the system, such as might be the case when a high-
gain preamplifier is used with this converter, the mid-
dle stage could be replaced with a resistive pi attenu-
ator pad to isolate the two filters somewhat.

The PCB is laid out for a specific mixer, the Mini-
Circuits SBL-1X. This low-cost mixer, which provides
good performance up to 1000 MHz, can be used with
any i-f of 5 to 500 MHz. The local oscillator drive level
is b milliwatts ( + 7 dBm). Other mixers can physically
be plugged into the same eight-pin layout, but take
care; the SBL-1X has an unusual pin assignment.

When the downconverter is configured as shown
in the schematic, it will have a noise figure of 3 10 4
dB at room temperature. It will have good selectivity;
the gain at 700 MHz, for example, will be more than
20 dB, down from its gain at 903 MHz (which is + 17
dB). The image response at 613 MHz (the 758 MHz
LO minus the 144 MHz i-f) measured more than 50 dB
below the desired 903-MHz response.* ™ The selectivity
of this cascade of two broad filters is sufficient to
keep most fm broadcast, TV, and other signals be-
low UHF from causing any problems with 903-MHz
reception.

**Measured with the rf drive level set to - 35 dBm and with + 10 dBm drive
at 758 at the LO port.
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fig. 9. Photograph of the circuit side of the converter, which
in this case is a downconverter version.

the upconverter

The upconverter has a somewhat different task than
the downconverter. Here, noise figure is not of great
importance, but the output level should be high
enough to drive an amplifier. In this case, | wanted
30 to 40 milliwatts output so that a hybrid amplifier
would be fully driven to its 7-watt output. This require-
ment dictated a different choice of amplifier MMICs
than did the receiver converter. Figure 9 is a matrix
of the required signal levels. This matrix was put to-
gether to ensure that the various signals which exit
the mixer do not saturate the amplifier chain, and that
the undesired signals are ultimately well attenuated at
the converter’'s output. Thus, the three main signals
of note are tracked through the chain. As an exam-
ple, the 758-MHz LO drive leaks through the mixer
somewhat, and appears at the output of the mixer as
an undesired spurious at about -13 dBm maximum.
This spurious must be attenuated before it reaches the
output. The chart shows that the undesired signals re-
main within manageable range throughout the upcon-
verter chain, and that the expected signal levels are
within the linear power limits of each MMIC.

This chart also shows that the desired drive level
at 144 MHz is about 1 milliwatt (0 dBm). The drive
from the i-f source must not be much greater than 10
milliwatts, and should never be greater than 100 mil-
liwatts or the mixer may be damaged. To adjust the
output power of the upconverter, change the input
drive level.

The schematic of the upconverter is given in fig.
8. The desired 903-MHz signal, mixed from 144 and
758, continues to be amplified throughout the chain,
and by the time it reaches the output it is considera-
bly stronger than the next larger signal at 7568 MHz.
At the ouput, a power level of + 16 dBm is achieved,
easily enough to drive a hybrid amplifier to its full
output,
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fig. 10. Photograph of the groundplane side of the converter.
The mixer and the three MMIC bias resistors are visible.
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fig. 11. Block diagram of a complete 903 MHz transverter
using the two converter boards. As shown, the trans-
verter has 7 watts output and a 3 dB receiver noise figure.

tuning

Once a converter is assembled, it is necessary to
tune the filters. No other part of the circuitry requires
tuning, fortdnately. The filters must be peaked for
minimum loss at the center frequency. Once peaked
at 903 MHz, for instance, the converter should work
well enough over the entire 902 to 928 MHz band. The
3-dB bandwidth of the converter is about 50 MHz. |
found that there was only one peak reading obtaina-
ble, so that there is no problem with tuning to the
wrong harmonic as long as you are measuring the cor-
rect frequency. The board can be tested at 903 MHz
with all of the components except the mixer installed.
A test connector is temporarily installed at the point
marked "“x’’ on the layout drawing (fig. 7). The other
end of the converter board is connected normally as
either the drive input (downconverter version) or the
output (upconverter).

After tuning and testing at 903, install the mixer.
Test the entire converter by applying a low-level sig-
nal to the input, the LO to the L port of the mixer,
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and verify that the output signal is no more than about
10 dB lower than the straight-through gain was be-
fore the mixer loss was added. The alignment is then
complete.

A number of these converter boards have been built,
and none has shown any tuning difficulties. See figs.
10 and 11. The filters tune with a single peak, and there
have been no instabilities with the MMIC amplifiers.
They thus appear to be simple, well-behaved conver-
sion blocks, useful in many applications. The filters'
center frequency can in fact be tuned (simply by ad-
justing the end loading capacitors) over a fairly wide
bandwidth, so that these boards could probably be
operated anywhere between about 750 and 1000 MHz
with only slightly degraded selectivity. Clearly, if the
filters’ coupled microstrip line lengths were scaled, this
range could be further extended. The mixer’s operat-

~ ing range is guaranteed only up to 1 GHz, but one was

tried at 1300 MHz and showed good conversion loss
and isolation.

A complete block diagram of a 903 transverter is
shown in fig. 12. This transverter uses the two con-
verter boards described here. One converter drives a
hybrid amplifier module to 7 watts output in Class C
operation, and the receiving converter is used alone
with a low-noise MMIC to give a system noise figure
of about 3 dB. The entire transverter operates from
a single 13.6-volt supply.

sources of parts

The parts should be available from a number of
sources, Small capacitors and connectors are listed
in a few companies’ advertisements in the Amateur
press. Although manufacturers are sometimes unwill-
ing to sell single devices, MMICs are available from
manufacturers and their distributors in moderate quan-
tities. MMICs will probably be stocked by Amateur
vendors soon, too. As a courtesy to Amateur builders,
| can supply the pc boards and a few of the other parts
for this project. Send an SASE to me for a list of avail-
able items.
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SEE AND HEAR THOSE ELUSIVE SCPC SIGNALS
WITH AVCOM’S NEW STA-70D TEST ANALYZER!

The AVCOM STA-70D IF and FM Test
Analyzer was developed to assist in the
installation and maintenance of Single
Channel Per Carrier (SCPC) satellite
reception systems. Designed to be con-
nected to the 70 MHz IF output ofa C or
Ku Band downconverter the STA-70D
displays signal level, interference, and
all carriers present. When an antenna is
connected to the RF INPUT the FM
Broadcast spectrum can be examined.
A built in audio demodulator allows the
STA-70D to operate as a fixed tune
receiver at zero span. This means you
not only see the carriers but you can
listen to them as well. Price $1960

The STA-70D is adaptable to other than
the 50 to 110 MHz frequency band used
in SCPC satellite communications. For
example the STA-70D can be ordered
for use as a spectrum display monitor
for special ECM requirements. Possible
applications are unlimited call or write
AVCOM with your requirements.
NEW PSA-35A PORTABLE
SPECTRUM ANALYZER

The PSA-35A Portable Spectrum Ana-
lyzer accurately measures wide band
signals commonly used in the United
States and European satellite communi-
cations industry. The PSA-35A fre-
quency coverage is from less than 10 to
over 1750 MHz, and from 3.7 to 4.2 GHz
in 6 bands. The PSA-35A features switch
selectable sensitivity of either 2 dB/Div
or 10 dB/Div. The portable, battery or
line operated, PSA-35A spectrum ana-
lyzer is the perfect instrument for the
critical dish alignment and tracking re-
quirements necessary for maximum
signal reception. Price $1965

AVCOM manufactures many helpful and
unique accessories for the PSA-35A,
such as the TISH-40 Terrestrial Interfer-
ence Survey Horn, the WCA-4 Wave-
guide to Coax Adapter, the SSC-70 Sig-
nal Sampler and Calibrator, the QRM-35
Quick Release Rack Mount, AVSAC,
and Overlays. Other AVCOM accesories
include 2, 4, and 8 way power dividers
(with or without DC power block), broad
band amplifiers, DC power blocks, line
amplifiers, isolated power dividers, and
others.

AVCOM manufactures a full line of eco-
nomical spectrum analyzers, test equip-
ment and accessories for the satellite
communication and microwave indus-
tries. These include the MSA-65A Spec-
trum Analyzer, Sweep Generators,
Tracking Generators, and others.
AVCOM also manufactures SCPC, audio
subcarrier, and video satellite receivers
for domestic and international recep-
tion; including commercial, broadcast,
SMATV, institutional, and private use
receivers.

AVCOM®

500 SOUTHLAKE BOULEVARD, RICHMOND, VIRGINIA 23236

VERTICAL SENSITIVITY
allows you to change the
display between 10
dB/DIV and 2 dB/DIV

CENTER FREQUENCY is
a5 digit, 7 element LED
frequency readout that
displays center frequency
in MHz

REFERENCE LEVEL is
used to establish the
amplitude reference level
of the top line of the gra-

ticule, either 0, -20, -40
dBm or +49, +29, +8 dBmv

INTENSITY controls the
brightness of the display.

HORIZ & VERTICAL
POSITION these two
knobs control the place-
ment of the display on the

Screen

SWEEP RATE conlrols the
rate the analyzer sweeps
through the frequency
band set by span and the
rale at which the analyzer
sweeps the display

NEW!! AVCOM PSA-35A
PORTABLE SPECTRUM ANALYZER
10-1750 MHz

INTENSITY controls the
brightness of the display

VERT is used to position
the display on the screen

SCALE is used to select
amphitude sensitivity of

either 10 dB/DIV or 2
dB/DIV

AUDIO DEMOD turns the
audio feature on or off and
controls the volume of the
internal speaker or the
AUDIO OUT minialure
phono jack. With the
SPAN control set to ZERO
{0) the STA-T0D will oper-
ate as a lixed tune receiver
50 you can oblain audio
identification of the signal
displayed

TUNING allows you to
select the center fre-
quency and moves the
display “window" up or
down the spectrum being
displayed

SPAN controls the width
of the spectrum being
displayed

RF INPUT BNC connector
accepls signals to be dis-
played from less than 50
MHz to over 110 MHz

AUDIO OUT miniature
phono jack for low impe-
dance earphones

RESOLUTION BAND-
WIDTH Two position
swilch selects either 100
KHz or 300 KHz resolution

bandwidth fillers

3.7-4.2 GHz

SWEEP controls rate of
analyzer frequency sweep

and the speed of the trace
across the display
CENTER FREQUENCY
control tunes spectrum
analyzer through each

band and cenlers signals
of interest on the display

POWER switch has 3 posi-
tions for Battery Opera-
tion, Standby, and AC Line
Operation

BAT CHG switch

recharges PSA-35A to at

least B0% capacity in
about 6 hours

HORIZ s used to position
the display on the screen

LNA/BDC power for feed-
line powering of system
components via RF input

connectors

TELEPHONE (804) 794-2500
w117

BAND SELECT controls
input frequency range 1o
accommodate IF, BDC,
and LNA outpul frequen-
cies. 12 GHz block down-
converter outputs can be
examined One preset
band is provided for
unusual test situations

REFERENCE LEVEL con-
trols the sensitivity of the
display to allow signals as
weak as -85 dBm as well
as strong signails to be
displayed

SPAN determines the
width of the spectrum
being displayed and can
be adjusted o display over
500 MHz or less than one
transponder in a sweep

3.7-4.2 GHz RF INPUT 15
used when observing the
output directly from an
LNA. Feedline losses can
be measured. Can power
an LNA with +18 VDC

10-1750 MHz RF INPUT is

used for observing BDC,
IF, MATV, and other sig-
nals from 10 to over 1750
MHz. Will provide +18 VDC
to power system com-

ponents

FAX: 804-794-8284 TELEX: 701-545
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P.C. ELECTRONICS 2522 S. PAXSON LN. ARCADIA CA 91006 (818) 447-4565

TOM WEORG MARYANN WB6YSS

ELECTRONICS

s C.EL EC fﬂON'Cs

Compuserve 72405,1207

SEE US AT DAYTON

AUDIO GAIN 420 _,,,_"-,v 3
REC I.._|NE
miC PTL ‘
\
¥« 15
) (» REC

AMATEUR
TELEVISION

ATV MADE EASY WITH OUR SMALL ALL IN ONE BOX TC70-1
TRANSCEIVER AT A SUPER LOW $299 DELIVERED PRICE!

CALL 1-818-4474565 AND YOURS WILL BE ON ITS WAY IN 24 HRS

TC70-1 FEATURES:

* Sensitive UHF GaAsfet tuneable downconverter for receiving
* Two frequency 1 watt p.e.p. transmitter. 1 crystal included

* Crystal locked 4.5 mHz broadcast standard sound subcarrier
* 10 pin VHS color camera and RCA phono jack video inputs

* PTL (push to look) T/R switching

* Transmit video monitor outputs to camera and phono jack

* Small attractive shielded cabinet - 7 x 7 x 2.5"

* Requires 13.8vdc @ 500 ma. + color camera current

Just plug in your camera or VCR composite video and audio, 70cm
antenna, 12 to 14 vde, and you are ready to transmit live action
color or black and white pictures and sound to other amateurs.
Sensitive downconverter tunes whole 420-450 mHz band down to
channel 3, Specify 439.25, 434.0, or 426.25 mHz transmit
frequency. Extra transmit crystal add $15.

Transmitling equipment saold only to licensed radio amateurs verified in the
Callbook for legal purposes. If recently licensed or upgraded, send copy of
license. Receiving downconverers available to all starting at $58 (TVC-2G)

(VIA UPS SURFACE IN CONT. USA).

WHAT ELSE DOES IT TAKE TO GET ON ATV?

Any Tech class or higher amateur can get on ATV. If you have a
camera you used with a VCR or SSTV & a TV set, your cost will just
be the TC70 and antenna system. If you are working the AMSAT
satellites you can use the same 70cm antennas on ATV.

DX with TC70-1s and KLM 440-27 antennas line of sight and
snow free is about 22 miles, 7 miles with the 440-6 normally used
for portable uses like parades, races, search & rescue, damage
accessment, elc, Get 50 walts p.e.p. with the Mirage D24N or
D1010N-ATV amp for greater DX or punching thru obstacles.

The TC70-1 has full bandwidth for color, sound, like broadcast.
You can show the shack, home video tapes,computer
programs,repeat SSTV, weather radar, or even Space Shuttle
video if you have a home satellite receiver. See the ARAL
Handbook chapt. 20 & 7 for more info & Repeater Directory for
local ATV repeaters.

PURCHASE AN AMP WITH THE TC70-1 & SAVE!

50 WATT wiTH D24n-ATV....$499

All prices include UPS surface shipping in cont. USA

COMPLETE ATV STATION

cq
ATV

TV sET

TC70-1...$299

ATV Transceiver
Astron RS20M...$129
13.8 vdc 20A Power Supply

TV CAMERA

KLM 440-27 14dbd 5107

Mirage D24N.....$219
(optional) all mode 70cm amp
13.8Bvdc 9 amps @ 50 watts RF

KLM 440-14
KLM 440-6

11dbd $77
8dbd $62

HAMS! Call or
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the TEXNET packet-switching
network
part 1: system definition and design

Four-node

digipeater system
reduces congestion,
speeds packet delivery

In response to the phenomenal growth of packet
radio over the past three years, many packet repeater
("'digipeater’’) networks have been developed, allow-
ing packet communications to be extended over many
hundreds, even thousands, of miles. The operation of
these digipeater systems has not been without some
significant problems, however; most notably, conges-
tion and difficulty in maintaining connections through
more than about four or five individual repeaters, with
excessive time delays between endpoints.

In an effort to resolve these problems, we decided
to establish a rapid, reliable network that would allow
Texas packet radio operators tc communicate effec-
tively over distances of several hundred miles in real
time. We now have TEXNET, a four-node network
with some of the communication trunks between
nodes operating at 9600 bits per second.

In developing TEXNET, our goal was to minimize
the cost of building a network node, yet provide very
small transmission delay time between users. After the
system was in place, we added additional services to
the network without degrading the quick response
time.

digipeaters — pro and con

A digipeater repeats what is transmitted to it; it can’t
remember anything about what it is repeating.

A good analogy to a “string’’ of individual digipeat-
ers is a bucket-brigade line at a fire, in which each per-
son is handed a bucket, which he or she in turn hands
down the line to the next person. Eventually, each
bucket makes it to the last person in the line, who
throws the water onto the fire. With digipeaters, the

system works like this: the first person in the line fills
up a bucket and hands it to the second person. The
second person hands it to the third, and so on until
it reaches the end of the line (the receiver). Utilizing
digipeaters, the sender must wait until the bucket is
delivered to the receiver, emptied, and then sent back-
wards up the line back to the sender, who fills it up
again. In other words, there’s only one bucket!

Just as water can leak or spill from the bucket each
time it's passed in the bucket brigade, data packets
can be lost at each digipeater. Thus, it's not at all cer-
tain that all of the packets will arrive at their appoint-
ed destination.

On packet radio we use a layer 2 protocol called
AX.25 to assure that all the packets get to the desti-
nation in the right order, without any getting lost along
the way. This protocol is no more than a set of rules
upon which the sender and receiver have agreed; one
of the rules is that the receiver will ‘‘acknowledge”
packets when they're received. The receiver sends
these acknowledgments {’ACK,"”” for short) back-
wards up the bucket-brigade line (i.e., the string of
digipeaters) to the sender. If the sender doesn’t see
an acknowledgment within a few seconds, it assumes
that the packet was lost somewhere and retransmits
the packet. When the ACK is received, the sender
transmits the next packet. However, only one bucket
can be put into the line at a time; the ACK must come
back from the receiver before the next packet can be
started. Notice that none of the digipeaters really get
involved in what's going on; they merely repeat the
packets. This method of acknowledgment is known
as end-to-end acknowledgment — that is, the ac-
knowledgment travels all the way through the string
of digipeaters from the packet receiver back to the
packet sender. {AX.25 is really a little more compli-
cated than this, but it's a good approximation of
what’s happening.}

Thomas H. Aschenbrenner, WB5PUC, and
Thomas C. McDermott, NS5EG, Texas Packet
Radio Society, 265 Daniel Drive, Plano, Texas
756074
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Normalized throughput versus 1ink quality
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fig. 1. Throughput vs. rf link guality end-to-end and hop-
to-hop methods. This graph shows the relative through-
put for several packet repeating strategies. The through-
put for hop-to-hop acknowledgments is independent of
the number of hops, while the throughput for end-to-
end acknowledgments degrades with an increasing num-
ber of hops. Both strategies degrade {i.e., the through-
put is reduced) as the quality of the packet links becomes
worse and causes more retries.

As anyone who's used a string of digipeaters to
communicate with another station can attest, AX.25
works. But because we have only one bucket, the
throughput (the amount of water that can be deliv-
ered to the fire) is very limited, and the greater the
number of digipeaters in the path, the worse the prob-
lem becomes. In fact, it gets much worse very fast.
Since the loss of a packet or of an acknowledgment
at any point in the path will cause the retransmission
of a packet, the probability of both the packet and the
acknowledgment making the round trip successfully
quickly becomes very small. This means that com-
municating a single packet will require many retrans-
missions, so throughput is reduced significantly.

A better method of relaying the information along
a network would be to have each repeater along the
way check the validity of the information before pass-
ing it on to the next repeater. That is, each repeater
would ask for a “fill"" of the message before sending
it down the line. When the sender is assured that the
first repeater received the packet, it could immediate-
ly send the next packet into the bucket-brigade line.
Thus, we would have a bucket-brigade line with many
buckets. Once the first bucket is delivered to the first
repeater, another bucket would be filled and delivered
to the first repeater by the sender. Thus the through-
put {amount of water delivered) would be increased
greatly. If we were to employ this strategy in relaying
a message, the chance of losing packets grows only
slightly larger as the number of digipeaters is in-
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creased. This method is called hop-to-hop ac-
knowledgment, as each packet is acknowledged
between adjacent repeaters before being sent along
the network. As the probability of losing a packet
grows, the necessity of retransmitting it increases —
that is, fewer packets per unit of time can be trans-
mitted. Figure 1 compares the throughput for hop-
to-hop and end-to-end ACK methods to the rf path
quality between each repeater.

Response time — the amount of time it takes for
a message to be delivered from the sender to the re-
ceiver, and for the sender to receive the ACK — is an
additional consideration. Figure 2 compares the
round-trip response time for hop-to-hop and end-to-
end ACK methods to the rf link quality between each
repeater. As can be seen, if the repeaters operate vir-
tually error-free, then the end-to-end acknowledgment
strategy works very well. However, if the quality is
degraded even slightly, it can be seen that the end-
to-end strategy behaves poorly, whereas the hop-to-
hop acknowledgment degrades linearly only with path
quality. It should be noted that 2-meter packet users
consider a path with 75 percent reliability extremely
good!

A second problem with any string of digipeaters lies
in determining just where a problem exists. If one of
the repeaters in the string isn’t receiving packets at
all, then the sender and receiver know only that the
path is “‘blocked’’ and are unable to tell where the
packets aren’t being relayed.

Normalized response delay versus link quality
30.00
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HoH = 4 hopy

26.09 \

EN—T0 PTUIOTNAE AMN—~yFSOZL
=
i
I
4
‘'z
s o
R
£
; . ///

10.00 - 5\\: R

9.00 +
0.20 8.38 0.4 9.58 8.68 e.7e 9.8 8.98 1,00

Link quality per hop

fig. 2. Response time vs. rf link quality end-to-end and
hop-to-hop methods. This graph shows the relative
response delay for several packet repeating strategies.
The response delay for hop-to-hap acknowledgments is
shorter (faster response) than for end-to-end acknowl-
edgments unless the rf links are perfect (quality = 1.0),
when the two have equal performance. Both strategies
degrade li.e., the response slows down) as the quality
of the packet links degrades and causes more retries.




a network solution

To try and solve some of these problems, we want-
ed to build a packet network that would acknowledge
packets at each step on the path, operate with mini-
mal time delay, and provide us with information about
the network: specifically, a measurement of the path
quality at each point in the network and clear indica-
tion of where the break in the path has occurred,
should one of the paths be out or one of the nodes
be broken. It could also provide other features, such
as conference bridges between any three or moare
users, or bulletin board service to several users simul-
taneously.

Earlier we stated that AX.25 would provide only end-
to-end acknowledgments. This is because X.25 (from
which AX.25 was derived) was designed basically as
a point-to-point protocol. As a result, it works very
well when Station A wants to communicate reliably
with Station B. Our network, however, must use some
additional strategies (protocols) for managing things

© ©

(SENDER) \ / (RECEIVER)

{REPEATER)

fig. 3. This is a map of a simple network. Station A is
sending packets to station C through an intermediate
repeater (station B} because stations A and C are too far
apart to communicate directly.

like supervision (altering routing tables, reinitializing
nodes), error recovery (to indicate where network has
failed), and hop-to-hop acknowledgments.

It's at this point that we’ll break up the problem of
communicating between two stations into several
“‘pieces,’” each of which will have the responsibility
of solving only a part of the total problem. If we're
smart about how to divide up the problem, each piece
will be a fairly straightforward design problem, and
each piece will know what to expect of the other
pieces. Thatis, each of the pieces will cooperate with
the others in order to solve the entire communication
problem. This approach is called “layering” a problem.

layered protocols

Let's look at the problem of communicating a mes-
sage along a network. Station A is the sender, Sta-
tion B is the repeater, and Station C is the receiver
(see fig. 3). The sender, Station A, needs a way to
send information along the route A-B-C.

The first problem is to make sure that the informa-
tion gets from A to B accurately. Let us assign this
problem to layer 2 (ignoring layer 1 for now). That is,
layer 2 must get information from A to B in the cor-
rect sequence, without duplicating any packets and
without losing any packets. AX.25 works just fine for
this job. Getting data from A to B is a point-to-point
problem; A sends the packets and B acknowledges
them. Now that some packets have traversed from A
to B, how does B know what to do with them? This
is a job for the next layer of the protocol, layer 3. Lay-
er 3 tells each node where the information is going;
if B is unable to send the information to C (or a path
that leads to C), then it informs A that something is
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EXAMINE LAYER 3 HEADER -
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fig. 4. Layering the protocols (wrapping and unwrapping). Each node contains software to wrap the layer 3 and then the
layer 2 information around the data. Each node also contains software to unwrap layer 2 and layer 3 information from
the data, and examine this information to determine how to route the data to the final receiver.
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$124.95
KIT

The TNC-220 is a new, low-cost Packet
Terminal Node Controller evolved from
the Pac-Comm TNC-200 (TAPR TNC-2).
It uses more large scale integrated cir
cuits and fewer components to provide
greater functionality, reliabiity and
sensitivity with reduced size and cost,
The single-chip modem used for both 300
baud HF and 1200 baud VHF operation
has two radio ports. Switching between
ports is done entirely in software and no
cable changing, no switch setting and no
retuning is required! The HF port has an
active bandpass filter and provides either
FSK or AFSK keving. Anoptional tuning
indicator slides inside the cabinet. A
standard modem disconnect header will
connect accessory high-speed or satellite
modems.

UTILI CASTING7

CASTING_

While some mergers result in funny names, the
recent merger of Monitoring Times and International
Radio (formerly the Shortwave Guide) has resulted in
an excellent new 60-page magazine covering full-
spectrum utilities communications as well as world-
wide shortwave broadcasting activities. To keep it
simple, we've retained the name of one of the two
partner companies—Monitoring Times. It's all new,
bigger, more colorful and more informative. Clearly,
it's the most comprehensive publication for the radio

i e 131 3 11
listener available today! ~ 115

| Send for a free “sample digest”

or subscribe by contacting
MONITORING TIMES
P.O. Box 98
Brasstown, N.C. 28902
704-837-9200
Rates: 1Yr. $14:2 Yrs. $25:3 Yrs. $36

[ INITORING
‘ TimES -

w BcCovy TNC-220

HF / VHF Terminal Node Controller

Two radio ports

7910 single-chip modem
300 and 1200 bauds
Enhanced command set
Multi-color status LED’s
Supports RS-232 and
TTL computers

Active HF bandpass filter TNC-220 is enclosed in a rugged ex
Tuning indicator option
12 volt DC operation
Premium quality case
6"wx2"hx7d

ORDER DIRECT 800-223-3511 FREE UPS BROWN
Pac-Comm Packet Radio Systems, 3652 West Cypress St.,

—_-_l

‘'W6SAI BOOKS

published by Bill Orr, WESAI and Stu Cowan, W2LX

BROAD “;

$159.95
ASSEMBLED

The TNC-220 has the familiar TAPR
command set and AX.25 Level 2 Version
2 protocol running on a Z-80 processor
with 32k bytes of EPROM and 16k bytes
of battery-backed RAM. A Zilog 8530
SCC performs all packet HDLC in
hardware. The terminal port can select
either RS-232 or TTL for your C-64/128,
VIC-20 or other TTL computer. Five
large, color-coded LED's clearly indicate
status at a glance. The power switch is
now located on the front panel. The

truded aluminum cabinet with an attrac
tive two-tone blue front panel. All indi
cators and controls have large, clear
labels

Tech Line (813) 874-2980
Write For Free Packet Catalog

=

Tampa, FL 33607 » ™

N

BEAM ANTENNA HANDBOOK
Completely revised and updated with the latest computer generated informa
tion on BEAM Antenna design. Covers HF and VHF Yagis and 10, 18 and 24
MHz WARC bands. Everything you need to know 204 illustrations. 268
pages 1985 Revised 151 edition

RP-BA Softbound $9.95

SIMPLE LOW-COST WIRE ANTENNAS
Primer on how-1o-build simple low cos! wire antennas Includes invisible
designs for apartment dwellers Full of diagrams and schematics. 192
pages. -~ 1972 2nd edition

RP-WA Softbound $9.95

ALL ABOUT CUBICAL QUAD ANTENNAS
Simple to build, lightweight, and high performance make the Quad al DX'ers
delight  Everything from the single element to a multi-elemen! monster A
wealth of information on construction, leeding, tuning and instaling the
quad antenna 112 pages - 1982 3Jid edition

RP-CO Softbound §7.95

THE RADIO AMATEUR ANTENNA HANDBOOK

A wealth ol projects that covers verticals, long wires, beams as well as
plenty of other intereshing designs It includes an honest judgement of gan
figures. how to site your antenna for the best performance. a lnok at the
Yaui-Quad controversy, baluns, slopers, and delta loops Practical antenna
projects that work! 190 pages 1978 1sl edibon

RP-AH Softbound $9.95

Please enclose $3 50 for shipping and handhing ﬁ
pping I Y @

radlon,_o..,,.. BOOKSTORE

GREENVILLE. NH 03048 (603) 878- IN)
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I —— USER DATA CHECKSUM -—~
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WHAT KIND OF DATA? (USER OR NETWORK SUPERVISION)
WHERE IT WILL EXIT THE NETWORK
RECEIVER NAME (C)

WHERE IT ENTERED THE NETWORK
SENDER NAME (A)
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fig. 5. Contents of the packet. The layer 3 envelope is
wrapped around the data first. it tells each node where
the data came from, and where it is going, and the net-
work entry and exit points. The layer 2 envelope is
wrapped around the layer 3 envelope, and tells two
adjacent nodes how to exchange the information relia-
bly between themselves.

TRANSLATOR
INTERFACE

—
>0 CENo

NETWORK
BOUNDARY

fig. 6. Drawing the network boundaries —which nodes
translate from AX.25 to TEXNET-IP. In order for network
users not to have to understand the internal network pro-
tocol, each network node has a user entry point, which
supplies an English-language interface between the user
and the network. The user may ask the network for serv-
ices via this interface.

— = NETWORK LINK
—— = USER LINK

K5VEF

/ \ WASMWD -4
WB5PUC-4 GARLAND
DALLAS ‘ .
\

1
‘ WDS5HUP

fig. 7. This is a map of the TEXNET test bed and two user
stations (operators, TNCs, and 2-meter radios) of the net-
work. Network trunks exist between Murphy, Dallas,
and T}, but Garland can only communicate with Dallas.

wrong with the network. So Station A has to add a
little additional information at the front of each pack-
et that tells the intermediate stations where the infor-
mation came from and where it's going.

Let's examine the sequence of events that occurs
here. In fig. 4, Station A generates some data and
sends it to its own layer 3 box. This box adds some
information to the data packet (who the sender and
receiver are, for example). Then the layer 3 box gives
this slightly larger packet to the layer 2 box, which in
turn adds a little information to it (things like a check-
sum for detecting errors, and the callsigns of Stations
A and B). Layer 2 at Station A then assures that this
packet is reliably delivered to the layer 2 box at Sta-
tion B. The layer 2 box at Station B, happy with this
packet, “‘unwraps” the layer 2 information and delivers
what’s left to the layer 3 box at Station B. The layer
3 box at Station B now looks at the information that
the layer 3 box at Station A added to the packet and
decides what to do with the packet. Probably Station
B will determine the best way to get to Station C, and
will tell its own layer 2 to send this packet to Station
C; Station B will not alter the layer 3 information that
station A put on the packet. Then the layer 2 box at
Station B will add information {like a checksum, and
the callsigns of Stations B and C) to the packet, and
reliably deliver it to Station C. The ““unwrapping’’ (ex-
amination of the layer 3 header, and the ““rewrapping’’
of the layer 2 data) will continue at each node until
the packet arrives at C. At Station C, the layer 2 box
will “unwrap’’ the layer 2 data and then present the
remainder to the layer 3 process, which will notice that
this packet is destined for this station. Then the layer
3 box at Station C will remove the layer 3 information
and present the raw data to the receiver at Station C.
The contents of this individual packet is shown in fig.
5.

Thus raw data has traversed the network from A
to B, through intervening users. At each step of the
way it was error-checked and reliably exchanged by
adjacent nodes, and each node decided how to route
the information along to the final destination. Thus we
have built a method that offers hop-to-hop ac-
knowledgment, routing information reliably between
two points. It also returns error messages to the
sender, since it knows who the sender and receiver
are.

There are two important points to consider: a stan-
dard protocol (AX.25) has been used at layer 2, and
some of the more distressing problems with digipeat-
ers have been solved. Unfortunately, we've added the
requirement that the sender and receiver, Stations A
and B, understand and implement an additional pro-
tocol, the layer 3 box. Rather than require this, we can
instead build a ““translation’” function into Stations C,
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D, E, and F. These would converse with A and with
B in an English language-like manner, and would make
all the decisions about to and from whom packets
should be delivered. Thus if Stations A and B can wrap
and unwrap the layer 2 information from each pack-
et, and if the human operators at Stations A and B
understand the English language commands that C
through F need in order to translate and add layer 3
information to each packet, then the users at A and
B need only to possess a TNC that has a layer 2 func-
tion that is compatible with AX.25 (see fig. 6). For-
tunately, all TNCs are capable of this.

the TEXNET implementation

This is how TEXNET operates. A user connects to
TEXNET just as anyone with a TNC would connect
to any station. Far example, let’s look at the sequence
KBYEF (in Plano) would follow to utilize the network
to talk to a station in Garland (see fig. 7).

In this case, KSYEF is located near the Murphy
node, and WD5HJP is located near the Garland node.
Notice that the network node stations are not normal
TNCs, but are TEXNET network nodes instead.

What KbYEF types is shown underlined; all other
text appears on his CRT.

CMD >
CMD>"‘CONNECTED TO N5EG-4

NSEG-4 VIRTUAL CONNECTION 03 AT 17:04:57 ON 11/26/86

*»%  WELCOME TO TEXNET VO706-WBSPUC ***

COMMAND ?
YOUR CONNECTION IS ESTABLISHED

From this point on, the communication proceeds
normally.

What does the station WD5HJP see? Let's take a
look at WD5HJP’s CRT.

CMD>***CONNECTED TO WASMWD-~4

INCOMING TEXNET CONNECTION FROM KSYEF-0 AT MURPHY
At this point, whatever KBYEF has typed appears on
the screen.

The users of TEXNET connect to it on 145.05 MHz,
at 1200 Baud using their standard TNCs. The network
communicates between its own nodes using AX.25
as the layer 2 protocol and TEXNET-IP as the layer 3
protocol. The network nodes run their inter-nodal
trunks at 9600 Baud on either 220 or 450 MHz, or can
run them at 1200 Baud on 2 meters.

It would be best if the users of this network (Sta-
tions A and B, for example) had a way to communi-
cate with the network that didn’t require the use of
human operators and English language commands.
Then computers (at A and B) could control setting-
up and tearing-dowr connections through the net-
work. Unfortunately, :his type of layer 3 protocol —
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fig. 8. A Mesh network topology. Many paths through
this network are possible, AEILNMB, AEDHKMB,
AEIHKMB are 3 possible routes. This network is resis-
tant to failures, but expensive to implement.
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fig. 9. A Backbone network topology. A few alternate
routes exist through the network, but single-point
failures are possible. This is a low-cost network.

outside the network — requires that all TNCs be stan-
dardized for a layer 3 communication process, and no
standards now exist in the Amateur community for this
function.

The TEXNET-IP layer 3 protocol is "*hidden’’ from
all the users because the entry and exit nodes of the
network translate the instructions from the users from
English to TEXNET-IP and back again. The TEXNET-IP
is utilized only within the network, and it is of a family
of network protocols known as ‘“datagram’’ (that is,
each packet carries all of the information needed by
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the network). The TEXNET-IP protocol adds 5 bytes
of overhead to the front of every packet inside the net-
work, but is not suited for use as a user layer 3
protocol.

network topologies

How should all of these network modes be physi-
cally located? How should the communication paths
between nodes be set up? The topology of a network
is a map of the network —that is, where the nodes of
the network are located, and which nodes are within
rf range of other nodes. The topology defines which
nodes can be connected to each other, and gives a
name to the different types of network configurations
that could be made.

