


lCOM IG751A 
"ITS WHATS INSIDE THAT COUNTS!" 

All HF Band Transceiver / 
General Coverage Receiver 
Advanced Circuit Des igns  
All M o d e s  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!" 

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 

one year warranty. There's more! speech processor and tone control to 
The IC-75IA's receiver boasts 105dB produce sparkling clear audio, PLUS 
dynamic range for superb listening. there's a new rubberized tuning 
The 100% duty cycle transmitter knob for velvet-smooth tuning and a 
defies abuse and delivers 100 watts full line of accessories and filters. 
of exceptionally stable and clean RF RF Power Control, Varies output 
output. Reliability. Ouality. One independent of mic gain, ALC and 
year warranty. That's ICOM. speech processor action. Enjoy 

All Bands, All Modes Included. maximum "talk power" at any drive 
Operates 160 through I0  meters, it's level! 
easily modified for MARS operation. To see the IC-751A. contact your 
plus it includes general coverage re- local lCOM dealer, 
ception from IOOkHz to 30MHz. NO 
compromise, no comparison! 

Unsurpassed Quality and 32 Tunable Memories. Store 
Reliability. Ouality and Reliability is both frequency and mode informa- 
important to you and it's important tion. Use them to quick-access your 

.#  P;,, ]rc OM to ICOM. ICOM now covers you and favorite spots or as 32 preferred fre- 
your investment with its exclusive quency-remembering VFOs. , L.~ :-, -G *: 

First in Communications 
fl 105 ICOM America. Inc.. 2380-116th Ave NE. Bellevue. WA 98004 Cuslomer Sewlee Hotllne (206) 454-7619 

3150 Premier Drive. Suite 126. Irving. TX 75063 1 1777 Phoenix Parkway. Suite 201. Atlanta. GA 30349 
ICOM CANADA. A Division of ICOM America. Inc.. 3071 - #5 Road. Unlt 9. Richmond. B.C. V6X 2T4 Canada 

A l l  slated P~BCIIIC~IIOIIS are approiamale and sublsct to change wllhout ro t l ce  or obl8gallon A l l  ICOM radios slgnlltcanlly exceed FCC reguialoons lhmlt#ng Spur8OuS emlsslona 751A187 



a ?  Get 1tFi1. / * - -  / Together With 

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 . Transmit and receive CW 6-99, Separate CW keying relay for positive or 
Mode ( K A m ) .  RlTYlASCII 45-300 baud, ARO, FEC, negative keying. 

KAM features bargraph tuning SELFEC, Listen ARQ. VHF and HF Packet. . 12.,,,,le programmable switched capac- 

and user programmable MARK HF and VHF radio ports. itance input filtering. 
Command driven by your computer with Quartz synthesized AFSK or direct FSK 

and SPACE tones for RTTY and over 100 software commands. operation. 
H f  packet, as well as limiter/ User programmable baud rates for RlTYI  . RS-232 or l T L  level operation by jumper 

limiterless operation on HF for ASCII - selectable in onebaud increments. selection. 

User programmable MARK and SPACE 16KRAM (expandable to 32K). 256K 
weak signal operation. tones on HF, vou choose the tones. EPROM. EEPROM for parameter storage. 

KAM's CW demodulator is also selective RTW Autostart operation. Compatible with any computer having an 

programmable for both Center Separate CW demodulator filter with pro- serial 110 port. 

frequency and bandwidth. grammable center frequency and bandwidth. FCC Part 15 compliant. 4 106 

KAM's RS-232/ TTL terminal 
interfacing provides universal 
compatibility to all computers, 

$9 TJ ' '" EXTRA * Simultaneous HF and VHF ,aoG 
including Commodores and PC Y "  SPECIAL Packet connects & digipeating. 
com~atibles. 

If you're looking for increased FEATURES * HF/VHF Gateway operation. 
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. 

I I Suggested Retail S319.m 



1" "DX-citing. 
TS-440s Compact high performance HF transceiver rdjustable dial torque 

with general coverage receiver '00 memory channels 
Frequency and mode may be stored In 

Kenwood's advanced digital know-how Superior receiver dynamic range 10 groups of 10 channels each. Spllt fre- 
brings Amateurs world-wide "big-rig" Kenwood DynaM~x'" high sensitlvlty direct quencles may be stored in 10 channels 
performance in a compact package. We mlxlng syslen~ ensures true 102dB recelver for repealer operatlon. 
call it "Digital DX-citementW-that special dynamic rang(:. (500Hz bandwldthon20m) TU-8 CTCSS unit (optional) 

.feeling you get every time you turn the 100% duty cycle transmitter Subtone is rnemor~zed when TU-8 1s tnstalled 
power on! Super efflclenl cool~ng permits continuous Superb interference reduction 

Covers All Amateur bands key-down for periods exceeding one hour. IF shift, tuneable notch filter, ncllse blanker. 
Gf?r,cl:ll coverage recetver tunes from RF input power IS rated at 200 W PEP on .all-mode squelch. RF attenuator. RIT/XiT. 
100 kHz-30 MHz. Eas~ly modifled lor SSB. 200 W DC on CW. AFSK. FM, and 110 and opt~onal f~lters flght QRM. 
HF MARS operation. W DC AM. (The PS-50 power supply IS MC-43s UP/DOWN mic. included 
Direct keyboard entry of frequency needed lor conltnuous duty.) Computer interface port 
All modes built-in . - - . -- - 5 IF filter functions 
USB. LSB. CW. AM. FM. Dual SSB IF filtering 
and AFSK. Mode A bu~lt-ln SSB fllter IS 

selection is ver~f~ed in standard. When an 
Morse Code. optional SSB filter 
Built-in automatic (YK-88s or YK-88SN) is 
antenna tuner ~nstalled, dual ltltering 
(optional) 
Covers 80-10 meters. VOX, fvll or semi 
VS-1 voice synthe- break-in CW 
sizer (optional) AMTOR compatible 

Optional acce. soi l .  
.AT-440 tnti~rrl;~l ; ~ ~ i t o  ,~ntrann;i I o r l r - r  (HO 111 10 ni l  Kenwood takes you 
.AT-250 external auto tuner (160 ni 10 m) from HF to OSCAR! 
AT~130 conlpacl mob~le anlenna luner (160 m- 

10 m) IF-232CllC-10 level translator and modem 
IC kl l  PS-50 heavy duty power supply PS-4301 
PS-30 DC power supply SP-430 external 
speaker MB-430 moblle mountlng brackel 

YK-88CIARCN 500 Hz1270 Hz CW filters YK-88SI 
88SN 2.4 kHz11 8 kHz SSB fillers MC-60Al80185 
desk microphones . MC-55 (8P) mobile mlcro- 
phone HS-51617 headphones SP-401506 
rnah~le soeakers MA-SIVP-1 HF 5 band moh~le 
helical anlenna and bumper mounl TL-922A 
2 kw PEP linear ' S"-220 "lonllor (;i,n,(llere sernce ntan~,alsare available lor all 

TRIO-KENWOOD COMMUNlCATiONS 
VS-1 votce synthesizer ' SW-l00A/200A/2000 I,,"- enw wood IranscPrvercarrdrnosr accessores 1111 Wesl Walnut Street 

SWRloower meter 9 TU-8 CTCSS lone onll S ~ ~ r t h c a o o n s  an0 llrlces are sublrcr ro charge wrrhour Complon. C;~l~lorn~a !10220 . PG-PS exlra DC cable. n<)r!c~. of obllgarlon 



Thrs month's cover: 
Can I patent 117 

No. you can't patent the rnullr- 
octave, omn~d~rectronal antenna PIC- 

tured on the cover. because 11's al 
ready been patented by Harold A 
Wheeler. a well-known inventor and 
holder of many patents I" electronrcs 
and cornrnun~cattons, some dating 
back to the late 1920's. U.S. Patent 
No. 4,633,265 was tssued to Wheeler. 
with rlghts assrgned to the Hazeltlne 
Corporat~on of Cornmack, NY, on 
December 30, 1986 

Thanks to Harold Wheeler, the 
Hazeltine Corporatlon. and Leo Zuck- 
er, K2LZ lsee "Can 1 Patent It,") for 
rnak~ng these ~llustrat~ans available. 
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manned vs. unmanned space flight 
Having recently celebrated the 25th anniversary of the launch of OSCAR I, 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 (1857-79351, "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 if, 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 too 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 W5LFL, WOORE, and DP0SL - 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, NGTX, AMSAT LM167 
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Complete Control.. . 
Aff !c-/ - 2/ Short Wave 
-L J b v e l  travqiator Listener s map and 

IF-1OA Computer interface for TS-711A/TS-8lTP d~rectory-s~mply 

IF-1OB Cornouter interface for TS-Q4OS 
select the OTH you d 
114e to l~qten to and 

IC-10 IC k i t  for TS-440s com~cr?er control t9e pre-programmed 

Attention "computing" hams! The frequency ts 

Kenwood IF-Series computer inter- dt?led up 

face units will enable you to  connect Dtsplay frequency 
your TS-711A, TS-811A, TS-940S, or hand and mode 
TS-440s transceivers to  your home data Control your 
computer. RS-232C standard is S~mulated CRT d~splay rtn via keyboard' 
used, so the interface u n ~ t s  are / 
compatible with many computers! 

The IF-IOA and IF-1OB 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 

a..: {/tljh, 
, r *  j ; . . /  / ,, 

through the IF-232C level translator. / 1 1  8 

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-lOA, IF-108, or IC-10) and the 
IF-232C level translator. 

The applications of automated lnterc!>.!~,::'~ ,,, . , . yn~ands 
station control are almost endless! This means that one program may be Memory input and recall, frequency 
Just imagine ... work DX from your used with several rigs, to minimize selection, frequency step, sub-tone 
hand-held.. .operate OSCAR "auto- program changes. frequency, offset, antenna tuner, 
matically" ... remote operation of your 
station,,,orputtogetherthe~ultimate~ Stmvltan~o~ts 1.3e.ation of thc DCS, scan, and many, many more 

computer ant1 ttanscciver is functions are accessible with the 
contest station .... 

possible Kenwood computer interface unit! 