There are many topologies available for setting up
a network, but we'll look at two common ones here.
One way to set up a network —a “‘mesh’’ network -
is shown in fig. 8. Mesh networks have many nodes,
and many possible ways to route information between
two users. Meshes also have a lot of “resilliency.”
They can suffer outages of nodes and/or paths, yet
still have a way to route information between any two
points.

Because the Texas Packet Radio Society doesn't
have enough money to build and install switching
nodes everywhere, we've chosen a topology that
minimizes cost, but unfortunately degrades the sur-
vivability of the network. In our network, we've in-
stalled a “"backbone’ arrangement as shown in fig.
9. In this topology, nodes are installed along a “skin-
ny’’ route between the major population centers —
those users with the largest amount of traffic to send
a long distance. Alternate routes to some of the paths
are included. Each of the nodes contains a 'table” in
memory which is a map of the system, so that it knows
to which node packets should be forwarded, depend-
ing upon.which node will receive the packet and de-
liver it to the final user. These tables contain alternate
routes in case the primary route is unavailable. In ad-
dition, each node contains an area in the memory
where the routing table can be “patched’’ to accom-
modate recent changes to the map. These recent
changes can be loaded into the network nodes by the
network control operator. This type of routing is
known as static or directory routing.

Further articles in this series will focus on specific
issues addressed in implementing the TEXNET net-
work. One section will be devoted to the hardware that
was designed, and one section will be devoted to the
software that was designed (protocol layers). The soft-
ware section will also describe additional features
provided by the network.
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simple ICOM IC-735 to
C-64 interface

Software routine
controls frequency,
mode, memory channel,
and VFO selection

This simple hardware and software interface can
be used to control an IC-735 transceiver by means of
a Commodore 64 using a serial data bus. With an un-
derstanding of the control codes listed in table 1, a
routine can be written to perform many complex, use-
ful operations with the IC-735 and, ultimately, to
automate an entire station. Because future ICOM
equipment will have the same data protocol, the pro-
gram shown in fig. 1 should be easily adaptabie to
those as well.

Figure 2 is a schematic diagram of the hardware

Table 1. Control code designations and descriptions.

Control
Code Description

3 Requests transceiver to return its current operat-
ing frequency.
4 Requests transceiver to return its

current gperating mode.

5 Selects operating frequency.

6 Selects operating mode.

7 Selects VFO A or B

8 Sets parameters of selected memory channel.

9 Stores current configuration into displayed memory
channel.

A Stores current configuration into last displayed VFQ
memory.

NOTE: Codes 0 through 2, below, are not used in this program.

0 Code used by transceiver when returning frequency
after main dial or mode switch has been activated.

1 Same as 0 except data is for mode.

2 Request to return valid operating range.

used to interface the IC-735 to the C-64. Notice that
the only component needed is a 4.8 k puli-up resis-
tor. A more sophisticated design involving transistors
and inverters for buffering is possible but not neces-
sary because the C-64 user port is TTL-level compati-
ble with the IC-735. The pull-up resistor is used to
provide sufficient current to drive the input and out-
put pins of Commodore’s user port. Since this is a bi-
directional data bus, both input and output pins in the
C-64 user port are connected together. The flag in-
terrupt is also connected to the bus for data detec-
tion and timing. As can be seen from the schematic,
pins B, C, and M on the user port are pulled up to
+5 volts through the resistor by a connection at pin
2 in the user port. The center connector of the
REMOTE output of the IC-735 is then connected via
a two-conductor cable to these data pins. The out-
side connector of the IC-735 REMOTE is connected
through the same cable to pin N (GND) on the user
port, thus completing the hardware interface.

code description

A line-by-line description of the entire listing is not
necessary because of the functional similarity of the
functional control blocks. (See fig. 3.) The details
presented in the first block are useful for understand-
ing the balance of the program.

housekeeping

Lines 10 through 599 contain a brief introduction,
a definition of variables used, and a subroutine map.
Line 600 begins the functional part of the program by
initializing the system. It opens the user port on the
C-64, sets the screen color, clears the screen, and pro-
vides the data for the function keys. Lines 750 through
950 display the main menu and prompt the user for
the desired function,

frequency selection
The block of code beginning at line 1000 is the first

Charles F. Bahr, N7ICW, 5621 North 40th Street,
Tacoma, Washington 98407

March 1987 39



----————-q

FREE CATALOG!

Features Hard-to-Find Tools
and Test Equipment

Jensen's new catalog features hard-to-
find precision tools, tool kits, tool cases
and test equipment used by ham radio
operators, hobbyists, scientists, en-
gineers, laboratories and government
afgencies. Call or write for your Iree copy

today.
o Dept HR
JGNSEN 78155 46th Streel
Phoenix. AZ B5044
TOOLS INC. | 602 a68-6241
l- | B B B B B B B B |
» 118

AUTHORIZED KENWOOD
I-COM RADIO DEALER

-------1
L-------

H L HEASTER, INC , 203 Buckhannon Pike, Clarksburg, W

Va 26301 Clarksburg Phone (304) 624-5485 or W. Va Toll

Free 1-800-352 177

HAROLD HEASTER. KABOHX, 91 Ridgeheld Place, Ormond

Beach, FI 32074 Flonda Phone (904) 673-4066

NEW NATION-WIDE 'IIJLI. FREE TELEPHONE 1-800-84-RADID
1-800-84-72346

Call us for a guotabion W‘l WILL SAVE YOU MONEY!

» 119

ALL BAND TRAP
VERTICAL ANTENNAS!

FULL t4th WAVE - Al Bands! Automatic Selection with
proven Hi=G Traps. 5 Models-ALL seil supporting - Ground
or roof mount. Ml STRENGTH FIBERGLASS TUBING
OVER -ALL NO WOBBLY, LUMPY TRAPS - NO UN-
sm.nn_r CL&MFS nuuen Size 1 1/a~ all the way up -
et You can use it in a1 1t sa. Backyardl
FDH ‘P.‘RTM{NTS MOBILE HOMES - CONDOS etc
whare minimu space and neal  appearence is MAND-
ATORY! h-uum “Drive In" ground mount (included) . Use with
of without radiss (incuded) (Al angle roof mount - Extra)
COMPLETELY PRETUNED - NO ADJUSTMENTS N[ED
ED EVERI NO TUNER NEEOED FOR MOST TRA
CEIVERS! Use - RGBU reedine y length| 2000 Wl!t
PEP, Inut powér. Shipped - PHEPQID IN USA. Assembies
in 10 min. using only screwdriver. WEATHERPROOF!
No-AVTBO-10 — 5 Band —— 25'G~ $199.95

Mo- AVT 40-10— 4 Band e $13095
No.- AVT20-10=— 3 Band was $109 95
N - AVTB0-10 Wem i Band ——— 22 $279.95
No- AVTA0-10W = T Band—— 159 $109 95

SEND FULLRICE FOR PP DEL v USA (Cenaoa m
%10 .00 extra for postage, clerical, Customs ) or order using
VISA MASTER CARD or AMER-EXP. Ph1-308-

. 236-5333 9AM-GPM weekdays We ship in 2.3

days AR Antennas Guaranteed for | year =10 day
L money back trial Free Int

WESTERN ELECTRONICS

Dept Rearney Ne

6OB47

w120

40 March 1987

10 REM

20 REM % FILE NAME: CSMA/CD %
30 REM * THIS ROUTINE CONTROLS AN %
40 REM x ICOM 735 HF TRANSCEIVER ]
S0 REM # EQUIPPED WITH THE CI-V DATA &
40 REM ® BUS AND CONTROLLED BY THE %
70 REM x COMMODORE é&4. *
80 REM ®* REFER TO THE C-&4 PROGRAMMERS¥
90 REM ® REFERENCE GUIDE PAGES 348 %
98 REM ® THROUGH 357 FOR ASSISTANCE. &
99 REM EXEXXXRSXXERARNERRNARRENRAERRRNER
100 REM

110 REM BY: CHARLES F. BAHR

120 REM N7ICW

122 REM 54621 NO. 40TH

124 REM TACOMA, WN. 98407

140 REM

160 REM

170 REM ==r== VARIABLE DEFINITION ===—-—
180 REM FA = BAD DATA = 250

190 REM FB = GOOD DATA = 251

200 REM FC = JAMMER CODE = 252

210 REM FD = STOFP BYTE = 253

220 REM FE = START BYTE = 254

230 REM SR = STATUS REGISTER

240 REM R = RECEIVER ADDRESS

260 REM C = CONTROLLER ADDRESS

265 REM F = INPUT FREQUENCY

280 REM

300 REM --——- SUBROUTINE MAP —=—=-

310 REM

320 REM 4600 INITIALIZE

330 REM 750 MAIN MENU

340 REM 1000 SET FREQUENCY

350 REM 2000 SET MODE

360 REM 3000 SET VFOD

270 REM 4000 SET MEMORY

380 REM 5000 PROGRAM MEMORY

390 REM 6000 MEMORY TO VFO

410 REM BO00 SOFT KEY SETUF

420 REM 8500 CLEAR SCREEN

425 REM B&400 RESULTS OF CHANGE

435 REM 8700 GET DATA

445 REM 8900 CONVERT TO HEXADECIMAL
450 REM 9500 ERROR PROCESSING

4450 REM @900 EXIT ROUTINE

470 REM

599 R=0

&00 REM ————- INITIALIZE SYSTEM ———--
601 OPEN 2,2,0,CHR$(B)+CHR$(17)

6402 REM 1200 BAUD,PARITY DISABLED, XLINE
605 DIM K(20),Y(20),X(20) ,E$(20),Vs$(2),E(20),D$(20),

760
745
770
775
780
785
790
795
800

EEEXERERRRNERRENRARRRNRNNREERRAR

POKE 53280,0:1POKE 53281,0:REM SCREEN AND BORDER
PRINT CHRS$ (30)

IF R>0 THEN GOTO 640

GOSUB BS00:REM CLEAR SCREEN

REM

DATA 1,SET FREQUENCY,2,SET MODE

DATA 3.SET VFO A OR B, 4,MEMORY CHANNEL

DATA 5,STORE MEMORY,&,MEMORY TO VFO

REM

REM ————— MAIN MENU ————-
REM

GOSUB B8500:REM CLEAR SCREEN

PRINT CHRS$(30)

PRINT TAB(11)"MAIN MENU"
PRINT
PRINT
FRINT
PRINT
RESTORE
FOR X=1

TAB(3) "CODE"TAB (10) "FUNCTION"

TO &

fig. 1. ICOM-735 hf transceiver program.
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805 READ D,Bs

810 PRINT TAB(3)D TAB(10)Bs
815 PRINT

B20 NEXT X

825 PRINT

830 PRINT TAB(4) "ENTER CODE"
840 REM

850 GOSUB B8000:1REM SOFT KEYS
B&0 GET As

865 IF As="" GOTO B8&0

870 A=ASC (A$+CHRS (0))

875 A=A-48B

880 IF A$=CHR$(133) THEN GOTO B&0:REM BLANK SOFT KEY

885
887
as8
a0
00
910
920
922
924
928
928
230

IF A$=CHR$(134) THEN GOTO 640:REM MAIN MENU

IF A$=CHR$ (135) THEN GOSUB 7000:SYSTEM STATUS

IF A$=CHR$(135) THEN GOTO &631:REM REDISPLAY MENU
IF A$=CHR$(134) THEN GDTO 9900:REM EXIT PROGRAM
IF A<1 OR A>6 THEN GOTO 631

ON A GOTO 1000, 2000,3000, 4000,5000, 6000

GOSUB B300:REM CLEAR SCREEN

PRINT

PRINT
FRINT
PRINT
PRINT * INVALID CHARACTER, TRY AGAIN."

740 FOR X=1 TO 2500: NEXT X

950
1000
1010
1020
1030
1040
1060
1061
1062
1110
1120
1130
1140
1150
1170
1180
1185
1190
1200
1290
1300
1310
1320
1330
1340
2000
2010
2020
2030
2040
2050
2060
2080
2090
2100
2110
2115
2130
2140
2150
2160
2170
2172
2175
2180
2190
2200
2210

GOTO 760

REM

REM S3SEXERRXRRRRRRRRRRRNNRRS

REM % SET FREGUENCY ROUTINE %

REM % CONTROL CODE 0OS x

REM REXSRXRdessisdesssssanes

GOSUB B500:REM CLEAR SCREEN

CLOSE 2

OPEN 2,2,0,CHR$(B)+CHR$(17)

REM

FOR X=1 TO 10

PRINT

NEXT X

INPUT " ENTER NEW FREGQUENCY IN MHZ ";F
IF F<{=30 AND F>=.1 THEN GOTO 12%0
PRINT “ FREQUENCY SELECTED IS OUTSIDE *
PRINT * BOUNDS OF IC-735. TRY AGAIN."
FOR X=1 TO 2500: NEXT X

GOTO 10&0

GOSUB B8900:REM CONVERT TOD HEX
PRINTH2,CHRS (254) +CHR$ (254) +CHR$ (4) +CHR$ (241) ;
PRINT#2,CHR$ (5) +CHR$ (W) +CHR$ (V) +CHR$ (L) +CHR$ (T) +CHR$ (253)
GOSUB 8700:REM VERIFY DATA

CLOSE 2

GOTO &00

REM RSS2 XSRS EXEEREXRRES

REM ¥ SET MODE %

REM % CONTROL CODE 04 %

REM EEXXXEEXEERRXXRERRX

REM

CLOSE 2

OPEN 2,2,0,CHR%(B)+CHR$(17)

GOSUB 8500:REM CLEAR SCREEN

FOR X=1 TO 10

PRINT

NEXT X

M=4

PRINT TAB(3)"LSB";

PRINT TAB(9)"USB";

PRINT TAB(15)"AM";

PRINT TAB(21) "CW";

PRINT TAB(27)"FM"

PRINT

INPUT " ENTER MODE: ":M$

I'F M$="LSB" THEN M=00

IF M$="USB" THEN M=01

IF M$="AM" THEN M=02

IF M$="CW" THEN M=03
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personal computing.
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2220
2230
2240
2250
2260
2270
2280
3000
3010
3020
3030
3040
3050
3060
3120
3130
3140
3150
3160
3170
3180
2190
3200
3210
3220
3230
3240
3250
4000
4010
4020
4030
4040
4050
4060
4080
4090
4100
4110
4130
4150
4160
4165
4170
4180
4265
4270
4280
4290
4300
4310
4320
4330
5000
5010
5020
5030
5040
5050
5060
5120
5170
5180
5185
5190
5200
5210
6000
46010
6020
6030
6040
6050
6060

IF M$="FM" THEN M=035

IF M=4 GOTO 2080

PRINT#2,CHRS (254) +CHR$ (254) +CHR$ (4) +CHR$ (242) ;
PRINT#2,CHR$ (0&) +CHR% (M) +CHR% (253)

GOSUEBE B8700:REM VERIFY DATA

CLOSE 2
GOTO &00
REM XEXSXXXXXIXIXETTREXE
REM * SET VFO X

REM * CONTROL CODE 07 %

REM SESXSERERRX2220%%8

REM

CLOSE 2

OPEN 2,2,0,CHR% (B)+CHR$(17)
GOSUB B500 :REM CLEAR SCREEN
FOR X=1 TO 10

PRINT

NEXT X

V=2

INPUT " ENTER VFO A OR B":Vs
IF vs="B" THEN LET V=1

IF V$="A" THEN LET V=0

IF V=2 THEN GOTO 3000
PRINT#2,CHRS (254) +CHR$ (254) +CHR$ (4) +CHR$.(241) 3
PRINT#2, CHR$ (07) +CHR% (V) +CHR$ (253)
GOSUB B700:REM VERIFY DATA
CLOSE 2

GOTO &00

REM EEXXXSSERXEXARRARRRERELNRENS
REM %* DISPLAY MEMORY CHANNEL %

REM * CONTROL CODE 08 ]
REM SRESXXRLXSESSRRXXRRILIRIXXXRXK
REM

CLOSE 2

OPEN 2,2,0,CHR$ (B) +CHR$ (17)

GOSUB 8500 :REM CLEAR SCREEN

FOR X=1 TO 10

PRINT

NEXT X

INPUT * DISPLAY WHICH CHANNEL "iF

IF F<=12 AND F>=1 THEN GOTO 4265

PRINT * CHANNEL SELECTED IS NOT AVAILABLE"
PRINT " ON IC-735. TRY AGAIN. "

FOR X=1 TO 2500: NEXT X

GOTO 4080

GOSUB 8900:REM HEX CONVERSION
PRINT#2,CHRS (254) +CHRS (254) +CHR®$ (4) +CHR$ (241) 5
PRINT#2,CHRS (0B) +CHRS (T) +CHR$ (253)
PRINT#2,CHRS (254) +CHR$ (254) +CHR$ (4) +CHR$ (241) 3
PRINT#2,CHR$ (0B) +CHR$ (253)

GOSUB B700:REM VERIFY DATA

CLDSE 2

GOTO &00

REM XEXXSXERXSRRRRRRRER

REM % STORE TOD MEMORY %

REM % CONTROL CODE 09 %

REM SEEXERZREXRRRERERER

REM

CLOSE 2

OPEN 2,2,0,CHR$ (8)+CHR$(17)

GOSUB 8500 :REM CLEAR SCREEN
PRINT#2,CHRS (254) +CHR$ (254) +CHRS$ (4) +CHR$ (241) ¢
PRINT#2,CHRS (09) +CHR$ (253)

FOR X=1'TO 10:PRINT:NEXT X

GOSUB B700:REM VERIFY DATA

CLOSE 2

GOTO &00

REM SXSESXESSSSEERRERRTRES

REM ® FROM MEMORY TO VFOD %

REM s CONTROL CODE 10 X

REM SXSXXXRRRXRERRRRRRREX

REM

CLOSE 2

OPEN 2,2,0,CHR$(8) +CHR$(17)

S5B ELECTRONIC TRANSVERTERS & PREAMPS

L7025 144/28 Xwrir 20w GAASFET DBM THA
L1335 902/144 Auetr BW GAASFET $499
L1238 1296/144 Xviti 10W GAASFET $549
MICRO- 13 23047144 Xrtr 0 SW GAASFET $399
MICRO X 103847144 Xult 0. 2W GAASFET §549
X144 144 Preamp 0 4db of 25db gan 129
DX432S 432 Preamp 0 5db nf 20db gain 179
DX9025 902 Preamp 0 5db nf 23db gan 5189
Dx1295 1296 Preamp 0 5db nf 23db gain. $189
DX23206 2304 Preamp 0 Bab n! 16db gan $189
MVI445-01 144 Swehd Preamp 0 5db ot

25db gan 5199
MV4325-01 432 Swend Preamp 0 Sdb nt

25d4b gan $199
MVa02.5 902 Swehd Preamp 1 0db nt

16db gain 5219
MV1296-5 1266 Swohd Preamp 1 Odb 1 0db af

16db gam $219
DEW15A Sequencer for MV senes Preamps 569
HF 400 High Power Relay, 144 2KW. 437 1KWS119
1220128 220 MHz transverter

28 of 50 IF, 15W $220
PAZ3200 1296 MH2 waler coolded PA

2 tube, 200W + $275

ALSD AVAILABLE MICROWAVE MODULES, EME ELECTRONIC
TRANSVERTERS UNLIMITED HANS PETERS (VE3CRU)
BOX 6286 STATION A [416) 759 5567
TORONTO. ONTARIO EVENINGS

CANADA M5W 1P3

OPPORTUNITY

Established ethical len-year-okd mail-order business for
sale. Instant name/logo recognition and excellent repu-
tation worldwide. Ideal tor technically competent amateur
seeking satistying career either as substitute for present
employment or as aretirement busingss. Minimum over.
head expense and sigmificant small-business tax advan-
tages. Can be carned on from a home anywhere as a
“mom and pop’ closely-held corporation (as it is at
present) or expanded 1o any exten! desired. Combines
present habby with a proven source of income—an deal
combination . Insignificant competition, the principal sales
item is in constant demand worldwide for use in all ham
ngs. old and new, factory-made or ““home-brew’’. No
manufactunng. nventory, or storage problems, the
physically-small principal item is obtained from an as-
sured source—the top-rated manutacturer of this spe-
clality in Japan. Additional opporturities 1o expand ap-
plications and profits through R & D are hmited only by
initiative, imagination, and technical competence

Monthly sales averaging $10,000 for the last three years
have provided reasonable salaries and good dividends
hecause of generous profit margine and legitimate tax
allowances for home-office rental, pro-rata car operating
expense, ham and office equipment depreciation, gtc
Easy ownership transfer without interruption of cash flow
“"Hand-holding "’ is available during transition

Detailed information will be sent only to those judged
to have the best chance ol success. Accordingly, serous
inquirers should write giving biographical data including
age, education, technical background, and experience
Box 498
Greenville, NH 03048

NO TUNERS!
NO RADIALS!

NO RESISTORS!
NO COMPROMISE!

THREE EXCELLENT REVIEWS JUST

DON'T HAPPEN BY CHANCE.
CALL US FOR A FREE CATALOGUE.

BILAL COMPANY

SR 2 Bon b2, Depl. 2
Fucha, Ok, 74142 (918) 253-400%4 = 140
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1987 6150 GOSUB B500 :REM CLEAR SCREEN
&170 PRINT#2,CHRS (254) +CHR® (254) +CHRS (4) +CHR® (241) 3
CALLBOOKS 6175 PRINT#2,CHRS$ (10) +CHRS (253)
6180 FOR X=1 TO 10:PRINT:NEXT X

6190 GOSUB B700:REM VERIFY DATA

6200 CLOSE 2

6210 GOTO 400

7000 REM SXESSSESRSRSRSSARRSRARARRRAE
7010 REM % SYSTEM MONITOR T
7020 REM % CONTROLL CODES O3 AND 04 %
7030 REM SESEESRERRSERRRSERRRRRRRRRER
7040 REM

7061 CLOSE 2

7042 OPEN 2,2,0,CHRS (8) +CHR$ (17)

7115 GOSUB BS00:REM CLEAR SCREEN

7120 FOR X=1 TD 10

7130 PRINT

7140 NEXT X

7240 M=3

7250 PRINT#2,CHR$ (254) +CHRS (254) +CHR® (4) +CHRS (241)
7260 PRINT#2,CHRS (3) +CHRS (253)

7262 GOSUB B700:REM GET DATA

7265 GOSUB B&600:REM RESULTS

7275 CLOSE 2

7280 OPEN 2,2,0,CHRS (B)+CHR$(17)

7284 M=4

7286 PRINT#2,CHRS (254) +CHRS (254) +CHRS (4) +CHRS ( 1) +CHRS (4) +CHRS (253)
7287 GOSUB B700:REM GET DATA

n . H ]
rs 7290 GOSUB B&42&:REM RESULTS
The Flylng 0 e 7305 CLOSE 2
7310 RETURN
sets the standards ol A e
Continuing a 66 year tradition, there are 8010 REM
three new Callbooks for 1987, B0O20 PRINT CHR$(18)

BO30 PRINT CHR$(154)

The North American Callbook lists the calls, 8040 PRINT CHR$(19)

names, and address information for licensed

amateurs in all countries from Canada to 8045 PRINT

Panama including Greenland, Bermuda, and BO4S5 PRINT

the Caribbean islands plus Hawail and the 8047 PRINT

U.S. possessions. 8040 REM PRINT TAB(33)"SYSTEM “;
The International Callbook lists the 8070 REM PRINT TAB(73) "MONITOR"
amateurs In  countries outside North 8100 PRINT

America, Coverage includes South America, B110 PRINT TAB(33Z)" "
Europe, Africa, Asia, and the Pacific area. B120 PRINT TAB(73)" "

The 1987 Callbook Supplement isa new idea D130 FRINT TARLI0)™FI=MEND

in Callbook updates; it lists the activity in 8140 PRINT
pboth the North American and International 8150 PRINT
Callbooks, Published June 1, 1987, this 8155 PRINT
Supplement will include all the new licenses, B140 PRINT
address changes, and call sign changes for 8170 PRINT TAB(30)"FS-SYSTEM";
the preceding 6§ months. 8180 PRINT TAB(70)" STATUS *
Publication date for the 1987 Callbooks is B190 PRINT
December 1, 1986. See your dealer or order B200 PRINT
now directly from the publisher, B220 PRINT
B230 PRINT TAB(30)"F7-PROGRAM"
— — B240 PRINT TAB(71)" EXIT
oMNorth American Callbook B250 PRINT CHR$(14&) :PRINT CHR$ (Z0)
incl. shipping within USA $28.00 8260 RETURN
incl. shipping to foreign countries 30.00 8270 REM
o International Callbook 8500 REM —---- CLEAR SCREEN —---—-
incl, shipping within USA $28.00 8510 REM
incl. shipping to foreign countries 30.00 8520 PRINT CHR$(1%)
book & " i Gt Ui st BS30 FRINT CHR$(147)
o Callboo upplement, publishe
incl. shipping within USA $13.00 8540 RETURN RESULTS ————-
incl. shipping to forefgn countries  14.00 8600 REM ———-—- uL
B&4O06 FOR X=1 TO 15
SPECIAL OFFER 8608 IF K(X)=253 THEN GOTO B&10
Both N.A. & International Callbooks ROST WAT X
o Bo AL nternatio " .t
incl. shipping within USA $53.00 3::112 ?Sé”:_xffeggsgc;.}E; iy
Iincl. shipping to foreign countries  58.00 -
B&1& F=K(Y) /16
B L L 0 B&20 PRINT INT(F)TAB(O) (F-INT(F))%1b;
o dd 6%% tax B&622 NEXT Y
Ilinois residents please a 2% tax. 8623 PRINT

t t be in U.5. funds.
All payments mus n un s 8624 RETURN

RADID llll:fEUﬂ I I L k 846286 M$=""
_ca OOK I 8627 PRINT

L Dept. F i
ﬁ. 925 Sherwood Dr., Box 247
Lake Bluff, IL 60044, USA

=
Tel: (312) 234-6600 we— > _~
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introducing a new dimension...

B For All 8 Wire CDE
Rotors

B North & South
Center

B Continuous 1°
Readout For Full
3600

| Bright 2 x 112"
Display

A e

a0 M O
> 080
- f

Al

FROM PRO-SEARCH®

N EW DIGITAL CONVERSION

ONLY $59.%°
PLUS SHIPPING

B Made In USA
B Easy To Install
W Quality Material

B Designed For Years
Of Service

FOR JUST A FEW DOLLARS MORE YOU CAN HAVE THE CONTROLLER OF THE FUTURE

TODAY!

introd ucing a NeW Low COST MODEL THE PSE-1K PRICED AT $189.% plus shipping

For Contesters, DX'ers,
Handicapped Operators
and General Purpose
Ham Operators:

?he Most Advanced

Antenna Control

Available ....

B The Only
Computerized Unit

B The Only Talking
Unit

M@ The Only Scanning
Unit

® The Only
Programmable Unit

B The Only Automatic
Braking Unit

Now Three Models of Our Computerized-Digital Antenna
Control Priced From $189.9% to $469.%

B PSE-1K Series B PSE-1A Series B PSE-1 Series

Pro-Search Is Adaptable
To Many Systems,
Simple To Install.

No modifications are
necessary.

Disconnect your present
antenna control system
and connect ours.

Pro-Search is used with
HAM-M, HAM-II, III, IV,
and TX2. Other models
are available to work
with the HDR-300, elc.

To Order:

1-800-325-4016
1-314-994-7872
(Missouri)

Or write:

Pro-Search Electronics
1350 Baur Blvd.
St. Louis, MO 63132




CS50M

RINGO RANGER Il

ARX-2B 134-164MHz
ARX220B 220-225MHz
ARX450B 435-450MHz

MOBILE ANTENNAS
46-54MHz Magnetic Mount

CS147M 144-174MHz Magnetic Mount
CS220M 220-225MHz Magnetic Mount
CS450M 435-470MHz Magnetic Mount

&

cushcraft

CORPORATION

THE ANTENNA COMPANY
48 Perimeter Road, P.O. Box 4680
Manchester, NH 03108 USA
TELEPHONE 603-627-7877
TELEX 4949472 CUSHSIG MAN

46 March 1987

Ranger i

Simply the best

The best combination of gain,
bandwidth and low angle radiation

for simplex or repeater operation.

Quick easy assembly and installation

Mount anywhere with compact dimensions and neat
appearance

Proven performance and durability in all environments
Complete FM band coverage

One year warranty

Cushcraft antennas created the FM antenna revolution by
making the best performance and value available 10 every
ham. We continue to set the pace with a broad line of
antennas for every FM application. Tune across the band
and you will find the overwhelming majority of hams using
one, two, or more Cushcrafl antennas. The reason is very
simply that they are the best. Now 15 the time for you o
enjoy the value of a Cushcraft antenna. See your nearby

dealer today

Execiting news tor HAMS! the same high performance
and quality, CUSHCRAFT/SIGNALS antennas, used by
professionals and business, are now available to improve
your mobile communicalions.
FEATURING
* SILVER PLATED LOADING COILS
* TAPERED 17-7PH STAINLESS STEEL WHIPS
+* STRONG, MOISTURE PROOF ABS COIL CASES
CADMIUM PLATED NON-SEIZING HARDWARE
FULL BRAID COVERAGE RG 58A/U CABLE
COAXIAL CONNECTORS
EACH COMPLETE WITH CABLE, CONNECTORS
AND THREADED BASE TO TAKE EITHER THE
* STAINLESS STEEL SPRING OR STRAIGHT
WHIP

* CHOICE OF 3 MOUNTING OPTIONS

1. 90 POUND MAGNET MOUNT

2. TRUNK LIP MOUNT

3. % INCH HOLE MOUNT
ONLY CUSHCRAFTI/SIGNALS MOBILE
ANTENNAS GIVE YOU ALL OF THESE
IMPORTANT PERFORMANCE FEATURES



8628 PRINT "MODE: ";

8630 IF K(5)=00 THEN M$="LOWER SIDE-BAND"
8632 IF K(5)=01 THEN M$="UPPER SIDE-BAND"
8634 IF K(S5)=02 THEN Ms$="AM"

8636 IF K(5)=03 THEN M$="CW"

B638 IF K(5)=05 THEN Ms$="FM"

B&640 IF Ms$="" THEN GOTO 9500:REM ERROR ROUTINE
B642 PRINT Ms$

B&43 PRINT

B644 FPRINT "PRESS RETURN TO CONTINUE"
B646 GET K$

B4648B IF K$<>CHR$(13) THEN GOTOD B&44s&

8650 CLOSE 2

B&6460 GOTOD &00

8700 REM —— VERIFY/GET DATA ————-—
8702 GET#2,D%
8704 IF Ds="" GOTO B702

8706 FOR D=1 TO 15

8710 GET#2,D$

8725 K(D)=ASC (D$+CHRS$ (0))

B727 LET E=K(D)

8730 SR=ST

B735 IF SR AND 247>0 GOTO 9500

8740 IF E=251 THEN PRINT " CHANGE ACCEPTED":REM VALID DATA

8745 IF E=253 THEN LET D=15:REM POST AMBLE
8750 IF E=250 THEN GOTO 9500:REM INVALID DATA
8755 IF E=252 THEN GOTO 9500:REM DATA COLLISION
8760 NEXT D

8770 FOR X=1 TO 2500:NEXT X

8785 RETURN

8790 REM

8900 REM ===~ HEX CONVERSION ————-—

8902 REM F IS BROUGHT IN

8904 F=F+.000001

B70& T=INT(F)

8908 IF T>=10 THEN GOTO 8938

8910 F=(F-T)%10

8912 U=(INT(F))*$1é6

8914 F=(F-INT(F))®%10

89146 U=U+INT(F)

8918 F=(F-INT(F))210

8920 V=(INT(F))%x1b6

8922 F=(F-INT(F))%x10

8924 V=V+INT (F)

8925 F=(F-T)%10

8926 F=(F-INT(F))%10

B928 W=(INT(F))%16

BF30 F=(F-INT(F))%10

BF32 W=W+F

8934 RETURN

8938 T=(T-(INT(T/10))%10)+(16XINT(T/10))
8940 F=(F-INT(F)) %10

8950 GOTO B912

?500 REM —-—--—- ERROR PROCESS -----

2505 PRINT " STATUS ERROR "SR AND 255

9510 IF SR AND 2=2 THEN PRINT " FRAMING ERROR"

9515 IF SR AND 4=4 THEN PRINT *“ RECEIVER BUFFER OVERRUN"

9520 IF E=250 THEN PRINT" RADIO DETECTED BAD DATA"
9525 IF E=252 THEN PRINT" DATA COLLISION DETECTED."
9530 PRINT:PRINT

9535 PRINT * PRESS F1 TO RESTART"

9540 PRINT PRESS F7 TO EXIT PROGRAM"

9545 GET As

9550 IF As="" THEN GOTO 9545

9555 IF A$<>CHR$(133) THEN GOTO 9910

9560 CLOSE 2

9565 GOTO 600

9900 REM ——=—= PROGRAM EXIT —-—=—-—

9910 GOSUB BS00

9920 CLOSE 2

9930 END

READY.

Generate
Your Own
Electricity

}*wuwmﬁ
salshed owners
are ') 5 .
GENERATOR 1o prowi

Mages, boats wi s, remole localons, emer
gency back up power and much maore
Portable —weighs only 20 lbs —easily mstall
somprehe stallation manual— minmum manlen

ance —tull warrant

i

Thermax Corporation HM 3
One Mill St., Burlington, Vt 05401 802-658-1098

v 128

SYNTHESIZED
SIGNAL GENERATOR

A

MODEL

$G-100F
$429.95

delivered

e Covers 100 MHz to 199.999 MHz in
1 kHz steps with thumbwheel dial
Accuracy +/— 1 part per 10 million at all
frequencies # Internal FM adjustable from
0 to 100 kHz at a 1 kHz rate = External FM
input accepts tones or voice = Spurs and
noise at least 60 dB below carrier = Qut-
put adjustable from 5-500 mV at 50 Ohms
* Operates on 12 Vdc @ 2 Amp =
Available for immediate delivery = $429.95
delivered = Add-on accessories available
to extend freq range, add infinite resolu-
tion, AM, and a precision 120 dB attenuator
 (all or write for details = Phone in your
order for fast COD shipment.

VANGUARD LABS
196-23 Jamaica Ave., Hollis, NY 11423
Phone: (718) 468-2720 Mon, thru Thu.

MADE IN
USA

» 129

‘o CADDELL o
“* COIL CORP. &

35 Main Street
Poultney, VT 05764
802-287-4055

BALUNS

Get POWER to your antenna' Our Baluns are
already wound and ready for installation in your
transmatch or you may enclose them in a
weatherprool box and connect them directly at
Ihe antenna. They are designed for 3-30 MHz op
eration. (See ARRL Handbook pages 199 or
6-20 for construction details.)

100 Wath (4.1, 6.1, 81, of 1.1 impedence—ssloct one) $10.50
Universal Transmatch | KW [4°1 iImpedence) 14.50
Universsl Tranamatch 2 KW (4 1 impedence) 17.00
Universal Transmatch 1 KW (61, 81, or 1.1 —select one) 16.00
Universal Transmatch 2 8W (61, 9.1, o0 1.1 —sslect one) 1850

Please send large SASE for info
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l Name _

WIRED KIT
6M,2M, 220 $880 $630
UHF $980 $730

(Also available for commercial bands!)

BAND

FEATURES:

*SENSITIVITY SECOND TO NONE! O 15uV Typ
*SELECTIVITY THAT CAN'T BE BEAT! Both 8 pole stal
= 100dB at + 12kHz

resonator front end to combat desense & intermod

filter & ceranmuc filter for Helical

sFlutter proof squelch, Automalic Ireguency control,
separate sphr amphhier

*CLEAN, EASY -TUNE TRANSMITTER, up 1o 20W output
S50W with additional PA

«TD-2 DTMF DECODER/CONTROLLER kit only $78
Full 16 digits, 5 functions, toll call restrictor, program
mable. Much more. Great for selective calling too!
*AP.1 AUTOPATCH kit only $78. Reverse patch & phone
line remote control std
*AP-2 Simplex Autopatch. Use with above

"

3

*CWID kil, new low price $48
Field programmable, timers, the works!
*COR-2 kit $38

timi-oul lirmers .

Audio mixer, local sphr amplitier, 1ail &

SCOR-3 Kit, 548 with courtesy heep

it

*MO-202 FSK DATA MODULATOR kit $38  Run up to
1200 baud digital or packel radio signals through any
FM transmutter

*DE-202 FSK DATA DEMODULATOR kit $38

65-E Moul Rd.; Hilton NY 14468-9535

[ High quality equipment at reasonable prices surely |

HAMTRONICS, INC. :
|

GaAs FET PREAMPS

at a fraction of the cost
of comparable units!

LNG -(*)
GaAs FET
PREAMP

ONLY $49!

WIRED/TESTED

FEATURES:

*Very Low Noise: 0.7dB VHF, 0.8dB UHF

*High Gain: 13-20dB, depending on freq

*Wide Dynamic Range: to resist overload
*Stable: new-type dual-gate GaAs FET

* Specity tuning range desired: 26-30, 46-56. 137-150
150-172, 210-230, 400-470, or 800-960 MHz

LNW -(*)
MINIATURE
GaAs FET
PREAMP

Unbelievably
Low Price - - -

onLY $19/kit,
$34 Wired/tested

GaAs FET Preamp
similar to LNG,
except designed
for low cost & small size. Only S/8"W x 1-5/8"L x
3/4"H. Easily mounts in many radios

* Specily Wwning range desired 25.35, 3555, 55.90, 90
120. 120-150. 150 200. 200-270. or 400-500 MHz

IN-LINE
PREAMP

ONLY $59/kit, e
s 79 wired/tested

GaAs FET Preamp with features similar to LNG
seres, except automatically switches out of line
during transmit. Use with base or mobile
transceivers up to 25W. Tower mtg. hardware
supplied.

* Specity tuning range desired 120-175, 200-240, of

400-500 MHz

HRA -(*)
HELICAL
RESONATOR
ROy PREAMP
baadlyss L= | ONLY $49 VHF
B or $64 UHF
Low-noise preamps with helical resonators

reduce Intermod & cross-band interference in
critical apphcations

* Specily tuning range desired. 143-150, 150158, 158
162, 162-174, 213:233, 420-450, 450-465, or 465-475
MHZ

appeals to me; but | want more details before | buy! Rush |
my copy of the 40-page Hamtronics catalog by return first 1
class mail. 1 enclose $1 ($2 for overseas air mail).

Address
City =

____ State/ZIP

BINC) 65.E Mo
B ()

7 8 :
L ' 'WI 1 DEF .
::‘ J qll ‘ L
2

*FM EXCITERS
Kits only $68, W/t 3146
TCXO0 and xtal oven available
2W cont. Up to 3W intermittent

*TAS1 for 10M, 6M. 2M, 150-174, 220 MHz.

*TA451 for uhf
FCC TYPE ACCEPTED FOR COMMERCIAL BANDS

*VHF & UHF LINEAR AMPLIFIERS. For FM or 558
leveis from 10 to 45 Watts. Several models. kits starung
at§78

Power

*R144/R220 FM RCVRS =
for 2M, 150-174, or 220 MHz
10 pole ceramic if filters.
hehcal resonator front end tor exceplional selectivity

» 100dB at + 12kHz (best available anywhere!) Flutter
Xtal oven

0.15uV sens, 8-pole xtal &

proof squelch. AFC tracks dnfting xmtrs
avall. Kt $138, w1 5198

*R451 FM RCVR. Same as above but UHF
front end. 0 2uV sensitivity. Kitonly $138 wit $198

*R76 VHF FM RCVR for 10M, 6M, 2M, 220. As above, but
wio AFC or hel res. Kitsonly 39810 S118

*R110 VHF AM RCVR for VHF arcraft or ham bands or
UHF. Kit only $98

Tuned line

NOW—FCC TYPE ACCEPTED TRANSMITTERS,
RECEIVERS, AND REPEATERS AVAILABLE FOR
HIGH-BAND AND UHF. CALL FOR DETAILS.

- ' - -

Antenna Macelver

Input Hange Output

2832 144 148

VHF 505, 28.30

50 584 144148

MODELS Wit 20

5147 5

Kit with Case $49 W a3ie
146 148

Kit less Case  $39 7t w0

Wired w/case $69 g g

412434 L

UHF MODELS 415437 2830

437436 14 jan

Kit with Case $59 A s
s

Kit lass Case  $49 My 33488

Wired wicase $75 902922 e

-Y. " - .

For VHF Faciter Anterna

For SSB, CW. Model Xv2 g0 iediee

ATV, FM, et Kit$79 820 145.146

Can be linked Wired $149 .30 5082

with receive conv (specify band) 37274 e

far tranceive 5054 230234

1to 2 Wout 144146 5052

Linear PA's For UHF 144 148 830

availabie up to Model XV4 2830 dy3a34

50W Kit $79 i asas
5135

Wired $139 yes 148 432436

» Order by phone or mail » Add $3 S&H per order
(Electronic answering service evenings & weekends)
« Use VISA, MASTERCARD, Check, or UPS COD.



USER

1c-735 PORT
paTa A Y
81 FrLac
2 a7k Mour
2} 15y
GND M sno

fig. 2. One pull-up resistor and several leads comprise total
interface hardware requirements.

SToP 8YTE

START BYTE
o—

RAX ADORESS DATA
o

TXx ADDRESS
Os-

fig. 3. IC-735 data word format.

CONTROL CODE
—0

functional control block encountered by the program.
It, like those that follow, begins by closing and reopen-
ing the user port and clearing the screen. Lines 1150
through 1200 prompt the user for a new frequency.
Line 1290 calls a subroutine beginning at line 8900
that converts the user input value to a hexadecimal
format as required by the 1C-735. On return from the
subroutine, the hexadecimal representation of the new
frequency is stored in variables T, U, V, and W, with
T having the most significant digit and W the least.
Figure 4 gives the basic format of the data word. The
1C-735 recognizes a hex “FD’’ (253) as the final charac-
ter in the data stream and responds by returning its
own data stream with either a valid data character or
an invalid data character embedded. To verify the ac-
ceptance of the sent data, the program calls a subrou-
tine at line 8700 which isolates the check character
and validates the data. This suproutine tests for data
collisions between rigs, incorrect data transmissions,
C-64 buffer overflow, and framing errors. If the data
is acceptable, the program returns from the subrou-
tine. Otherwise, it branches to line 9500, which iden-
tifies the error and gives the operator the option of
continuing or ending the program.

mode control

Port control, data conversion and error checking are
performed here and in the following functions in the
same manner as in the frequency selection function.

The block of code beginning at line 2000 prompts the
user for the desired operating mode and sets the trans-
ceiver accordingly. The acceptable modes are USB,
LSB, a-m, fm, and CW.

VFQO control

VFO control is performed by the block of code be-
ginning at line 3000. The user is prompted to select
the desired VFO, which is changed to a number, in-
serted into the character string, and printed to the
Commodore’s user port.

memory recall

Memory channel control is performed in the block
beginning at line 4000. After the screen is cleared and
the user port opened, the operator is prompted to se-
lect the desired memory channel. If the channel num-
ber selected is outside the bounds of the |C-735, the
screen is cleared and the operator re-prompted for a
correct channel number. The IC-735 is then pro-
grammed for memory mode and the character string
to recall the selected channel sent after the channel
number has been converted to its hexadecimal equiva-
lent. It is important to remember that any data sent
to the serial bus must be in hexadecimal format.

memory store

Storing the present transceiver frequency and mode
into the displayed memory channel is performed in the
code beginning at line 5000. This section requires no
input from the operator because the current configu-
ration of the rig is stored in the displayed memory
channel automatically.

VFO programming

VFO programming is performed in the code begin-
ning at line 6000. This section stores the transceiver’s
present mode and frequency into the last displayed
VFO memory.

radio configuration

The transceiver’s current frequency and mode is de-
termined starting at line 7000. A character string with
control codes 3 and 4 is sent to the rig. The transceiv-
er responds by returning the current frequency and
mode, which are decoded and printed to the moni-
tor. Control is returned to the main menu after data
has been verified.

subroutines

Housekeeping and support subroutines begin after
line 8000. Line 8000 begins a subroutine to provide
visible ’soft-keys’’ an the monitor screen. The legends
on these “keys’’ correspond to the functions availa-
ble on the Commodore '‘F"’ keys. Line 8500 begins
a ‘‘clear screen’’ subroutine. Line 8600 starts a subrou-
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K.V.G.

PRODUCTS
9 MHz CRYSTAL FILTERS
lprgl‘-. Band-

MODEL cal width Pales Price
XF-0A 558 24 kHz 5 $53.15
XF-98 558 24 kHz ;] 7205
XF-98-01 LSB 24 kHz @ 9590
XF-98-02 use 24 kHz 8 95 90
XF-88-10 558 24 kHz 0 12565
XF-9C AM 3.75 kHz B 77 40
XF-9D AM 50 kHz ] 77.40
XF-9E FM 120 kHz 8 7740
XF.o9M Cw 500 Hz 4 54 10
XF-9NB cw 500 Mz 8 95 90
XF-9p cw 250 Hz 3] 151 20
XF-810 IF nose 15 kHz 2 17 1

10.7 MHz CRYSTAL FILTERS

WHITE FOR FULL DETAILS OF CRYSTALS AND FILTERS
Export inquines Invited Shipping $3 75

MICROWAVE MODULES EQUIPMENTS

Use your existing HF or 2M rig on other VHF or UHF bands

RECEIVE LINEAR
CONVERTERS TRANSVERTERS

MMK 1691137 269 95 MM 12961440 69 95
MM 1296-144G 189 95 MMx 1268144 289 05
MMc 439.ATV a4 95 MM 432-28(5) 289 a5
MMe  432.28(s) 995 MM 1a4.28(R) 39 05
MMc  144-28(HP) 7495 MMt 14328 189 95
MMC  144-28 54 95 MM 435 28(5) 299 95

LINEAR POWER AMPLIFIERS
2M T0om
MML  144.30-LS 144 a5 MML  432-30-L 219 95
MML  144.50-5 129 95 MML  432.50 229 95
MML  144.100-5 2e4 95 MML 432100 e 439 95
MML  144100-LS 249 95 i

MML  144.200-5 439.95

on _ S 3 v 13
15:]! .".m $74 95 LOOP YAGIS

L&l 1 Y 9
JOIMBM P8 $44 95 1gt Y s::9 g
TO/MBMAB B4 95 101 x
TOIMBEMBS 94 95 1681-LY 50 95

order loop yagl connecion exlra

DY 20-900 MH2 9395

Send 66€ (3 stamps) tor full details of all our VHF & UMF eguipments and KVG crystal
products

: . yg:
Stuppeng FOB Concord. Mass -y

(617) 263-2145
SPECTRUM
RNATIONAL, INC.

tine that interprets data received from the transceiver
in response to control codes 3 and 4. It calculates the
frequency and mode from the data and prints the
results. The subroutine at line 8700 checks the incom-
ing variable length data stream for validity and sets
error flags accordingly. The subroutine at line 8900
converts a decimal number to its hexadecimal equiva-
lent. Error handling is performed by the subroutine at
line 9500. Data failures for the IC-735 and Commo-
dore are identified and the user is given the option of
continuing or exiting the program.

summary

The hardware for this project is very simple: just an
ordinary resistor. The software, though complex in ap
pearance, is also quite simple. It provides the casual
user the basic operational capability of an automated
station. An experienced programmer can use the ideas
presented here in more sophisticated applications or
hang “‘bells and whistles’* on the existing code. The
possibilities are virtually unlimited. Automated control
of Amateur equipment is the wave of the future. This
little project is just one of the ripples.
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BASEBALL CAP

How about an attractive BASEBALL style cap
that has name and call on it It gives a
{aunty air when worn at Hamtests and (115
a great help 1o tnends who have never
me! to spot names and calls for easy
recognition. Great for birthdays. anniver
saries. special days. whalever occasion
Hats come in the lollowing colors

GOLD BLUE RED KELLY GREEN
Please send call and name

(maximum & letters per ling)
UFBC-81 (Yl WAZSRF

ham, _ 1.0. BADGES
rad’o.f..,,.: No ham should be without an | D badge
BOOKSTORE

It's just the thing lor club meetings
Greenville, NH

conventions, and get-togethers, and you have a
wide choice of colors. Have your name and call en
graved in eaner standard or scnpt type on

one ol these plastic laminated | D badges
Available in the following color combinations

03048 (badgeettening). white/red, wood
Please add $3 50 grainfwhite. blue/white, while/black
yellow/blue, red/white, greén/white. metallc

for shipping

old/black. metallc silver/black
and handling g

UID Engraved | D Badge $2.50

LOW BAND DX-ING

COMPUTER PROGRAMS
by John Devoldere, ON4UN
for Apple Il, MS-DOS,
Commodore C-128 and
Kaypro CPM Computers

Here's a collection of 30 super programs written
by ON4UN. Just about every interest or need is
covered—from antenna design and optimization
to general operating programs. Antenna pro-
grams include: shunt and series input L network
design, feedline transformer, shunt network
design, SWR calculation, plus 11 more! General
Ham programs include: sunrise/sunset, great
circle distances, grayline, vertical antenna de-
sign program, sunrise calendar plus 9 more!
Phew. When you sit down to use these programs
you'll be amazed at what you have. Super value
at a super low price. The best value in computer
software available today. ' 1986.

IUN-Apple $19.95
IUN-MS (MS-DOS) $19.95
: .UN-CPMIKa)g;ro $19.95
UN-C-128 (COMMODORE) $19.95

m Please enclose $3.50 for “
shipping and handling

r3dio._. BOOKSTORE

Greenville, NH 03048
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American made RF Amplifiers and Watt/ SWR Meters
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WATT/SWR METERS

RF AMPLIFIERS
2 METERS-ALL MODE 220 MHz ALL MODE * peak or average reading
B23 2W in=30W out C106 10W in=60W out * direct SWR reading
(useable in: 100 mW-5W) (1W=15W, 2W =30W) RX preamp :’:g; EGIP'IJF} 20‘5?0%4[&"[_&
B108 10W in=80W out C1012 10W in=120W out ) ‘
(1IW=15W, 2W=30W) RX preamp (2W=45W, 5W=90W) RX preamp
B1016 10W in=160W out C22 2W in=20W out 430-450 MHz ALL MODE
(1IW=35W, 2W=90W) RX preamp (useable in: 200mW-5W) [[1)53 :Zgyul\:'l}-rl(}w out
=L
B3016 30W in=160W out RC-1 AMPLIFIER o
(useable in: 15-45W) RX preamp REMOTE CONTROL {?&\?}35{,{\)}””2&:15%0‘%‘; out
(10W =100W) Duplicates all switches, 18’ cable !
Available at local dealers throughout the world. s——————————
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INSIDE VIEW — RS-12A

ASTRON POWER SUPPLIES

¢ HEAVY DUTY e HIGH QUALITY » RUGGED * RELIABLE o

RS and VS SERIES

SPECIAL FEATURES

 SOLID STATE ELECTRONICALLY REGULATED

 FOLD-BACK CURRENT LIMITING Protects Power Supply
from excessive current & continuous shorted output.

* CROWBAR OVER VOLTAGE PROTECTION on all Models
except RS-4A,

« MAINTAIN REGULATION & LOW RIPPLE at low line
input Voltage.

* HEAVY DUTY HEAT SINK » CHASSIS MOUNT FUSE

« THREE CONDUCTOR POWER CORD

* ONE YEAR WARRANTY « MADE IN U.S.A.

PERFORMANCE SPECIFICATIONS
» INPUT VOLTAGE: 105 - 125 VAC

» QUTPUT VOLTAGE:

13.8 VDC + 0.05 volts

(Internally Adjustable: 11-15 VDC)

* RIPPLE: Less than 5mv peak to peak (full load

& low line)

MODEL RS-50A MODEL RS-50M MODEL VS-50M
RH'“ series 19" X 5% RACK MOUNT POWER SUPPLIES
Continuous Ics* Size (IN) Shipping
Model Duty (AMPS) (AMPS) HXWXD Wt. (Ibs.)
RM-35A 25 35 5va x 19 x 12V2 38
RM-50A 37 50 5% x 19 x 122 50
. Sﬂ)ara(e Volt and Amp Meters
RM-35M 25 35 5va x 19 x 12} 38
MODEL RM-35A RM-50M 37 50 5% x 19 % 121 50
Continuous Ics* Size (IN) Shipping
RS-A SERIES MODEL Duty (Amps) (Amps) HxWXD Wt (lbs)
L m R RS-4A 3 4 3% x6% x 9 5
RS-7A 5 7 3Vixb6¥2x9 9
RS-78 5 7 4.7% - 10% 10
RS-10A 1.5 10 4x 7V x 10% "
RS-12A 9 12 4, xBx9 13
RS-20A 16 20 5x9x10%2 18
RS-35A 25 35 Ex11x11 27
MODEL RS-7A RS-50A a7 50 6 x 13% x 11 46
HS'M SERIES Continuous Ics* Size (IN) Shipping
. 2 . MODEL Duty (Amps) (Amps) HxWxD Wit (lbs)
= Switchable volt and Amp meter
RS-12M 9 12 4% x8x9 13
= Separate Volt and Amp Meters
RS-20M 16 20 5x9x 10 18
RS-35M 25 35 S5x11x11 27
RS-50M 7 50 6x13% x 11 46
MODEL RS-35M
VS-M SERIES = Separate Volt and Amp Meters
. « (Qutput Voltage adjustable from 2-15 volls
« Current limit adjustable from 1.5 amps to Full Load
Continuous Duty ics*
(Amps) (Amps) Size (IN) Shipping
MODEL @ 13,8V0C ¢ 10VDCz 5VOC @13.8V HxWxD Wt (Ibs)
VS-20M 16 9 4 20 5x9x10% 20
VS-35M 25 15 7 35 5x11x 11 29
MODEL VS-20M VS-50M 37 22 10 50 Bx13% x 11 46
RS-S SERIES » Buill in speaker
L Continous Ics* Size (IN) Shipping
MODEL Duty (Amps) Amps HxWxD Wi (Ibs)
RS-75 5 1 4 x 7% x 10% 10
RS-108 1.5 10 4x 1Yax 10% 12
RS-10L(For LTR) 7.5 10 4.9-13 13
RS-12S ] 12 4% x8x8 13
5x9x10% 18

MODEL RS-12S

RS-205 16 20
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Tired of all the Discoveli"ihe wihc':-le open
traffic on your band? spaces on 220MHz.

IC-03AT I

Handheld |

IC-3AT
Handheld

v 212

ICOM has a commitment to 220MHz.

ICOM has the most complete line of 220MHz gear to take you away from the traffic on other
bands

The 1C-03AT Handheld reflects uncompromised top-of-the line quality and performance
Ultimately deluxe, with 10 full function memories, scanning, 32 built-in subaudible tones,
three watts output (five watts optional) and an LCD readout. Direct frequency entry via DTMF
keypad and adjustable offsets for non-standard repeaters.

The I1C-3AT Handheld is ICOM's 220MHz version of the world's most popular and easy-to-
use handheld. Provides superb transmit and receive performance, |.5watts output and excel-
lent audio

The 1C-38A Mobile ..ICOM's new compact and easy to operate mobile especially designed
for operator convenience, It sports a large LCD readout and band/memory stepping from the
provided IC-HM12 mic. Plus 21 memories, receive coverage from 215-230MHz, scanning and
memory lock-out

The 1C-37A Mobile ICOM's slim-line 220MHz mobile. There's band or memory scan-
ning, nine memories, 32 built-in subaudible tones and an LED readout. Plus areverse switch
for offset checks and an internal speaker. Comes with the IC-HM23 DTMF
touchtone mic with up/down frequency and memory scan

Discover the wide open spaces on 220MHz. ICOM will help take you to
the excitement

IC-37A

ICOM America, Inc.. 2380-116th Ave NE, Bellevue, WA 98004 Customer Service Hotline (206).454-7619
3150 Premier Drive, Suite 126, Irving, 75063
ICOM CANADA. A Division of ICOM America, Inc., 3071-#5 Road, Unit 9, Richmond, B.C. V6X 2T4 Canada

Biec! ta chanoge withoul no ¢ obligation  All ICOM radies significantly exceed FCC regulations [imling Spurous amissions 220MHz 1086



NEW ARRL
PUBLICATION!

VAL IANYENNA
OE [ —

PUBLISHED BY
THE AMERICAN RADID RELAY LEAGUE .

Yagi Antenna Design is based on the series in Ham
Radio Magazine by the late Dr. James L. Lawson, W2PV.
Jim was a highly competitive person and this carried
through to his Amateur Radio hobby and work with
antennas. Although this book is primarily the work of the
author, credit should be given to its editors: Bill Myers,
K1GQ: Clarke Greene, K1JX; and Mark Wilson, AA2Z. This
ARRL publication stands to be a “classic” that should be
added to every radio amateur’s technical library. The book
is available only in hard cover, and is printed on high
quality textbook paper. There are over 210 pages of
detailed information on Yagi design. For more detail, refer
to the column at right. The retail price is $15.00. Please add
$2.50 ($3.50 for UPS) for postage and handling. Also avail-
able at your favorite ARRL dealer.

The American Radio Relay League, Inc.
225 Main St., Newington, CT 06111
Available Mid-January 134
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VHF/UHF WORLD .

the ubiquitous diode:
part 2

Last month’s column discussed the
electrical and mechanical properties of
solid-state diodes, with emphasis on
the most important parameters.’

This month we'll focus on specific
applications using solid-state diodes,
emphasizing circuitry and how to se-
lect the right diode for each particular
application. Some of the applications
we'll cover are rectifiers/detectors,
regulators, mixers, switches, limiters,
tuning elements, multipliers, oscilla-
tors, and optical devices.

simple diode applications

VHF/UHFers seldom give adequate
notice to the use and abuse of low-
frequency diodes. They forget that the
diodes in a power supply or dc protec-
tion scheme are often just as important
to system reliability and performance
as the VHF/UHF diodes in rf circuits.

For instance, it makes little sense to
use vacuum tube rectifiers, which
generate rf noise and have a very short
lifetime when compared with properly
installed solid-state rectifiers. Further-
more, solid-state diodes are instantly
ready to operate; no warm-up time is
required. This is particularly important
in bias supplies for high-power vacu-
um tube amplifiers where you need to
have proper bias applied before ener-

gizing the high voltage.

While on the subject of high-voltage
rectifiers, the economy and reliability
of a single packaged unit is recom-
mended.* Using strings of diodes,
resistors, and capacitors for high-
voltage rectifiers is an open invitation
to failure and is really no longer cost-
effective. | can attest to this because
I once used such arrangements before
complete packaged units were
available.

Before leaving dc applications, don't
forget the lowly “idiot diode.” /f you
leave it out you are an idiot.? ldiot di-
odes are used to prevent connecting
the dc power with reverse polarity to
a solid-state circuit. Few solid-state
devices will survive such an accident.

Some typical reverse protection cir-
cuits are shown in fig. 1. The circuit
in fig. 1A is by far the most common,?
but will induce an additional voltage
drop of approximately 0.7 volts, which
may be unacceptable, especially in
power amplifier applications.? The cir-
cuit illustrated in fig. 1B eliminates the
voltage drop problem. However, using
a small signal type diode in this circuit
may still cause burnout if the circuit is
improperly powered. Forward current
in this circuit is limited only by the sup-
ply and the diode resistance. There-
fore, its protection effectiveness
decreases if the power supply current

capability is higher than the diode can
handie.

The circuits illustrated in figs. 1C
and 1D are recommended to prevent
idiot diode burnout. They can be used
with small signal diodes if the voltage
drop across the series resistor is ac-
ceptable. This is often acceptable, es-
pecially when using low-voltage
devices such as GaAsFETs.* Typically
50 to 100 ohms of series resistance is
sufficient.

However, some diodes, especially
high-speed types or those designed for
use in computers, are fast enough to
respond to hf signals. Any rf coupled
into the power supply line, especially
from a local hf transmitter, can be rec-
tified by the idiot diode and increase
the circuit voltage above that from the
supply alone.>® Therefore a large
{0.01 to 0.1 uF typical) bypass capaci-
tor at the power supply input terminals
is recommended to bypass any rf be-
fore it reaches the idiot diode.

Low-frequency diodes are also used
to bypass relay coils (fig. 1E}. This di-
ode, which Amateurs often leave out,
is recommended because the transient
induced by the de-energizing of a sim-
ple T/R relay can cause large voltage
spikes to appear on power supply
lines.

Therefore, never connect solid-state
circuits, especially those used for low-
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noise amplifiers, to a power supply
that is also used to supply a relay. This
/s an open invitation to disaster be-
cause the voltage spikes generated by
opening a relay coil can destroy other
circuits connected to the same power
supply.s

The zener is another diode popular
with VHF/UHFers. Actually, this type
of diode is working in a normally for-
bidden mode — in the reverse biased
or avalanche region. By careful manu-
facturing control, the breakdown volt-
age of the zener is predetermined
along with the series resistance of the
diode. The heat dissipation in the junc-
tion must also be removed so that
thermal runaway or junction burnout
does not occur.

A zener diode makes a reasonable
voltage regulator or limiter with a sta-
ble breakdown voltage within a speci-

fig. 1. Typical solid-state reverse power
supply protection circuits. In all circuits
Cg is a 0.01 to 0.1 yF ceramic disc
capacitor as recommended and
described in the text. (See text for
recommended protection diode types.)
{A) is most common where the extra
voltage drop is not important; (B) is
used where no supply voltage drop is
permitted. (C) is recommended for
extra protection; (D) is used for extra
shunt protection. (E) uses a reverse
polarized diode across all relay coils to
reduce inductive spike generation and
(F) use a three-terminal regulator with
two additional protection diodes to
prevent regulator burnout. In (G) zener
diodes should always be bypassed to
decrease low-frequency noise. A 10 xF
or greater solid tantalum capacitor is
recommended.

TO CIRCUIT
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fied current range. Zeners should be
used with care, however, especially as
voltage regulators for oscillators, be-
cause they generate broadband low-
frequency noise in the avalanche
mode.

If you use a zener in an oscillator cir-
cuit, be sure to provide adequate low-
frequency bypassing such as a high-
value (10 to 100 uF} bypass capacitor
(fig. 1G). Personally, 1 prefer to use
the newer three-terminal voitage regu-
lators rather than zeners because they
are quieter and usually have a wider
regulation range versus output current
than most zeners.*

Finally, it has been shown that un-
der certain operational conditions a
three-terminal voltage regulator can be
damaged. The addition of two extra di-
odes around the regulator is suggest-
ed (fig. 1F).*

rf detectors

One of the first major VHF-and-
above applications of solid-state di-
odes was as rf detectors. This appli-
cation, which dates back to the “‘good
old a-m days, "’ is still quite prevalent,
especially as the detector in police ra-
dar! Rf detector diodes are also wide-
ly used today in VSWR and rf power
meter applications.

Good rf detector diodes can be quite
sensitive. The lowly point contact di-
ode can detect rf below -60 dBm (200
microvolts rms in a 50-ohm system).!
However, this will probably require
some additional amplification at the
output of the detector. At somewhat
higher rf input levels (greater than -10
dBm or 70 millivolts), this same diode
can directly drive a microammeter for
power measurements.

Some typical rf detector circuits are
shown in fig. 2. Figure 2A shows an
optimized detector with an input
matching network. Most detector di-
odes have a high input impedance.
Therefore, the circuit in fig. 2A may
exhibit narrow bandwidth.

If wide bandwidth is desired, the
simple circuit in fig. 2B is usually
used.”. It has lower sensitivity than a
matched detector, but this is easily
traded off for the wider bandwidth



DETECTED
INPUT 1MPEDANCE ouTPUT
O——— MATCHING

NE TWORK

DETECTED
OUTPUT
—0

INPUT

BIAS
VOLTAGE

DETECTED
ouUTPUT

fig. 2. Typical diode detector circuits.
(See text for recommended diode
types.) In all cases Cg is an rf bypass
capacitor. A feedthrough type 0.001 »F
capacitor is recommended. R, is the
video load {10k ohms typical).

{A) is recommended in narrowband
applications where maximum detector
sensitivity is desired. (B} shows a
simple broadband detector. The 50-ohm
resistor should have good rf charac-
teristics. (C) illustrates a method for
using the circuit shown in fig. 2B for
power detection with a meter; (D)
shows a method for increasing the sen-
sitivity of an HCD by applying an
external bias voltage. C¢ is a dc block-
ing capacitor and Ry is the dc biasing
current resistor as explained in the
text.

capabilities. If a meter is added in se-
ries with the detector output load (fig.
2C), a detector can be used directly as
a power meter over a wide frequency
range.

Before designing a detector, it is im-
portant to compare the various types

/
/
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/]
g
v
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Wovare caw |

REGION
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//
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0.0
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Vav/A

/)

0.000/

/
/
[/

/]
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/a

=70 -6

o] -40

-30 -20 -0 [o]

RF INPUT POWER (a8m)

fig. 3. Typical output voltages for different types of detector diodes versus rf input
power level into a 10-k load resistor using the circuit shown in fig. 2A.

of diodes that were mentioned in refer-
ence 1. The most common detector
types are the point contact, the silicon
junction, and the Schottky or hot car-
rier diode (HCD).

The point contact diode, the first
sensitive solid-state detector diode,
was followed by the much less sensi-
tive junction diode in the late 1950s.
First introduced in the 1960s, the HCD
is 20 10 30 dB less sensitive than a typi-

cal point contact diode. However, the
HCD is still more sensitive than the
typical silicon junction diodes because
it has a lower barrier voltage.’

In the mid-1970s, the zero-bias HCD
was developed. It has a very low bar-
rier voltage, making it an ideal small
signal detector. Typical input-versus-
output voltages for the types of detec-
tor diodes just discussed are illustrat-
ed in fig. 3.
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Note in fig. 3 that below about - 20
dBm (22 millivolts} most detector di-
odes have what is called a “’square
law’’ region where the output or de-
tected voltage doubles each time the
input power is doubled. However,
above -10 dBm (70 millivolts) most de-
tector diodes have a detected output

voltage that is a linear function of the
input power level. In between these rf
levels is a very nonlinear region where
compression takes place.

Nowadays, the low- to medium-
barrier voltage HCD is usually preferred
for detector applications. However, to
make it competitive in dynamic range
and sensitivity with point contact
diodes, the barrier voltage must be
overcome. This can be accomplished
easily with a small amount (5 to 20
microamperes) of forward bias current
applied as shown in fig. 2D.

Properly biased, the HCD offers
greater forward conductivity (more
output voltage for a given input pow-
er level), almost zero recovery time,
and low cost. Furthermore, HCDs
usually have a better impedance match
than other types of diodes. They have
vastly lower microphonics than other
types of detector diodes. HCDs also
have less flicker or 1/f noise, a
phenomenon in which the noise figure
of a device increases with decreasing
frequency, especially below 10 kHz.
Point contact diodes are very noisy
and therefore unsuitable for radar ap-
plications, in which the information
returned is in the very low or subaudi-
ble frequency range.

/F IN IMPEDANCE
o—— marcring f——
NETWORK
Low
/J7 pass or| TO !X
F
FILTER
IMPEDANCE
om MATCHING
O———— NETWORK |——
ORHYBRID
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RF IN
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Lo FILTER
RF IN
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LO N
O,
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Lo N IF out
oO—

HYBRID 10 IF
—0
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fig. 4. Some typical mixer circuits: (A}
shows a single-ended mixer {see text
for filtering explanation). (B} is a bal-
anced mixer using a hybrid coupler to
isolate the rf and LO. (C) shows a
double-balanced mixer using two hy-
brids; (D) illustrates a subharmonic
mixer using a pair of antiparallel con-
nected mixer diodes.
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Some precautions must be observed
with HCDs. They normally have a low
peak reverse breakdown voltage as
discussed in reference 1. When a
higher reverse breakdown voltage (15
to 75 volts) is required, a ““guard ring"’
structure must be added internally to
the diode chip by the manufacturer.
However, this increases junction ca-
pacitance and thus decreases the up-
per frequency limits of operation.’

tunnel diodes

One diode that | didn’t mention
previously, but is often used for rf de-
tectors, is the tunnel diode, sometimes
referred to as the Esaki diode after its
inventor, Dr. Leo Esaki, who discov-
ered the effect in 1959. It's also re-
ferred to as a “'back’’ diode because
its main current flow is in the back
biased rather than the forward biased
direction. It has high sensitivity at very
low rf input levels, utilizing the quan-
tum mechanical tunneling ffect.

Tunnel diodes may be manufactured
using different semiconductor materi-
als such as germanium, silicon, or gal-
lium arsenide, depending on the fre-
quency range desired. The main draw-
backs of tunnel diodes are difficulty of
manufacture (because they require a
highly doped alloy junction), a lower
burnout leve!, and a narrow dynamic
range, typically only 40 dB, as opposed
to 60 or more dB for a good point con-
tact or zero bias hot carrier type diode
(fig. 3).

mixers

Frequency conversion or mixing is
the process which converts a signal at
a low power level from one frequency
to another by combining it with a
higher level signal such as the local os-
cillator (LO) in a nonlinear device such
as a mixer diode. In theory, this mixer
diode generates an infinite number of
sum and difference frequencies called
the i-f or intermediate frequency as
well as harmonics of the input and lo-
cal oscillator frequency.

In practice, only a small portion of
the available rf signal power is convert-
ed to the i-f. This ratio of signal level
to i-f power is referred to as conver-
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sion loss. This loss is primarily a func-
tion of the local oscillator level (or rf
bias), the diode junction, the diode’s
parasitics, and the mismatch at the rf
and i-f frequencies. At higher frequen-
cies, the junction capacitance be-
comes a primary limitation because it
tends to bypass the junction re-
sistance.’

Figure 4A shows this mixing proc-
ess schematically in a circuit which is
usually referred to as a single-ended
mixer. If the mixer is a downconverter,
the typical receiver type, both the lo-
cal oscillator and rf matching networks
should be high-pass filters so that the
i-f isn't shunted to the input. Con-
versely, the i-f port should be a low-
pass filter type of matching network so
that only the i-f is present at the out-
put. For upconversion, the filters/
matching networks are reversed ac-
cordingly.®

Most good detector diodes work
well as mixers in a single-ended con-
figuration. Point contact diodes were
used for many years before the HCD

was available. The HCD is preferred
since it has lower parasitics, lower se-
ries resistance, higher conversion ef-
ficiency, and low storage time and the
ability to switch from the on to the off
state in almost zero time.