CR r :lt\play ~ J O K ~  ,S 3 srr~~ri~arion Pow~rfu l .  e?sy- o-unders ! ;?r .d  

Corru,lere servlre manoals are available lor all instruction i n t  
lrlo r rnwooc I r~lnsrrrver and mosl accesrorlrs 
~,,e, ~r,catjnnc,lndDrtcesarr sunlerrrooranqe wrrt,o~rr 

'c-1' '' pr''''pr n~'~3r'tc . i  '0i"l'-"7'1 

nn!tr-s. or ob1,garron 

KENWOD 
TRIO-KENWOOD COMMUNICATIONS 
1111 West Walnut Street 
Corn~ton. Cal~lorn!a 90220 



NOVICES GET220, 1270 MHz - PLUS 
SSB AND DIGITAL ON 10 METERS 

Novices will soon be eligible for fullprivileges 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 CWIdigital (including packet, RTTY, ASCII, etc.) and SSBICW. 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 on220, 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 that band. A strong showing of support for granting 220 privileges to Novices, however, wascredit- 
ed for convincing the FCC of the importance of reserving portions of that band for Novice Amateur use. Though 
not specified in the 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 Element3 of the Amateur Radio examination into Elements3(A) and3(B), 
providing different theory testsfor Technicians and Generals. All Technicians licensed before the effective date 
of the new regulations will be "grandfathered," however, and will not be required to pass the new General theory 
exam before upgrading. 

All existing Novices will likewise be "grandfatheredl'and will be allowed to operate on the new bandswithout 
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 their incentive to upgrade to higher license classes. 
FCC Private Radio Bureau Chief Mike Fitch wasquoted assaying, "I am delighted with the Commission'sac- 
tions. I 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 
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TY-21.5A/L15A I 1 

Kenwood brings 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! 

\';!ld- recrlver frrquencv 1;lnge. . Large, easy-to-read multi. 
I4t.celves 1ro111 1.11 lh3 MH/ function LCD display with night . 
Ir-~~:lurJes the wealhcr ch;lnnclsl light. 
Trnnsni~l horn 143-148 MH7 
Mod~flat~lr to cover 141.151 MH7 pad operation. The hcepcr has a : {. 
llAARS or CAP perrn~t required) 
TH-415A covers 440-  rnnnllor also lncluded 
'149.995 MHz. 

lor extended operatton or hlgher 
RF output ava~lahle. 
CTCSS encoder built-in. TSU-4 
CTCSS decoder optional. 
10 memory channels store- ~ 
offset, in 100-kHz steps. Each - 
niernory charinel can store Ire- 
rlllency, frequencj~ step, olfscl. 
reverse switch position, and 
ClCSS freqtlcncy. 

N i n e  types of scanning! 1flc:luti- 
Irlg new "seek scan" and priority 
alert. 
lrlielligent 2-way battery saver 
c~rcu i t  extends battery life. Two 
t;;illery-saver rllo(1es lo cllousc. 
w~ lh  power save riallo s~lec l~or l .  
Easy memory recall. Slnlply 
press Ihf? channel numl~erl 
12 VDC input terminal for dire 

New Twist-Lok Positive- 

* Frequency entry by 

or UPlDWN keys. 
Priority alert function. 
Monitor switch to defeat squelch. w :llllll~l~l,.l . (~1.1 '1, 5 ,.,,,..'l 
l i i r d  lo check Iho 1reqvenr:y 
wllen CTCSS er~r:odf?/decorio IS . . . . ?  . . '. . 
used or when squf:l~;h IS url. . .. 
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can I patent it? 

Some patent law basics 
for the industrious Amateur 

Although Amateurs of ten 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 I, 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 

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 potentially 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.'I2 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 nuclear 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, KZLZ, 34 South Broadway, White 
Plains, New York 10601 
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was made.3 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 
so 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. 

A 

what to do before applying 

0 0 0 0  R F , ~ D -  

AGCour 

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 

A~~ ' - "Nrwr 

your sketch and have a witness 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 valuable 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. I), 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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ST-8000 HF Modem 
Real HF radlo tdeprlntw slgnals exhlblt heavy 
fading and distortion, requirements that cannot be 
measured by standard constant amplitude BER and 
distortion test procedures. In designing the ST-8000. 
HAL has gone the extra step beyond traditional test 
and design. Our noise fioor is at -65 dBm, not ot -30 
dBm as on other units, an extra 35 dB gain margin 
to handle fading. Filters in the ST-8000 are all of 
linear-phase design to give minimum pulse 

distortion. not sharp-skirted filters with high phase 
distortion. All signal processing is done at the input 
tone frequency; heterodyning Is NOT used. This 
ovoids distortion due to frequency conversion or 
Introduced by abnormally high or low filter Q's. 
Bandwidths of the input, MarklSpace channels, and 
post-detection filters are all computed and set for 
the baud rate you select, from 10 to 1200 baud. Other 
standard features of the ST-8000 include: 

8 Programmable Memorles 
Set frequencies in 1 Hzsteps 
Adjustable Print Squeich 
Phase-continuousTX Tones 
Split or TranxeiveTXlRX 
CRTTuning indicator 
RS-232C, MIL-188C.orTn Data 
8,600, or IOKAudio input 

Slgnal Regeneration 
Varlable Threshold Dlvenlty 
RS-232 Remote Control 110 
100-1301200-250VAC. 44-440 HZ 
AM or FM Signal Processing 
32 steps of MIS filter BW 
Mark or Space-Only Detection 
Digital Multipath Correction 

FDX or HDX with Echo 
Spectra-Tune and X-Y Display 
Transmitter P l l  Relay 
8 or 600 Ohm Audio Output 
Code and Speed Conversion 
Signal Amplitude Squelch 
Receive Clock Recovery 
3.5" High Rack Mounting 

Write or call for complete ST-8000 specifications. 

HAL Communications Corp. 
Government Products Division 
Post Office Box 365 
Urbana, Illinois 61801 
(217) 367-7373 TWX 910-245-0784 



patents sometimes stem from a single "parent" 
application. 

Even if the results are discouraging, you'll 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 sanctions4 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 

I N I T I I L I Z E  8 
E N T E R  O P E R A T I N G  
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S W I T C H  AND S A M P L E  A,B.C,D, 

DE T L  RMINE lGCMIX 

s w l r c n  I N  M ~ X  A,B.C.D 

4 N D  HOL 0 I- 
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 Ifig. 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 I, 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 

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 small 
businesses li.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.S.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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Thlt may be the world's most popular 3 KW roller Inductor tuner because It's small, compact, reliable, 
matches virtually everything and glvet you SWR/Wattmeter, antenna twitch, dummy load and balun 1 - 
M n l  "Veru Tuner V". I t  has all Hm UgMad Cross-nwdle Mslw reads 

l u t u m  you asked for, including the SWR, forward and reflected power all in 
new smaller size to match new smaller one glance. Has 300 and 3.000 watt 
rtgs-only t0%"Wx41/~"Hx14 7/8"D. ranges. Meter light requires 12 VOC. 

Ml tchm a x ,  b l a d  Ilmr, n w  
dom w l m - l 8 t o  30 MHz. 3 KW PEP 6 pmltion anhnna d h h  (2 coax lines. 
-the power rating you won't outgrow thrnugh tuner or direct, randomlba- 

lanced line or dummy load). 50-239 
~ o l l e r  Inductor wtth a W l g n  turns connectors, ceramcc feed-throughs. 

counter plus a spinner knob for pre- bind~ng post grounds. 
clse ~nductance control to get that 

MFJ's hmcl crlllng tumr pcka In plenty of new 
l u t u m .  N m  rtyllngl Brushed alumlnum front 
All metal cablnet N e w  SWR/Wmmer t  More 
accurate Swttch selectable 300/30 watl ranges 
Read forward/rellected power 

N m  antenna swltchl Front panel mounted. Se- 
lect 2 wax I~nes. d~rect or through tuner, random 
wtre/b?lanced llne or tuner bypass for dummy load. 
HI* alrwwnd inductor1 mger  more efflc~ent 12 

WSII PC .arwucI: rflbctor awes lower losses and 
more watts out. Run up to kl RF power output. 
M l t c h a  m r y l h l n g  from 1 . 8 t o l  MHz! dipoles. 

Inverted vee, random wires, verticals, mobile 
whips, beams, balanced and coax lines. 

Built-In 4: l  balun for bbmd Ilmr. IMX) V ca- 
p?citor spacing. Black. l l  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 Ill 

- 
Runup to 1.5 kw PEPand match any feedllnrcon- 
tinuouslyfrom 1 .El030 MHz. coax. balancedline 
or random wire. 
Ughtad Cross-mrdb Mslw 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: l  balun. 250 pl. 6 kv variable capacitors. 12 
position ceramic inductor switch. New smaller 
size matches new rigs: 103/r x 4% x 14% 
Inches. Flip stand for easy viewing. Requires 12V 

The MFJ-419C all-In-one Deluxs Veru Tumr II 
gives you A? tuner, critss-needle SWR/Wanmeter. 
dummy load, artenn.7 swttch and balun In a new 
mmpact cq?bfnet. You get quality conveniences 
and a clutter-free shack at a super price. 

A n m  cross-nadle SWRMlanmrter gives you 
SWR, forward and reflected power-all at a slngle 
glance. SWR is aut@mat~cslly computed wlth no 
controls to set. Hss 30and 300 watt scale on easy- 
to-read 2 mlor lighted meter (needs 12 V). 
A h rndrom new black brushed alumlnvm a#- 
mt mstches all the new rfgs Its wmpact size ( t o r  
3 x 7 Inches) takes only a little room. 
You u n  run full t n n l a l w r  p a e r  output-up to 

300 watts RF output-and match max, balanced 
lines or random wtres from 1.8 thru 30 MHz. USE 
it to tune out SWR on dipoles, vees, long wires. 
verticals, whips, m m s  and quads. 