The single-ended mixer has many
disadvantages. The matching net-
works all have loss and restrict band-
width. As the i-f, rf, and LO fre-
quencies converge, filtering becomes
more complicated and the conversion
loss increases accordingly. It is also dif-
ficult to adequately filter out all the fre-
quencies causing increased conversion
loss.

Some of the impedance matching
disadvantages of the single-ended mix-
er can be overcome by using a 90- or
180-degree hybrid coupler in a
balanced mixer such as shown in fig.
4B. The hybrid transformer isolates the
LO and rf from each other. However,
the i-f matching/filtering is still a prob-
lem and twice as much LO power is re-
quired. The double-balanced mixer or
DBM solves most of these problems

To transform your shack into a DX

powerhouse, combine the infelligence

of Yaesu'’s FT-T67GX HF/ VHF/ UHF
base station and the muscle of our
powerful FL-7000 HF amplifier.
You'll be amazed at how you can
cut through pile-ups. Be heard any-

where in the world. And wake up other-

wise inactive bands,

The brains of the operation: The

FT767GX. This intelligent HF/VHF/

UHF base station includes four micro-

processors for unparalleled flexibility
and ease of operation,

Features include 160 to 10 meter
transmit, including WARC bands.
Optional plug-in modules for 6-meter,

2-meter and 70-cm operation. Receiver

coverage from 100 kHz to 30 MHz.

AM, FM, SSB, CW, AFSK modes built in.

Ten memories that store frequency,
mode, and CTCSS information
(optional CTCSS unit for controlled-
aceess repeaters). Memory check
feature for checking memory status

without affecting operating frequency.

Dual VFOs with one-touch split fre-

quency capability. VFO tracking for
slaved VFO-A/VFO-B operation at a
constant offset. Digital display in

¥

4" / ‘ah

and is essentially two single-ended
balanced mixers connected in parallel
and 180 degrees out of phase (fig.
4C).

Actually, the DBM is really acting as
a switch rather than a nonlinear junc-
tion. If the diodes are all similar
{matched) and the transformers are
well balanced, the rf, LO, and i-f ports
will be well isolated from each other.
Furthermore, there is suppression of
the even-order harmonics, which sig
nificantly reduces intermodulation
products. Finally, since the LO power
is four times that required for a single-
ended mixer, and less rf is across each
diode, the intermodulation distortion is
greatly improved.

Low series resistance and almost
zero charge storage time make the
HCD the ideal diode for a switching
type of mixer. Furthermore, diode
manufacturing technology now per-
mits HCDs to be manufactured as ei-
ther beam lead, monolithic pairs, or
monolithic quads of diodes all closely
matched on a single miniature sub-

GET THE BRAINS.

10 Hz steps. Slow/fast main dial tun-
ing. Synthesizer step programming
at up to 99.99 kHz per step. Digital
SWR meter. Digital RF power meter.
Built-in RF preamplifier. Adjustable
drive level from 0 to 100 watts. Blue
fluorescent display. Built-in AC
power supply.

Up to 30 minutes continuous
transmit ( 100% duty cycle). Full CW
break-in. Built-in CW electronic keyer.
Audio peak filter for CW (Yaesu
patent). CWand AM wide/narrow
filters. Woodpecker noise blanker.

RF clipping speech processor. IF shift
for hoth receive and transmit (TX
side allows you to adjust voice fre
quency response pattern). IF monitor.
IF notch filter. Audio low-pass filter.
Built-in antenna tuner with mem-
ory of settings on each band. Separate
antenna connectors for each VHF or
[UHF optional unit. Separate beverage
antenna receive input on rear panel.
Quick turnaround time from TX to
RX for AMTOR, Packet, and QSK CW.
AGC slow/medium/fast/off selec-
tion, Push-pull MRF422 transistors



strate with a minimum of parasitics.

The DBM works well as a mixer and
is very simple to implement in up- or
downconverters. Further use and ap-
plications of the DBM are discussed in
references 8 through 10.

A newer type of mixer is the subhar-
monic configuration,'" which uses two
diodes in antiparallel connection (fig.
4D). The chief advantage of this type
of mixer is that the LO operates at half
the normal frequency, so fewer LO
multipliers are needed; this represents
a significant breakthrough on
millimeter-wave frequencies.

switches

Diodes can make excellent switches
because they usually require only low
forward current and can be remotely
situated from the power supply. There-
fore they can be located close to the
circuitry to be switched,

Because of its high speed and fast
recovery time, the HCD can be a good
switch. However, its series resistance

may be too high if low insertion loss
is important. The HCD is also a good
rectifier, as discussed earlier. Therefore
HCDs can introduce some loss and in-
termodulation distortion, especially if
the rf level across the diode is
sufficient.

The PIN (positive-intrinsic-negative),
a three-layer diode, was invented ac-
cidently in 1956 and is now the most
widely used solid-state switch. A PIN
diode is actually no more than a lousy
rectifier. The longer its “lifetime” (the
inability to rectify in the presence of rf),
the less likely it will be to cause inter-
modulation. Diodes with at least a 1-
to 2-microsecond lifetime can be used
in the hf region. Shorter lifetimes are
fine at VHF and above.

When reverse biased, the middle or
intrinsic layer of a PIN diode has ex-
tremely high resistance, with a small
shunt capacitance. When a PIN diode
is forward biased, it takes a finite time
to switch to the “on’’ state. When for-
ward biased, it acts like a current-
controlled resistor: the greater the for-

ward dc current, the lower the re-
sistance.

PIN diodes are often used to switch
rf because series resistances of less
than 1.0 ohm are available. An exam-
ple of a simple PIN diode switching cir-
cuit with low insertion loss is shown
in fig. BA. Low-capacitance PIN di-
odes will yield the highest isolation in
the de-energized state, especially at
the higher frequencies.

For very high isolation, two switch
sections can be cascaded with a trans-
mission line between the diodes (fig.
5B). For maximum isolation, the length
of the interconnecting transmission line
should be between 0.1 to 0.25 wave-
lengths, as explained in reference 5.

A typical two-pole PIN switch cir-
cuit is shown in fig. 5C. Commercial-
ly packaged two-pole, high-power
switches suitable for switching over
100 watts through 1000 MHz (such as
the M/A-Com MAB334 series) are now
available. These high-power PIN diode
pairs are available in a threaded
stripline package for minimum VSWR

YAKHL

AND THE BRAWN

(rated dissipation 290 watts each)
operated at 24 volts for excellent inter-
modulation rejection in transmitter.
Enhanced C.AT. system for exter-
nal control of transceiver from per-
sonal computer. (Software for Apple
Ile/ MAC, Commodore C-64, and
IBM-PC is available through your Yaesu
dealer.) There’s also data communica-
tion with the FL-T000 linear amplifier
for hands-free amplifier operation.
The muscle to get you out: The
FL-7000. This solid-state amplifier
covers 160 to 15 meters, and includes

a built-in power supply, automatic
tuner and lots of powerful operating
features.

There’s fast turnaround time for
break-in (QSK) CW, HF packet radio,
and AMTOR. Only 70 watts excitation
for full output, and 1200 watts PEP
input power. Fully protected push-pull
parallel wideband “no-tune” ampli-
fier circuit powered by 47V, 25A DC
power supply. Yaesu's exclusive “DV
(Direct Vertical Cooling Heatsink
System) with bottom-mounted fan.
Automatic antenna matching sensor

"

turns off amplifier and rematches
tuner circuitry if SWR rises above
2:1. Hands-free automatic band change
when used with FT-767GX, FTT57GX
or FT-980. Lithium battery backup
remembers antenna selection and
tuner settings. Dual 2-speed fans
with independent thermal sensors.
Connection to up to four antennas,
including automatic selection via
optional unit. Eight front panel LED
status indicators. And more.

Get the DX advantage. Just
combine the FT-T67GX’s brains, the
FL-7000's brawn, and your special
operating knowledge. What an impact
you'll make on the worid!

YAESU

su
17210 Edwards Road, Cerritos, CA90701
(213) 404-2700
Repair Service: (213) 404-4884
Parts: (213) 404-4847
Yaesu Cincinnati Service Center
9070 Gold Park Drive, Hamilton, OH 45011
(513) 874-3100
Prices and specifications subject to change
without notice.
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Small enough to fit into a shirt pocket, our new 1.2 GHz and 1.3 GHz, 8 digit frequency counters are not toysl
They can actually out perform units many times their size and pricel Included are rechargeable Ni-Cad batteries
installed inside the unit for hours of portable, cordless operation. The batteries are easily recharged using the AC
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The excellent sensitivity of the 1200H makes it ideal for use with the telescoping RF pick-up antenna;
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ters, signal generators and other devices to accurately monitor frequency.

The size, price and performance of these new instruments make them indispensible for technicians, engineers,
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STOCK NO:
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FROM CONTROL fig. 5. Typical rf PIN switch circuits. Cg
POWER SUPPLY . . .
is a blocking or rf bypass capacitor. (A)
is a simple series switch; (B) shows cas-
Ry caded “switches” for additional isolation
(see text for explanation of transmission
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oF oF ouT (D). a shunt switch; (E) a typical T{R
o—) =0 switch; and (F), typical P1 type of varia-
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and maximum heat dissipation.

So far, the circuits illustrated use the
series configuration. PIN diodes can
also be used in shunt as illustrated in
fig. 5D. An example of a shunt and se-
ries switch combination used asa T/R
switch to provide extra receiver protec-
tion is shown in fig. BE. Again, note
the diode separation as described in
reference 5.

Often used as variable attenuators,
PIN diodes can have a very linear at-
tenuation characteristic. The circuit
shown in fig. 5A can be used as a vari-
able attenuator by making R1 and/or
the power supply voltage adjustable.
More complicated circuits such as “’L,"”
“T,”” and "PI’" types with up to three
PIN diodes are also in wide use. An ex-

ample of a typical ‘‘Pl”-type variable
attenuator circuit appears in fig. 5F.

Most PIN diodes specified for vari-
able attenuator applications have a
graded resistance versus control cur-
rent, so you may need a wide range
of current — 0.1 to 50 mA, typically,
but this is a function of the type of PIN
diode used. PIN diodes used for
switching often require only a nominal
fixed current. Remember that all PIN
diodes used in the hf region must have
longer charge carrier lifetimes to pre-
vent intermodulation distortion.

tuning diodes

Varactors (sometimes called
““varicaps’’ or tuning diodes) were first
developed in 1958. Basically a voltage-

dependent capacitor, as described in
reference 1, it is always operated with
reverse bias across the diode.

Most varactor diodes are used to
vary the frequency of a filter or oscil-
lator. Varactors are especially common
in places where only a small capaci-
tance change is required, such asin a
BFO or RIT control. A typical remote-
ly tuneabile filter using a varactor diode
is shown in fig. 6A; fig. 6B shows a
VFO circuit application. High-Q, low-
capacitance varactors are still used in
parametric amplifiers, where the diode
is pumped with an external oscillator
(usually called the pump) to act as a
low-noise, high-gain amplifier. Note
that the electronic symbol for a varac-
tor diode is different from a standard
diode with a sort of capacitor symbol
tacked on to the cathode terminal.

In some applications there is suffi-
cient rf voltage across a varactor diode
to cause forward biasing, rectification,
and distortion — a very undesirable sit-
uation. This phenomenon can be sig-
nificantly improved or eliminated by
using back-to-back varactors as illus-
trated in fig. 6C. However, the capac-
itance of each diode must then be
doubled because they are now in
series.

Because so many types of varactor
diodes are available, many different
capacitance-versus-voltage, or “CV"’
characteristics, may be obtained. Some
examples of CV curves were provided
in fig. 5 of reference 1, so they will not
be repeated here. Examine the CV
characteristics desired for your appli-
cation to see whether abrupt or hyper-
abrupt tuning characteristics are
required.

Finally, when selecting a varactor di-
ode, always check the supplier’s data
sheet carefully for the recommended
frequency range, Q, nominal capaci-
tance at -4 voits (the standard refer-
ence voltage), and the available tuning
range. Always operate a varactor so
that it doesn’t become forward biased.
If that is a problem, use a diode with
twice the capacitance and the circuit
recommended in fig. 6C as just
described.
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ANTENNA POLARITY SWITCHER MODEL APS-1

The APS-1is a self-contained control head designed to allow
remote polarity switching of circular antennas such as the
Mirage/KLM range of crossed yagis.

In addition to switchable outputs for two antennas, the A
designed for powering items such as preamplifiers, VHE/UHF converters, etc,
variable voltage source is required

SPECIFICATIONS:

.......... e TRRY
.11-16 VDC 500 mA

Power Requirement (AC)
Power Requirement (DC) .

Total output current 500 mA with AC transiormer that is included, 1
This unit has our popular five (5) year warranty,

P.O. BOX 1000

MORGAN HILL, CALIFORNIA 95037
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| s

The APS-1 may be powered by the power adaptor (included) or may alternately be powered from a vehicle or other 13-17 VDC source.

APS-1 also contains a 6-13 volt regulated DC power supply. This feature is
but may also be used whenever a low-current stabilized

+ 10% AC 50/60 Hz 15 Watt

(811} { o] 1 1 PR —— e T S e s i e T e Two 12 VDC unregulated, switched (antenna relay supply).
One 6-13 VDC variable regulated auxiliary supply.

amp with optional high current transformer or external DC supply.
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multipliers

Diodes play a very important func-
tion as frequency multipliers. There are
at least three types of diode multipli-
ers in common use: varactor, resistive,
and “‘step.”’

t'm sure that most readers have seen
multiplier circuits where a diode is driv-
en with a moderate amount of rf, typi-
cally 1 to 10 milliwatts, in order to
generate harmonics. A typical circuit
example is shown in fig. 7A.

In this particular application, the
available harmonic power is primarily
a function of the diode’s nonlinear
capacitance-versus-voltage charac-
teristic and the stored charge in the di-
ode, as mentioned earlier. In both
regards, the point contact or typical

silicon junction diodes (even 1N914s
have worked!) are preferred because
they generally have a greater nonlinear
capacitance change near zero bias and
are more likely to take longer to
“dump"’ the stored charge, which is a
desired characteristic of a good mul-
tiplier.

The HCD would be a less efficient
multiplier in the above configuration
because it falls into the resistive mul-
tiplier class. It has very little capac-
itance-versus-voltage change (see fig.
5 in reference 1) and is known for its
quick switching response or ability to
dump the stored charge almost in-
stantly, as mentioned earlier.

However, if you operate an HCD in
a balanced doubler configuration
(analogous to a typical 60-Hz full wave
power supply rectifier) simifar to the
frequency doubler circuit provided in
reference 12, high efficiency can be
obtained. Using HCDs in the circuit
shown in fig. 7B yields good doubler
efficiency results (only 6 to 12 dB con-
version loss.} Furthermore, the fun-
damental and third harmonics are
typically rejected by 20 to 30 dB.
Hence less output filtering is required.

Although balanced HCD doublers
have moderate conversion loss, they
are very stable and have low noise.
Sometimes they're easier to work with
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fig. 5. (continued)

than transistor doublers. With the
availability of silicon MMICs {micro-
wave monolithic integrated circuits),
the conversion loss of a balanced HCD
or the single-ended diode multiplier as
described above can be inexpensively
brought back to unity or greater gain
as described in reference 12. I've been
using this technique for many years
with great success, and was doing so
even before MMICs were available.

Moderate power (5 to 50 watt)
varactors have been used for many
vears as doublers and triplers up
through 23 cm (1296 MHz). Diodes
such as the surplus Microwave Associ-
ates MA 4060 low-cost, threaded-
package, high-power varactor are in
widespread use.® Even small signal
varactors such as those discussed
earlier for tuning oscillators and filters
will work well at low input power lev-
els (10 to 1000 milliwatts).

A typical varactor diode multiplier
circuit (fig. 7C) consists of an input
matching network, a varactor diode
with its associated bias resistor, Rg
and the output filter network. Al-
though their efficiency decreases when
varactors are used as triplers, it can be
enhanced considerably by adding an
idler circuit. This circuit consists of a
high-Q series circuit tuned to the sec-
ond harmonic of the input frequency
{fig. 7C).

SRD multipliers

The SRD (step recovery or “‘snap”’
diode) is the “’king”’ of multiplier di-
odes, especially when high efficiency
and higher order multiplication (greater
than 3 times) is required.' SRDs have
a structure very similar to that of a PIN
diode.

The capacitance of an SRD can
usually be assumed to be independent
of minor voltage changes and has a CV
characteristic similar to that of an
HCD'. When the rf input voltage goes
positive, the diode turns on and stores
a charge in the intrinsic region. When
the applied voltage goes negative, it
takes a finite time for the stored charge
to decrease (the ‘'snap” time), at
which time the diode will abruptly turn
off. During this transition period, the
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fig. 6. Typical varactor circuits. Compo-
nent values depend on frequency and
application. (A) shows a simple filter
tuning circuit; (B), a varactor tuning a
VFO; and (C), series varactors to improve
signal handling capabilities of a filter or
ascillator.

SRD conducts current for a very short
period of time as if in a short circuit.
This rf current is very rich in har-
monics.

A typical SRD circuit is illustrated in
fig. 7D. Note that the SRD has a
different electronic symbol than other
diodes. At first glance the circuit close-
ly resembles that of the varactor mul-
tiplier {fig. 7C). However, there are a
few subtleties. The input circuit has an
extra section or “impulse” network, as
illustrated. The bias circuit is slightly
different. In the case of the SRD mul-
tiplier, a very low value bias resistor is
used (typically 200 to 500 ohms, ver-
sus 50 to 100 kilohms for the varactor
multiplier).

Another version of the SRD is the
BIMODE™ or A made™ diode, which
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is enhanced for high power and high
efficiency operation as a doubler or tri-
pler. For best efficiency as a tripler, this
type of diode requires an idler circuit
similar to the one in a varactor multipli-
er (fig. 7C).

SRD multipliers can have conver-
sion losses as low as a few dB —
hence their popularity as multipliers.
SRDs are usually capable of operation
at up to 5 to 10 watts of power. If
higher power (up to 50 watts) is re-
quired, SRDs are available in stacked
or multichip packages.

SRDs are often used as impulse or
“comb’’ spectrum generators for
generating harmonics over a large fre-
quency spectrum, as described in
reference 14. Further information on
designing SRD multipliers or comb

generators is beyond the scope of this
month’s column, but interested per-
sons are encouraged to seek out co-
pies of references 15 and 16.

limiters

It's often wise to place a circuit
ahead of the input to your receiver to
provide protection from stray rf, T/R
relay leakage, or static.® Such a circuit
is often referred to as a limiter. The
simplest limiter is a diode, typically an
HCD, connected to ground across the
input line to a receiver (fig. 8A) or
from the base to emitter of a bipolar
transistor {fig. 8B).2

This type of circuit is poor at best
because it conducts only on one side
of the input signal. Back-to-back di-
odes (fig. 8C) are better. However,
neither configuration provides any pro-
tection from stray out-of-band rf. As
a result, if moderate rf power is pres-
ent on your transmission line, harmon-
ics that will overload &r degrade
receiver performance may be generat-
ed by the limiter. Furthermore, HCDs
can handle only low power {less than
1.0 watt); because they have a very
low barrier voltage, 0.3 volts, they are
easy to overload.’

Placing a bandpass filter ahead of a
limiter (fig. 8D} helps. (This was
recommended in references 2 and 6.)
A further limiter improvement would
be to include the diode within the fil-
ter so that the capacitance of the di-
ode could be tuned out. If the HCD
barrier voltage is too low, diodes can
be hooked in series until a suitable
“turn-on'’ voltage is obtained. Howev-
er, the HCD is a poor choice for a
limiter diode because it’s really a rec-
tifier and doesn’t have a very low im-
pedance, even when turned on hard.

On the other hand, a PIN diode with
a very thin | {intrinsic layer), typically
2-10 microns thick, makes an excellent
rf limiter. PIN limiter diodes act like a
power -dependent variable resistor
with very low turn-on resistance
through the mechanisms of charge in-
jection and storage similar to rectifica-
tion. Because of the long carrier
lifetime of the PIN diode, only one di-



Put More Punch
in Your Packet

Qutstanding mechanical design
makes the IsoPole the only logical
choice for a VHF base station,
especially for Packet operation. All
Isopole antennas yield the maximum
gain attainable for their respective
lengths and a maximum signal on the
horizon. Exceptional decoupling from
the feed line results in simple tuning
and a significant reduction in TVI
potential. The IsoPole antennas are
all impedance matched in the factory
so that no field tuning is required. The
IsoPoles have the broadest frequency
coverage of any comparable VHF
base station antenna. This means no
loss of power output from one end of
the band to the other, when used with
SWR protected solid state
tranceivers. Typical SWR is 1.4to 1 or
better across the entire band.

A standard 50 Ohm SO-239 connec-
tor is recessed within the base sleeve
(fully weather protected). With the
IsoPole you will not experience ag-
gravating deviation in SWR with
changes in weather. The impedance
matching network is weather sealed
and designed for maximum legal
power. The aerodynamic cones are
the only appreciable wind load and
are attached directly to the support (a
standard TV mast which is not sup-
plied).

IsoPole Specifications

High Performance Hand-Held Anten-
na — The Hot Rod

The Hot Rod antenna can be ex-
pected to make the same improve-
ment to hand-held communications
that the IsoPole antennas have made
to base station operation. Achieve 1 or
2 db gain over ANY 5/8 wave two
meter telescopic antenna. The factory
tuned HR-1 is 20% shorter, lighter and
places far less stress on your hand-
held connector and case. It will easily
handle over 25 watts of power, making
it an excellent emergency base or
mobile antenna. In the collapsed posi-
tion, the Hot Rod antenna will perform
like a helical quarter wave. Three Hot
Rods are available; HR-1 1/2 wave 2M
Ant., HR-2 for 220 Mhz, and HR-4 for
440 Mhz. Amateur Net Price on all Hot
Rods is $19.95.

For either base station or hand-held
operation AEA has the perfect
VHF/UHF antenna. Put more punch in
your Packet station with an AEA
IsoPole or Hot Rod antenna. To order
your new antenna contact your
favorite Amateur Radio Distributor.
For more information contact Advanc-
ed Electronic Applications, P.O. Box
C-2160, Lynnwood, WA 98036, or call
206-775-7373.

Model 144 220 440

Freq. Coverage (Mhz) 135-160 210-230 415-465

2.1 VSWR bandwidth y12Mhz @ 146Mhz )15Mhz @ 220Mhz )22Mhz @ 435Mhz
Power Rating 1 kw 1 kw 1 kw

Gain** 3 dbd 3 dbd 3 dbd

Radiating Element Length 125.5" (3.2m) 79.25" (2m) 46" (1.2m)
Amateur Net Price $49.95 $49.95 $69.95

**dbd — db gain over a dipole in free space

=8 Prices and Specifications subject to change without notice or obligation.

AEABrings you the
Breakthrough!
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CALL LONG DISTANCE ON YOUR HANDHELD

The Model 335A will deliver 35 watts of Qur products are backed by prompt fac-
power using the latest state-of-the-art cir- tory service and technical assistance. To
cuitry. The amplifier will operate SSB or become familiar with our other fine pro-

ducls in the amateur radio
market, call or write for our
free product and small parts
catalog.

FM and is compatible with
most handheld trans-
ceivers, including the
TR2400, TR2500, IC-2AT,
Yaesu, Santec, and Ten-
Tec. Only 300 mw input will
deliver 5 watts out; 3 walls
in will deliver 35 watts out.
Maximum input drive level

5 i - -
T — m&)mmumcatlon o=
= Concepts Inc.

121 Biown Siteet « Daylon, Ohio 45402 « 15131 2209677

Model 335 A
Kit $69.95
Wired & Tested $89.95

w145
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i Full Feature i
Remotely Programmable
! Repeater Controller I
: for under $600

v Field tested for over 2 years |}
I o Full 2 vear warranty
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Free Full Color Brochure I
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DOWN EAST MICROWAVE
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MICROWAVE ANTENNAS AND EQUEPM ENT
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+ TROPO » EME * Waak Signal * OSCAR = 902 = 1280 » 1206
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2345 LY 45sl loop Yagl 1296 MHz  20dBI 383
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333ILY 33el loopYegl POZMH: 185481 383
Above anlennas assembled and lested. Kits avallable
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2318 PA Linear Amp 1W In 18W oul 1296 MHz 13.5V. 5245 ppd.
2335 PA Linear Amp 10W in 35W out 1296 MHz 1.5V, 5294 ppd
NEW! MICROWAVE TRANSVERTERS
BY LMW ELECTRONICS
1208TRVED 6W, GaAsFET, T/R Ssquencer, Output Mater 3488
Z304TRVZD IW, GaAsF ET, T/R Sequencer, Oulput Mater 3560
Add $6 for shipping UPS/48
Stripped down version, kits also avallable
Write For FREE Catalog

et DOWN EAST MICROWAVE k—a—:-«j
Blll Olson, W3HQT i
Box 1655A RFD #1, Burnham, ME 04922 U.S.A.
(207) 948-3741
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SaveTime-Money with HAZER

e Never chimb your lower agan with this aevalor
syslem
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» Safety lock system on HAZER operates while
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sseed only lor raising & lowering Easy 10 ins

1L . » 148
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Dynarmte

Discovery

Communications Specialists’ latest
excavation brings to light vet another

also generate CTCSS and decode
Two-Tone Sequential. Its miniature
size of 2.0” x 1.25" x 4" is no minor
fact either, as its a flawless companion
for our PE-1000 Paging Encoder. We
ensure one-day delivery and our one-

dynamite discovery—our new dip switch pro- vear standard warranty. Tap the rich vein of
grammable SD-1000. No need to tunnel your way Communications Specialists and unearth the
through Two-Tone Sequential decoding any- SD-1000 or other fine gems.

more. We've mined this amazing unit! Now, for
the first time, vou can stock one unit that will
decode all calls in a 1000-call paging system with
t.2Hz crystal accuracy. The EEPROM on-
hoard memory can even be programmed for cus-
tom tones, and every unit includes group call.
Universal switched outputs control your call
light, squelch gate and horn. The SD-1000 can

$59.95 g

. eac h

COMMUNICATIONS SPECIALISTS, INC
M 426 West Taft Avenue + Orange. CA 92665-4296

Local (714) 998-3021 « FAX (714) 974-3420
WA e Us A Vs00-854-0547 s




PERFORMANCE
AND VALUE
WITHOUT COMPROMISE

KRP-5000
REPEATER

ANNOUNCING
SOUND OFF MODEL 10

Sound 01 Model 101s a se!'-contained mes
400 generator complete with sase and power
supply. The Model 10 was designed specifi
cdlly lor applications where repetibve high
Guality natural voice announcements are re
quired. 1 e Amaleur repeaier and commercia
radio systems, The Moael |0 stores your

natural voice message in nonvalatile EPROM with single message lengths
ol up to 32 seconds. The Model 10 provides tor both simigle and continuous
play modes. Faclory setable internal timers can set timing intervals from
seconds 1o 30 minutes or more. All control functions and timers are provided
tor this application. (COR sense, transmitter activity sense, PTT 10D timer )

Models 20 100 and 150 available for applications requinng random access
nultimessage capabilities in nonvolatile re-recordable message imes of
up to 4 minutes

Model 10 prices start at $219.00.

AMATE LR PRICE DEALER INQUIRIES INVITED

NEL-TECH LABS, INC. w150
28 DEVONSHIRE LANE « LONDONDERRY . NH 03053
603-434-8234

T ]
Join AMSAT...Today

Amateur Radio Satellite OSCAR 10
provides:

e A New Worldwide DX Ham Band
open 10 hours a day.

¢ Rag Chew With Rare DX Stations
in an uncrowded, gentlemanly fashion.

* Popular Modes In Use:
SSB, CW, RTTY, SSTV, Packet

* Full Operating Privileges
open to Technician Class
licensee or higher.

Other AMSAT Membership Benefits:
Newsletter Subscription:
Dependable technical articles, satellite news,

orbital elements, product reviews, DX news,
and more.

Satellite Tracking Software
Available for most popular PCs.

QSL Bureau, AMSAT Nets, Area Coordinator
Support, Forum Talks

Construction of Future Satellites For Your
Enjoyment!

AMSAT Membership is $24 a vear, $26 out-
side North America. VISA and MC accepted.

AMSAT
P.O. Box 27
Washington, DC 20044

301 589-6062

w149




EXPLORE HF PACKET
TNC VHF/HF SWITCH KIT

® rF ouT FEATURES

b———o o
F All CMOS logic switch
Changes filter/timing parts for VHF or HF
Self contained — Fits inside the TNC case

No recalibration of tones
Same precise tones as original
Easy to build and install
One hour average
Prime quality parts

Now you can use your TAPR TNC-2 or TNC-1 (or any
close clone — AEA, MFJ, Heath, Paccom, etc.) on both
VHF at 1200 baud and HF at 300 baud. The flick of a

switch changes critical filter and timing components to
optimize the TNC's on board modem for VHF or HF oper-
ation. The APA switch uses alt CMOS fagic, has a cur-

[ S —— __ﬂ— —
rent drain of less than 5ma and fits conveniently inside
the TNC case. It is easy to build and install; takes less
than an hour in most cases. APA supplies prime parts
H H and IC and complete step by step instructions. You
T

RF OUT

bought the best TNC — now make it complete. $30 air-
mail postage paid. Send check or money arder (no credit
arc cards please.)

p —Ppt AMATEUR PACKET ALASKA

AX.25 COMMUNICATIONS TRAIL
ESTER, ALASKA 99725 .~ 152
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l\ I o ® Waterproof PAK Nylon
® FIVE Colors
® Economical
@ For ALL Amateur Radio
Gear, Vintage thru
Solid State. . .
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fig. 7. Typical multiplier circuits. Component values depend on frequency and appli-

cation (see text). (A) is a simple diode multiplier. (B} shows a balanced doubler using e ———————STTTE—————
HCDs, and (C), a varactor multiplier circuit. The idler circuit is used for tripler applica-
tions. Rg is typically 50 to 100 k. {D} is a typical SRD multiplier. Ry is typically 200 to MlCTRROOPURBOLCEESSHSOOOF.‘T_IBNAGSED
500 ohms.
EQUIPMENT
AND

DIGITAL DEVICES

Attend this 4-day seminar and master the essentials

ode is needed, since it stays on for a nanosecond turn-on times are used for f micropracessor maintenance. Gain a firm under-
longer period than the rf cycle. higher power operation. Power han- starding of microprocessor fundamentuls and learn
. .- . . N . specialized troubleshooting techniques.

A single such PIN limiter diode can  dling up to/in excess of 10 kilowatts
be substituted for an HCD (fig. 8E}.  for 1 microsecond duration is now pcs- Call or write for brochure with full details and
If the | region is very thin, the diode  sible! A thin and thick PIN limiter di- current ﬁ:“e‘:,“fé fff Is f795-"°
can respond in nanoseconds. PIN  ode can be cascaded for additional .Sig,?awre alna?;:i: m
limiter types of diodes have very low protection {fig. 8F). Again, separate * Logic analysis )

ist d don't tify th the diodes by 0.1 to 0.25 | h ¢ Machine-language programming
resistance an on't rectity the same e diodes by 0.1 to (.25 wavelengths, . DiagnO.stic programs
as HCDs, as described earlier. as discussed in reference 6. The inclu- * Emulation

® Bus Systems

MICRO SYSTEMS INSTITUTE
Garnett, Kansas 66032
{913) 898-4695 v 154

Thicker | region diodes withupto 50  sion of an HCD in the circuit shown in




ARNOLD COMPANY Loweg
NEW PHONE: 214-395-2922 FOR SUPER FAST SERVICE! .

MR. NICAD

COMMANDER XT BUDGET ENTRY SYSTEM IBM PC/XT

f—= Afompiie ) Bive s iy | COMIPATIBLES REPLACEMENT
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COMMUNICATIONS
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Special $447 | oun MOST POPULAR SYSTEM ON SALE
Plus $12.00 shipping each $929
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R - MR. NICAD
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fig. 8G will help speed up turn-on time
of a thick PIN limiter, especially at low
power levels, for further low-power
protection.

noise diodes

So far | haven’t mentioned the noise
diode, a special type that works in the
avalanche mode similar to the opera-
tion of a zener diode. These diodes
aren’t always easy to construct and
therefore are usually more expensive
than conventional ones.

Noise diodes are particularly useful
for testing receiver noise figures. Of-
ten Amateurs use point contact diodes
(such as the old standby 1N21 type) in
noise figure generators. Back biased
transistor base to emitter junctions
have also been used. Both of these di-
odes are tricky to use because they
may have a low impedance and some
reactive component when generating
noise. Therefore, if you use them,
place a large value (greater than 20 dB)
attenuator pad between the diode

fig. 8. Typical limiter circuits: (A) shows
a shunt diode; (B), bipolar transistor pro-
tection; and {C), a back-to-back limiter.
(D) illustrates the preferred configuration
for a limiter; (E) shows a typical single-
ended PIN diode limiter; and (F} illus-
trates the use of two different PIN diode
types for high power applications. (G)
Adding a shunt HCD to a PIN diode
limiter will improve turn-on speed and
lower rf limit level.

50 OHM LINE 0.1-0.25)

RFOUT

RF IN
O

~L

RFOUT
|
Al °

PIN HCD

noise generator and the device under
test.

Good noise diodes generate “flat”
or white noise over a wide frequency
spectrum. Several microwave diode
suppliers now supply noise diodes that
are broadband and have excess noise
ratios exceeding 35 dB. If you're in-
terested in the subject, I'd suggest that
you contact one of the suppliers, since
this is a very specialized area.

oscillator diodes

These diodes were very popular be-
fore the arrival of efficient multipliers
and bipolar/GaAsFET rf sources.
Probably one of the earliest microwave
diode oscillators used the negative re-
sistance characteristic of a tunnel di-
ode. However, tunnel diodes didn’t
generate much rf power.

Great excitement followed the in-
vention, in 1963, of the Gunn diode,
named for its inventor, Dr. J. B. Gunn,
of IBM Research. A bulk-effect device
that uses GaAs as the semiconductor
material, it is terribly inefficient (typi-
cally less than 5 percent} but will
generate up to several hundred mil-
liwatts of microwave power in the 4-
to 100-GHz spectrum if properly biased
and designed into a suitable tuning
structure. Gunn diodes are the main
component in GunnPlexers.®

The many other types of microwave
and millimeter-wave oscillator diodes
include but are not limited to the TEQ
(transferred electron oscillator),
TRAPATT (trapped plasma avalanche
triggered transit), BARITT, IMPATT
(IMPact-ionization Avalanche Transmit
Time), and avalanche. The choice of
an oscillator diode represents a
tradeoff between frequency range,
output power, power supply require-
ments, efficiency, and noise charac-
teristics. No further discussion will be
conducted at this time because there
is probably only limited interest among
Amateurs and stable sources followed
by muitipliers seem to be in current
favor.

optical diodes
It would be unfair to ignore optical
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short circuit

rewinding with CAD
Two corrections should be made to
"Rewinding Transformers with CAD"’
by Hugh Wells, WEWTU (December,
1986, page 83). One line should be add-
ed and another changed as follows:

935 IP=VA/(0.9"EP):REM INTERIM
CURRENT CALCULATION

940 CP=RC*IPA2:REM
CALCULATES COPPER LOSS

diodes because they're really opera-
tional in the upper or top of the
millimeter-wave region, beyond 300
GHz! Most operate in the visible light
region. Probably the most inexpensive
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and well known is the LED or light
emitting diode.