A JI) wan 50 ohm dummy l a d  gives you quick 
tune ups and a versatlle six positlon antenna swltch 
lets YOU select 2 wax lines (direct or thru tuner). 
random wlre or balpnced line and dummy load. 
A l a w  rtRclrnt alrwwnd Induelw-3 lnches In 

d lamete r~ ives  you plenty of rnatchlng range 
and less losses for more watts out. 100 volt tuning 
capxitors and heavy duty swltches gives flu safe 
arc-treeoperation. A4: l  balun IS butlt-in to match 
balanced lines. 
Ordar ywr sormnlmr pdaOI now md nJoy. 

for light 

OBLIGATION. IF NOT SATISFIED, RETURN WITH- 
IN 30 DAYS FOR PROMPT REFUND ( I m  shlpplng). 

One year u m ~ n d l t l o ~ l  guarantee Made In USA 
Add 55.00 each sh~pp~ng/handl~ng Can or write 

2 KW COAX MFJ-1" 

SWITCHES $19-95 
MFJ-1702. $19.95.2 w. 

60dB isolation at 450 MHz. 
Less than .2 dB 10s: $29.95 M F J - ~ ~  
SWR below 1 1.2 
M F J - l m ,  $29.95. 
6 potltlom. White 
markable surface 

MFJ's smallat 200 watl Vs ru  Tuner matches 
wax, r2ndom wires and balc3nced l~nes conttn- 
uously from l.8thru 30 MHz. Works with all solid 
stateand tube rigs. Very popul?r for use between 
transceiver and final ampltfier for proper match- 
ing. Effic~ent airwound inductor gives more watts 
out. 4.1 balun for Mlanced I~nes. 5 x 2 x 6 inches. 
Rugged black all aluminum cabinet. 

MFJ's Random Wire TUNER 

MFJ-WlO $39.95 PJ 
". ... 1". . "1" 

MFJ's ultra compwt 200 rM nndom wlm tunw 
lets you operate all bmds anywhere wlth any trans- 
ceiver using a random wlre Great for apartment. 
motel. urnping operation. Tunes 1.8-30 MHz. 
2 x 3 x 4 inches. 

MFJ's Moblle TUNER 

D d g d  tor moblle opsntlonf Small, wmpact 
Takes lust a tlny b ~ t  of room ~n your car SWR/dual 
range wattmeter makes tunlng fast and easy Care- 
ful placement of controls and meter makes antenna 
tunlng safer whlle In motlon 

Extends your antenna bandwidth so you can op- 
erate anywhere In a band wlth low SWR. NO md 
lo go m l d e  and fwdlud pur rnoblle rrhlp. Low 
SWR also glves you maximum power out of your 
soi~d st,?te rig-runs cooler for longer life 
Handles up to 300 watts PEP RF output Has ef- 

fic~ent ,?~rwound ~nductrr. 1OOOvolt capacitor spac 
ino .7nd ruaoed a umlnum UDlnel BxZr6 ~nches. 
&bile m 6 t i n a  bracket available for $500. 

TO ORDER OR FOR YOUR NEAREST - MFJ 
MFJ ENTERPRISES, INC. 

can 601-323-5669 In MISS. and outs~de 

60x494. M ~ s s ~ s s ~ p p ~  Stale. MS39762 
I continental USA Telex 53-45. MFJ STIV 1wl1 
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.- .- 2 TS-940s 

b d 1 I ' . . d  ,, , , - . 3:a ., ., 

40' TUBULAR TOWER 

.U45 SALE! $549 
H~gh  Porforin;~n~:c' f i ~  ,( ~ ' iver  

HF TRANSCEIVER .! .. ,., , , .,,: , , ':,, , 
.!>,,,,!,,r ,,.,,,..,, r,.,:, 

GREAT PPICE. CALL WSAM! $899 .( ,'Ill ,,ill . r  ,11,,,,1 i;,, 111 

Handles 10 sq It a1 50 nlph 
Pleases nrlghhors n t h  LOW PRICE! 

tubular streamlined look 

55' FREESTANDING 

drwe accessories 

2m!340 MHz 

CRAYKUR SALE! 
Single Strength 

,.' HAM RADIO 
(handles 9 sq. ft.) 
HG37SS - 37' Tower 
HG52SS - 52' Tower 30* In. 1m out. 

HG54HD - 54' Tower 
HG70HD - 70' Tower 

From Ihe OM- of the 

Full Une Now Includes 
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RGEST HAM OUTLET IN THE WORLD 

1 .2  GHz Transce~ver: 
Superior Grade General The First Full-featured 

Coverage Recelver 1240-1300 MHz Transceiver 

SALE!CALL FOR PRICE ARE YOU READY FOR 
GREAT PRICE! 1.2 G H z  OPERATION? 

~ICOM 1 H~~~, , ' j '~~D 

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

LOW PRICE! 

25 MHz-1300 MHz 

IN STOCK FOR 
IMMEDIATE DELIVERY 

Tell 'em you saw it in HAM RADIO! 
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-. ' ., -1.5 Megawatts at 50 MHz-And More! 
Delivered by EIMACYs 8973 Power Tetrode . 

, ' .. . 
The versatile super-power 8973 It takes a sturdy, reliable power megawatts anode dissipation 
tetrode is designed for tough, tube to have on-the-job results rating. The X-2242 is the same 
on-the-job results under difficult like these and the 8973 is doing size as the 8973. That's a lot of 
circumstances. For CW or long- it, day after day. power In a small package! 
~u l se  service in ~lasma heatina r -  - " 
and accelerator a~~llcations, And Is just the For a data sheet and technical 
this rug~ed Varian ElMAC power literature on the 8973, contact 
tube ffik your needs. Look at The X-2242, available early in Varian EIMAC, 301 Industrial 
these demanding applications 1986, will provide 2.5 megawatts Way, San Carlos, CA 94070 or 
where the 8973 is operating at 80 MHz and 1.5 megawatts at call (415) 592-1221, TWX 9l0.376 
today 130 MHz. All of this, plus 1.4 4893. 

Power Output Pulse length 

1.5 MW 20 seconds 
750 kW 10 seconds 
1.5 MW 300 milliseconds 
1.5 MW 3 seconds 

Uww 

JET 
JTgO 
J FT-2M 
KFA-Tmtor 

'ICH = Ion cyclotron heating 

Applkatkn 

ICH ' 
ICH' 
ICH ' 
ICH' 

Fmquency (MHz) 

25-50 
110-130 
10-40 
29-59 



modular transmit and 
receive converters 

for 902 MHz 

MMlCs 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 AYPLIFIER 

I F  RF 

LO 

IMPLIF IER AMPLIFIER AMPLIFIER 

I F  - RF 

LO 

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

of a complete 902-MHz transverter. The converters 
have a common board design for simplicity; MMlC 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 MMlC 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 Reisert2 and Hilliard,3 can be driven 
directly from the upconverter module. A low-noise am- 
plifier, such as the one described by Hilliard4 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, NGJH, 142 Kensington Place, 
Frederick, Maryland 21701 
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fig. 2. M M l C  device typical outline. The various M M l C  
amplifiers all have the same pin configuration, though 
the package dimensions vary somewhat. 

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 dictate 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. 

IGROUNOJ 

Both converters use silicon microwave monolithic 

0 0 9 ,  
( 2  3mm)  

-0 2 5 0  
I 6  4mml 

integrated circuits (MMICs) extensively. These devices 
have been described recently in Amateur publica- 
t i o n ~ . ~ , ~  Each MMlC device is a completely matched 
broadband rf circuit, so only blocking capacitors and 
a bias network are needed to 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 MMlC amplifier devices suitable for use 
in this converter are the Avantek MSA series, the 
CGY-40 device from Siemens, and the newly an- 
nounced MMlC from Mini-Circuits Labs, the MAR-1.' 
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 board 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 MMlC 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. 

iT--f--f 
0580 OR45 

119 7mml 121 qmm! 

filters 
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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. 

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 LO 
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  amateur^.^,^ Their chief advan- 
tage lies in their ease of reproduction and stability; be- 
cause the inductors are printed onto the board they 
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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. 5. Full-size printed circuit board negative. 
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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. 
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ing, the required rejection of out-of-band products is dependent filters with few elements than it is to tune 
achieved not in one filter, but in two or more. There one filter which has many resonators. This is especially 
is a simple reason for this: it is easier to tune two in- true when simple test equipment (i.e., no spectrum 

Table 1. Typical 900 MHz performance o f  three different manufacturers' MMIC's. 

Bias Package & 
Typical Typical Noise Typical P ldB  Bias Resistor Lead 

Device gain, dB  figure dB  dBm volts/mA 13.6 volts Identif ication 

Avantek: 
MSAOlM 17 5 t 1  4.5117 560 Plastic package; 
MSA02M 13 6 + 3 5/25 510 moulded "bump" 
MSA0304 12 6 t 8  5/35 270 near output lead. 

MSA0404 8 6 t 1 1  5.5150 160 

Siemens: 
CGY-40 9 3 t 17 4.5165 130 Ceramic package. 

Output lead slashed. 

Mini-Circuits: 
MAR-1 14 5 + 1 7/20 330 Plastic package. 

Input lead slashed. 

CIE Clb C8 CT C14 CIS C4 C3 El$! C I I  

& &  & &  & &  
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fig. 6. Parts placement: (A)  downconverter. (6 )  upconverter. Parts shown in  dotted lines are installed o n  the other side 
of the board. Eyelets are used i n  four places t o  ensure good grounding for the filters. 



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. I t  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 exclusivel 
through us - so call us direct, T g LL 
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 
lhe Professional Monitor Receiver 

10707 East 106th Street, Indianapolis. IN 46256 

Call Toll Free 800-445-7717 - Visa and Mastercard - 

a COD slightly higher y- 
In IN 317-842-7115 Collect 

Warehouse 22511 Aspan Streel. Lake Foiesl. CA 92630 

(7'/aWD x 55/rsr'W x 3l/a"H Wt. 2 Ibs.. 10 02.) 