Another well-known type of optical
diode is the LASER (Light Amplifica-
tion by Stimulated Emission of Radia-
tion). Amateur QSOs have been re-
ported using lasers in the 474 THz
region (474,000 GHz) region."” In this
instance, a photodiode is used as the
detector. I'd highly recommend refer-
ence 17 for those interested in commu-
nications by light waves.

Finally, let's not forget the common
photovoltaic (solar) cells, which can be
used to provide power for operating
Amateur gear, especially in remote
areas where commercial power is ei-
ther unreliable or not readily available.
Typical solar cells will generate approx-
imately 0.5 volts per cell, so several
may be connected in series to power
typical Amateur equipment.

summary

In this and last month's columns,
I've tried to show that diodes are still
very important to the VHF/UHF/
microwave and millimeter-wave en-
thusiast. Time and space didn't allow
all diode types to be described nor full
applications of all types to be noted.

Diodes are too often taken for grant-
ed because they're so small and have
only “two terminals!’” Just because di-
odes appear so simple is no reason to
treat them lightly. | hope that the in-
formation and circuits provided here
will answer some questions that | of-
ten hear asked about diodes and en-
courage greater appreciation for their
proper use in Amateur applications.

new DX records

Last month’s column announced a
new 9-cm (3456 MHz) microwave DX
record. Since that time more details
have become available. WB5LUA,
operating portable with 10 watts and
a 4-foot dish at 2680 feet ASL in
Mena, Arkansas (EM24UQ) contacted
WASTNY, who was operating porta-
ble at 600 feet ASL with 1.5 watts and
a B-foot dish in Fairy, Texas
(EM11AU). Using CW, the two estab-
lished a new North American DX rec-

ord on this band of 288 miles (463.5
km) on October 19, 1986. Congratula-
tions to Al and Rick as well as KD5RO,
N5GEJ, N6CHA, and Kb5PS, who
helped support this effort.

important VHF/UHF Events:

March 21 + 2 weeks— Optimum time for
TE propagation

March 24  EME perigee

April 13 ARRL 144-MHz Spring Sprint
Caontest (Monday evening)

April 18 EME pernigee

April 21 ARRL 220-MHz Spring Sprint
Contest (Tuesday evening)

April 22 Predicted peak of the Lyrids

meteor shower at 1100 UTC
April 24-26 Dayton Hamvention
April 29 ARRL 432-MHz Spring Sprint
Contest (Wednesday evening)
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160-meter equipment:
problems and
design hints

The 160-meter band occupies a very
special place in the history of Amateur
radio.

On the night of November 27,
1923, a striking event occurred. Using
a special wavelength near the ‘‘top
band,” TMO and 1XAM of the United
States made a transatlantic contact
with French 8AB. American and Euro-
pean Amateurs were in QS0 for the
first time! A mighty ocean had been
spanned and, at the same time, mil-
lions of dollars worth of commercial
long-wave communication equipment
had been rendered obsolete. Short
waves were the coming thing, and the
rush ta explore the very short waves
— possibly as short as 20 meters —
was on.

Over the years, Amateur interest in
the 160-meter band has waxed and
waned. It's now on the increase, and
there's a lot going on in this historic
portion of the radio spectrum. Most
modern transceivers cover the 160-
meter band, and more Amateurs are
turning to the ‘‘gentleman’s band’’ as
a source of enjoyment.

special problems of
160 meters

The 160-meter band is a lot closer
to the a-m broadcast band than it is to
any other Amateur band, and some
Amateurs find that everyday tech-
niques they’re comfortable with, say,
on 80 meters, don’t seem to work as
well on 160. This can bring about
problems that are unique to this band.

Many Amateurs have transceivers
that use the popular 6146B tubes in the
output stage. Some of them have

2x6i468

is marginal at 1.8 MHz.

fig. 1. Representative output circuit of tube-type transceiver {160 meters}. Pi-network
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found, to their chagrin, that the trans-
ceiver won't load properly at 1.8 MHz,
even though everything seems to work
properly at 1.9 MHz or higher in the
band. But at the low end, adjustments
seem to “‘run off the end of the dial.”
In my case, my transceiver worked
perfectly well down to about 1830 kHz,
loading properly and providing a good
100-watts output into a 50-ohm dum-
my load. Alas, when | tuned up at 1800
kHz, the tuning control was fully coun-
terclockwise, loading seemed sluggish,
and the power output dropped to
about 80 watts. Worst of all, the
amplifier tubes ran very hot.

It didnt take much investigation to
show that the amplifier plate circuit
wouldn’t tune that low in frequency —
everything “’fell apart” at about 1830
kHz. A phone call to the factory serv-
ice center brought about the reluctant
admission that operation was indeed
“marginal”’ at the low-frequency end
of the 160-meter band.

So — what to do? There was plenty
of action around 1800 to 1810 kHz, and
| thought it would be nice if the trans-
ceiver worked properly in this critical

range — so near to the “‘outer limit”
of the transceiver's design.

To determine the possibilities, the
plate circuit of the transceiver (fig. 1)
was examined with a computerized pi-
network program, using the circuit
values shown in the schematic in the
transceiver manual. Sure enough,
reaching the low-frequency end of the
160-meter band was outside the tun-
ing limit of the transceiver — by the
merest margin — about 30 kHz in my
case.

| didn't like the idea of tearing into
the transceiver to maodify the circuitry,
so | looked for another answer via the
pi-network program. Table 1 lists the
component values needed for two
different output impedances. Holding
the plate impedance, circuit Q, and fre-
quency constant, the output impedance
was increased from 50 ohms to 75
ohms. The latter value was chosen be-
cause it's easy and inexpensive to ob-
tain 79-ohm coax cable (RG-59/U and
RG-11/U) and most transceivers are
rated for a 75-ohm load. Note that
while the value of the plate circuit in-
ductance (L) remains fairly constant,

March 1987 77



HIGH PERFORMANCE

PRESELECTOR-PREAMP

The solution to most interference, intermod, and desense
problems in AMATEUR and COMMERCIAL systems.

e 40 1o 1000 Mhz - tuned 1o your frequency
* § large helical resonators

* | ow noise - High overload resistance

» 8 dB gain - ultimate rejection> B0 dB

* 10 1o 15 voits DC operation

e Size-1.6x 2.6 x4 75" exc. conneclors
* FANTASTIC REJECTION!

Price - CALL bipolar w/RCA jacks
Connector options: BCN $5, UHF $6
+1 6 Mhz@?220 Mhz —40dB N $10

Mhz@450 Mhz. —50dB SUPER HOT! GaAs Fet option $20

AUTOMATIC IDENTIFIERS

g
%@t o’

Typical rejection
+ 600 Khz@p 144 Mhz

"-‘_':._

-

- 2808

+5

: ﬂ.M-AT[LIFI ing CDMMENCI!L

£ speed |t1 amp|

o B seleclable reprogrammat SSAQeS )
* Wired Tisleﬁ and programmed wnh your rnes iuus:
Madel 1D-1 - $49.95 Model ID-2 w/2 to 10 minute timer - $69 95

w.- Mler a
1l sSynihi

w162

plete ling of ransmitler and racewer sinps
|l<': for am || ur and commetrcial use
ame

Request our e alalog Allow 52 lor UPS shipping - Masiercard and VISA wo't

GI.B EI.ECTRONlCS.INC.

151 Commerce Pkwy., Buffalo, NY 14224
716-675-6740 9 to 4

HT to a Powerful
Mobile Unit

+ 30 watts output
+ GaAs FET pre-amp
+ Fits on car door
+2 Meters or 70 cm

NAVAL ELECTRONICS, INC.
5417 Jetview Circle - Tampa, FL 33614
Phone: 813-885-6091 - Telex: 289-237 (NAVL UR)

e AECEIVE
THIS LCD
CALENDAR
CLOCHK FREE
= | WiTH YouR
—

SUBSCRIPTION

WHAT'S REALLY
HAPPENING
. - IN HOME
', -~ SATELLITE

V2

'“ 1 -
i THE HOME
SATELLITE
TELEVISION
MAGAZINE.

A monthly of 100-plus pages—has everything you
need to know about where to find equipment, how to
install it, system performance, legal viewpoints, and in-
dustry insights! With your subscription to STV* you will
receive a FREE LCD Calendar/Clock.

e Only $19.95 per year (12 monthly issues)
e $1.00 for sample copy

OnSag

IFYOUHAVE gm0 &
ASATELLITE  =iams 2
SYSTEM, THEN '
YOU REALLY

NEED ...

The best in satellite programming! Featuring: *All
Scheduled Channels *Weekly Updated Listings
*Magazine Format *Complete Movie Listing *All
Sports Specials *Prime Time Highlights % Specials
Listing and *Programming Updates!

e Only $45.00 per year (52 weekly issues)
e 2 Years $79.00 (104 weekly issues)
e $1.00 for sample copy

Visa® and MasterCard"” accepted (subscrip-
tion orders only). All prices in US funds. Write
for foreign rates.

Send this ad along with your order to:

STV®/OnSat®

P.O. Box 2384—Dept. HR @ Shelby, NC 28151-2384

SUBSCRIPTION CALLS ONLY
TOLL FREE 1-800-438-2020

« 164




RF IN Lt, 4.64uH

T

75 OHMS

O

0.005, 5 kv

RFCI
1M

1
1
)

RF QUT

L2 L3

_ 3000
L 78508

2038 OHMS

fig. 2. Representative 160 meter linear amplifier showing values of critical components. See text for data on RFC2.

both the tuning {C1)} and loading (C2)
capacitance values decrease by a
noticeable amount. Switching to a
75-ohm feed system, therefore, can
provide a greater tuning margin at 1.8
MHz for a given amplifier plate circuit
network. Since the actual pi-network
inductor wasn't changed, the tuning
latitude gained isn't as much as
predicted in this exercise, but it's still
enough to permit an otherwise out-of-
tune amplifier plate circuit to resonate
properly at 1800 kHz. Accordingly, the
transceiver was connected to a 75-ohm
durnmy load via RG-59/U coax and a
75-ohm model SWR meter. It was now
possible to tune up properly at 1.8
MHz, with the amplifier tubes running
much cooler.

Although switching to a 75-bhm
feed system offered one solution,
another equally satisfactory method

consisted of adjusting the 50-chm feed
system to reflect the proper reactance
back into the final amplifier that would
detune the pi-network circuit in the
proper phase to allow sufficient tuning
range on the tuning and loading con-
trols. This can be done by changing
the coax line length between the
antenna and the transmitter. Accord-
ingly, various lengths of 50-ohm coax
were inserted into the original anten-
na feed system until a length was
found that permitted proper tuning of
the transceiver. It's difficult to specify
the ““magic’’ length because that de-
pends upon the antenna installation
and the equipment in use. By chang-
ing coax cable length from antenna to
transceiver, the tuning settings of the
amplifier stage could be varied to
produce a reasonable tuning sequence
for the transceiver.

Q Frequency C1l{lnput C)
16 1.8 MHz 682 pF
16 1.8 MHz 660 pF

Table 1. Pi network component values for different load impedances.

L{tnduct.) C2(Qutput C} Load Z
13.11 uH 3708 pF 50 ohms
14.00 pH 3020 pF 75 ohms

Note that changing the length of the
coax did not change the SWR on the
antenna system — it merely moved the
transceiver back and forth along the
coax line so that the combination of
SWR and phase shift along the line
produced the wanted results, namely,
the ability of the transceiver to tune
and load properly.

160-meter amplifier
construction hints

Building a linear amplifier for 160
meters? No big problem, provided you
remember that this creation is operat-
ing at a frequency closer to the broad-
cast band than to any other ham band,
and design accordingly. The amplifier
shown in fig. 2 serves as an example.
Only the rf circuitry is considered; the
metering and control circuits aren’t in-
volved in this examination.

The first consideration is that all
bypass capacitors have to be an order
of magnitude larger than those values
used on the higher frequency bands.
For low-voltage, low-power circuits, a
bypass or coupling capacitor of 0.05 uF
is satisfactory. For high-voltage cir-
cuits, such as plate blocking and
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bypass units, a value of 0.005 uF will
suffice.

In low-voltage circuits, the Sprague
“cera-mite’’ series of capacitors will do
the job: the type SHKP10 or 5GAP10
rated at 500 volts are satisfactory. For
medium-high voltages, the Sprague
0.0047 uF, 6 kV (dc) capacitor, type
60GADA47 is suggested. Sangamo also
makes a 500-volt dc-rated, 0.02 uF
mica capacitor (FD203J03) that is
satisfactory for low voltage circuits.
Two of these units can be paralleled
for 0.04 uF.

A larger-than-normal filament choke
(RFC2) should be employed on 160
meters. [f the choke is too small in in-
ductance, it will tend to detune the pi-
network input circuit because the
choke is in parallel with capacitor C2
and introduces "‘negative capacitance”
across C2, in addition to allowing rf
power to pass down the choke and
into the filament transformer. A suit-
able choke consists of 20 bifilar turns
of No. 12 wire (Formvar) on a 0.5-inch
diameter, 7-inch long ferrite rod (¢ =
950),

A pi-L plate circuit is recommended
to provide additional harmonic attenu-
ation over that of a pi-network. Using
high power, it's possible for the
second harmonic of a 160-meter trans-
mitter to fully meet FCC specifications,
yet provide enough power in the
80-meter band to seriously affect near-
by Amateurs operating close to the
harmonic frequency. In this case, the
pi-L configuration provides an extra 15
dB of second-harmonic attentuation at
very little additional cost to the am-
plifier.

The greater rejection of this circuit
allows the designer to decrease the
network Q to provide smaller com-
ponent values. In this case, a Q of 8
was chosen. The required component
values for resonance at 1.8 MHz are
given in the drawing. A total of 300 pF,
with at least 100 pF of it variable, will
serve as the tuning capacitor, and a to-
tal value of 2000 pF, with 1000 pF of
it variable, will do the job as the out-
put loading capacitor.

Transmitting-type, zero-coefficient
ceramic capacitors (such as the Cen-

tralab type 850S) may be used to pad
capacitor C3. Large, mica transmitting-
type capacitors (often found at flea
markets) can be used for padding the
loading capacitor, C4.

The plate rf choke (RFC 1) must
have sufficient inductance so that it
doesn’t affect the pi-L network to any
great extent. From an rf point of view,
the choke is in parallel with tuning
capacitor C3. If the choke is too small,
the value of C3 must be increased to
compensate for the inductance of the
choke. A minimum inductance for
RFC 1 for 160-meter operation is about
250 uH. An inductance value up to 1
mH is more acceptable.

Note that the plate blocking capac-
itor has a value of 0.005 uF. This is
considerably larger than found in am-
plifiers designed for the higher fre-
quency bands.

A 20-ohm, 20-watt wire-wound
resistor is connected in series with the
B-plus lead. This serves as a low-Q rf
choke for VHF harmonic suppression
as well as a safety device in case of an
ion flashover in the amplifier power
tubes. The plate bypass capacitors on
each side of this choke are 0.005 yF,
5 kV-ceramic units,

When such large coils as L2 and L3
are used in the plate circuit, it's imper-
ative that they not couple to the cabi-
net. If an all-metal cabinet is used, it
can easily become a one-turn, short-
ed inductor closely coupled to the out-
put tank. This fact was brought to light
in a homemade amplifier built within
a steel enclosure. The efficiency of the
amplifier was mysteriously low and the
cabinet ran very warm — warmer than
one would think, since an efficient
cooling system was used. It was found
that the circulating rf currents in the
enclosure accounted for nearly 200
watts of output power! No wonder the
cabinet ran uncomfortably warm! Re-
arranging the amplifier coils cured the
power loss problem,

design summary

Coupling and bypass capacitors for
a 160-meter amplifier have to be an
order of magnitude larger than those
chosen for an amplifier whose lowest
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Quality, shirt pocket, digital multimeter
tests electrical equipment — at home, in
your car, on your job, and even in the
back woods! Case folds 1o approx.
4.5"Hx3"Wx 1/2" thick. Measure up to
500V ac/dc and 20 megohms.

ONLY $35., includes probes and carrying
case. Salisfaction guaranteed. 30 day money-
back return. ONE YEAR WARRANTY.

Call TOLL FREE: 1-800-221-5749
In CT 203-967-4441
Man-Fri, B-5, EST.
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Model T-604 * GUYED (STACK-UP)
: ® TILT-OVER MODELS
Easy to install. Low Prices.
Crank-ups to 100 ft.
EXCELLENT FOR
AMATEUR COMMUNICATIONS

40" Al
Crank-Up
Model T-1404

Over 36 types aluminum
and slesl towers made
specials gesigned and

made— write for delails

F =m
SPECIAL
Four Section 50 F1,
Van Mounted Crank-Up
Aluma Tower

ALUMA TOWER CO.

BOX 2806HR
B VERO BEACH, FLA. 32960-2806
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Electronic Repair Center
Servicing

Amateur Commercial Radio

The most complete repair facility on
the East Coast.
Large parts inventory and factory
authorized warranty service for
Kenwood, lcom and Yaesu.

SEND US YOUR PROBLEMS

Servicing “‘Hams "' for 30 years, no rig
too old or new for us.

4033 Brownsville Road
-"K Trevose, Pa. 19047 @
2 15-357-1400

1-800-USA-9913
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POWER AMPLIFIERS

SSB—CW-—-AM—FM PX PRICE PREAMPLIFIER BLILT-IN PX PRICE
50/28-5 50 MHz 20 Wans $34200 MML 144/30-LS 144 MHz 30 Walls HT AMP 5129 00
50/144 50 MHz 20 Wans 34200 MML 144/100-LS MHz 100 Wall HT AMP 242 00
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ALPHA.DELTA.

Model DELTA-4

Lightning Surge Protected
4 Position Coax Switch

' Superior RF switching and equip-
mam protecnon for Amateur, commercial and military
mmunicalk)ns stations. * Exclusive '‘center-off’” ground

Model DELTA-4 4 POSITION COAX SWITCH
(UHF CONNECTORS) $69.95

Available from your Alpha Delta dealer or order direct.
Please add $4.00 shipping and handling, US only. Ex-
ports quoted.

mu COMMUNICATIONS, INC.

PO Box 571
Centerville, OH 45459 (513) 435-4772
current solutions to current problems

‘,ﬁ JN'th MONTHLY MAGAZINE -BY AND FOR ACTIVE RADIOAMATLURS

525 NATIOSPORTING

A magazwine dedicated to quality and sportsmanship in
amateur radio operating. Fresh, timely, practical and down to
earth reading for little pistols and big guns. Written by world's
best in theiwr fields.

Includes, DX News, QSL Info, 160 m, DXpeditioning,
Propagation, Awards, contest rules and results, Traffic-
Emergency, FCC News, New Products, Antennas, technical
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programs, Radio Funnies, Club Life, YL, RTTY, VHF/UHF, Mail
Room, Classified Ads and much more in a magazine format
with the speed of a bulletin.

RADIOSPORTING sponsors DX Century Award, Contest
Hall of Fame, World Contest Championship and World Radio
Championship contest.

"Your publication 1s superb! Keep it up!"
Joe Reisert, WIJR
"Your W2PV articles are priceless. Your magazine 1s super!"
Rush Drake, W/RM
“Let me congratulate you on a very 1mpressive magazine, Just
what I've been looking for as a DXer and Contester!"
Dick Moen, N7RO

"RADIOSPORTING, once received, cannot be tossed aside until
it 1¢ read from cover to cover. Then reviewed again and again.']
Chas Browning, WAPKA

Subscription rates: | year USA §18, Canada CDN§24, Overseas
USS21; 2 years $13, §44, $39 respectively. Single issue $2.
TRY US! SUBSCRIBE OR SEND $1 FOR YOUR SAMPLE COPY.
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'O Box 282, Pine Brook, NJ 07058, USA & “
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The monthly magazine with a natural blending of two
popular hobbies — Ham Radio and Computers
* Articles on Ham Radio & Mos! Personal Computers
#» Hardware & Software Reviews
# Vanous Computer Languages
# Conslruction Articles
* Much Much More

Your #1 Source for PACKET Info
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—J. Trenbick
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—Fred Blechman, K6UGT
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1704 Sam Drnive
Birmingham Alabama 35235
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C-64 and GLB PK-1
interface circuit

Get on packet quickly,
easlly with readily
available components

Until just a few years ago, | thought that packet
radio was an interesting part of our hobby, but one
that was too difficult and too expensive to enter. |I'd

fig. 1. Interface card plugs into C-64 user port. On the author's
version, the ribbon cables from J1 and J2 on the PK-1 are ter-
minated in 16-pin DIP headers and plugged into IC sockets
on the interface PC board. On later versions, the ribbon con-
ductors were soldered to the PC board. The black dot at the
end of the PC board is a rubber bumper which suppaorts the
free end of the board.

heard stories of people who spent months scroung-
ing for parts and equipment.

All that changed when GLB introduced the PK-1
Terminal Node Controller. For those of us who already
owned a Commodore 64 computer, the PK-1 was
about the cheapest way to go. Intrigued, Neil Abitabi-
lo, WAZEZN, and | ordered two units from GLB.

We should have planned ahead. The PK-1s were
only days from delivery when we realized that neither
of us had the foggiest idea of how we were going to
interface them with the C-64. One thing was clear; no
one was offering an interface off the shelf.

Neil and | began making inquiries on the 145.135
repeater in Carmel, New York, where a large number
of packeteers hang out. Eventually we got the infor-
mation we needed to design a circuit that provides the
necessary functions.

interface requirements

The DATA IN and DATA OUT lines between the
PK-1 and the C-64 must be inverted, RTS and CTS
lines from the PK-1 to the D and K pins on the user
port must be linked without inverting polarity. A pc
board serves as the common point for the three ca-
bles that link the various units.

Two ribbon cables connect J1 and J2 on the rear
of the PK-1 to the solder pads on the pc board. A third
cable (see fig 1) goes from the pc board to the trans-
ceiver for +12 volts, receive audio, transmit audio,
push-to-talk, and squelch back-off (if used — see
sidebar).

John B. Meagher, W2EHD/ex-W8JGN, 27
Fourth Street, Closter, New Jersey 07624
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fig. 2. Interface card schematic.

cr 0002 . F
P1LP2 5/10 0 156 inch ! o) wdge

fram GLB!
PI 12/24 0 156 inch sdge (Taxas 1 PN HITT121 121

Avallable from Digi Key PN C112
Q71,02 04 PNP (2N3906 or equivalent)
Q3.as NPN (NI, 2NZ222 or equivalent!
RT RS 10 k 1/4 Wart, 10 percent
Ré& 18 k oprional (see text)
R7 6.2 k optional (see text)
51 4PST DIP switch

construction

Flexibility was a key consideration in board layout.
S1is a 4PST DIP switch which permits the operator
to positively disable SQUELCH, BACK-OFF, PTT,
RECEIVE-AUDIO and TRANSMIT-AUDIO. Neil and

| found that there were times when we needed to iso-
late the PK-1 and the transceiver from the outside
world for checks or experimentation.

Refer to the schematic (fig. 2) while reading the
next few paragraphs. Note that R6 is optional. If the
PK-1 packet audio to the transmitter can’'t be suffi-
ciently reduced by R30 on the PK-1 board, then R6

fig. 3. Bottom view of the interface PC board. The pins of
the PC card edge connector are soldered to the contact
fingers.

can be inserted. The value can be determined ex-
perimentally. More than likely, however, it won't be
needed, so it can simply be jumpered out.

R7 is also optional. We obtain receive audio for the
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PK-1 directly from the discriminator. Initially, | was
afraid that R29 (in the PK-1) might not provide ade-
quate isolation to avoid overloading the discriminator.
C1is also an option. Some packeteers claim that oper-



fig. 4. C-64/PK-1 interface card printed circuit diagram.
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fig. 5. C-64/PK-1 interface card component placement diagram,

ation is more reliable if the high frequency components
of the receive audio are rolled off. The values for base
resistors R1-R4 are not critical. | used 10 k, but any
value from 3.9 k to 15 k worked just as well.

At first we had a tough time finding a proper 12/24
pin, 0.156-inch pc edge connector to mate with the
C-64 user port. The initial version of the interface board
uses a connector that was cut to length with a hand-
held jigsaw. Later, Terry McGraw, WA2UDG, discov-
ered that Tl makes one that's an exact fit (see parts
list).

connections

The PK-1 requires 12 volts at 200 milliamperes. The
simplest source is the transceiver with which the PK-1

will be used. After etching and drilling the pc board
(figs. 4 and 5), connect the ribbon cable to the “IDC”
{Insulation Displacement Connector) cable plugs for
J1 and J2 on the rear of the PK-1. (Neil and | bought
the connectors and the cable from GLB when we
ordered the PK-1s.) Strip the other end of the ribbon
cable conductoars; before soldering them through the
pc board holes, however, make sure that the ap-
propriate conductor from the plug goes to the correct
pe board hole. Double-check against the pin-out illus-
tration in the GLB PK-1 owner’s manual. (On the origi-
nal version, the ribbon cables from the PK-1 terminate
in DIP headers and plug into IC sockets on the board.)

The umbilical to the transceiver is next. You'll have
to decide how to access the + 12 volt bus, PTT, audio
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SPECIAL

e i)
\

SYSTEM #1
$399.00

Motherboard with bios and first 64K
of RAM. Upgradable to a full 640K of
RAM_ Flip top case. KBXT (at look
alike) keyboard. 150 watt power sup-
ply with all the power needed to run
extra drives and cards

& —SYSTEM #2

$699.00

Motherboard with bios and first 256K of RAM. Upgradable to a full 640K of
RAM. Flip top case. KBXT (at look alike) keyboard. 150 watt power supply
Dual Disk Drive card with cables. One floppy drive. DS DD 360K. A color
graphics card with RGB and composite output

All you need 1s a monitor)

SYSTEM #3
$999.00
Motherboard with bios and first 256K of RAM. Upgradable to a full 640K of
RAM_ Flip top case. KBXT (al look alike) keyboard. 150 watt power supply
Color graphics card with RGB and composite outputs. Multi 1/0 card with two
disk drive ports, one parallel port, one serial port and one serial port option
one game port, clock and calendar with battery backup. Two floppy disk

drives DS DD 360K and a composite monitor

SHIPPING INFORMATION: PLEASE INCLUDE 10% OF ORDER FORSHIP
PING AND HANDLING CHARGES (MINIMUM $2 50, MAXIMUM $105. CA-

NADIAN ORDERS, ADD $7 50 IN US FUNDS. MICHIGAN RESIDENTS ADD
4% SALES TAX. FOR FREE FLYER, SEND 22¢ 5TAMP OR SASE

HAL-TRONIX, INC. (313)281-7773
12671 Dix-Toledo Hwy

Hou
12:00 - 6:00 EST Mon-Sat

P.O. Box 1101

Southgate, MI 48195

“HAL" HAROLD C. NOWLAND
WBZXH

DAYTONA BEACH *

KENNEDY SPACE CENTER =

« DISNEY WORLD

CYPRESS GARDENS

come to Florida
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WINTER HAMFEST
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ORLANDO AMATEUR RADIO CLUB, INC.

HAMCATION
AND COMPUTER SHOW

at Expo Centre
MARCH 13, 14,15, 1987

1987 ARRL
Southeastern Region
Convention

AIRCONDITIONED SWAP AREA TABLES 520
REGISTRATION:
S5 Advance S7 At The Door
Banquet $12.50

For tickers & swap table reservations
SEND check and SASE to
Orlando Hamcation & Computer Show
Dept HAM. PO Box 547811, Orlando, FL 32854-7811
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C-64/PK=| INTERFACE

PK-1 REAR TERMINALS
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fig. 6. Interconnection diagram ties transceiver, interface and C-84 together.

in, and audio-out on your rig. Ben Spieker, WB2YSJ,
kindly milled five fins from my Azden PCS-2000's heat
sink and bored a 5/8-inch hole for a multipin connec-
tor. Note that there's a seventh conductor on the pc
board labeled “Reset” (fig. 6). It's there if you want
or need an external connection to the PK-1's reset line.
Solder the lower (foil side) pins of the edge connec-
tor to each of the 12 “contact fingers” etched on the
underside of the pc board. For mechanical strength,
you could flow 5-minute epoxy or hot glue between
the top pins and the component side of the pc board
or use a couple of threaded spade lugs from the con-
nector mounting holes to the pc board.

operation

Before applying power, check for any wiring errors.
With power off, plug the interface cable into the trans-
ceiver. Turn on the transceiver, and with a voltmeter,
check to see if + 12 volts exists on pin 4 of J2. You
should be able to key the rig by grounding the PTT
line. A sgope should indicate noise on the receive-
audio line. (If you are picking off from the discrimina-
tor, 25 to 50 millivolts of noise will be present under
no-signal conditions.) Turn power off and plug the ca-
ble connectors (J1 and J2) into the back of the PK-1.
Make absolutely sure the plugs go to the correct lo-
cations! Since they're identical and nonpolarized, it's
a good idea to mark which is which to make sure
they're not swapped or installed upside down!

Make sure all four DIP switches on S1 are open,
then turn on the power. The LED on the front of the
PK-1 should light. (Note, so that you don’t go crazy,
when you input + 12 volts via J2, the PK-1 front pan-
el on-off switch is bypassed and has no effect.)

Remove power and plug the interface board (com-
ponent side up) into the user port on the rear of the
C-64. Turn on the computer, the transceiver, and the
PK-1. Load whatever terminal program you wish to
use for packet radio. (Neil and | have used a series of

programs including SuperTerm, Vidtex 4.0, and the
Texas Packet Radio Society’'s TNC64.

Once the program is running and you have packet
traffic coming through the receiver, close the DIP
switch that interrupts incoming audio. Packet traffic
passing by should begin showing up on the computer
monitor screen. Make sure the PK-1 is not in any of
the following modes: QO ldisplay only connected
packets); OA (display only stations with specified call
signs) or OQ (store the packets in the PK-1 RAM). If
you're in any of these modes, no passing traffic will
appear on the screen.

To test transmit, close the audio-out and PTT DIP
switches and connect with a friend or with yourself
through a local digipeater.

As good as it is, the PK-1 has no output timer to
prevent a mishap from locking the transmitter on the
air. WA3EZN and | have designed one we call the
“Packetimer’’; it's described in the following article.

monitor squelch status

with “Back-off”

“Back-off”’ (Pin J2-3) permits the PK-1 to moni-
tor the squelch status of the receiver. If the “"back-
off” pin is pulled LOW by a signal other than one
from a packet station, the PK-1 is inhibited from
transmitting. Without “back-off,’" the PK-1 and
other TNCs ignore the presence of other non-
packet signals and will transmit right over them. The
interface has a transistor inverter (Q5) because the
unsquelched signal from my transceiver (an Azden
PCS-2000) is a HIGH.

Back-off is especially helpful where packet and
fm phone operators attempt to coexist. It isn't as
important if the channel is exclusively packet be-
cause TNCs are always inhibited from transmitting
if they ""hear’’ another packet signal.
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PACKET RADIO GOES PORTABLE

GLB ELECTRONICS

presents

THE FIRST CONTROLLER DESIGNED FOR
PORTABLE AND SOLAR-POWERED STATIONS

NEW SOFTWARE FEATURE: —ere
INTELLIGENT “BUDLIST” - Provides
selective callsign filtering for
Digipeating, Monitoring and Connecting. MODEL PKI-L
PORTABLE PACKET CONTROLLER
e LOW 25 mA Current Drain. . 3] Engw

@ Miniature size - Lightweight.

e Rugged metal, shielded case.

e Lithium Battery backup for RAM.
® Onboard Watchdog for reliability.
e Standard DB25 Connectors.

@ “Connected’ Status output line.

® Remote Commands in Unattended
Mode with Hardware Lockout.

@ Retains all other PK-1 features.

e Extra 1/O lines for special applica-
tions.

Power requirement:
9 to 15 Volts DC @ 25 mA typical

Dimensions:

46 X 59 X 1.0 inches w
w L9
Total Weight: NE CE!
12 0zs. pRI
PKIL—Wired and Tested
List price— $209.95
Amateur net— $179.95

SEE US AT DAYTON
BOOTH 318

« 179

151 Commerce Pkwy.,
Buffalo, NY 14224
9 @ 716-675-6740 9to 4




““packetimer’’ for the PK-1

Handy circuit
prevents lockup

In the previous article we described an interface
circuit that allows the GLB PK-1 TNC to work with
a Commodore 64. Soon after we put that combina-
tion into operation, one fact became obvious: the PK-1
has no fail-safe method of preventing accidental, long-
term key-up. Amateurs not on packet may not realize
the implications of this, but when it happens, your
TNC “hears" the carrier of another packet station on
the channel and automatically prevents the other
transmitter from going on the air!

One evening, for reasons still unknown, my PK-1
locked up and sent 26 watts of rf through an
11-element beam for several hours. An unknown num-
ber of packet stations in the North Jersey/New York
City area were suddenly struck dumb. No doubt their
operators cussed out the dingbat whose carrier was
blanketing 145.010. (If you were affected, my sincerest
apologies!)

That's why we devised the Packetimer (see fig. 1),
which is designed to go into action if the transmitter
is on the air continuously for a length of time that ex-
ceeds the time-out period. Using the suggested com-

fig. 1. Side view of PK-1 with Packetimer installed. The wires
from the PC board plug go to S1, CR6, +5v and the base and
collector of PK-1 keying transistor, Q3.

ponent values, the device permits transmissions lasting
up to about 30 seconds. Since 99 percent of the packet
transmissions last well under 10 seconds, plenty of lee-
way is permitted, but a lockup (such as the one that
occurred at this station) is no longer a threat.

operation

The Packetimer monitors the push-to-talk line from
the PK-1 to the transmitter. Whenever the PK-1's key-
ing transistor, Q3, pulls the PTT line LOW, U1 (the
4060 oscillator/ 14-stage binary counter) is activated
through CR1 (see fig. 2).

The suggested values for C1, R2, and R3 yield a
clock frequency of approximately 15 Hz. Within U1,
the clock pulses are sent through a series of 14 flip-
flops. Each flip-flop divides the incoming pulse train
by a factor of two. In normal operation, the counters
in U1 remain at zero because RESET (pin 12) is held
HIGH through pullup resistor R1. Only when the PTT
line goes L OW (transmit mode) can the flip-flops oper-
ate. The counters in U1 are reset to zero at the end
of every transmission when the PTT line goes HIGH
again.

However, in the event of a lockup condition, the
counters keep going until the Q output to which CR2
is connected goes HIGH. When that happens, latch
U3 is SET and its Q output (pin 2) goes HIGH. The
HIGH from pin 2 of U3 does two things: it turns on
Q1, which puts a stranglehold on the base of the
PK-1's keying transistor, Q3. That takes the transmit-
ter off the air and keeps it off. U3's output also turns
on CR6, the blinking LED, and U4 (555) so that a con-
tinuous tone warns the station operator of the lockup
condition.

The Packetimer must be manually reset via S1 be-
fore the packet station can transmit again. With the
recommended values for C1, R2, and R3, and with
CR2 connected to pin 1 (Q12 output) of U1, the trans-
mitter can remain on the air for about 30 seconds be-
fore the Packetimer goes into action. Coarse divider
increments (doubling or halving the time) can be
achieved by shifting the jumper wire from CR2 to the
next higher or lower Q output on U1,

John B. Meagher, W2EHD/ex-W8JGN, 27
Fourth Street, Closter, New Jersey 07624
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Regular SALE
999.00 849
199.00 179%

HFE Equipment
IC-735 HF transceiver/SW rcvr/mic
PS-55 External power supply....

AT-150 Automatic antenna tuner ... 445.00 349%
FL-32 500 Hz CW hilter...... 66.50
EX-243 Electronic keyer unit .... 56.00
UT-30 Tone encoder ........ 1750

IC-745 9-band xcvr w/ 1-30 MHz rcvr 1049.00 899%
PS-35 Internal power supply ....... 199.00 179%

EX-241 Markerunit ............o.0. 2250
EX-242 FMunil .ooevvnnnnnnnn. 44.00
EX-243 Electronic keyer umit....... 56.00
FL-45 500 Hz CW filter (1st IF) .... 66.50
FL-54 270 Hz CW filter {1st IF) 53.00
FL-52A 500 Hz CW filter (2nd IF) 108.00 99%

FL-53A 250 Hz CW fiter (2nd IF)
FL-44A SSB fiter (2nd IF)........

108.00 99%
178.00 159%

IC-751A 9-band xcvr/.1-30 MHz rcvr 1649.00 1399
P$S-35 Internal power supply ....... 199.00 179%

FL-32 500 Hz CW filter (1stIF)..... 66.50
FL-63 250 Hz CW filter (1stIF) ..... 5450
FL-52A 500 Hz CW filter (2nd IF)... 108.00 99%
FL-53A 250 Hz CW filter (2nd IF)... 108.00 99%
FL-33 AM Hilter.. sives 3D
FL-70 2.8 kHz mth SSH filter ... 52.00
RC-10 ixlwnal frequency controller  39.25

Other Accessories Regular SALE
IC-2KL 160-15m solid state amp w/ps 1999.00 1699
PS-15 20A external power supply..... 16900 154%
PS-30 Systems p/s w/cord, 6-pin plug 299.00 269*

OPC Opt. cord, specify 2, 4 or 6-pin 1000
MB Mobile mount, 735/745/751A 2450
SP-3 External speaker........... 61.00
SP-7 Small external speaker . 45.00
CR-64 High stab ref xtal [HlS 751)  63.00
PP-1 Speaker/patch.. : 15025 149%
SM-6 Desk mur.mnhone .......... ... 4495
SM-8 Desk mic - two cables, Scan..... 7850

136.25 124*
44500 389%
559.00 489*
625.00 549%
495.00 429%

SM-10 Compressor/graph EQ. 8 pin mic
AT-100 100W 8-band auto. antenna tuner
AT-500 500W 9-band auto. antenna tuner
AH-2 8-band tyner w/mount & whip
AH-2A Antenna tuner system, only. ...

_Good Until February 28th, 1987!
With the purchase of an 1C-735, IC-745 or
IC-751A, receive Your Choice of One of the
following accessories, FREE, from 1COM

CW Filter: FL-45, FL-52A, FL-53A, or FL-54
World Clock: GC-5 e Desk Microphone: SM-6

Mounting Bracket: MB-5 MB-12, or MB-18
also, until 3-31-87 —

$50 FACTORY REBATE on AT-150

Order Toll Free: 1-800-558-0411

ICOM

- continued: Regular SALE

Other Accessories

GC-5 World clock.......vevvvnveananns 9195 89%

6-meter VHF Portable Regular SALE

1C-505 3/10W 6m SSB/CW portable 549.00 489%
BP-15 AC charger........cvvenee.. 1400
EX-248 FM umt 55.50
LC-10 Leather Case ......civesssns 39.50

VHF/UHF base multi-modes
IC-551D BOW 6-meter SSB/CW....... 799.00 719%
EX-106 FM option .. ; 14000 126
BC-10A Memory back- up.. 9.50
IC-271A" 25W 2 meters CLOSfDUl 859.00 699
AG-20" Internal nr-‘arnﬁl lier ....... 64.00
IC-271H 100W 2m FM/SSB/CW ...... 1099.00 969*
AG-25 Mast mounted preamplifier. .. 95.00
IC-275A 25W 2m FM/SSB/CW w/ps 1199.00 1049
IC-471A" 25W 430-450.... CLOSEOUT 979.00 769*

Regular SALE

AG-1* Mast mounted preamplifier, .  99.50
IC-471H" 75W 430-450 ... CLOSEOUT 139900 999*
AG-35" Mast mounted preamplifier  95.00

[_‘Pé mp $995 with z_?ﬁ/'iﬂm 471H i‘ﬁrci{ase:

Accessories common (o 271A/H and 471A/H

PS-25 Internal power supply for (A}... 11500 104%
PS-35 Internal power supply for (H)... 19900 179%
SM-6 Desk microphone ...........o... 4495
EX-310 Voice synthesizer . 46.00
158-32 CommSpec encode/ /decoder.... 59.95
UT-15 Encoder/decoder interface 14.00
UT-158 UT-15S w/T5.32 installed..... 92.00
VHF/UHF mobile mulii-modes  Regular SALE
IC-290H 25W 2m SSB/FM, TTP mic... 639.00 569%

IC-490A 10W 430-440 SSB/FM/CW  699.00 599%
VHF/UHF/1.2 GHz M Regular SALE
IC-27A Compact 25W 2m FMw/TTPmic 429.00 369
IC-27H Compact 45W 2m FMw/TTP mic 459.00 399*
1C-37A Compact 25W 220 FM, TTP mic 499.00 439"

IC-47A Compact 25W 440 FM, TTP mic  549.00 479%
PS-45 Comipac! BA power supply ... 13900 129%
UT-16/EX-388 Voice synthesizer ... 34.99
SP-10 Slim line external speaker ... 3599

IC-28A 25W 2m FM, UP/DN mic......
IC-28H 45W 2m FM, UP/DN mic...

429.00 369%
459.00 399%

1C-38A 25W 220 FM....ocvvnnnnnnnn. 459.00 399*
IC-48A 25W 440450 FM .......... 45900 399
HM-14 TTP microphone .......... . 5550
UT-28 Digital code squelch.. 3750
UT-29 Tone squelch decoder ....... 43.00
HM-16 Speaker/microphone ..... 34.00
IC-3200A 25W 2m/440 FM w/TTP.... 59900 499
UT-23 Voice synthesizer......... . 3499
AH-32 2m/440 Dual Band antenna ... 37.00
AHB-32 Trunk-lip mount ........ 34.00
Larsen PO-K Rool mount..... 20.00
Larsen PO-TLM Trunk-lip mount.... 2018
Larsen PO-MM Magnetic mount ... 19.63

RP-3010 440 MHz, 10W FM, xtal cont. 1229 00 1089

1C-120 IW 1.2 GHz FM Mobile........ 579.00 499*
ML-12 1.2 GHz 10W amplitier ...... 379.00 339%

IC-1271A 10W 1.2 GHz SSB/CW Base 1229.00 1069
AG-1200 Mast mounted preamplifier 105.00
PS-25 Internal power supply 115.00 104%

EX-310 Voice synthesizer........... 46.00
TV-1200 ATV interface unit...... 129.00 119%
UT-158 CTCSS encoder/decoder 92.00

RP-1210 1.2 GHz, 10W FM,99ch ,\yrﬂﬁ 1479.00 1289

VIsA

Regular SALE

Hand-helds
IC-2A 2-meters........ 279.00 249*
I1C-2AT with TTP....... 299.00 259*
1C-3AT 220 MHz, TTP 339.00 299*
IC-4AT 440 MHz, TTP 339.00 299%
IC-02AT 2-meters..... 369.00 299*
IC-02AT/High Power 39900 339%
IC-03AT for 220 MHz 449.00 399%
IC-04AT for 440 MHz 449.00 389%
IC-u2A Z-meters...... 299.00 269*
IC-u2AT with TTP ... 329.00 289"
Accessories for IC-u2A/T (CALL)

IC-12AT IW 1.2GHz FM HT/batt/cgr/TTP 459.00 399%
A-2 5W PEP synth aircraft HT ........ 599,00 499*
Accessories for 1C series Regular
BP-7 425mah/13.2V Nicad Pak - use BC-35 74.25

BP-8 800mah/B 4V Nicad Pak - use BC-35... 7425
BC-35 Drop in desk charger for all battenies 74.50
BC-16U Wall charger lor BP7/BPS... 20.25
LC-11 Vinyl case for Dix using BP-3 2050
LC-14 Vinyl case tor Dix using BP-71/8 2050

LC-02AT Leather case for Dix models w, BP-7 B 54 50

Accessories for 1C and IC-0 series Regular
BP-2 425mah/7.2V Nicad Pak - use BC35 ... 47.00
BP-3 Extra Std 250 mah/B.4V Nicad Pak 37.50
BP-4 Alkaline battery case .. 1525
BP-5 425mah/10.8V Nicad Pak - use BC35 58.50
CA-5 5/8 wave telescoping 2m antenna 1895

FA-2 Extra 2Zm Hlexible antenna 11.50

CP-1 Cig. lighter plug/cord for Hl’iLrIJI 13.00
CP-10 Battery separation cable w/clip .. 225
DC-1 DC operation pak lor standard models 23.25
MB-16D Mobile mtp bkt tor all HTs.......... 24.50
LC-2AT Leather case for standard models ... 54 50
RB-1 Vinyl waterproof radio bag ............ 34 95
HH-55 Handheld shoulder strap 16.95
HM-9 Speaker microphone 47.00
HS-10 Boom microphone/headsel ..... 23.25
HS-10SA Vox unit for HS-10 & Del Inw on |-, 23.25
HS-10SB PTT unit tor HS-10 2325
ML-1 2m 2.3w in/ 10w out amplifier SME 99.95
§5-32M Commspec 32-tone encoder 2995

Regular SALE

Receivers

R-71A 100 kH:z-30 MHz, 117V AC ... $949.00 799"
RC-11 Infrared remote controller..., 67.25
FL-32 500 Hz CW filter . .. 66.50
FL-63 250 Hz CW filter (1st1F)..... 54.50
FL-44A SSB filter (2nd IF) ., 178.00 159*
EX-257 FM umit ..... 4250
EX-310 Voice synthesizer.. 46.00
CR-64 High stability oscillator xtal  63.00
SP-3 External speaker.... 61.00
CK-70 (EX-299) 12V DC option... 12.25
MB-12 Mobile mount. 24,50

R-7000 25 MHz-2 GHz scanming rcvr 1099 UU 969*
RC-12 Infrared remote controller . 67.2

EX-310 Voice synthesizer........... 46 UU
TV-R7000 ATV unit........cocvunn 13195 119%
AH-7000 Radiating antenna ... B995 (14)

HOURS @ Mon. thru Fri. 9-5:30; Sat. 9-3

Milwaukee WATS line: 1-800-558-0411 answered
evenings until 8:00 pm Monday thru Thursday
WATS lines are for Quotes & Ordering only,
use Regular line for other Info & Service depl.

All Prices in this list are subject to change without notice.

In Wisconsin (outside Milwaukee Metro Area)

1-800-242-5195

AMATEUR ELEGTRONIC SUPPLY..

4828 W. Fond du Lac Avenue; Milwaukee, WI 53216 ® Phone (414) 442- 4200

AES® BRANCH STORES

WICKLIFFE, Ohio 44092
28940 Euclid Avenue
Phone (216) 585-7388

Ohio WATS 1-800-362-0290

Outside 1_800-321-3594

1898 Drew Street
Phone (813) 461-4267
No In-State WATS

1072 N. Rancho Drive
Phone (702) 647-3114
No In-State WATS

Quiside 1 _800-634-6227

Associate Store

ORLANDOD, Fla. 32803 CLEARWATER, Fla. 33575 LAS VEGAS, Nev. 89106 CHICAGO, lllinois 60630
621 Commonwealth Ave
Phone (305) 894-3238

Fla. WATS 1-800-432-9424

Plonds 1-800-327-1917  No Nationwide WATS

ERICKSON COMMUNICATIONS
5456 N. Milwaukee Avenue
Phone (312) 631-5181

Qutside 1_800-621-5802
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fig. 2. Packetimer schematic.
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fig. 3. Packetimer full-size PC art.

The Packetimer beeps for about half a second
whenever the PK-1 triggers the transmitter to send a
packet. If the muted “tweet” from inside the PK-1 case
gets on your nerves, simply ground pin 13 on U2 to
shut it off. Don’t worry; even if you decide to mute

the beep, if the Packetimer is triggered, the continu-
ous alarm will sound.

The purpose of C2 (between the +5-volt bus and
the SET pin on the U3 latch) is to ensure that the Pack-
etimer is latched ON (timed-out mode) at power-up.
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(ANl resistors 14

Transducer

C1LC2C5 0.1 .F. disc ceramic
ci 1.0 o F tantalum
c4 10.0 . F tantalum
c6 Q.01 +F disc ceramic
c7 470 »F tantalum
(Al capacitors 12 VOC or better]
CR15 Siicon (IN3I4 or equivalent!
CHE Blinking LED RS No 276036 Marlin P Jones No. OP 2364
arzi NPN Silicon (2N39%M or aquivalent)
A1.R4.R5.RY7,
RERM RIS RIE 100 k
RZRID o8 K
R3 220 k
R& Tk
RS 2 k
R11 isee text) B0 ohms
RiZ 330 ohms
R13 27k
"7 23 &

wairt, T0 percant!

51 SPOT center aff taggle switch

ur 4060 (CMOS oscillator 14 stage divider)

uz 4528 or 4038 (CMOS dual one shot multivibrator]
w3 4043 (CMOS quad set/ reset latchl

() 555 timer

RS 273.069 or Markn P Jones No SU 2205

This eliminates the possibility that a power glitch might
wipe your terminal program from the computer and
latch the transmitter on the air.

construction

The pc board (figs. 3 and 4) is straightforward.
Note, however, that to avoid going to a double-foil
board layout, three jumpers must be installed on the
component side. Note, too, that R11 (820 ohms) is
optional. If you use the Radio Shack blinking LED or
the one from Marlin Jones, R11 is then replaced by
a jumper. The devices contain their own current-
limiting circuitry. If you install an ordinary LED, R11
must be installed to limit the LED current to a safe lev-
el. Both CR6 and S1 (the Packetimer manual set/reset
switch) are added to the PK-1 front panel.
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fig. 5. Front view of the PK-1 shows the added switch (S1)
and LED (CR6). The packetimer is unplugged from the cable
harness to show the Radio Shack transducer which is held
to the PC board by a couple of dabs of hot glue. If the trans-
ducer from Marlin P. Jones is used, it can be soldered directly
to the PC board.

connections

Two connections must be made to the PK-1 key-
ing transistor, Q3. The first goes to the collector of
Q3. This is where the Packetimer monitors the PTT
line. The second connection is to the base of Q3 from
the Packetimer’s key-inhibit transistor (Q1). The
ground connection on the Packetimer goes to the
ground foil on the PK-1. The LM7805 voltage regula-




tor (Z6) in the PK-1 is a convenient
source for the +5 volts needed by the
Packetimer. With the GLB board edge
terminals facing away from you, the

+ 5-volt output terminal is the one on
the right-hand side. If there’s any un-
certainty, it's easy to double-check
with a voltmeter while the GLB is po-
wered up. You'll find + 12 volts on one
side, zero volts (ground) on the mid-
dle terminal, and + 5 volts on the other
side.

installation

There are a number of options for
mounting the Packetimer in the PK-1.
A small piece of double-sided foam
tape works well to attach the pc board
to the top of one of the 6116 RAM
chips. The circuit pads for external
connections to the Packetimer are on
0.1-inch centers to facilitate a plug and
harness installation (see fig. 5). If the
Packetimer is removed, there's no ef-
fect on the operation of the PK-1 other
than loss of the time-out protection.

testing

You can check the completed Pack-
etimer on the bench. Connect ground
and +5 volts. LED CR6 should start
to blink and a steady tone should come
from the transducer. If you short the
pin that goes from the arm of the reset
switch (S1) to the reset pin, the flash-
ing and the noise should stop. With
power still applied to the Packetimer
board, ground the pin that will be con-
nected to the push-to-talk line. It
should give you a brief beep. Next,
hold the PTT pin low with a grounded
alligator clip and see how much time
it takes for the alarm to go off. If the
anode of CR2 is wired to pin 1 on U1
(4060), the Packetimer should sound
the alarm in roughly 30 seconds.
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PRACTICALLY SPEAKING ...

building the
“poor man’s
spectrum analyzer”

In September 1986 an exciting arti-
cle on spectrum analyzers appeared in
ham radio ("' Low-Cost Spectrum Ana-
lyzer With Kilobuck Features,” page
82). Having been in both communica-
tions servicing and engineering school,
I'd used spectrum analyzers, but never
owned one. (Most professionals can’t
afford them.) | once considered pur-
chasing a plug-in spectrum analyzer to
fit our existing biomedical electronics
laboratory oscilloscope mainframe, but
it cost over $12,000! Then came
W4UCH and his article on the very af-
fordable WA2PZ0/Science Workshop
“Poor Man's Spectrum Analyzer.”"" |
decided to build my own spectrum
analyzer.

The WA2PZO0 concept is based on
the fact that modern TV tuners, espe-
cially the 'cable-ready” variety, are
varactor-tuned. The familiar switched
inductor tuner is replaced by a voltage-
tuned varactor oscillator. Two types
are available: one, which was used in
the W4UCH article, has separate low-
VHE, high-VHF, and UHF bands. A
switch is used to select band coverage.
The second is a wide-range “‘cable-
ready’’ tuner that tunes from low VHF
through UHF television bands in one
0-35 volt (some are 0-30 volt) range.
Obviously, if you can modulate the
tuning voltage with a sawtooth wave-
form (see ‘‘Practically Speaking,”
January, 1987, page 89), then you
have a swept tuner. Demodulate its

amplified i-f output and display it on
a 'scope, and you have a spectrum
analyzer. Sheer genius! | bought both
forms of tuner from Science Work-
shop; fig. 1 shows the cable-ready,
wide-range model.”

fig. 1. Wide range, L-VHF/H-VHF/UHF,
voltage-tuned "cable ready” TV tuner
used by the author.

fig. 2. WA2PZ0/Science Workshop i-f
board built into shielded box.

"WAZPZO, Scrence Waorkshop, P.O. Box 393, Beth
page, New York 11714

The i-f board used in the WAUCH ar-
ticle and sold by Science Workshop is
shown in fig. 2. The term “i-f"" used
here actually means a fixed frequency,
single-conversion superheterodyne fm
receiver tuned to 45.75 MHz (the
tuner’'s i-f output frequency), and
down-converted to the standard 10.7
MHz used for fm receiver i-f amplifi-
ers. Because the i-f strip is actually a
single-conversion receiver, the overall
spectrum analyzer is a dual-conversion
superhet. In fact, it can be used as a
VHF receiver if the sweep is turned off
(see Sweep On/Off in fig. 3).

The literature that came with the i-f
board suggested that it be well shield-
ed, and that feedthrough capacitors be
used on all leads except the i-f input.
The shielded enclosure is a standard
chassis box with foldover flanges. Be-
ware of many “shielded boxes' now
on the market. The flanged type
shown in fig. 2 is minimally accepta-
ble for shielded projects. The type of
box that doesn’'t have overlapping
flanges isn’t acceptable at all. Some
LMB boxes use little dimples on each
edge for support, so they won't pro-
vide adequate shielding for most rf
projects. While they're fine for audio
and DC projects, they leave a great
deal to be desired at rf.

Being an “older guy"’ in radio, | still
called the feedthrough capacitors by
that name and had a difficult time find-
ing them locally; it seems that they're
now called "EMI filters.” Luckily, a lo-
cal number for Newark Electronics was
listed in the Yellow Pages, so | was
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able to buy them directly from the
source called for in the article.

In retrospect, “"next time"’ | might try
using a single connector for all leads
other than the i-f, and 0.002-uF disk
ceramic capacitors on each lead at the
connector. A good chassis-mounted
connector costs about $5 (or less), and
high quality disk capacitors cost only
about 80 cents each and even less per
unit in bargain packs. The EMI filters
called for in the article are about $4
each; about 12 are required.

adding a sweep circuit

A significant problem with the
WA4UCH article for many readers is the
lack of a sawtooth circuit. W4UCH
used the sawtooth output of his Heath

OL-1 oscilloscope to sweep the tuner.
That approach works if your oscillo-
scope provides this waveform. But
modern oscilloscopes rarely have the
sawtooth available on the front or rear
panels. Also, many don’t have a
horizontal input. Look at your own os-
cilloscope’s front panel. Some two-
channel oscilloscopes have an "“"X-Y"
mode on the vertical selector. If yours
does, then one of the vertical channels
can be re-configured as a horizontal
channel at the flick of a switch.

If you don’t have a horizontal input,
or X-Y capability, you can still build the
“Poor Man's Spectrum Analyzer'” if
you have either an "EXTERNAL TRIG-
GER" input (most ‘scopes do) or a
“TRIGGER GATE" output. The form-

JOPTIONAL | TO SCOPE
EXTERNAL TRIGGER
- INPUT |

SWEEP

BOARD N -

SWEEP RATE

500

ENTER FREQUENCY
1Ok, IO TURNS

er allows an external signal, such as
the falling edge of an external saw-
tooth, to trigger the sweep. The latter
outputs a narrow pulse every time the
oscilloscope triggers. By allowing the
‘scope to self-trigger, you get a string
of pulses that can be used to trigger
certain types of sawtooth generators.
Science Workshop makes a board
available (fig. 3) that can be used for
generating and controlling an external
sawtooth. Although it suffices at this
point, I'm not totally happy with the
design. As | see it, there are two prob-
lems (see fig. 4): first, the sawtooth
isn't very linear (see fig. 4A], and its
fall time is too long. Second, the saw-
tooth clips at various settings of the
center frequency and sweep rate con-
trols. Perhaps in the future I'll find time
to re-design these circuits, but for now
the sawtooth board is satisfactory.

dc power supply

The Poor Man's Spectrum Analyz-
er requires a two-voltage, single-
polarity dc power supply: +12 VDC
and + 24 VDC. The schematic diagram
of a power supply that meets these re-
quirements is shown in fig. 5.

| used a pair of small 12.6-VAC
transformers (T1 and T2), with the
primaries connected in parallel and the
secondaries connected in series, to ob-
tain the required voltage. | used avail-
able components — a pair of brand-new
Radio Shack pc-mount transformers,
You can use instead either a 25.6-VAC
transformer or a dual-secondary trans-
former stocked by Digi-Key,* Dick

*Digi-Key Corporation, P.O. Box 877, Thiel River Falls,
Minnesota 56701

and SWEEP RATE controls

100 March 1987

fig. 4. Wavetorms from SW-6001: (A} Mid-range sawtooth, (B) and (C) are sawtooths taken at extremes of CENTER FREQUENCY
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1987 CALLBOOKS NOW AVAILABLE

The 1987 CALLBOOKS are in! Place your order now
so you can get full use out of your valuable invest-
ment. All the latest names, callsigns and addresses
make these two books invaluable operatina aids.

NORTH AMERICAN CALLBOOK INTERNATIONAL CALLBOOK

Fully updated with all the latest up-to-date call- Callsigns and addresses for all Amateur Radio
signs and addresses for all North American operators outside of the North American con-
Hams. Includes handy operating aids such as, tinent. Invaluable aid to getting QSL cards from
time charts, QSL bureaus, census information foreign DX ers. Includes plenty of extra infor-
and much more. With calls from Panama to mation too! Universally recognized as the
Greenland, every ham should have one in their source of QSL information. = 1986

shick: ©1966 " 1CB-F87 Softbound $24.95
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'(ﬁ been updated with plenty of exciting new

— i B projects, new theory and information chap-
g ters and the latest in state-of-the-art technol-
ogy. Check out these new features: Passive
LC filter design including standard value
capacitor tables, overview of 23cm FM fast
scan tv weather satellites basics, a complete
revision of the radio frequencies and transmission section (chap-
ter 22) and satellite communications section (chapter 23). Some
of the exciting new projects are: a new hf legal limit, all band am-
plifier using the 8877 tube, a dedicated CRT for Wefax image dis-
play and a new marker generator project for general use to name
just a select few. Over 200 pages have been revised and updat-
ed. Great reference book that should be in every Ham's shack.
Order your’s today! Over 1100 pages. 1986
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fig. 5A. DC power supply: top view of perf-
mounted assembly.

Smith Electronics,** and other distri-
butors. The current requirements for
this project aren’t critical, so almost
any transformer with a rating of 300
mA or more is acceptable.

Two three-terminal IC regulators are
used in this project. The 7824 (also us-
able: LM-340T-24) provides the need-
ed +24 VDC, while a 7812 (or
LM-340T-12) provides the + 12 VDC.
Both regulators are standard, but |
found that the 7824 was a little hard
to find locally. The NTR line of replace-
ment semiconductors, stocked by
many local distributors, carries a good
replacement number.

There’'s nothing critical about the
parts layout, and perf board can be
used for construction. The diodes
(CR1and CR2) are used to prevent the
charge in the output capacitors from
damaging the voltage regulators at
turn-off. Don't delete them, even
though you may see many circuits us-
ing these regulators without charge
dump diodes. The shielded construc-
tion and the 0.1-uF output capacitors
are needed because one might be us-
ing this device in close proximity to a

high-power transmitter. The capacitors .

must be mounted on the output ter-
minal, or at least as close as physical-
ly possible.
performance

Figure 6 shows an oscilloscope

**Dick Smith Electronics, P.O. Box 8021, Redwood
City, Calitormia, 94063-8021
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fig. 5B. DC power supply schematic.

photo of the spectrum analyzer dis-
play. The center frequency was adjust-
ed to the low end of the fm broadcast
band. The large center spike is the sig-
nal from my Measurements Madel 80
signal generator set to approximately
85 MHz. The small spike to its right is
WAMU-FM (88.5 MHz), my favorite
public radio station; the other spikes
are other fm band signals. The large
signal barely visible on the left side is,
I believe, Channel 5 TV in Washington,
DC.

Those who don't have a horizontal
input must use the sawtooth to trig-
ger the sweep through the EXTERNAL
TRIGGER input. | recommend using
the negative trailing edge of the saw-
tooth waveform for this purpose (set
TRIGGER SLOPE — or equivalent
switch — to the negative position).
Also, be sure to make the sweep time
across the entire horizontal aspect of
the ‘scope graticule equal to the peri-
od of the sawtooth leading edge.
Otherwise, the ‘scope and sawtooth
won't sweep in sync.

future projects

The spectrum analyzer project has

given me a few ideas for changes or
improvements. First, | plan to re-
design the sawtooth generator (possi-
bly generating the sawtooth digitally).
Second, | plan to add an amplifi-
er/attenuator based on Mini-Circuits
fixed attenuators and a Signetics
NE-5205 amplifier.’ The range will be
-60 to + 19 dB. Third, there may be a
converter for hf, and tuners to band-
limit the spectrum analyzer at will to
certain VHF Amateur bands. This
modification will punch out certain lo-
cal signals that tend to drive receivers
into intermod problems at my QTH.
Fourth, WA2PZO is working on a
tracking oscillator circuit, and in fact
has a tentative approach to its design.
A tracking oscillator produces an out-
put at the spectrum analyzer’s center
frequency. Besides its obvious use as
a signal source, it's also useful for driv-
ing a frequency counter. Presently,
tuning indication is by seat-of-the-
pants calibration of the voltage con-
trol. | plan to buy the WA2PZO track-
ing oscillator kit if, and when, it
becomes available.?

Varactor tuners are inherently non-
linear in their voltage-vs-frequency
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* FEATURES *

PROCESSORS BOB8 16 BIT 4.77MHZ PROCESSOR

OPTIONAL BO87 MATH CO-PROCESSOR

MEMORY 756K RAM EXPANDIBLE TO B40K
DIRECTLY ON MOTHER BOARD

DISK DRIVES 2 D/S DD FLOPPY DRIVES 360K

KEYBOARD DELUXE KEYBOARD LED INDICATORS

SYSTEMS  MS-DOS CPM-86 PC-DOS ZENIX BASIC

SOFTWARE  RUNS FLIGHT SIMULATOR DBASEMW
FRAMEWORK 5YMPHONY RBASE

LOTUS 123 WORDSTAR PFS FILE ETC.

OPTIONAL 20 OR 30 MEG HARD DRIVE
AUTO/BOOTING

DISPLAY  COLOR OR COMPOSITE MONO

PRINTER  CENTRONICS PRINTER PORT

' 135W POWER SUPPLY ¢ 30 DAY WARRANTY *

COMPATIBLE
COMPUTER

' . -

$599.00

* 2 FLOPPY DISK DRIVES

* COLOR GRAPHICS CARD
* 8 EXPANSION SLOTS

* PRINTER PORT

* 256K RAM MEMORY

HMOomRITOR WNOT IWNCUDED

WE ALSO STOCK THE FOLLOWING ITEMS
YMEMORY CHIPS* YCONNECTORS®
TTL CHIPSe TRANSFORMERS?
‘CMOS CHIPS* SSWITCHES®
'LINEAR CHIPS® *CAPACITORS?®
STRANSISTORS® *RESISTORS®
*DIODES* YME TERS®

LEDS® 'BREADBOARDS

AZOTIC INDUSTRIES
2026 W BELMONT
CHICAGO ILL 60618
312-975-1288

'VISIT OUR RETAIL STORE
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Iron Powder and Ferrite
Shielding Beads, Shielded Coil Forms
Ferrite Rods, Pot Cores, Baluns, Etc.
Small Orders Welcome
Free ‘Tech-Data’ Flyer =
) o
AMID [?‘M@ Since 1963 g
12033 Otsego Street, North Hollywood, Calif. 91607
n Germany Elekirnnikiagen Wiheim — Meilies Sir 88 4930 Detmolg 18 Wes! Germany
n Japan Toyomura Electromcs Company, Lid 2-Chome Sola-Kanda Chiyoda-Ku. Tokyo. Japan
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fig. 6. FM broadcast band signals from my
spectrum analyzer project. Central spike is
a signal generator on 86 MHz ( + 25-year-old
dial calibration).

characteristic and the resulting curve
looks parabolic in shape. Digitally
generating the sawtooth signal is a
worthwhile consideration. If you want
to try it yourself, write to me and I'll
send you a brief on the method.
(Please enclose a No. 10 SASE.) A
very brief discussion of the digital
linearization method is given on pages
300-302 of my book, How to Design
and Build Electronic Instrumentation.?
Although my method is based on dis-
crete logic circuits, it can easily be ap-
plied to digital computers should you
want to provide computer control of
your spectrum analyzer.

conclusion

WAZ2PZO deserves accolades (and
our business) because of the Poor
Man's Spectrum Analyzer project,
which offers opportunity for ex-
perimentation in areas previously
closed to Amateurs solely for reasons
of cost. If you have an idea for its use,
a new or different modification, or a
particularly well-built version of the
WA4UCH/WAZ2PZO project, send me
the details.

references

1. Michael E. Gruchalla, *NE-5205 Wideband RF Am
plifier”, ham radio, September, 1386, page 30.

2. Joe Carr, KAIPV, How to Design and Build Electronic
Instrumentation, Second Edition, Tab Books, Blue
Ridge Summit, Pennsylvania 17214, ($17.95 from the
author, publisher, or Ham Radio’s Bookstore, Green
ville, New Hampshire 03048. Add $3.50 shipping and
handling for HR Bookstore orders )

3. For ideas on building your own, see also Wayne
Ryder's “Spectrum Analyzer Tracking Generator,” ham
radio, September, 1978, page 30

ham radio



4 Channel Signal-to-Noise Voter
Expandabie to 32 Channel by Just Adding Cards
Continuous Voting
» LED Indicators of COR and Yoled Signals
* Bultan Calibrator

* Remote Voted Indicators Pinned Out
® A%z x 6 Double Sided Gold Plated 44 Pin Card
= Remote Disable Inputs
= MORE
Built, tested and calibrated with manual
$350.00
NEW PRODUCT

Telephone interface now available
For more intormation call or wnte
HALL ELECTRONICS
Voter Department
815E Hudgnn St‘;“e?el
Columbus, Ohio 43211
(614) 261-8871 Ll

“INSTANT”
MORSE CODE

Beginners:
Deliciously Easy

Experts:
Automatically Fast

CURLYCODE™ MANUAL
ONLY $6.50

Guaranteed

.

Minds eye Publications, Dept. H 21
Hl"DS‘ Suite 115-199

1350 Beverly Rd » 188
McLean, VA 22101
LINEARITY Is our SPECIALITY

100 Hz to 900 MHz

* Receiver Multicouplers

» Solid State RF Sources

» Preamplifiers, Power Amplifiers
» Power Dividers

* Intermodulation Test Sets
Directional Power Couplers

» Receiver Signal Protectors

WI-COMM ELECTRONICS INC.
P.O. Box 5174, MASSENA, N Y 13662
(315) 769-8334 o 189

A ee i a
I L] e
. 3 e

e Linear (all mode) RF power amp with
automatic T/R swilching (adjustable de-
lay). Amplilier useable with drive powers
as low as Yz wall.

e Receive preamp option, featuring GaAs
FETS (lowest noise figure, better IMD).
Device NF typically .5 dB

e Thermal shutdown protection incor-
porated

» Remote control capability built-in

® Rugged components and construction
provide for superior product quality and
performance

# All models include a complete operating/
service manual and carry a factory war-
ranty on all components

# Designedto ICASratings, meets FCC parnt
97 regulations

e Approximate size s 2.8 x 58 x 10.5" and
weight is 5 Ibs

Specihicahons/price subject to change

Now with
GaAs FET
Preamp
y S & /€
(MHz) wi

[On08 | G054 170 i
0508G S50-54 170 1 6 15
0510 E0-54 70| 10 -
05106 50-54 170 10 (3] 15
1410 144-148 160 10 -

1410G | 144-148 | 160 | 10 6 15

1412 144-148 (160 | 30
1412G | 144-148 160 | 30

2210 220-225 [130] 10 -
2210G | 220-225 (130 ] 10 7 12

212 220-225 [130] 30
2212G | 220-225 |130 ] 30 ! 12

a310 a20-450 [100 | 10 | -
4410G | 420450 |1oo] 10 f11 12

4412 420-450 |[100 | 30 -
4412G | 420450 J100 ] 30 1) 12

1. Models with G suffix have GaAs FET pre-
amps. Non-G suffix units have no preamp

2. Covers full amateur band. Specify 10 MHz
Bandwidth for 420-450 MHz Amplitier.

*SEND FOR FURTHER INFORMATION®
TE SYSTEMS
Los Angeles, CA 90025
SYSTEMS| (213)478-0591

v

» 190
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equinox problems

Most of the year, strong, stable DX
reception occurs when one operates
close to the MUF (maximum usable
frequency). There are, however, two
seasons during which the ionosphere
doesn’t "“cooperate.” These are the
equinoctal periods {from March through
April and from September through
October), when the Earth’s geomag-
netic field is anything but stable.
This field guides ion diffusion and drift
from the D, E, and lower F layers
{where ionization occurs) up to the
higher part of the F layer, the main re-
gion used for DX.

The geomagnetic field’s variability is
related to the characteristics of the
solar wind. Variations in solar wind
particles streaming out from the sun
are passed on to the geomagnetic
field. This in turn affects the ion-
osphere’s ions and electrons — and,
consequently, the propagated signals.

It's the alignment of the Earth's
polar regions to the sun’s spiraling so-
lar wind (see fig. 1) that makes the
equinox seasons troublesome. Subse-
quent ionospheric variations influence
a signal’s azimuthal and elevation an-
gle of arrival as well as its amplitude
and phase.