Factory ~ested 
Completely Assembled 

lpletely Weatherized Balun 
Available 

I Con 
I Also 

Pow 

SPECIFICATIONS 

Electrical Mechanical 
Band Width ............ .1260-1300 MHz Beam Length .................... .12' 4" 
Gain.. ............................ 18.2 Element Length .................... 4.5" 

......................... VSWR ............... Better than 1.5 to 1 Mast. 2" O.D. 
Feed Imp.. ................... .50 Ohms Windload . . . . . . . . . . . . . . . . . . . . . .  I sq. ft. 

................... Balun .4:1 Rigid Coax 

Mirage Communications Equipment, Inc 
RO. Box 1000 

Morgan Hill, CA 95037 
(408) 779-7363 
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fig. 7. Schematic diagrams: (Al downconverter, (BI 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 t o  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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DEVICE 

Parts list. fig 8 

Parts common to both versions 

C1,2,5,6,9,10, 30 to IW pF chtp capacitor 
17.13.15 
C3.4.7.8 2-70 pF variable cap 
C12,14,16 0.01 to 1 /,F ceramic disk capacitor. 25 volts 
C17 5 ~ l W  / IF electrolytic or tantalum 
RFC 1,2,3 Approximately 10 turns No 30 A WG solid Kynar insulated wire 

(wire-wrap wirel, close-wound on 0.06-inch diameter form 
(removed after winding1 

U7 SBL- I X  mixer. Min i  Circuits Labs 

Parts specific to upconverter- 

ARl  Avantek MSA03W MMIC amplifier 
A R2 Avuntek M S A W  MMIC amplifier 
A R3 Siemens COY-40 MMlC  amplifier 
R l  270 ohms, 112-Watt 
RZ 160 ohms. 1/2- Watt 
R3 130 ohms. 1 Watt 

Pans specific to downconverter 

AR1.2 Aventek MSA03W MMIC amplifier 
A R3 Siemens CGY 40 MMIC amplifier 
R1.2 270 ohms. 112- Waft 
R3 130 ohms. 1 Watt 

758MHZ 
+ 7dBm 

FILTER AMPLIFIER AMF 

144 903 
IN OUT 

SBL-IX MSA03 BPF MSA04 BPF COY-40 

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 

144 

STAGE GAIN, 
d B  AT MHz 

9 0 3  

144 

SIGNAL 
LEVELS.  dam 758 
AT M H z  

903  

is no artwork for the ground plane side of the board, 
so the clearance holes are made by hand with a small 
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 MMlCs 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 MMlCs 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 MMlC orientations are 
of course opposite in the two versions. Otherwise, the 
parts locations are identical. 

-20 12 - 4 0  8 - 4 0  9 

9 - 2 0  I 2  -20  8 -20 

- 7 re -2  8 -2  9 

0 - 20  - 8  - 4 8  - 4 0  - 8 0  - 71 

- 1 3  - I - P I  -12 - 32 -23 

- 7 + 5  + 3 +I I + 9 +I8 

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 

fig. 8. Signal level diagram for the upconverter. The three main frequencies of interest are tracked through the chain to 
ensure that each is at a manageable level at each stage. 
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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 MMlCs are a good choice here; I used the 
Avantek MSA0304. 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 5 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 to 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-fl 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 rt drive level set to - 35 dBm and with t 10 dBm drive 

at 758 at the LO port 

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, I 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 MMlCs 
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 758 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 MMlC bias resistors are visible. 

7 W I T T I  OUT 

TO 
4NTENNIl 

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, forttlnately. 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. I 
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, 

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 MMlC 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 MMlC 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, MMlCs are available from 
manufacturers and their distributors in moderate quan- 
tities. MMlCs will probably be stocked by Amateur 
vendors soon, too. As a courtesy to Amateur builders, 
I 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 VERTICAL SENSITIVITY CENTER FREQUENCY 1s REFERENCE LEVEL a 
Analyzer was developed to assist in the atlows to change the a 5 d~g~ t .  7 element LED used to ~stabl~sh the 

installation and maintenance of Single dlsPlaY between 

Channel Per Carrier (SCPC) satellite and 

reception systems. Designed to be con- 
nected to the 70 MHz IF output of a C or TUNING allows you to 
Ku Band downconverter the STA-70D select the center tre- 

displays signal level, interference, and quency and mom the 

all carriers present. When an antenna is 
dlsplay "w~ndow" up or 
down the spectrum being 

connected to the RF INPUT the FM 
Broadcast spectrum can be examined. SPAN controls the width 
A built in audio demodulator allows the 
STA-70D to operate as a fixed tune 
receiver at zero span. This means you RF INPUT BNC connector 
not only see the carriers but you can accepts s~gnals to be dis- 
listen to them as well. Price $1960 played from less than 50 

MHz to over 1 10 MHz. 
The STA-70D is adaptable to other than AUDIO OUT mimature 
the 50 to 110 MHz frequency band used phono lack for low ~mpe- 
in SCPC satellite communications. For dance earphones. 

example the STA-70D can be ordered RESOLUTION BAND- 
for use as a spectrum display monitor WIDTH TWO posttlon 
for special ECM requirements. Possible by SWIIC~ selects either 100 
applications are unlimited call or write 
AVCOM with your requirements. HORIZ & VERTICAL 

POSITION these two 
NEW PSA-35A PORTABLE knobs control the place- 

SPECTRUM ANALYZER ment of the display on the 

audlo feature on or off and bandwidth f~lterr. 
controls the volume of the 
internal speaker or the 
AUDIO OUT mlnlature 

The PSA-35A Portable Spectrum Ana- screen phono jack. Wlth the 
SWEEP RATE controls the SPAN control set to ZERO 

lyzer accurately measures wide band rate the analyzer sweeps (0 )  the STA-70D will oper- 
signals commonly used in the United through the trequency ate as a f~xed tune recelver 

States and European satellite communi- band set by span and the so you can obtaln audlo 

cations industry. The PSA-35A fre- 
rate at whlch the analyzer tdentificatlon of the slgnal 
sweeps the display d~splayed 

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 

NEW!! AVCOM PSA-35A 
or 10 dB/Div. The portable, battery or PORTABLE SPECTRUM ANALYZER 
line operated. PSA-35A spectrum ana- 
lyzer is the perfect instrument for the 
critical dish alignment and tracking re- 

10-1 750 M Hz 3.7-4.2 GHz 
quirements necessary for maximum INTENSIN controls the SWEEP controls rate ot 

signal reception. Price $1965 brightness of the display analyzer and the speed frequency 01 the sweep trace BAND SELECT controls 

AVCOM manufactures many helpful and VERT IS used to position Input frequency range to 
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ATV MADE EASY WlTH OUR SMALL ALL IN ONE BOX TC70-1 
TRANSCEIVER AT A SUPER LOW $299 DELIVERED PRICE! 
CALL 1-818-4474565 AND YOURS WILL BE O N  ITS WAY IN  24 HRS (VIA UPS SURFACE IN CONT. USA). 
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PTL (push to look) TIR switching DX with TC70-1s and KLM 440-27 antennas line of sight and 
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Requires 13.8vdc @ 500 ma. + color camera current accessment, etc. Get 50 watts p.e.p. with the Mirage D24N or 

D l  01 ON-AN amp for greater DX or punching thru obstacles. 
Just plug in your camera or VCR composite video and audio. 70cm The TC70-1 has full bandwidth for color, sound, like broadcast. 
antenna. 1210 14 vdc, and you are ready to transmit live action You can show the shack, home video tapes,computer 
color or black and white pictures and sound to other amateurs. programs,repeat S S N ,  weather radar, or even Space Shuttle 
Sensitive downwnverter tunes whole 420-450 mHz band down to video if you have a home satellite receiver. See the ARRL 
channel 3. Specify 439.25. 434.0, or 426.25 mHz transmit Handbook chapt. 20 Ei 7 for more info & Repmter Direcfory for 
frequency. Extra transmit crystal add $15. local ATV repeaters. 

Transmitting equipment sold only to licensed radio amateurs verified in the 
PURCHASE AN AMP WlTH THE TC70-1 81 SAVE! 

Callbook for legal purposes. II recently licensed or upgraded, send copy of 50 WATT WlTH D24N-ATV. . . . $49 9 
license. Receiving downconverters available to all starting at $59 (TVC-2G). All prices include UPS surface shipping cant. USA 
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COMPLETE ATV STATION 

TC70-1 ... $299 
ATV Transce~ver  M~rage 024N ..... $219 KLM 440-27 14dbd $107 
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the TEXNET packet-switching 
network 

part system definition 

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 to 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 

and design 
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, N5EG, Texas Packet 
Radio Society, 265 Daniel Drive, Plano, Texas 
75074 
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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. 
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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-hop 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 (i.e., the response slows down) as the quality 
of the packet links degrades and causes more retries. 
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fig. 1. Throughput vs. rf link quality 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. 



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 more 
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 

0 
IRECEIVERJ r . m o E R .  \ ,-.-'.a 

0 
(REPEATER1 

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. That is, 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 6 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 i t  informs A that something is 

EXAMINE LAYER 3 HEAOER- 
IT TELLS US THE 

LAYER 2 

STATION A 

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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fig. 5. Contents of the packet. The layer 3 envelope is 
wrapped around the data first. I t  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. 

NETWORK 
BOUNDARY - = NETWORK LlNK - USER LINK 

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. 

W B J P U C - 4  
DALLAS 

fig. 7. This is a map of theTEXNET test bed and two user 
stations (operators, TNCs, and 2-meter radios) of the net- 
work. Network trunks exist between Murphy, Dallas, 
and TI, 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 8 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. A t  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 8, through intervening users. A t  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. For example, let's look at the sequence 
K5YEF (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 K5YEF types is shown underlined; all other 
text appears on his CRT. 