Paths that have high latitude (i.e.,
greater than 50 degrees north or less
than 50 degrees south) reflection
points are most affected; equatorial
regions are less disturbed. Mid-latitude
reflection points at about 25 through
50 degrees are the least affected and
therefore the most stable. There is also
a diurnal variation superimposed on
this seasonal occurrence. This varia-
tion is divided into two parts: one, a
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period from midnight to 0400 univer-
sal time; and two, the period from 10
pm to 5 am, /ocal time. Consequently,
nighttime (from 10 pm to 5 am) is a
more unstable time for everyone. The
universal time segment, on the other
hand, is different for each location,
depending upon where (i.e, at which
longitude) you live. If the two time
periods overlap at your QTH, then the
effects of the disturbed conditions are
even greater. Such is the case for
Amateurs who live between 75 degrees
East and 150 degrees West longitude;
unfortunately, this area encompasses
Europe and the Americas. This effect
is particularly potent along the east
coast of the USA. On the positive side,
this phenomenon often lets us work
DX from unusual locations. Check
WWYV at 18 minutes after the hour for
geomagnetic K figures of four to sev-
en as a guide to the unusual DX
openings.

last-minute forecast

DX conditions for the higher fre-
quency bands, 10 through 30 meters,
are expected to be excellent toward the
end of the first week and through the
second week of March. The favorable
conditions are partly due to transequa-
torial openings at southeast through
southwest headings.

From about March 6 through the
10th, expect some increase in solar
flare SIDs {sudden ionospheric distur-
bance), which will appear as increased
attenuation of signals for up to an hour
during the daytime. A geomagnetic
disturbance (signal attenuation and
QSB, mainly at night) can be expect-
ed two to three days later. The same

situation will occur during the third
week of the month. The lower bands
are more affected by these distur-
bances, but are still expected to be
very good for evening and nighttime
DX the third and fourth weeks of the
month. Some thunderstorm QRN can
be experienced as springtime weather
fronts pass your QTH. Spring equinox
occurs on March 21st at 03562 UTC.
The moon is full on the 15th and at
perigee on the 24th.

band-by-band summary

Ten, twelve, fifteen, and twenty
meters provide many openings during
the daytime. As you go up in frequen-
cy li.e., into the higher bands) the
openings will be shorter, centered
around noon, and mainly toward
southerly directions. Fifteen meters is
now only a transition band between 12
and 20. Twenty meters, the mainstay
daytime band, will be useful toward
the south in the evenings for norther-
ly directions. Transequatorial openings
might occur in evening hours to loca-
tions up to 2000 miles if antenna radi-
ation angles are down to 10 degrees.

Thirty, forty, eighty, and one-sixty .
meters are all good for nighttime DX.
Thirty and 40 meters are the night fre-
quencies for the east-west and north-
erly directions and for distances of
1600 miles if increased solar activity
has occurred. With little solar activity,
the MUF will approach 80 meters and
signals will usually be stronger. These
bands should generally be quiet, since
thunderstorm activity is still not pro-
nounced.

ham radio
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The italicized numbers signify the bands to try during the transition and early morning hours, while the standard type provides MUF during ““normal’’ hours.

*Look at next higher band for possible openings.
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BASIC KIT—
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U | CONTACT YOUR DEALER
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Amateur Radio Baluns-
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product

REVIEW

OPTO 1.3 GHz shirt pocket
frequency counter

A friend has something he calls his “'$4000 gut
buster.” A sixties-vintage 1-MHz Beckman-
Berkeley nixie tube digital frequency counter, it
claims a fair plot of acreage in his closet-sized
ham shack, sitting atop a $2000 gutbuster and
supporting a $5000 gutbuster — all treasures ac
quired, long past their prime, for a few dollars
each at some long-forgotten flea market.

For those of us who grew up with solid-state
equipment {and therefore take it pretty much for
granted), OPTO's new 1.3 GHz shirt pocket fre-
quency counter 1s mmnesmw—r in terms ()l 5178
13:1/2 x 4 x 1inches), cost ($99.95 in kit form),
maximum frequency (1.3 GHz), and sensitivity
For our friend, it's nothing short of miraculous.

Operating from either ac or a 9-volt internal
rechargable NiCAD battery pack, the Model 1300
covers 1 through 1300 MHz. Though we didn’t
have the opportunity to check it out on the
1296-MHz band, it worked like a champ on 2
meters and hf.

The OPTO counter sports two switch-selected
sensitivity ranges. In the high range with the op
tional telescoping antenna attached, front end
gain causes a continuous spurious count that's
easily identified by the randomizing of the three
or four least significant digits. In the presence

-5

of even a weak signal (i.e., for a counter), the
count stabilizes and you know the unit’'s work
ing. In one quick test, the counter performed
faultlessly on a handheld unit pushing 500 mW
into a rubber duck over distances up to about
50 feet through an exterior (wooden) wall.

In addition to two sensitivities (with accura
cy said to be within + 1 count LSD, thanks to
an RTXO time base), the counter offers two gate
periods, 0.25 and 2.5 seconds. (As with any
counter, if the source either comes on or goes
off during the gate period, the count will be in
correct).

Both the mechanical and electronic quality of

the OPTO counter are excellent. Housed in a
sturdy anodized aluminum case — which, by the
way, you don’t have to open to adjust calibra
tion — it has endured several months’ careless
handling without complaint. Eight bright red
0.28-inch LEDS make reading it easy, even un
der a variety of difficult lighting situations

Priced at $150 assembled, it's also available
in kit form for $99.95. Both the fimshed unit and
kit include NiCads and a 110 VAC/9 VDC adapt
er for ac operation and charging. Optional ac
cessories include a carrying case, probe, and the
abovementioned telescoping antenna

For details, contact OPTOelectonics, Inc.,
5281 Northeast 14th Avenue, Fort Lauderdale,
Flonda 33334.

KAILBO
Circle £301 on Reader Service Card
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orbital predictions

Project OSCAR, Inc. is preparing a new set
of orbital predictions for 1987, The predictions
will provide the UTC times and longitude for all
south-to-north equatonal crossings of the two
active Russian satellites carrying Mode A trans
ponders (RS5 and RS7), the two University of
Surrey-AMSAT scientific satellites (09 and O11),
and the recently launched JARL/JAMSAT sat
ellite, JAS-1, recently renamed Fuji OSCAR 12
(FO12), which carries both analog and digital
Mode J transponders

Used with the appropriate plotter, these pre-
dictions allow the user to determine the access
times to all presently available Amateur Radio
satellites. The cost in the U.5., Canada, and
Mexico i1s $10 ($12 for overseas).

For details, write Project OSCAR Inc., P.O.
Box 1136, Los Altos, California 94023 1136

Circle £,311 on Reader Service Card.

6- and 8-pole crystal filters

IRI has announced the addition of 14 new 6
and 8-pole crystal filters designed for both gener
al expenmental use and for use in recent Ken
wood and ICOM hf transceivers and receivers.
These filters vary in bandwidth from 250 Hz to
2.2 kHz. Kenwood and ICOM filter models range
in price from $99 to $125. The 6-pole ex
perimenter’s filters are priced at $50; the 8 pole
filters, $60.

For details on models and specifications, con
tact International Radio, Inc., 747 South Mace
do Boulevard, Port St. Lucie, Flornida 33452

Circle #310 on Reader Service Card.

SPECIALISTS

IN FAST TURN

P.C. BOARDS

FOR MORFE INFORMATION

, Midland
Technologies

34374 EAST FRONTAGE ROAD
BOZEMAN, MT 59715 (406) 586-1190

PROTO TYPE P.C. BOARDS
AS LOW AS $25.00

SINGLE & DOUBLE SIDED
PLATE THROUGH HOLES
TEFLON AVAILABLE

P.C. DESIGN SERVICES

» 196

/N PRC,

SERVICE CENTER

for

ICOM, KENWOOD
and YAESU

Fully equipped repair shop Amateur,
Marine and Land Mobile repairs.

FCC Ni’\_i:}EI'i Lic
Mon-Fri 10:00-4:00 pm

(206) 776-8993

PACIFIC RIM
COMMUNICATIONS

Bob KG7D
23332 58th Ave West
Mountlake Terrace, Wa 98043
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MULTI BAND TRAP ANTENNAS

TRAP DIPOLES: W c
Med  Gany Traps  Luagin \ L
TRAP VERTICALS-**SLOPERS"":* I] !
B g /82 | |

_".- . : _|.-, 0 __fJ L

ALL THAP ANTENNAS are Heady 1o use  Faclory assembled
Lommercial Ouablty -Handle lull power - Lomes complete
wilh Deluxe Traps, Deluxe center connecton. 14 ga Stranded
CopperWeld ant wire and End Insulators Automatic Band
Switching - Tuner usuall ver requited - For all Transmat
ters. Recevers & Transe 5 - For all class amateurs - One
teedling works ail bands - Instructions mcluded - 10 day
money back guaranlee'

SINGLE BAND DIPOLES (Kit form):

LU LTL Lungih Frace

i .I_ il o
My

Includes assembly instructions, Deluxe cenler connector. 14
CopperWeld Anlenna wire and End insulitors

ga Slranded

COAX CABLE: (incluges PL-259 connector on each end
I.|ll‘ Langth with .m;‘!” parchaLe u.:_lmrp

DELUXE CENTER CONNECTOR 9

" Lo o E

CE-1
b Dudaly $8.95

-
DELUXE ANTENNA TRAPS: cCompletely seatea &
wealherproo!  Sobd Drass terminals - Handies Ful
Power - NO jumpers - NO Solgening
nstfuctions included

- - For 4-pand Dipole Ant
40/20/15/10 $36 00/ pr

For 5 pang hpole Ant

- - BO/40/20/15/10

$38 00/ pr

ORDER DIRECT FROM FACTORY Ai ordters shipped US
Postpaid VISA/MC  gwe card #. Exp gate. Signature

SPI-RO MANUFACTURING, INC.
Dept. 103, P.0. Box 1538
Hendersonville, NC 28793

E Deaier Inquinies Invited
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Torold Cores.
Iron Powder

| . &Ferite.
\ Ferrite Beads.
- » Ferrite Rods.

Free catalog and winding chart pn request.

PALOMAR
ENGINEERS

Box 455, Escondido, CA 92025
Phone: (619) 747-3343
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ultra-compact VHF
transceiver

ICOM’s new IC-275 is a new ultra-compact all
mode VHF transceiver that's jam-packed with
all the most wanted features. It boasts 25 watts
(the IC-275A includes a built-in power supply)
or 100 watts (1C-275H with an external optional
power supply) output, 99 tunable memories,
wideband receive coverage from 138-174 MH:z
(Tx from 140.100-150.000 MHz), 32 built-in
subaudible tones (actual subaudible frequency
1s displayed), odd offset capability, and a call
channel

Ideal for satellite operation, it also features
full scan of the entire frequency spectrum, pro
gram scan, memory scan (20 memories in only
1 second), memory lock-out in scan function,
and mode scan.

The packet-compatible IC-275 incorporates a
data switch for 5ms switching time, a new
velvet-touch tuning knob, and an easy-to-read
amber LCD readout. It comes ready to operate
with an HM-12 up/down scanning mic and dc
cord,

Options include a tone squelch unit, speech
synthesizer, & module for OSCAR operation that
allows tracking with its new IC-475 UHF com
panion and an FL-83 500 Hz 10.7491 MHz CW
filter. The AG 25 mast-mounted preamp is also
available.

The IC-275A is priced at $1199.

ICOM America, Inc., 2380 - 116 Avenue, N.E.,
P.O. Box C-90029, Bellevue, Washington
98009-9029.

Circle £309 on Reader Service Card.

international satellite
receiver

The AVCOM COM-3R International is a high
performance receiver designed for easy opera
tion plus powerful and versatile earth station re
ceiver capabilities,

Special threshold extension circuitry is used
in the COM-3R International to enable it to pro-
duce high-quality video, even in the fringes of
a satellite footprint. For international reception,
optional threshold peaking and selectable triple
i-f filters, optimized for this purpose, are
available.

For details, contact AVCOM of Virgima Incor-
porated, 500 Southlake Boulevard, Richmond,
Virginia 23236.

Circle 302 on Reader Service Card.

hand set and phone patch

NCG's Hotline 107 Hand Set, developed in re
sponse to requests from both Amateurs and
Land Mobile radio users, includes the following
features: a dynamic 100-ohm speaker, adjusta
ble volume control, in-cradle dialing, vertical or
horizontal mounting, and a noise-cancelling
microphone. Model 107M's features include all
of the above plus auto-dial, 10-number memo
ry, super-capacitor-based 14-day memory back
up, plus 3-button memory set, storage, and
recall. ANI is installable by the system's owner.,

Features of the new Hotline-007 MK 1ll, al
ready one of the best selling phone patches, in
clude all-mode operation (a-m, fm, SSB), easy
hookup (no internal wiring is required to the
base), a dial restrict switch {to inhibit 0 and 1,
preventing unauthorized long distance calls), and
owner-programmable access code and CW 1D.

New features include @ manual connect/ dis-
connect switch. More importantly, the MK 11l is
switchable from simplex to full duplex, which
greatly improves the quality of phone conver-
sations and increases the Hotline's versatility. Be
sides use as a phone patch, it can be used as
a repeater interconnect and a quick field mini
repeater.

Both units are available through independent
dealers or through the manufacturer. For details,
contact NCG Company, 1275 N. Grove Street,
Anaheim, Califormia 92806.

Circle 308 on Reader Service Card.

KDK FM-240
service manuals

Service manuals for the Encomm FM-240 are
now available. The technical manual — plus an
updated wversion of the owner's manual,
schematic diagram, and board layouts — are in
cluded in a hardbound notebook for easy access.
The suggested retail price is $15.95,

For details, contact Encomm, Inc., 1506 Cap-
ital, Plano, Texas 75074.

Circle 1320 on Reader Service Card

pocket digital multimeter

Eaglestone, the new direct marketing division
of Siber Hegner North America, offers a card
size digital multimeter with increased voltage and
ohm ranges to 500 volts ac/dc and 20 megohms,
respectively. Model DM1000 folds to approxi-
mately 4.5 x 3 x 0.5 inches and weighs only 3
ounces.

Complete with velcro-attached probes, the
DM1000 offers 0.7 percent basic dc accuracy,
autoranging, diode testing and an easy-to-read
LCD. During wiring checks, a tone sounds to in
dicate continuity. A single rotary switch immedi-
ately accesses all functions dc or ac volts,
ohms, and continuity/diode




Maodel DM1000 sells for $35 with a nisk-free,
30 day money-back return and a full one-year
warranty. For details, contact Eaglestone, 5
Landmark Square, Stamford, Connecticut
06901

Circle #307 on Reader Service Card.

service monitor

CT Systems of Beech Grove, Indiana, has in
troduced the Model 3100 Communications Serv
ice Monitor, which includes such features as
duplex/offset generation, spectrum analysis,
sweep testing, filter alignment, cellular testing,
and tone/digital signalling — all in a lightweight,
compact unit. Simple to operate, the unit offers
built-ip “real time'’ self-diagnostics, SINAD, dc
and ac oscilloscope, RMS ac voltmeter, DTMF
and digital coded squelch, and other features.
Priced at $9,650, the 3100 can store 20 complete
sets of instrument parameters, allowing radio
data and various test conditions to be saved into
memaory.

For details, contact CT Systems, Inc., 5245
Hornet Avenue, Beech Grove, Indiana 46107

Circle #303 on Reader Service Card.

new rf power meter

Bird Electronic Corporation has announced the
release of its Model 4421 RF Power Meter, a
programmable, microprocessor-based instru
ment which measures forward and reflected rf
power, VSWR, and return loss in watts or dBm,
The model 4421's accuracy is + 3 percent of the
reading. The 4421 package includes a new re
mote sensor head based on Bird's proven
Thruline” principles for in-line, unterminated
measurements to 1kW without the need for
directional couplers or attenuators.

The frequency range of 1.8 MHz to 1 GHz is
covered by only two sensors for fast, flexible
operation. Each sensor carries its own calibra-
tion profile in a reprogrammable memory. Bird
plans other sensors to extend the measurement
range into the milliwatt and microwatt region.
Optional interfaces prbvlde for remote, pro-
grammed operation. Under control of a personal
computer, the 4421 can both acquire and store
data. Other highlights include simple front pan
&l operation with push-button function selections
and auto or manual ranging.

The model 4421 RF Power Meter is priced in
the $2,000-$3,000 range, depending on acces
sories. For more information on the 4421 or other
Bird products, contact Bird Electronic Corpora
tion, 30303 Aurora Road, Cleveland (Solon),
Ohio 44139.

Circle 304 on Reader Service Card.

portable communications
service monitor

Ramsey Electronics’ new COM-3 Service

Monitor, designed for analyzing and testing tran
sceivers in the 100-kHz to 1000-MHz range, fea-
tures a programmable microprocessor memory
that stores and recalls up to ten commonly used
test set-ups. It covers every band and frequen
cy, and i-f parameters of 100 kHz to 1000 MHz
in 1 kHz steps. The keyboard features program
mable offset keys that simplify frequency entry
for duplex or repeater radios, and ncremental
step keys to facilitate receiver testing.

The COM-3 monitor weighs less than 10
pounds and has a built-in, rechargeable battery
pack. A Cordura travel case with zippered pock
ets and shoulder strap is optional.

The manufacturer's introductory list price for
the COM-3 is $1995. For details, contact Ram
sey Electronics Inc., 2575 Baird Road, Penfield,
New York 14526.

Circle #305 on Reader Service Card.

new shortwave “sloper”

Universal Shortwave's new Alpha Delta DX
SWL Sloper Antenna covers medium-wave and
all major shortwave bands, as well as the 90- and
120-meter bands, often overlooked by dipole
antennas.

The overall length of the slope wire is 60 feet.
It includes a single 50-ohm coaxial feedpoint (for
PL259) at the apex for user-supplied 50-ohm
coaxial lead-in, The American-made DX-SWL
Sloper, constructed with heavy-duty compo
nents and stainless steel hardware, utilizes broad
band low-Q rf choke resonators for multiband
frequency selection. Itis fully assembled and re
quires no adjustments or “trimming’’; only one
end of the antenna needs to be elevated (25 feet
or higher). The price is $69.95 plus $2.75 for ship
ping and handling

For information, contact Universal Shortwave,
1280 Aida Drive, Reynoldsburg, Ohio 43068.

Circle #306 on Reader Service Card.

HAND HELD!
1-1300 MHZ

FREQUENCY COUNTER

BNC INPUT CONNECTOR

ONLY §79.95

Prepaid

PA-20E PRE-AMP

FULLY ENCLOS

ED

WITH A DC-1000 MHZ
RANGE AND POWER
SUPPLY OQPTION

ONLY §34.95

Without case . .

Prepaid
519.95

POCKET SIZEDY

1-500 MHZ
FREQUENCY COUNTER
BUILT, TESTED, AND
READY-TO-GO!

ONLY $49.95 Prepaid

PICK UP THOSE WEAK
SIGNALS! FULLY
ENCLOSED PA-19E HAS
5-200 MHZ RANGE
POWER SUPPLY OPTION
AT NO CHARGE WITH
THIS PREAMPLIFIER

ONLY $24.95 Prepaid

Withou! case $0.95

v 20

Specily type of radw when ordenng pre-amphihers

DIGITREX ELECTRONICS

division of NCI

10073 North Maryann
Northville, MI 48167

Perspngl checks mongy (v

welcome O call g

West Coast:
Call Ray Lukas
805-497-2397

MasterCard o0 Visa ire

1[0 PHONE (313) 348-7313 NOW!

SAY YOU SAWIT
IN

HAM RADIO

Hura are & o,

3-500Z
572B
811A
61468
M2057
8950
4CX2508
68838
813
SD1088
2N3055
2N6084

TUBES
andIC’s
FAST DELIVERY
LOWEST PRIGES

call Toll Free (800) 221-5802

In-depth Inventory - Indusirial & Receiving Tubes

Ze Cuarmpies Pusg

$85.00
65.00
12.00
8.75
15.00
12.50
58.00
9.50
29.00
17.95
10
11.95

10/4.95
10/7.95
UG175/

176  10/1.55
UG255U 1.55 ea
UG273 2.20 ea
M358 2.25 ea
8122 130.00
MRF450 12.95
MRF492 19.95
6LF6 B.26
6JS6C 7.46
6CA7 6.91

PL258

Major Manufacturers Faclory Boxed and Full line ol
Sylvania ECG Replacemen! Semiconductors

G NG @ s

Minimum order $§25.00

TRANSLETERONIC INC.

Box H, 1365 39th ST., BROOKYLN, NY 11218
Tel. 718-633-2800/Watts Line 800-221-5802
FAX # (718) 633-4375

Allow §3 UPS charge
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1YR - $22.95 2YRS - $38.95

3 YRS - $49.95
Prices U.S. only

UBSCRIBE

AND RENEW.

TOLL-FREE

' ham

+» radio

DATATEL ¢

800- 341-1522

Weekdays 8 AM - 9 PM EST » Saturdays 9 AM - 5 PM EST
IN MAINE CALL COLLECT (207) 236-2896

OUR800NUMBERIS FORSUBSCRIPTION ORDERS ONLY!

1 MASTERCARD

Please have your charge card ready

[]

For Errors or Change of Address CALL ham radio direct at (603) 878-1441 8-5 EST

L1 VISA

BILL ME

ha -
radio

Come see us in Dayton

Booth 68.

Alexander Motel Fairbom
Belton Inn

Best Western Springfield
Coach N Four Motel
Command Motel Fairbom
Cross Country Inn
Crossroads of America
Days Inn Dayton Mall
Days Inn North

Days Inn South

Dayton Airport Inn
Daytonian Hilton
Econolodge

Fairborn Motel
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Hampton Inn (Englewood)
Holiday Inn Wright State
Holiday Inn Dayton Mall
Holiday Inn Fairborn
Holiday Inn North
Holiday Inn South
Holiday Inn Troy

Knights Inn Franklin
Knights Inn Dayton North
Knights Inn Dayton South
Knights Inn Vandalia

L & K Motel (Brandt Pike)
LaQuinta Inn South
Marriott Hotel

LOdging - available at this time

Motel Capri

Penny Pincher (L&K Troy)
Ramada Inn Downtown
Ramada Inn South

Red Horse Inn

Red Roof Inn South
Rodeway Inn (Dayton)
Rodeway Inn (Xenia)
South Dayton Motel
Traveler's Motel North
Traveler's Motel South
TraveLodge (North Dixie)
York Motor Lodge Fairbom



Early Reservation Information

» General Chairman, Jim Simpson, WBBQZZ

Grand. banquet tickets are limited, please
place your reservations early.

* Giant 3 day flea market * Exhibits
* Door prizes ¢ License exams
* CW proficiency test

Flea Market Tickets

We increased Flea Market area by nearly 400 spaces
this year and all were sold out by January 10.

Special Awards

Nominations are requested for ‘Radio Amateur of the
Year", "Special Achievement’ and "Technical
Achievement’ awards. Contact: Awards chairman, Box
44, Dayton, OH 45401,

License Exam

Novice thru extra exams scheduled Saturday &
Sunday by appointment only. Send current FCC form
610, copy of present license and check for $4.35
(payable to ARRL/VEC) to: Exam Registration, 8830
Windbluff Point, Dayton Oh 45459

Slide Show

35 mm slide/tape presentation about the
HAMVENTION is available for loan. Contact Dick
Miller 2853 La Cresta, Beavercreek, OH 45324

Parking

Free parking is available at Hara Arena. In addition,
there will be free shuttle bus service from all major
motels and designated parking lots. Parking and road
information will be available on DARA's 146.34/.94
repeater.

Free Bus Service

Free Bus Service will be provided between many
Motels and Hara Arena. See the schedules at the
motel registration desks. Avoid parking problems at
the Arena by taking the HAMVENTION buses.

* Asst. General Chairman, Bill McNabb, WDBSAY

Campers & Trailers

Campers and Trailers may be parked at Montgomery
County Joint Vocational School. A HAMVENTION bus
will provide transportation between the camper
parking area and the Arena. No campers or travel
trailers will be permitted to park in the Arena lot or
Flea Market area.

Wheelchairs

Wheelchairs will be available. Send S.A.S.E. for
detfils to "Wheelchair® P.O. Box 44, Dayton, OH
45401.

Alternate Activities

HAMVENTION is for everyone. We have planned
activities for the YL or your non-ham family
members.

Deadlines

Award Nominations: April 4
Lodging: April 4

License Exams: March 28
Advance Registration and banquet: USA - April 11
Canada - April 4

Information

Qeneral Information: (513) 433-7720

or DARA Box 44 Dayton, OH 45401

Flea Market Information: (513) 223-0923
Lodging Information: (513) 223-2612
(No Reservations By Phone)

This is the year for you to attend the internationally
famous Dayton HAMVENTION. Come with your
friends to hear enlightening forums, see the latest
equipment, and visit a flea market that has
everything! No matter what you are looking for, you
can find it in Dayton!

HAMVENTION is sponsored by the
Dayton Amateur Radio Association Inc.

N Ee—e—— - e
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fl?nc'arket

RATES Noncommercial ads 10¢ per word:
commercial ads 60¢ per word both payable
in advance. No cash discounts or agency com-
missions allowed.

HAMFESTS Sponsored by non-profit or-
ganizations receive one free Flea Market ad
(subject to our editing) on a space available
basis only. Repeat insertions of hamfest ads
pay the non-commercial rate.

COPY No special layout or arrangements
available. Material should be typewritten or
clearly printed (not all capitals) and must in-
clude tull name and address. We reserve the
right to rejact unsuitable copy. Ham Radio can-
not check each advertiser and thus cannot be
held responsible for claims made. Liability for
correctness of material limited to corrected ad
in next available 1ssue.

DEADLINE 15th of second preceding
month

SEND MATERIAL TO: Flea Market. Ham
Radio, Greenville, N. H. 03048.

HOT/NEW PACKET PROGRAMS FOR YOUR IBM PC. Sev
eral telecommunications programs to choose from, especially
written to interface your packet contialler with your PC or
compatible’clona. Features like Full Screen, Line Screen edit-
ing. Split Screens, ASCI, Binary, X-Modem or user defined
file transters, DOS shell, Macro Keys, Command Files, many
types of timesdate/oper. 1D. Multi-page brochures explain
them all. Sottware Support. Write for new information and
pricing. KALT & ASSOCIATES, 2440 £. Tudor Rd, Suite 138,
Anchorage, AK 99507. (907) 248-0133. Charge Cards ac
cepted

§.5.6. CRYSTAL FILTERS. 9.0 MHz, 2.2 kHz bandwidth, six
pole, with data $20.00 postpaid. OEM quantity available.
ICL7117 D.V.M. 1.C.’s dwect drive 3-1/2 digit LED same as
7107 plus hold, with data; $6.00. 2/$10.00 postpaid. Dentron
Scout C AP transceiver, 4 MMz, 100 watts, new; $250.00.
A.C P.S. $75.00 postpaid. George Misic, 14481 Watt, Novelty.
Ohio 44072.

HF WEFAX for use with most personal computers. For info
SASE to A & A ENGINEERING, 2521 W. LaPaima Ave, #K,
Anaheim, CA 92801. {714} 952 2114.

LEARN MORSE CODE IN 1 HOUR. Amazing new easy tech-
mque. Moneyback guarantee. $10. Bahr, 2549H Temple,
Paimbay, FL 32905

SUPERFAST MORSE CODE SUPEREASY. Subliminal cas
sette. Moneyback guarantee. $10. Bahr, 2549H Temple,
Palmbay, FL 32905.

TEN-TEC now shipping new-boxed USA made latest 1987
factory models Corsair I, Century 22, Argosy Il transceivers.
Titan linear amplitier 229A 2kw antenna tuner plus accessories,
antenna. For the best Ten-Tec deal write or phone Bill Slep
{704} 624-7519, SLEP ELECTRONICS COMPANY, Highway
441, Otto, NC 28763.

WANTED Schematic for Bearcat 100 Electra, Model BC-100
Scanner. Please contact Ralph E. Smith, 857 Rougemont, St.
Foy. Quebec City, Canada.

HEATH Deluxe antenna tuner Model SA2060 - a beauty - best
offer. (401) 789-1817 FOB.

CHASSIS, CABINET KITS. SASE. K3IWK, 5120 Harmony
Grove Road, Dover, PA 17315,

COLLINS KWM-380. Fully updated. Excellent condition. Full
service manual. Write or call. W3IRE, 9436 Howes Road,
Dunkirk, MD 20754. (301) 257-3041.

BACK ISSUES OF HAM RADIO Magazine from March 1968
to June 1974. Complete your collection. Individual issues $4.00
each. KX9P (319) 377-3563.

IBM/APPLE COMPUTER program "‘Hamiog”. 18 modules
logs auto-sorts 7-band WAS/DXCC. Full feature. Also CP/M.
Apple $19.95, 1BM $24.95. HR-KA1AWH, P8 2015, Peabody,
MA 01960.

LO COST Sensitive-Selective HF receiver system. ldeal/ 1st
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station set. Enhanced Novice 10/15/40/80m coverage. Send 2
stamps for free info. |. Megeff, KD2EF, 729 Lori Drive #101,
Palm Springs, FL 33461.

HOBBY, EDUCATIONAL, INDUSTRIAL PRODUCTS. 70
kits. Amplifier, FM transistor, VU meter, door bell, alarm
system, power supply. Send $3.00 to HOBBY ELECTRONIC,
PO Box 1339. Claremont, NH 03743 or call {603) 543-0033.
COLLECTORS: Have Karl Pierson KP-81 communications re-
ceiver for sale. Complete system- receiver, speaker cabinet and
book. Open to offers. Cal, KL7HEM, 10300 Silver Knolls,
Reno, NV 83506.

IBM-PC RTTY/CW. New CompRny Il is the complete RTTY/CW
program for IBM-PC’s and compatibles. Now with larger buf-
fers, better support for packet units, pictures, much more, Vir-
tually any speed ASCIl, BAUDOT, CW. Text entry via built-in
screen editor!  Adjustable split screen display. Instant
mode/speed change. Hardcopy, diskcopy, break-in buffer,
select calling, text file transfer, customizable full screen log-
ging, 24 programmable 1000 character messages. ldeal for
MARS and traffic handling. Requires 256k PC or AT compat-
ible, serial port, RS5-232C TU. $65. Send call ietters {including
MARS) with order. David A. Rice, KC2HO, 25 Village View
Bluff, Ballston Lake, NY 12019.

TRS80 4P/KANTRONICS UTU RYTY. Split-screen, 10 user
keys, file transfer. Runs in Mod 4 {80 char) mode. $30 to COM-
MPRO RTTY, c/o KB6IC, 3711 Gayle Avenue, Omaha, NE
68123.

SOLAR ELECTRIC PANELS and System Components. Tst
quality for home or repeaters. Lowest prices in country.
KA8DSS, RADIANT DISTRIBUTORS, 3900 Dursum, Ada, Ml
49301. (616} 874-8899.

WA9GFR

RF  SOFTWARE $15.00 disk contains HF/VHF/
UHF/L-BAND propagation and Smith Chart impedance
matching programs. Specify Commodore-64 or MS-DOS
BASIC. Lynn Gerig, 6417 Morgan RD, Monroeville, IN 46773.

REMEMBER TROLLEY CARS? 7rolley Treasures: The War-
time Years in New Jersey {1939-1947), a 4-volume photodoc-
umentary history, includes 1600 unpublished, original
photographs plus extensive historical notes. Volume |, The
Compromise Roof Cars of Public Service Coordinated Trans-
port, ready now. SASE for details. To order, contact Trolley
Themes, A W. Mankoff, 2237-3 Woodside Lane, Sacramento,
CA 95825. {$14.95 plus $1.50 S&H).

UHF PARTS. GaAs Fets, MMICs, trimmers, chip caps, teflon
pcb, and other builder parts. SASE brings list. MICROWAVE
COMPONENTS, 11216 Cape Cod, Taylor, Ml 48180.

$$$8SSUPER SAVINGS on electronw parts, components,
supplies and computer accessories. Free 40-page catalog for
SASE. Get on our mailing list. BCD ELECTRO, PO Box
830119, Richardson, TX 75083 or call (214} 690-1102.

YAESU OWNERS: Hundreds of modifications and improve-
ments for your rig. Select the best from fourteen years of gen-
uine top-rated Fox-Tango Newsletters by using our new
32-page Cumulative index. Only $5 postpaid (cash or check)
with $4 Rebate Certificate creditable toward Newsletter pur-
chases. Includes famous Fox-Tango Filter and Accessories
Lists. Milt Lowens, N4ML (Editor). Box 15944, W. Palm
Beach, FL 33416. Telephone (305) 683-9587.

RTTY JOURNAL - Now in our 35th year. Join the circle of
RTTY friends from all over the world. Year's subscription to
RTTY JOURNAL, $10.00, foreign $15.00. Send to: RTTY
JOURNAL, 9085 La Casita Ave., Fountain Valley, CA 92708.
IMRA International Mission Radio Association helps mis-
sionaries. Equipment loaned. Weekday net, 14.280 MHz, 2-3
PM Eastern. Eight hundred Amateurs in 40 countries. Brother
Frey, 1 Pryer Manor Road, Larchmont, New York 10538.
RUBBER STAMPS: 3 Imes $4.50 PPD. Send check or MO to
G.L. Pierce, 5521 Birkdale Way, San Diego, CA 92117. SASE
brings information.

ELECTRON TUBES: Receiving, transmitting, microwave...
all types available. Large stock. Next day delivery, most cases.
DAILY ELECTRONICS, PO Box 5029, Compton, CA 90224.
{213) 774-1255.

CUSTOM MADE EMBROIDERED PATCHES. Any size,
shape, colors. Five patch minimum. Free sample, prices and
ordering information. HEIN SPECIALTIES, Inc., Dept 301,
4202 N. Drake, Chicago, IL 60618.

RECONDITIONED TEST EQUIPMENT $1.25 for catalog.
Walter, 2697 Nickel, San Pablo, CA 34806.

COMING EVENTS

Activities — “‘Places to go . . .”

SPECIAL REQUEST TO ALL AMATEUR RADIO PUBLIC-
ITY COORDINATORS: Please indicate in your announce-
ments whether or not your Hamfest location, classes, exams,
meetings, flea markets, etc., are wheelchair accessible. This
information would be greatly appreciated by our brother/sister
hams with limited physical ability.

FLORIDA: March 21-22. The Playground Amateur Radio
Club’s 17th annual Naorth Florida Ham/Swapfest, Shrine Fair-
grounds, north Ft. Walton Beach. Doors open 8 AM both
days. FCC exams Saturday only. ARRL, MARS, and QCWA
meetings. Banquet Saturday night. RV parking. Talk in on
146.19/79 and 52. For mare information write PARC, PO Box
873, F1. Walton Beach, FL 32548,

GEORGIA: March 7. The Dalton Amateur Radio Club’s 5th an-
nual Hamfest, North Georgia Fairgrounds, Dalton. Indoor flea
market with tables provided for sellers/traders. VE upgrade

exams nearby. For information: DARCI, PO Box 143, Dalton,
GA 30722-0143.

ILLINOIS: March 29. LAMARSFEST ‘87 sponsored by the
Libertyville and Mundelein Amateur Radio Society. Lake Coun-
ty Fairgrounds, Grayslake. Doors open 8 AM. Commercial
setup time (by reservation only} 6 AM. Admission $2.00 advan-
cy by March 20; $3.00 at the door. Indoor swapfest, exhibitars,
code speed testing and exams, free parking, public cafeteria.
Talk in on 147.63-.03 Waukegan repeater. 146.52 simplex. For
information and reservations: Lamars c/o Marc Abramson, PO
Box 751, Libertyville, IL 60048. (312) 255-0642 8PM to 10PM
CST.