N5EG-4 V IRTUAL  CONNECTION 0 3  AT 1 7 . 0 4 : 5 7  ON 1 1 / 2 6 / 8 6  

* * '  WELCOME TO TEXNET V0706-WB5PUC *'* 

COMMANO ? 
YOUR CONNECTION I S  ESTABLISHED 

From this point on, the communication proceeds 
normally. 

What does the station WD5HJP see? Let's take a 
look at WD5HJP1s CRT. 

CMO>***CONNECTED TO WASMWO-4 
INCOMING TEXNET CONNECTION FROM K5YEF-0  AT MURPHY 

A t  this point, whatever K5YEF 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, this type of layer 3 protocol - 

( S E N D E R )  

USER I H u h *  

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. 

- = NETWORK ~ X ! , N X  

USER THUI*' 

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 bevoted 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 f ig. 1 should be easily adaptable 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 operating 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 conf~guration into displayed memory 

channel. 
A Stores current configuration into last displayed VFO 

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 pull-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. I t  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 l ine 1000 is the first 

Charles F. Bahr, N7ICW. 5621 North 40th Street, 
Tacoma, Washington 98407 
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10 REM l t t l t l ttt l t l l l t t l l l t t1tl l l l l l l l l  
20 REM 1 F I L E  NAME: CSMA/CD 1 
30 REM 1 T H I S  ROUTINE CONTROLS AN 1 
40 REM 1 ICOM 735 H F  TRANSCEIVER 1 
50 REM 1 EQUIPPED W I T H  THE C I - V  DATA 1 
60 REM 1 BUS AND CONTROLLED B Y  THE 1 
70 REM 1 COMMODORE 64.  1 
80 REM 1 REFER TO THE C-64  PROGRAMMERS* 
90 REM 1 REFERENCE G U I D E  PAGES 3 4 8  1 
98 REM 1 THROUGH 357 FOR ASSISTANCE. 1 
99 REM t l l l t l l l l l l lLll l l l l t tt l tt l l l l l l l l l l l~ 
100 REM 
110 REM BY: CHARLES F. BAHR 
120 REM N 7  I CW 
122 REM 5621 NO. 4 0 T H  
1 2 4  REM TACOMA, WN. 98407 
1 4 0  REM 
160 REM 
170 REM ----- V A R I A B L E  D E F I N I T I O N  ----- 
tea R E ~  Fn 9 BAD DATA = ~ s o  
190 REM F B  - GOOD DATA 9 251 
200 REM F C  = JAMMER CODE = 252 
210 REM F D  STOP BYTE = 253 
220 REM F E  * .START BYTE 2 5 4  
230 REM SR = SThTUS REGISTER 
2 4 0  REM R = RECEIVER ADDRESS 
260 REM C CONTROLLER ADDRESS 
265 REM F - I N P U T  FREQUENCY 
280 REM 
300 REM ----- SUBROUTINE MAP ----- 
3 1 0  REM 
320 REM 600 I N I T I A L I Z E  
330 REM 750 M A I N  MENU 
3 4 0  REM 1000 SET FREQUENCY 
350 REM 2000 S E T  MODE 
360 REM 3000 S E T  VFO 
370 REM 4000 SET MEMORY 
380 REM 5000 PROGRAM MEMORY 
390 REM 6000 MEMORY TO VFO 
4 1 0  REM 8000 SOFT KEY SETUP 
4 2 0  REM 8500 CLEAR SCREEN 
4 2 5  REM 8600 RESULTS OF CHANGE 
4 3 5  REM 8 7 0 0  GET DATA 
4 4 5  REM 8900 CONVERT TO HEXADECIMAL 
4 5 0  REM 9500 ERROR PROCESSING 
4 6 0  REM 9900 E X I T  ROUTINE 
4 7 0  REM 
599 R=O 
600 REM ----- I N I T I A L I Z E  SYSTEM ----- 
6 0 1  OPEN 2,2,O,CHRS(B)+CHRS(17) 
602 REM 1200 BAUD,PARITY OISABLED,XLINE 
605 D I M  K t 2 O ~ . Y ~ 2 0 ~ . X ~ 2 O ~ . E S ~ 2 O ~ , V S ~ 2 ~ , E ~ 2 O ~ , D S ~ 2 O ~ , D ~ 2 O ~  
615 POKE 53280,O:POKE 53281,O:REM SCREEN AND BORDER 
630 P R I N T  CHRS(3O) 
631 I F  R>O THEN GOT0 6 4 0  
6 4 0  GOSUB 8500:REM CLEAR SCREEN 
650 REM 
680 DATA 1.SET FREQUENCY.2.SET MODE 
690 D a T A  3.SET VFO A OR B.4,MEMORY CHANNEL 
700 DATA 5.STORE MEMORY.6.MEMORY TO VFO 
705 REM 
750 REM ----- M A I N  MENU ----- 
755 REM 
760 GOSUB 8 5 0 0 r R E M  CLEAR SCREEN 
765 P R I N T  C H R S ( 3 0 )  
770 P R I N T  TAB ( 1 1 ) " M A I N  MENU" 
775 P R I N T  
780 P R I N T  
785 P R I N T  T A B ( 3 )  "CODE"TAB( 10) "FUNCTION" 
790 P R I N T  
795 RESTORE 
800 FOR X = l  TO 6 

fig. 1. ICOM-735 hf transceiver program. 



805 READ D,BS 
810 PRINT TAB(3)D TAB(1O)BS 
815 PRINT 
820 NEXT X 
8 2 5  PRINT 
8 3 0  PRINT TAB(4)  "ENTER CODE" 
8 4 0  REM 
850 GOSUB 8000tREM SOFT KEYS 
8 6 0  GET AS 
8 6 5  I F  AS="" GOT0 860 
8 7 0  A=ASC(AS+CHRS(O)) 
8 7 5  A-0-48 
BBO I F  AS=CHRS(133) THEN GOT0 860:REM BLANK SOFT KEY 
8 8 5  I F  AS=CHRS(134) THEN GOT0 640:REM MAIN MENU 
8 8 7  I F  AS-CHRS(135) THEN GOSUB 7000:SYSTEM STATUS 
8 8 0  I F  AS=CHRS(l35) THEN GOT0 631tREM REDISPLAY MENU 
8 9 0  I F  AS=CHRS(136) THEN GOT0 9900tREM E X I T  PROGRAM 
9 0 0  I F  A<1 OR A>6 THEN GOT0 631 
910 ON A GOT0 1000,2000,3000,4000,5000~6000 
9 2 0  GOSUB B500:REM CLEAR SCREEN 
9 2 2  PRINT 
9 2 4  PRINT 
9 2 6  PRINT 
9 2 8  PRINT 
9 3 0  PRINT " INVALID  CHARACTER, TRY AGAIN." 
9 4 0  FOR X - 1  TO 2500: NEXT X 
9 5 0  GOT0 760 
1000 REM 
1010 REM tltlttlttttllLtllLtttlttt 
1 0 2 0  REM 1 SET FREQUENCY ROUTINE 1 
1030 REM 1 CONTROL CODE 05 1 
1 0 4 0  REM ttlltltlttlttllttttllllll 
1060 GOSUB 85OO:REM CLEAR SCREEN 
1 0 6 1  CLOSE 2 
1 0 6 2  OPEN 2.2,0, CHRS ( 8 )  +CHRS ( 1 7 )  
1 1 1 0  REM 
1120 FOR X-1 TO 10 
1130 PRINT 
1 1 4 0  NEXT X 
1150 INPUT " ENTER NEW FREQUENCY I N  MHz "IF 
1 1 7 0  I F  F<=30 AND F>-.1 THEN GOT0 1290 
1180 PRINT " FREQUENCY SELECTED I S  OUTSIDE " 
1 1 8 5  PRINT " BOUNDS OF IC-735. TRY AGAIN." 
1190 FOR X-1 TO 25001  NEXT X 
1200 GOT0 1060 
1290 GOSUB 8900tREM CONVERT TO HEX 
1300 PRINT#2.CHRS(254)+CHRS(254)+CHRS(4)+CHRS(241)~ 
1310 P R I N T # 2 , C H R S ( 5 ) + C H R S ( W ) + C H R I o + C H R S ( T ) + C H R S ( 2 5 3 )  
1 3 2 0  GOSUB 8700rREM VERIFY DATA 
1330 CLOSE 2 
1 3 4 0  GOT0 600 
2000 REM ~ l t l $ l l l l l l l l l l l l l l l  
2 0 1 0  REM t SET MODE 1 
2020 REM 1 CONTROL CODE 06 1 
2 0 3 0  REM t l t t t t t t t l l l t l l l S t l  
2 0 4 0  REM 
2 0 5 0  CLOSE 2 
2060 OPEN 2.ZSO,CHRS(8)+CHRS(17) 
2 0 8 0  GOSUB BSOOtREM CLEAR SCREEN 
2090 FOR X = i  TO 1 0  
2 1 0 0  PRINT 
2 1 1 0  NEXT X 
2 1 1 5  M=4 
2130 PRINT TAB(3)  "LSB"; 
2 1 4 0  PRINT Tf iB(9)"USBU1 
2150 PRINT TAB(1S)"AM" l  
2 1 6 0  PRINT T A B ( ~ ~ ) " C W " I  
2 1 7 0  PRINT TAB(27)"FMM 
2 1 7 2  PRINT 
2175 INPUT " ENTER MODE: ";MS 
2 1 8 0  IF MS="LSB" THEN M=OO 
2190 I F  MS="USB" THEN M-Ol 
2200 I F  MS="AM- THEN M=02 
2 2 1 0  IF ns=wcwlo THEN M = O ~  
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2220 I F  MS="FM" THEN M=O5 
2230 I F  M=4 GOT0 2080 
2 2 4 0  PRINT#2,CHRS(254)+CHRS(254)+CHRS(4)+CHRS(242); 
2250 PRINT#2,CHRS(O6)+CHRS(M)+CHRS(253) 
2260 GOSUB 8700:REM V E R I F Y  DATA 
2270 CLOSE 2 
2280 GOT0 600 
3000 REM t t t t t l t t t t t t t t t t t t t  
3010 REM 1 SET UFO I 
3020 REM t CONTROL CODE 07 t 
3030 REM t t t t t t t t t t t l t l t t t t t  
3 0 4 0  REM 
3050 CLOSE 2 
3060 OPEN 2,2,0,CHRS(B)+CHRS(l7)  
3 1 2 0  GOSUB 8500 rREM CLEAR SCREEN 
3130 FOR X=1 TO 10 
3 1 4 0  P R I N T  
3150 NEXT X 
3160 V=2 