ILLINOIS: March 15. The Chlcago ARC will hold a continous
seminar entitled "“Introduction to Amateur Radio”, Noon to 5
PM, North Park Village, Community Room, 5801 N. Pulaski
Rd, Chicago. The Amateur Radio Novice Class license seminar
will start Monday, March 16 at 7:30 PM, same address in *'J"
building. For information call {312) 645-3622.

KENTUCKY: March 28 and 29. LTARC Hamfest sponsored by
the Lincoln Trait ARC, Pritchard Community Center, Eliza-
bethtown. Admission $5.00 advance; $6.00 at the door. Dealer
tables $10.00/day or $15.00 both days. Flea market $5.00/day
or $8.00 both days plus admission ticket. Activities include
ARRL State Convention, Walk-in testing, numerous forums.
Free parking. Nearby motels, reasonable rates. Talk in on
146.52, 146.38/98. For tickets or reservations: Hubert Hensley,
WD4GDA, PO Box 342, Vine Grove, KY 40175, Tel (602) 877-
2234.

KENTUCKY: March 7. The annual Glasgow Swapfest will be
held at a NEW LOCATION, the Cave City Convention Center,
Cave City. Starts 8 AM, ends when everyone goes home. Ad-
mission $3.00 per person with no extra charge for exhibitors.
Activities include DX and ARRL forums, flea market, FCC VE
tests beginning 10 AM. Walk-ins only. Bring original license
and photocopy. Talk in on 146.34/94 and 144.59/145.19. For
more information: N4HCO, Rt 9, Box 112B, Glasgow, KY
4214

MARYLAND: March 28 and 29. The Baltimore Amateur Radio
Club will present the Greater Baltimore Hamboree and Com-
puterfest, Maryland State Fairgrounds Exhibition Complex at
Timonium. Indoor flea market and large dealer display area.
Amateur radio, personal and small business computers fea-
tured. Hard surfaced outdoor flea market area. Food service,
plenty of free parking and more. Gates open 8 AM each day.
Admission $4.00/day or $6.00/both days. Children under 12
free. For additional information and display space reservations:
GBH&C, PO Box 95, Timonium, MD 21093-0095 or call {301)
HAM-FEST.

MICHIGAN: March 21. The Michigan Crossroads Hamfest.
Sponsored by the Southern Michigan Amateur Radio Society
and the Marshall High Photo Electronics Club. 8 AM to 3 PM.
Marshall High School, Marshall, Ml. Tickets $2.00 advance
SASE; $3.00 at the door. Packet radio demonstration and
forum, free parking, full food service. License exams Novice
thru Extra. Preregistration requested. Send Form 610, SASE
and $4.25 payable to ARRL/VEC to License Exam, PO Box 2,
Pleasant Lake, M! 49272. Walk-ins on availability basis. Talk in
on 146.67 or 146.52 or 223.94. For more information SASE to
Louis Ryason, WB8WXS, 23 So. 27th Street, Battle Creek, M!
49015.

MICHIGAN: April 5. The South Eastern Michigan Amateur
Radio Assaciation’s 29th annual Hamfest Swap and Shop, 8
AM to 3 PM, Grosse Pointe North High School, 707 Vernier
Road, Gross Pointe Woods. ARRL, DX and Packet forums.
Tickets $1.00 advance; $3.00 at the door. Tables $8.00 ad-
vance; $10.00 at the door. Talk in on SEMARA repeater
147.70/10 and 146.52 simplex. For information: SEMARA
Hamfest, PO Box 646, St. Clair Shores, MI 48080 or phone
Fred Lweis, NK8M (313) 881-0187.

MINNESOTA: April 4. 10th annual Rochester Area Hamfest
sponsored by the Rochester ARC, John Adams Junior High
School, 1525 NW 31st Street, Rochester. Doors open 8:30
AM. Large flea market, speakers, programs, refreshments and
plenty of free parking. Talk in on 146.22/82. WOMXW. For fur-
ther information contact: RARC c/o0 WBOYEE, 2253 Nordic Ct.
NW, Rochester, MN 55901.

MISSOURI: March 13. The Jefferson Barracks Amateur Radio
Club’s 27th annual Amateur Radic Auction, Concordia Turners
Hall, 6432 Gravois, south St. Louis City. Starts 7:30 PM.
NEW HAMPSHIRE: March 14. The Interstate Repeater So-
ciety of Derry, NH will hold its annuat Flea Market, Lions Club
Hall, Lions Avenue, Hudson. Doors open 8 AM. Admission
$1.00 at the door. Tables $8.00 each. For table reservations
{603) 623-0628 or {603) 883-9441. Write L.LR.S., PO Box 693,
Derry, NH 03038

NEW JERSEY: March 28. Ham Radio Flea Market sponsored
by the Chestnut Ridge Radio Club, Education Building, Saddle
River Reformed Church, East Saddie River Road and Weiss
Road, Upper Saddle River. Admission $1.00. Tables $10/first.
$5.00 each additional. Tailgating $5.00. Contact Jack
Meagher, W2EHD {201) 768-8360.

NEW JERSEY area Chaverim, an organization of Jewish Ama-
teur radio operators completing its 4th successful year, invites
all hams and those interested in Amateur Radio to join, particu-
larly those in Monmouth and Ocean counties of NJ. We meet
the first Sunday of the month in the Jewish Community
Center, Grant Avenue, Deal. Write POB 192, West Long
Branch, NJ 07764

NEW JERSEY: March 22. HAMCOMP '87, 15th annual flea
market sponsored by the Delaware Valley Radio Association.
8 AM to 2 PM, the New Jersey National Guard 112th Field Ar-
tillery Armory, Eggerts Crossing Road, Lawrence Township
{Trenton} 2 miles narth of 1-95. Admission $3.00 advance;
$4.00 at the door. indoor selling space $10.00 (wall space) and
$7.00. Outdoor spaces $6.00. Sellers bring own tables. Doors
apen for setup 6§ AM. General public 8 AM. Free parking. Re-



trestiments avalable. Talk wmoon 146 07 67 For more mforma
tion and space reservations, HAMCOMP ‘87, ¢/ o KB2ZY, Box
4410, AD 1. Swockton, NJ 08559, Please SASE

NEW JERSEY: March 13 The Splirock Amateuwr Rado Asso
ciatian's 2nd annual Evening Homfest, Drew University Center
Room 107, 1 24, Madson. Setup 6 PM. Doors open 7 PM
Adrussion for buyers 52 .00 Tables avalable from 52.00 10
S8.00 per table. Talk in on 146 985 outside Madison area
146 58 in Madson area. For imformaton wiote SARA, PO Box
3, Whippany, NJ 07981 or call Steve Halliburton, WAZS50C
1201) 366 9642

NEW JERSEY: March 28 The Shore Ponts ARC invites
everyone to Sprnglest 'B7. 9 AM 1o 2 PM. Atlantic County 4 H
Center, Rt 50, Egg Harbor City, approx. 15 mules west of At
lantic City. Indoors, heated. Sellers $5 per space, bring own
tabiles. Buyers $3. Oudoor tadlganng, weather permutting
Food and dank availlable. Talk in on 146,985 and 52 For infor
mation write SPARC, PO Box 142, Ahsecon, NJ 08201

OHIO: Apnl 24, 26, 26, DAYTON HAMVENTION

The Dayton Amal Radio A ti in NDW acceg
apphications for its 1987 Scholarship Program. Any licer
Amuteur graduating from hgh school in 1987 s eligible 1o en
ter For mformation and spphcation forms write DARA Schol
arship Committee, 317 Emst Avenue, Dayton, Ohio 45406
OHIO: April 24, The 1Bih annual BCACSCHC wall be held on
FRIDAY NIGHT of the Hamvention, at the Conference Center
{Madison Room) of the HARA ARENA AND CONFERENCE
CENTER, ithe same location as the Hamvention) starting at
7:00 PM_ There s admssion charg: il froe cantinuous
entertainment. Hot o, sandwachs, snacks and beverages
are available. Two exciting top awards, and many othors, S
right an HARA when the Hamvention closes on Friday owvoning
and moet your friends and join us for an rung of fun and en
tertalnmaent. Sponsored by the Miam Valley FM Assocaton
PO Box 263, Dayton, Ohio 45401

PENNSYLVANIA: March 15 The Beaver Valley Amateur
Radwo Assocution’s third annu Hamfest 8B AM 104
PM. Commumty College of Bed County " Goldon Do
Monaca. Al indoors. Amateur lic e testing, forums, refr
ments. Free vendor spaces. Table rental o

14531/ 71 W3ASGJ/R and &2 Comact Mike Pastenk
KAZIAR, 115 West Woodland Drive, Aliquippa, PA 15001

TEXAS: March 14, The Midland Amateur Radio Club will hald
its annual St. Patrick’s Swapfest, 10 AM 10 5 PM, Midland
County Exhibit Building, Highway B0, east of Midland  Pre
ation $5.00. 56.00 at the door. Tables $6.00 each. i
ymients and {ood available, VE tests for all categones. Fot
further informat and reservations: Midland ARC. PO Box
01, Midiand, Texas 79704

WEST VIRGINIA: Aprl 5. Charleston WV Area Hamtest and
Computer Show in CF ston Civic Center AM 10 5 PM
Admiss 54.00. Forurr SSTV. Packet, Flea Markel and
Swap Tables Computer demos, ARRL booth. Talk n on
6.28/6 88 For ifformation: Ollis Rinehart, KABTIK, 1258 Ridge
Drive, South Carleston, wV 25303, (304) 768 9534

WISCONSIN: March 7. The Milwaukes School of Engir
ARC, WIHHX, will hold its annual Hamfest. 8 AM 10 2
1121 N Milwaukee Street, downtown Milwaukee. Twkets
$2 00, 4’ wbles $3.00. Talk in on 146.19/146.79 and 146.52. For
wntormation, tickets or tables: SASE 10 WIHHXFEST, POB
644, Room C-6, Miwaukee, WI 53201 0644

)

WISCONSIN: March 22, The Tt County ARC, WOMOB, will
hold its annual Hamfest. B AM to 3 PM, Jefterson County Fai

grounds, Jefferson. Tickers $§2.50 advance; $3.00 at the door

Tabies $3.00 e $4.00 a1 the door. Plenty of FREE park

ing. Am r s by the Milwaukee Volunteer Core Group
Doors open at 7 AM for sellers. Talk in on 144.89/145.49 or
146.52. For more information, tickets or tables SASE 1o Bob
Barkor, K9RLJ, 724 Burdick, Milton, Wi 53563

WISCONSIN: April § The Madison Area Repeater Assocu
von, (M.A A A ) is please 1o announce fts 15th annual Madi
son  Swaplest, Dane County Fxposition Center  Forum
Building, Madison, Doors opon 7:30 AM for flea market sellers
and 8 AM for the general public. An all-you-can-eat pancoke
braakfast available a1 the Swaplest. Admission $2.50 advance
and $3.00 at the door. Children twelve and under admitted
free. Flea markat tables 8500 sach/ advance and $6.00/ door
plus admission. The deading for tickets and table reservations
mw March 31, 1987 For tickets, tables of wnlormation write
M A RA . PO Box 3403, Madison, W1 53704 or call (608) 274
5153 day or might
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o DUAL BAND ANTENNAS FOR
ULTIMATE PERFORMANCE!!

Model Description Sug. List
r— - e N A — —— S = __1'
2X4Z Base/Repeater 200 Watt $168.95

' Gain 146 MHz 8.2dB, 446 MHz 11.5dB !
2X4SR Mobile with Mag. Mt. 150 Watt 71.90
Gain 146 MHx 3.8dB, 446 MHz 6.2dB
2X4SDY Mobile with Mag. Mt. 100 Watt 65.95
Gain 146 MHz 2.15 dB, 446 MHz 3.8dB
HT 702 146/446 MHz Hand Held BNC 50 Watt 29.95
C7-71 Base/Repeater 920 MHz $11595
50 Watt 7.14 dB Gain
C202N Mobile 920 MHz with Mag. Mt. 7295
! 5 dB Gain 50 Watt
| 1234E Base/Repeater 200 Watt $178.95
Gain 446 MHz 8.5dB, 1.2 GHz 10.1dB
| 124X Mobile with Mag. Mt. 100 Watt 104.95
Gain 446 MHz 2.5dB, 1.2 GHz 3.5dB
12218 1.2 GHz Base/Repeater 100 Watt $158.95
Gain 15.5dB, 21 Step colinear
1210M 1.2 GHz Mobile with Mag. Mt. 50 Watt 76.95
Gain 8.8dB
415M High power duplexer 146 MHz 400 Watt 59.95
446 MHz 250 Watt
412N UHF/GHz Duplexer 446/1400MHz 6895 |
Max. 70 Watt |

v 203
1275 NORTH GROVE ST.
ANAHEIM, CALIF. 92806 Dealer prices may be
(714) 630-4541 different than list
CABLE: NATCOLGLZ g : "
FAX (714) 630-7024 Prices and specifications subjecl lo

change without notice or obligation.

‘------------------.--------- -y

FALCON

COMMUNICATIONS

Falcon Communications, Well Known for MOSFET Repeater Power Amplifiers,
Also Makes A Hard Working Line Of Bipolar Power Amplifiers For Mobile Use.
For Information On Our Complete Line See Your Local Dealer Or Call Factory Direct
P.O.Box 8979 @ Newport Beach, CA 92658 @ (714) 760-3622

.-----------------------------'

FLL LR L ]
(L a § F 8§ B0 | - m

~

March 1987 115



California

JUN’S ELECTRONICS
3919 SEPULVEDA BLVD.
CULVER CITY, CA 90230
213-390-8003
800-882-1343 Trades
Habla Espanol

Colorado

COLORADO COMM CENTER
525 EAST 70th AVE.

SUITE ONE WEST

DENVER, CO 80229

(303) 288-7373

(800) 227-7373

Stocking all major lines

Kenwood Yaesu, Encomm, ICOM

Connecticut

HATRY ELECTRONICS

500 LEDYARD ST. (SOUTH)
HARTFORD, CT 06114

203-527-1881

Call today. Friendly one-stop shopping
at prices you can afford.

Delaware

AMATEUR & ADVANCED COMMUNI-
CATIONS

3208 CONCORD PIKE
WILMINGTON, DE 19803

(302) 478-2757

Delaware's Friendliest Ham Store.

DELAWARE AMATEUR SUPPLY
71 MEADOW ROAD

NEW CASTLE, DE 19720
302-328-7728

800-441-7008

icom, Ten-Tec, Microlog, Yaesu,
Kenwood, Santec, KDK, and more.
One mile off 1-95, no sales tax.

Florida

AMATEUR ELECTRONIC SUPPLY
1898 DREW STREET
CLEARWATER, FL 33575
813-461-4267

Clearwater Branch

West Coast’s only full service
Amateur Radio Store.

Hours M-F 9-5:30, Sat. 9-3

AMATEUR ELECTRONIC SUPPLY
621 COMMONWEALTH AVE.
ORLANDO, FL 32803
305-894-3238

Fla. Wats: 1 (800) 432-9424
Qutside Fia: 1 (800) 327-1917
Hours M-F 9-5:30, Sat. 9-3

Georgia

DOC’'S COMMUNICATIONS
702 CHICKAMAUGA AVENUE
ROSSVILLE, GA 30741

(404) 866-2302 / 861-5610
ICOM, Yaesu, Kenwood, Bird...
9AM-5:30PM

We service what we sell.

Hawaii

HONOLULU ELECTRONICS

819 KEEAUMOKU STREET
HONOLULU, HI 96814

(808) 949-5564

Kenwood, ICOM, Yaesu, Hy-Gain,
Cushcraft, AEA, KLM, Tri-Ex Towers,
Fluke, Belden, Astron, efc.

Idaho

ROSS DISTRIBUTING COMPANY
78 SOUTH STATE STREET
PRESTON, ID 83263

(208) 852-0830

M 9-2; T-F 9-6; S 9-2

Stock All Major Brands

Qver 7000 Ham Related ltems on
Hand

Hllinois

ERICKSON COMMUNICATIONS, INC.

5456 N. MILWAUKEE AVE.
CHICAGO, IL 60630

312-631-5181

Hours: 9:30-5:30 Mon, Tu, Wed & Fri;
9:30-8:00 Thurs; 9:00-3:00 Sat.

Indiana

THE HAM STATION

220 N. FULTON AVE.
EVANSVILLE, IN 47710
812-422-0231

Discount prices on Ten-Tec, Cubic,
Hy-Gain, MFJ, Azden, Kantronics,
Santec and others.

SASE for New & Used Equipment List.

Ham Radio’s guide to help you find your local

Maryland

MARYLAND RADIO CENTER

8576 LAURELDALE DRIVE

LAUREL, MD 20707

301-725-1212

Kenwood, Ten-Tec, Alinco, Azden. Full
service dealer.

M-F 10-7 SAT 9-5
Massachusetis
TEL-COM, INC.

675 GREAT ROAD, RTE. 119
LITTLETON, MA 01460
617-486-3400

617-486-3040

The Ham Store of New England
You Can Rely On.

Michigan

ATLANTIC SOLAR POWER/ENCON
(SINCE 1979)

37279 W. SIX MILE RD.

LIVONIA, Ml 48152

(313) 591-7745

Solar Electric Power for Repeaters,
Ham Shacks, Packet Radio.

Call Paul, WDS8AHO

Minnesota

TNT RADIO SALES

4124 WEST BROADWAY

ROBBINSDALE, MN 55422 (MPLS/ST.
PAUL)

TOLL FREE: (800) 328-0250

In Minn: (612) 535-5050

M-F 9 AM-6 PM

Sat 9 AM-5 PM

Ameritron, Bencher, Butternut, ICOM,
Kenwood

Missouri

MISSOURI RADIO CENTER

102 NW BUSINESS PARK LANE
KANSAS CITY, MO 64150

(800) 821-7323

Missouri: (816) 741-8118

ICOM, Kenwood, Yaesu

Same day service, low prices.

. YOUSHOULD BE HERE TOO!
D ea-le-r S. Contact Ham Radio now for complete details.
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Amateur Radio Dealer

Nevada

AMATEUR ELECTRONIC SUPPLY
1072 N. RANCHO DRIVE

LAS VEGAS, NV 89106
702-647-3114

Dale Porray "'Squeak,”” AD7K
Outside Nev: 1 (800) 634-6227
Hours M-F 9-5:30, Sat. 9-3

New Hampshire

RIVENDELL ELECTRONICS
8 LONDONDERRY ROAD
DERRY, N. H. 03038
603-434-5371

Hours M-S 10-5; THURS 10-9
Closed Sun/Holidays

New Jersey

KJI ELECTRONICS

66 SKYTOP ROAD

CEDAR GROVE, NJ 07009

(301) 239-4389

Gene K2KJI

Maryann K2RVH

Distributor of: KLM, Mirage, ICOM, Lar-
sen, Lunar, Astron. Wholesale - retail.

QEP's

110-4 ROUTE 10

EAST HANOVER. N. J. 07936
201-887-6424

In N.J. 1-800-USA-9913
Bill KA2QEP

Jim N2GKW
VISA/Mastercard
Belden Coaxial Cable
Amphenol Connectors
Hours: 9:30 am-7:00 pm

New York

BARRY ELECTRONICS

512 BROADWAY

NEW YORK, NY 10012
212-925-7000

New York City's Largest Full Service
Ham and Commercial Radio Store

VHF COMMUNICATIONS

915 NORTH MAIN STREET
JAMESTOWN, NY 14701

716-664-6345

Call after 7 PM and save! Supplying all
of your Amateur needs. Featuring ICOM
“The World System.”” Western New
York's finest Amateur dealer

North Carolina

F & M ELECTRONICS

3520 Rockingham Road

Greensboro, NC 27407
1-919-299-3437

9AM to 7PM Closed Monday

ICOM our specialty — Sales & Service

Ohio

AMATEUR ELECTRONIC SUPPLY
28940 EUCLID AVE.

WICKLIFFE, OH 44092(Cleveland Area)
216-585-7388

Ohio Wats: 1 (800) 362-0290

Qutside Ohio: 1 (B00D) 321-3594
Hours M-F 9-5:30, Sat. 9-3

DEBCO ELECTRONICS, INC.
3931 EDWARDS RD.
CINCINNATI, OHIO 45209
(513) 531-4499
Mon-Sat 10AM-9PM
Sun  12-6PM
We buy and sell all types of electronic
parts,

UNIVERSAL AMATEUR RADIO, INC.

1280 AIDA DRIVE

REYNOLDSBURG (COLUMBUS). OH
43068

614-866-4267

Featuring Kenwood, Yaesu, lcom,

and other fine gear. Factory author-

ized sales and service. Shorlwave

specialists. Near |-270 and airport.

Pennsylvania

Texas

MADISON ELECTRONICS SUPPLY
3621 FANNIN

HOUSTON, TX 77004
713-520-7300

Christmas?? Now??

KENNEDY ASSOCIATES

AMATEUR RADIO DIVISION

5707A MOBUD

SAN ANTONIO, TX 78238

Stocking all major lines. San Antonio’s
Ham Store. Great Prices — Great
Service. Factory authorized sales and
service.

Hours: M-F 10-6; SAT 9-3

MISSION COMMUNICATIONS
11903 ALEIF CLODINE

SUITE 500 (CORNER HARWIN &
KIRKWOOQOD)

HOUSTON, TEXAS 77082

(713) 879-7764

Now in Southwest Houston—full line
of equipment. All the essentials and
extras for the “"ham.”

Wisconsin

AMATEUR ELECTRONIC SUPPLY
4828 W. FOND DU LAC AVE
MILWAUKEE, WI 53216
414-442-4200

Wisc. Wats: 1 (800) 242-5195
Qutside Wisc: 1 (B0D) 558-0411
M-F  9-5:30 Sat 93

HAMTRONICS,

DIV. OF TREVOSE ELECTRONICS
4033 BROWNSVILLE ROAD
TREVOSE, PA 19047
215-357-1400

Same Location for over 30 Years

LaRUE ELECTRONICS

1112 GRANDVIEW STREET
SCRANTON, PENNSYLVANIA 18509
717-343-2124

ICOM, Bird, Cushcraft, Beckman,
Larsen, Amphenol, Astron, Belden,
Antenna Specialists, W2AU/W2VS,
Tokyo Hy-Power Labs, WELZ, Daiwa,
Sony, Saxton, Vibroplex, Weller

Tennessee

MEMPHIS AMATEUR ELECTRONICS
1465 WELLS STATION ROAD
MEMPHIS, TN 38108

Call Toll Free: 1-800-238-6168

M-F 9-5; Sat 9-12

Kenwood, ICOM, Ten-Tec, Cushcraft,
Hy-Gain, Husller, Larsen, AEA,
Mirage, Ameritron, etc

MAKE CIRCUIT BOARDS
THE NEW, EASY WAY

JUST 3 EASY STEPS:
* Copy circuil on TEC-200 film using
any plain paper copier
* |ron film on to copper clad board
* Peel off film and etch
SATISFACTION GUARANTEED
convenient 8'2 x 11 size

5-Sheets for $3.95
10 sheets only $5.95

Wi §1 00 postage — NY res add sales Loy

The MEADOWLAKE Corp.

DEPT HA P.O. Box 497
Northport, New York 11768
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advanced antenna system!

WITH NOT A SINGLE

WATT WASTED IN LOSSY
TRAPS! (There aren’t any!)

Hams in over 50 DXCC count-
ries have done so already!

¥ =T 2 :

The DJ2UT-Multiband-Systems

offer:

— Maximum gain plus F/B
ratio with low VSWR across
each band
2 kW CW output power
10/15/20/(30) 40-meter
bands with up to 7 band
coverage incl. WARC bands
with self-supporting
“TWIN-BOOM" and boom-
legths from 8 to 20 ft

Air-core teflon dielectric coax-

balun and stainless-steel
hardware at no extra cost
traditional Blackforest crafts-
manship

The DJ2UT-MULTIBANDERS
provide the superior full-size
monoband-beam performance
required during the present
sunspot minimum.

For further information contact:

H.J. Theiler Corp.

P.O. Box 5369
Spartanburg, SC 29304
(803) 576-5566

or our distributor in Canada:
Dollard's Radio West

P.O. Box 58236

762 S.W. Marine Drive
Vancouver, B.C. V6P 6E3

Selected dealerships available.
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AccuRACY IDIGIMAX PERFORMANCE

BIRD MODEL 4304

NO ELEMENTS
25-1000 MHZ
RF SAMPLING PORT

aurvomzeo  FREFREN orstRiBuToR

®

WEESTER COMMUNICATIONS INC.
115 BELLARMINE
ROCHESTER, MI 48063
313-375-0420

CALL TOLL FREE

800-521-2333
800-482-3610

w208

- 209

DIR we wwe
PHAL mme 17w

Gunnple

s accessorie

A. Microwave Associates 10 GHz Gunnplexer. Two of these transcelvers can forf the heart of a 10 GHz
communication system for voice, mcw, video or data transmission, not to mention mountaintop DXing!
MAB7141-1 (pair of 10 mW transcelvers) $251.95. Higher power units (up to 200 mW) available. B. Micro-
wave Associates 24 GHz Gunnplexer. Similar characteristics to 10 GHz unit. MABTB20-4 (pair of 20 mW
transcelvers) $739.20. C. This support module Is designed for use with the MAB7141 and MA87820 and
provides all of the circuitry for a full duplex audio transcelve system. The board contains a low-noise,
30-MHz Im recelver, modulators for voice and mew operation, Gunn diode regulator and varactor supply.
Mater outpuls are provided tor monitering received signal levels, discriminator output and varactor tuning
voltage. RXMR30VD assembled and tested $115.95. D. Complete, ready to use communication system
for volce or mcw operation. ldeal for repeater linking. A power supply capable of delivering 13 volts dc
ot 250 mA (for a 10 mW ), mi h and headphone an loudspeakear are the only additional
ltems needed lor d for t ting 1o a tower or 2 or 4

operation. The Gunnplexer can be
foot parabolic antenna. TR10GA (10 GHz, 10 mW) $399.95. Higher power units avallable. TR24GA (24 GHz,
20 mW) $639.95. Also avallable: hom, 2 and 4 foot para-
bolic an Gunn, and d diod

hevanced T ST
HGCGiVBf ARR take you higher with quality 10 and 24 GHz eauipment!
Rescarch

h,: |
Box 1242 e Burlington CT 06013 e 203 582-9409 m
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GetWind of These

High-Flying Sa vings

13646 Jellerson Davis Highway
oodbridge. Virgima 22191

Information (703) B43-1063

Service Dept: (703) 494-8750

Sal. 10—4

rder Hours: M-F 9—7
Sat 10-4

EGE NEW ENGLAND

8 Stiles Road

Salem, New Hampshire 03079
New Hampshire Orders *

Info & Service: (603) B98-3750

Store Hours. MTWSat 10—4
TnF. Noon—@8
*Oraer & we'll credd you $1 lor Ihe call

msrmaurons)),

Our associale store

Davis & Jackson Road, P.O. Box 293
L acombe. Louisiana 70445

Info & Service. (504) Bg2-5355

Terms: No persondl checks accepred
Prices go not include shipping  UPS
COD tee $2 35 per package Prices ate
subyect to change withoul nolce o
ohligahon Producls are nol solid for
eval Authonzed refurns ae sul)
ject to a 15% restocking and handiing
teg ana credit will be issued lor use on
vour next purchase EGE suppaorts the
manutaciurers” warrantes To get a
copy of @ warranfy proe 1o purchase
call customer service At 703643 106.)
will be turmished al no cost

amid i

Spring Buyer's
Guide/Catalog
Available-Send $1.

Amateur HF Bands
Cushcraft, Butternut, KLM,
Mosley, Hy-Gain, Mini
Products, B&W, Van Gorden,
Hustler, Larsen, Antenna
Specialists, Centurion. Smiley

Antennas in Stock
for Mohiles, Base Stations
and Handhelds

Everything from mini rubber
duckies 1o huge monobanders

ASK FOR PACKAGE
DEALS ON ANTENNAS
AND ACCESSORIES

Also. ..
Antennas for Scanners, CBs
Marine. Commercial, and
Short Wave Lislening

FT 23/73
Mini Handhelds
lor 2m /440 MHz

FT 727R
2m/440 MHz Dual Band HT

FT 767GX
All Mode Transceiver
with CAT System

FRG 8800
General Coverage Receiver
All mode 150 kHz-30 MHz

FRG 9600

Scanning Receiver

UNARCO-ROHN
TRI-EX
HY-GAIN

Ask for package quotes on
complete tower assemblies
including Phillystran, guy
wire, antennas, rolators, elc

ROTATORS

Kenpro. Allance, Daiwa.

Telex Hy-Gain

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

or 60-905 MHz FM/AM/SSB

IC 751A
HF Transceiver with
General Coverage Receiver

IC 3200

Z2m/ 440 MHz Mobile

IC 271A

2m Transceiver

l'-'m! "‘

R 7000
General Coverage Receiver

N

Micro 2AT
Mini 2m Handheld

IC 02AT/04AT
Handnheld for 2m/440 MHz

Packet Controllers
Kantronics and MFJ

Amateur Software
Ham Data Software tor
Commodore Computers

Ask tor Descriptions

RTTY/Morse/Amtor
Hardware and Soflware and
packages by Kantronics
Microlog, HAL, MFJ, & more

TS 440S
HF Transceiver
with Antenna Tuner

TS-940S
HF Transciver with
General Coverage Receiver

TS 201B/401B
?2m /440 MHz 45-Walt Mobhile

TH 215AT
2m FM Handheld

TH 21BT/31BT/41BT
Mini Handhelds
for 2m/ 220 MHz /440 MHz

R 5000

AMPLIFIERS
Ameritron, Amp Supply
Mirage. TE Systems, Vocom
Daiwa, Tokyo Hy-Power

ANTENNA TUNERS
Amp Supply. Ameritron, MFJ

Switches, Coluplers, Filters,

Connectors, Mikes, Keyers,

Paddles, Headsets, Clocks,
Books, Power Supplies

In New England Call 800-237-0047 In Virginia Call 800-572-4201

RX 325

Short Wave Receiver

[, T LT
C 33T

Corsair Il
Model 561 CW/SSB
Transceiver

FM 240
Compact 2m Mobile Radio

SONY

PANASONIC
RECEIVERS

REGENCY
BEARCAT

Scanners

MIDLAND
CB Radios

COBRA
CBs. Radar Detectors, Phones

UNIDEN
CBs, Radar Deteclors

WHISTLER

Radar Detectors

Southwestern Bell
Telephones
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Decisions, decisions, decisions.

Should you choose one, two, or all three?

Choose one—Yaesu's FT109RH, FT-209RH or FT
T09R —and you gain the maximum performance available
in any single-band HT.

Choose two—or even three, and you also get inter
changeable accessories, options and operating proce-
dures. Making it easy and affordable to work all your
favorite VHF and UHF bands.

However you decide, you get all this operating
flexibility: Powerful 5-watts output (4.5 watts on 440
MHz). Battery saver. Push-button recall of 10 memories,
each that independently stores receive frequency, stan
dard or non-standard offset, even optional tone encode
and decode.

220 MHz

TR ee0r  CLlAReMANSRUSY = HEYLOCH

YAESU

2 Meters

PO as 00 CLEARCMANSBUSY  BREYLOUR

Push-button scanning routines for scanning all
memory channels, selected ones, or all frequencies
between adjacent memories, And a priority feature to
return you to a special frequency,

You also get a high/low power switch, power meter,
backlit display, 500-mAh battery, wall charger, and
soft case. Plus a choice of many interchangeable options,
including a VOX headset, fast charger, hard leather
case, and plug-in subaudible tone encoder/decoder for
controlled-access repeaters.

Let Yaesu's 220-MHz FT-109RH, 2-Meter FT-209RH
and 440-MHz FT-T09R give vou the decided advantage
in HT performance and upgrade ability. [t may be the most
enjovable HT buying decision yvou ever make.

440 MHz

YAESU

NPT EME eRPT PR
1 2 | v
TAM

s Jlsfe]

e
o

(7}l = Jf o

CLEAN AMAN B HUSY = KLY LOCK

2N

Yaesu USA 17210 Edwards Road, Cerritos, CA 90701 (213 ) 404 2700, Repair Service: (213) 404 4884, Parts: ( 213 404 4847
Yaesu Cincinnati Service Center Y070 Gold Park Drive, Hamilton, OH 45011 (515 874 3100
Prices and sped ications subject toe hange without notice



KENWOOD

...pacesetter in Amateur radio

Here’s One for You!

¢} Tull-function memory channels
>lud | store frequency, repeater offset,

A nt Transmit range sub-tone frequencies, and repeater
The all-new TM-221A and TM-421A s 144-148 MHz. Modifiable for MARS reverse information. Repeater offse
FM transceivers represent the “New . cAp (heration (MARS or CAP on 2 m is automatically selected.
Generation” in Amateur radio equip- permil required.) [here are two channels for “odd
ment. The superior Kenwood GaAs _ 138-449 QQ* split” operation
FET front end receiver; reliable and T CHaGIBE GRS G rEaRTEE TOr Aralatil ' Proarammable b:
clean RF amplifier circuits, and new Rand ties onl y MBmOo 4Ean Wil
features all add up to an outstand- (1 : f hannel lock-out
ing value for mobile FM stations! .. TSU-5 programmable e Supe i

The optional RC-10 handset/control decoder optional approx. 1-1/2"Hx5-1/2"Wx7"D
unit is an exciting new accessory simplified front i ntrols e New amber LCD disn
that will increase your mobile makes operating a snap! Microphone test function on low
operating enjoyment! & ke 'ME ha i s ’

juality, top-mounted speake
st chassis and

Both models have adjustable 5 W ; mpatibl heat sin}

| r . eratin
low power (8] i

All funclions remain intact
ven when lithium baltery RC-10 Remote Controller
back-up fails. (Lithum cell Optional telephone-style handset
memory back-up remote controller RC-10 15 specially
est. life 5yrs.) designed for mobile convenience '
and safety. All front panel controls
(except DC power and RF output
selection) are controllable from the
RC-10. One RC-10 can be attached
io either or both TM-221A and
TM-421A with the optional PG-4G
cable. When both transcewers are
connected to the RC-10, cross
band, full duplex repeater opera
tion i1s possible. (A control operator
1s needed for repeater

operation,)

k ano
QsY

for qQuiIc

VFO/M  MIN  MHz

TONE

RC-10 Multi-turiction handsel femate contralle intenn tunar (200 W PEP) » SWT-2 Compac

PG-4G I« ble allows TM ' terinz bung 10W PE} SP-40

M2 1A Tl duplex operation = PS-50/PS-430 pact mohile speaker = SP-50B Motile speaker

a1 supphies * TSU-6 Programmiahle C1 PG-2N [ xitii DC cable » PG-3B DC line noise

SW-100A Compict SWRipowervall ilor « MC-60A, MC-80, MC-85 Fivue: station 1mic: v
i SRR KENWOOD
1 140 4 M SW-200A SWH (RLITRAT MA-4000 [ual band iintenna with

power meter (18-1 MH: SW-200B HSWHpower  dupilexsr int 1 pphied) » MB-201 F <ty

elet{H0-¢a0 My » SWT1 Campact 20 xk TRIO-KENWOOD COMMUNICATIONS

mplar Wil
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