- 3 1 7 0  I N P U T  " ENTER UFO A OR 8" ;VS 
3180 I F  VS="BW THEN L E T  V=1 
3190 I F  VS="A" THEN L E T  V-0 
3200 I F  V=2 THEN GOT0 3000 
3 2 1 0  PRINT#Z,CHRS(254)+CHRS(254)+CHR*(4)+CHRS.(241): 
3220 PRINT#2,CHRS(07)+CHRS(V)+CHRS(253) 
3230 GOSUB 8700:REM V E R I F Y  D A T a  
3 2 4 0  CLOSE 2 
3250 GOT0 600 
4 0 0 0  REM t t t l l t t t l t t t t t t t t l t l t t t t t t  
4 0 1 0  REM I D I S P L A Y  MEMORY CHANNEL t 
4 0 2 0  REM t CONTROL CODE 08 t 
4 0 3 0  REM I S t t t l ~ t t ~ i t t t l l t l l t t t l t l l * ~ * *  
4 0 4 0  REM 
4 0 5 0  CLOSE 2 
4 0 6 0  OPEN 2,2,0,CHRS(B)+CHRS(l7)  
4 0 8 0  GOSUB 8500 :REM CLEAR SCREEN 
4 0 9 0  FOR X I 1  TO 10 
4 1 0 0  P R I N T  
4 1 1 0  NEXT X 
4130 I N P U T  " D I S P L A Y  WHICH CHANNEL "IF 
4 1 5 0  I F  F < = 1 2  AND F>-1 THEN GOT0 4 2 6 5  
4 1 6 0  P R I N T  " CHANNEL SELECTED I S  NOT A V A I L A B L E "  
4 1 6 5  P R I N T  " ON IC-735.  TRY fiGAIN. " 
4 1 7 0  FOR X=1 TO 2500: NEXT X 
4 1 8 0  GOT0 4 0 8 0  
4265 GOSUB 8900:REM HEX CONVERSION 
4 2 7 0  PRINTYZ,CHRS(254)+CHRS(254)+CHRS(4)+CHRS(241)8 
4280 PRINT#2,CHRS(OB)+CHRS(T)+CHRS(253) 
4 2 9 0  PRINT#Z,CHRS(Z54)+CHR.(254)+CHRS(4)+CHRS(241): 
4 3 0 0  PRINT#2,CHRI(OB)+CHRS(253) 
4 3 1 0  GOSUB 8700:REM V E R I F Y  DATA 
4 3 2 0  CLOSE 2 
4330 GOT0 600 
5000 REM I t t t l t $ t t t ~ ~ ~ ~ l l l l l  
5010 REM 8 STORE TO MEMORY t 
5020 REM t CONTROL CODE 09 L 
5030 REM t t t t t t t t t t t t l l l l l * S  
5 0 4 0  REM 
5050 CLOSE 2 
5060 OPEN 2,2,0,CHRS (8) +CHRS (17) 
5 1 2 0  GOSUB 8500 :REM CLEAR SCREEN 
5170 PRINT#2,CHRS(254)+CHRS(254)+CHRS(4)+CHRS(241); 
5 1 8 0  PRINT#Z,CHRS(09)+CHRS(253)  
5185 FOR X = l a T O  10:PRINT:NEXT X 
5 1 9 0  GOSUB 8700:REM V E R I F Y  DATA 
5200 CLOSE 2 
5210 GOT0 600 
6000 REM t t t t t t l t t t t l 8 ~ l t l ~ l 8 ~ *  
6010 REM t FROM MEMORY TO UFO I 
6020 REM t CONTROL CODE 10 1 
6030 REM I t t t t t t t t t t l t l l l l l 8 t t t  
6 0 4 0  REM 
6050 CLOSE 2 
6060 OPEN 2,2,O, CHRS (8) +CHRS ( 17) 
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l77Ol?A ?:'I1 MH, Itnn<vrrlef 

78 om 511 11. ISW 5220 
Plt2.1700 1798 MH; walor c,~!ldrd PA. 

7 lhilr~ 7lXlW + 5275 
ALSO AVAILABLE MICROWAVE MODULES. EME ELECTAONIC 
TRANSVERTERS UNLlMlTEO HANS PETERS IYEJCAU) 
nrlx fi?nt, ' , r n r l n~  A (III~I 754 1%: 
l l l l lnNl(l  (IN1 Alllll 1 VI MINIIS 
(:ANAllA M!>W It'l 

OPPORTUNIM 
Esrabl~shed elhlcal ten year-old mail-order busnesslor 

sale lnslanl namelloqo recoqnltlon and excellent repu- 
latlon worldwlde Ideal lor IKhncdlly competent amateur 
seek~nqsal~sly~ng career e~ther assubst~tule lor present 
employmenlol asa rt'llrement buslness Mln~mumover- 
head expense anrl s~ r~n~ f t can l  small buslness lax advan- 
lafles Can he carrteil on lrom a home anywhere as a 
"mom and ~ o p  ' clnsely-held corporalton (as 11 IS at 
present) or expanded lo  any extent deslred. Combrnes 
present hobby w ~ l h  ;I proven sourceol~ncome-antdeal 
coniblnatton lns~qn~l~canlcompellllon. Ihe pr~nopalsales 
llenl I S I ~  conslantdpl~~and worldwlde lor usemall ham 
r~qs. old and new, lacloy-mad? or "home-brew" No 
manulaclor~nq. Invenlory. or storage problems. the 
physically small prln~:lpal Item IS obtalned lrom an as- 
sured source-the loll-rated manulaclurer o l  lhls spe- 
clallty In Japan Add~llonal opporturlltles l o  expand ap- 
pllcaBons and proills lhrouqh R 8 Dare llmlled only by 
Inlllallve. Inlaglnatlnn. and technlcal compelence 

Monthly salesaveraq~ng$I0,000lor Ihelastlhreeyears 
have provlded reasonable salarlcs and good dividends 
because o l  generous pro111 nlarqlnr and leqlllmate tax 
allowances lor home-olllce rental, pro.rala car operallng 
expense, haln and o l l ~ c r  equipment depreclal~on, etc 
Easy ownership transfer wilhoul lnlerruptlon 01 cash llow 
"Hand-holdlnq" IS ava~lablc dur~nq transition 

[)ela~led ~nlorrnatlon w ~ l l  be sen1 only l o  those judged 
lo  have 111s bus1 chance01 success Accordingly. serlous 
lnqulrersshuuld wrllr qrvlllg hro!lraplllcaldala lnclud~ng 
age. educallon, technlcal backqround, and cxperlerlce. 
Box 498 
Greenv~lle. NH 03048 

NO RADIALS1 

I t I K f  E EXCELLENT REVIFWS IUST 
I)ON'T H A P P E N  RY C H A N C E .  

C A I  L US FOR A FREE CATALOGUE. 

RlLAL C O M P A N Y  
\ ll 2 m,,, 62, Ih'pl J 

I l k  I I I L/ 1 4  
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I The 'Flying Horse" 
I sets the standards 

I Contlnulng a 66 year tradltlon, there an 
three new Callbooks for 1987. 

The North Amerlcan Callbook lists the calls 
names, and address Information for Ilcensec: 
amateurs In all countries from Canada tc: 
Panama Including Greenland. Bermuda. an( 
the Caribbean islands Plus Hawall and thl 
U.S. possessions. 

I The lnternatlonal Callbook llsts thl 
amateurs In countrles outslde Nortt 
Amerlca. Coverage Includes South America 
Europe. Africa. Asia. and the Pacific area 

The 1987 Callbook Supplement Isa new ldei 
In Callbook updates; I t  llsts the actlvlty IT 
both the North American and lnternatlona 
Callbooks. Published June 1. 1987. thl 
Supplement wil l  include all the new licenses 
address changes, and call slgn changes fo 
the preceding 6 months. 

I Publication date for the 1987 Callbooks I 
December 1. 1986. See your dealer or orde 
now directly from the publisher. 

oNorth American Callbook 
Incl. shlpplng wlthln USA $28.01 
Incl. shlpplng to  forelgn countrles 30.0( 

I o International Callbook 
Incl. shlpplng wlthln USA $28.01 
Incl. shlpplng to  foreign countrles 30.01 

0 Callbook Supplement. published June 1st 
Incl. sh lp~ lng wlthln USA $13.01 
Incl. shlpplng to forefgn countrles 14.0( 

SPECIAL OFFER 

I 080th N.A. & lnternatlonal Callbooks 
IncI. shlPPln4 wlthln USA $53.01 
Incl. shlpplng t o  forelgn countrles 58.0b 

Illlnols rwsldents please add 6H% tax. 
~ l l  payments must be In U.S. funds. 

RAOlO AMATEUR 

I Tel: (312) 2346600 ; @3 

6150 GOSUB 8500 IREM CLEAR SCREEN 
6170 PRINT*Z,CHRS(254)+CHRS(254)+CHRS(4)+CHRS(241)g 
6175 PRINTWZ,CHRS(lO)+CHRS(253) 
6180 FOR X = l  TO 1O:PRINT:NEXT X 
6190 GOSUB 8700:REM V E R I F Y  DATA 
6200 CLOSE 2 
6210 GOT0 600 
7000 REM t t t t 8 t 8 t 8 8 8 t 8 l l 8 t t t t 1 t 8 8 8 8 t 8  
7010 REM t SYSTEM MONITOR t 
7020 REM 1 CONTROLL CODES 03 AND 04 t 
7030 REH t t t l t t t l t l t t t t t t t 8 8 8 t t t t t t 1 8  
7 0 4 0  REM 
7 0 6 1  CLOSE 2 
7062 OPEN 2,2,O,CHRS (8)+CHRS (17) 
7 1 1 5  GOSUB B5OO:REM CLEAR SCREEN 
7120 FOR X - 1  TO 10 
7130 PRINT 
7 1 4 0  NEXT X 
7 2 4 0  M-3 
7250 P R I N T * 2 , C H R S ( Z 5 4 ) + C H R S ~ Z S 4 ) + C H R S ( 2 4 1 ) ~  
7260 PRINTY2,CHRS(S)+CHRS~253)  
7 2 6 2  GOSUB 8700:REM GET DATA 
7 2 6 5  GOSUB 8bOO:REM RESULTS 
7 2 7 5  CLOSE 2 
7 2 8 0  OPEN 2,1,0,CHRS(B)+CHRS117) 
7 2 8 4  M=4 
7286 PRINT#Z,CHRS(Z54)+CHRS(254)+CHRS(4)+CHRS(l)+CHRS(4)+CHRS(253) 
7 2 8 7  GOSUB 8700:REM GET DATA 
7 2 9 0  GOSUB 8626:REM RESULTS 
7 3 0 5  CLOSE 2 
7 3 1 0  RETURN 
BOO0 REM ----- SOFT KEYS ----- 
8 0 1 0  REM 
8020 PRINT C H R S ( l 8 )  
8 0 3 0  PRINT CHRS(154) 
8 0 4 0  PRINT CHRS(19) 
8 0 4 5  PRINT 
8 0 4 6  PRINT 
8 0 4 7  PRINT 
8 0 6 0  REM PRINT TAB ( 3 3 )  "SYSTEM " : 
8 0 7 0  REM PRINT TA8(7S)"MONITOR" 
8 1 0 0  PRINT 
8 1 1 0  PRINT T A B 1 3 3 ) "  " i 
8 1 2 0  PRINT T A B ( 7 3 ) "  " i 
8 1 3 0  PRINT TAB (SO) "F3-MENU" 
8 1 4 0  PRINT 
8 1 5 0  PRINT 
8 1 5 5  PRINT 
8 1 6 0  PRINT 
8 1 7 0  PRINT TAB 130)  "FS-SYSTEM" ; 
8 1 8 0  PRINT TAB (70) ' STATUS " 

8 1 9 0  PRINT 
8200 PRINT 
8 2 2 0  PRINT 
8 2 3 0  PRINT TAB(30)"F7-PROGRAM": 
8 2 4 0  PRINT T A E ( 7 1 ) "  E X I T  " 
8 2 5 0  PRINT CHRS(146):PRINT CHRS(30) 
8 2 6 0  RETURN 
8 2 7 0  REM 
8 5 0 0  REM ----- CLEAR SCREEN ----- 
8 5 1 0  REM 
8 5 2 0  PRINT CHRS119) 
8 5 3 0  PRINT CHRS(147) 
8 5 4 0  RETURN 
8 6 0 0  REM ----- RESULTS ----- 
8 6 0 6  FOR X= l  TO 1 5  
8 6 0 8  I F  K ( X ) = 2 5 3  THEN GOT0 8 6 1 0  
8 6 0 9  NEXT X 
8 6 1 0  PRINT "FREQUENCY:": 
8 6 1 4  FOR Y=X-1 TO 6 STEP -1 
8 6 1 6  F = K ( Y ) / 1 6  
8 6 2 0  PRINT INT(F)TAB(0)1F-INT(F))*lb; 
8622 NEXT Y 
8623 P R I N T  
8 6 2 4  RETURN 
8.526 ns=o*as 
8627 P R I N T  





RING0 RANGER II 
ARXQB 134-164MHz 

ARX220B 220-225MHz 
ARX450B 435450MHz 

MOBILE ANTENNAS 

CSSOM 46-54MHz Magnetic Mount 
CS147M 144-1 74MHz Magnetic Mount 
CS220M 220-225MHz Magnetic Mount 
CS450M 435470MHz Magnetic Mount 

@mm C O R P O R A I I O N  

THE ANTENNA COMPANY 
48 Perlm~tr~r Road P 0 Box 4b80 
Manchesler. NH 03108 USA 
TELEPHONE 603-627-7877 
TELEX 4949472 CUSHSIG MAN 

I The best combination of gain, 
bandwidth and low angle radiation 

I 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 
Cushcratt antennas created the FM antenna revolut~on by 
maklng the best performance and value available to every 
ham We contlnue to set the pace w~th a broad llne of 
antennas for every FM appllcat~on Tune across the band 
and you will f~nd  the overwhelming malorlty of hams uslng 
one two. or more Cushcraft antennas The reason IS very 
slmply that they are the best Now 1s the tlme for you to 
enjoy the value of a Cushcraft anlenna See your nearby 
dealer today 

I 

Exciting news for HAMS! the same high performance 
and quality. CUSHCRAFTISIGNALS antennas, used by 
professionals and business, are now available to improve 

I ;our mobile communications. 
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 58AIU CABLE 
COAXIAL CONNECTORS 

9 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. 3/4 INCH HOLE MOUNT 

ONLY CUSHCRAFTISIGNALS MOBILE 
ANTENNAS GIVE YOU ALL OF THESE 
IMPORTANT PERFORMANCE FEATURES. 
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8628 PRINT "MODEX " 3  
8630 I F  K(S)=OO THEN MS="LOWER SIDE-BAND" 
8 6 3 2  I F  K ( S ) = O l  THEN MS="UPPER SIDE-BAND" 
8 6 3 4  IF  K ( 5 ) = 0 2  THEN MS="AM" 
8 6 3 6  I F  K ( 5 ) = 0 3  THEN MS="CW" 
8 6 3 8  I F  K ( 5 ) = 0 5  THEN MS="FM" 
8 6 4 0  I F  MS="" THEN GOT0 9500:REM ERROR ROUTINE 
8 6 4 2  PRINT ns 
8 6 4 3  PRINT 
8 6 4 4  PRINT "PRESS RETURN TO CONTINUE" 
8 6 4 6  GET KS 
8 6 4 8  I F  KSOCHRS(13)  THEN GOT0 8 6 4 6  
8 6 5 0  CLOSE 2 
8 6 6 0  GOT0 600 
8 7 0 0  REM ----- VERIFY/GET DATA ----- 
8 7 0 2  GETIZ, DS 
8 7 0 4  I F  DS="" GOT0 8702 
8 7 0 6  FOR D=1 TO 15 
8 7  10 GETW2, DS 
8 7 2 5  K ( D ) =ASC S DS+CHRS (0 ) O 
8 7 2 7  LET E=K(D) 
8 7 3 0  SR=ST 
8 7 3 5  I F  SR AND 247>0  GOT0 9500 
8 7 4 0  I F  E=251 THEN PRINT " CHANGE ACCEPTEDm':!?EM VALID DATA 
8 7 4 5  I F  E-253 THEN LET D=lJ:REM POST AMBLE 
8 7 5 0  I F  E=250 THEN GOT0 9500:REM INVALID  DATA 
8 7 5 5  I F  E=252 THEN GOT0 9500rREM DATA COLLISION 
8 7 6 0  NEXT D 
8770 FOR X=i  TO 25OO:NEXT X 
8 7 8 5  RETURN 
8 7 9 0  REM 
8 9 0 0  REM ----- HEX CONVERSION ----- 
8 9 0 2  REM F I S  BROUGHT I N  
8 9 0 4  F=F+.OOOOOl 
8 9 0 6  T= INT(F)  
8908 I F  T>=10 THEN GOT0 8938 
8 9 1 0  F m ( F - T ) t l O  
8 9 1 2  U = ( I N T ( F ) ) t l 6  
8 9 1 4  F=(F-INTCF) ) t l O  
8916 U=U+INT(F) 
8918 F = ( F - I N T ( F ) ) t l O  
8 9 2 0  V = ( I N T ( F ) ) l l 6  
8 9 2 2  F = ( F - I N T ( F ) ) t l O  
8 9 2 4  V=V+INT (F) 
8 9 2 5  F = ( F - T ) t l O  
8 9 2 6  F = ( F - I N T ( F ) ) t l O  
8 9 2 8  W = ( I N T ( F ) ) t l 6  
8 9 3 0  F = ( F - I N T ( F ) )  110 
8 9 3 2  W=W+F 
8 9 3 4  RETURN 
8 9 3 8  T=(T. - ( INT(T/ lO)  ) t l O ) + ( 1 6 l I N T ( T / 1 0 )  ) 

8 9 4 0  F = ( F - I N T ( F ) ) t l O  
8950 GOT0 8912 
9500 REM ----- ERROR PROCESS ----- 
9505 PRINT " STATUS ERROR "SR C)ND 255 
9 5 1 0  I F  SR AND 2-2 THEN PRINT " FRAMING ERROR" 
9 5 1 5  I F  SR AND 4 x 4  THEN PRINT ' RECEIVER BUFFER OVERRUN" 
9 5 2 0  I F  E-250 THEN PRINT" RADIO DETECTED BAD DATA" 
9 5 2 5  I F  Em252 THEN PRINT" DATA COLLISION DETECTED." 
9 5 3 0  PRINTSPRINT 
9 5 3 5  PRINT " PRESS F 1  TO RESTART" 
9 5 4 0  PRINT " PRESS F 7  TO E X I T  PROGRAM" 
9 5 4 5  GET AS 
9 5 5 0  I F  AS="" THEN GOT0 9 5 4 5  
9 5 5 5  I F  AS<>CHRS(133) THEN GOT0 9910 
9 5 6 0  CLOSE 2 
9565 GOT0 600 
9 9 0 0  REM ----- PROGRAM E X I T  ----- 
9910 GOSUB 8500 
9 9 2 0  CLOSE 2 
9 9 3 0  END 

READY. 

gency back up power and much more 
Portablewetghs only 20 Ibs -eas~ly lnslalled with wr 
comprehensw ~nslallat~m manual mlnlrnum malnten 

MOOEL 
SG-lOOF 

MAD[ IN 
USA 

S429.95 
delivered 

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 Out- 
put adjustable from 5-500 mV at 50 Ohms 

Operates on 12 Vdc @ % 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 

Call or write for details Phone in your 
order for fast COO shipment. 

VANGUARDLABS 
1-36-23 Jamaica Ave.. Hollis. NY 11423 
Phone: (718) 468-2720 Man. lhru Thu. 

Get POWER to ycwr antenna' Our Baiuns are 
already woundana ready tor lnstallallon ~n your 
IranSrnatCh or you may enclose lhern In a 
wealherprool box and connect them dlreclly at 
the anlenna. They aredeslgned lor 3.30MHzop- 
eratcon (See ARRL Handbwk pages 19.9 or 
6-20 lor conslructlon detal ls l  

~rnwettw 1 . 6  1 .9  1 . ~ 1  I ~-cs - .snr tme~  $7054 
U n I w e r ~ l T m r n a t &  1 K W l l  l lmmdnc.l !4 54 
Unirerul T~mn-.t& 2 K W ( 1  1 IrnpeOen~eI 17.00 
Unwcrsal Trmnsm.lci7 1 KW181.9 I O U  I I - u l l o r u )  1I.M 
unwsrua  ran-atcn2~~1~n.9 * .or  I I - ~ W . ~ ~ M J  tsro 

Please send large SASE tor vnfo 
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WIREDITESILD 

2W con t  Up to 3W tnterrnlttent. 

eTA451 for uhf. 
FCC TYPE ACCEPTED FORCOMMERCIAL BANDS 

.VHF & UHF LINEAR AMPLIFIERS. For FM or SSB. Power 
levels from 10 l o  45  Watts. Several models. kcls stannng 

.SENSITIVITY SECONDTO NONE! 0 15uV Typ 

.SELECTIVITY THAT CAN'T BE BEAT! Bolh 8 pole xlal 

hellcal resonator Iron1 end for excepttonal Selecltvlty. 

proof squelch. AFC lrachs drtnang imtrs. Xral oven 
avanl KII $138.wlt $198 

qR451 FM RCVR. Same as above but UHF. Tuned lhne 
front end 0 ZuVsens~t!v~ty K~tonly $138. wn $198 

aR76VHF FM RCVR for 10M. 6M. 2M. 220. Asabove. but 
w10 AFC or he1 res. Kltsonly $98 to $1 18. 

-TD-2 DTMF DECODERICONTROLLER kt1 only $78. -~110 VHF AM RCVR for VHF amran  or ham bands or 
UHF Ktt only $98. 

: TYPE ACCEPTED TRANSMITTERS, 

aAP.2 Simpler Autopatch. Use wllh above 

Iranscelvers UP lo 25W. Tower mtg. hardware 

130  222 IS 10 
110 >?. I" 54 
11, r,. 711 10 

F~cld programmablr. Itmers. Ihc worksf 
UHF MODELS 412.w lelo .cOR-Z klt. $38 Audm rntxer. local spkr amplaf~er. tall & 411411 111 10 

t l n l t . . ~ ~ ~  tlmcrs 
111.1@ 1.4 1.8 

RESONATOR 111 a16 M Y  

eCOR.3 mlt. $48 wlfh CollrtPsy beell 

ONLY $49 VHF 

.DE-202 FSK DATA DEMODULATOR kl t  $38. 

N 0 W - m  
REC W E R !  
HIGH-BANI 

.,,,,,,,,,,,,--A,------ 
HAMTRONICS, INC. I Order by phone or mail Add $3 S&H per order 

65-E Moul Rd.; Hilton NY 14468-9535 I 
I (Electronic answering service evenings & weekends) 

High quallty equipment at reasonable prices surely 1 Use VISA, MASTERCARD, Check, or UPS COD. 



U S E R  
IC -735  PORT - 

DATA 

+ 5 Y  

GND G N D  - - 
fig. 2. One pull-up resistor and several leads comprisetotal 
interface hardware requirements. 

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 IC-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 subroutine 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. 

F E 

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. 

u 
S r d R T  E Y T F  + 

RX ADDRESS -- 
' ' ' ~ ~ T s T o p ; ; ~  

0 

T X  ADDRESS CONTROL CODE 
0-- 0 

fig. 3. IC-735 data word format. 

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. 

VFO 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. lf the channel num- 
ber selected is outside the bounds of the IC-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" on 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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9 MHz CRYSTAL FILTERS 

10.7 MHz CRYSTAL FILTERS 
WAlTE FOR FULL DETAILS OF CRYSTALS AND FlLTFnS 
Cxpon tnqulrles lnvltpd Sh~pptnq 53 75 

MICROWAVE MODULES EQUIPMENTS 
U w  your exlsltng HF or 2M r8g on other VHF or UHF hands 

TRANSVERTERS 
MMk l6q l  1.1; 269 95 MM! 1;,<46, ! 11, .  

MMk I?W, tn.IG MMx ! ? . n  1.t.r 

MMc 439 ATV MM! 4 I.'~H,L;I 
MMc 412 7815) MMI 1.1.1 ?HIIII 
MMC IAd-7RIHP) Mhll t.I.1 :'A 

MMc 144 ;'H MMt 43'1 >t<tSI 

LINEAR POWER AMPLIFIERS 
i O C m  

MML 144-30-LS 
MML 144-50-S 
MML 144-l00S 

74 'IS arner Imp yagl conneclw extra 

BASEBALL CAP 
How ,9111111 an aIl!dcl!ve BASEBALL style cap 
lhdl h t . rlarllc and call on 11 It qlves a 
laonly ,111 wlten worn at Hatnlesls and 11 IS 
a uc~a'  help lor lrlends who have never 
m r l  to spat names and calls lot easy 
recoqncltorl Great for btrlhdays. anntver- 
sarles;.speclal days. whalevcr occaston 
Hals corllr In lhr lollow~rlq cOlOrS 
GOLD. BLUE. RED KELLY GREEN 
Plra\e rend call and r l~ t l l e  
(ni;lxlrn!lro 6 Irlter:, per Ilnel 

UFBC.Bl 56.W 

hm7l 1.0. BADGES radio,= - N" tlalti thou~i l  he w~lhout an I D badqe 
It s ILI\I Ihr llllnq tor club meettnqs 
canventlonr dnrl qel-loqplherc, and you have a BOOKSTORE wtde choice 01 colors Have yout name and call en. 
grave0 In ellner slandard or scrlpl type on 

Greenville, NH one ol Ihese plasltc lan~~nrted I D hadqes 

03048 
Avatlahle In llie tollow~nq ctllor comh~naltons 
(balqe/lelterlnql whltelred. w w d ~  

P leasr  add  (63.50 q ta~ t~ lwh~ le ,  hluelwh~lr wl~~lelblack. 
lor shlpplng yell~wlblue, rrr l lwh~le, qrrcrl lwh~lr. melall~c 

qoldlhlack nlrtalttc r lke~/hl ,~ck 
and handl tng UIO f tnqraved I D Radqc $2.50 

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 l ine 8900 
converts a decimal number to its hexadecimal equiva- 
lent. Error handling is performed by the subroutine at 
l ine 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 

ordinan/ 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. 

ham radio 

LOW BAND DX-ING 
COMPUTER PROGRAMS 
by John Devoldere, ON4UN 
for Apple II, 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: sunriselsunset. 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. is 1986. 
I iUN-Apple $19.95 
I I UN-MS (MS-DOS) $19.95 
r IUN-CPMIKaypro $19.95 
[ IUN-C-128 (COMMODORE) $19.95 - v,sn Please enclose $3.50 for .- - shipping and handling 
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Under New Ownership 

American made RF Amplifiers and Watt / SWR Meters 
of exceptional value and performance. 

05 year warranty prompt U.S. service and assistance 

RF AMPLIFIERS WATT/ SWR METERS 

2 METERS-ALL MODE 
623  2W in=30W out 
(useable in: 100 mW-5W) 
6108 10W in=80W out 
(1W = 15W. 2W =30W) RX preamp 
61016 10W in = 160W out 
(1 W =35W, 2W =90W) RX preamp 
63016 30W in = 160W out 
(useable in: 15-45W) RX preamp 
(low = 100W) 

220 MHz ALL MODE 
C106 10W in=60W out 
(1W=15W, 2W=30W) RX preamp 
C1012 10W in= 120W 3ut 
(2W=45W, 5W=90W) RX preamp 
C22 2W in = 20W out 
(useable in: 200mW-5W) 

RC-1 AMPLIFIER 
REMOTE CONTROL 
Duplicates all switches, 18' cable 

peak or average reading 
direct SWR reading 

MP-1 (HF) 1.8-30 MHz 
MP-2 (VHF) 50-200 MHz 

430450 MHz ALL MODE 
D24 2W in=40W out 
( l W  =25W) 
Dl010 10W in=100W out 

( l W = 2 5 W ,  2W550W) 

Available at local dealers throughout the world. 
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16890 Church St. Morgan Hill. CA 95037, (408) 779-7363 
COMMUNICATIONS EOUIPMENT,INC. 



Canadian Distributor: 
Eastcom Industries. Ltd. 
430 Signet Drive 

C 0 R PORAT I ON ( 7 1 4 )  458-7277 Weston. Ont. Can 49L 2T6 

INSIDE VIEW - RS-1ZA 

M O D E L  RSSOA 

RM- A Series 

MODEL RM-3SA 

RS-A SERIES 

M O D E L  RS-7A 

M O D E L  R S 3 5 M  

VS-M SERIES 

:@ 
M O D E L  VS-2OM 

M O D E L  RS-12s 

ASTRON POWER SUPPLIES 
HEAW DUTY HIGH QUALITY RUGGED RELIABLE 

RS and VS SERIES 
SPECIAL FEATURES PERFORMANCE SPECIFICATKJNS 

SOLID STATE ELECTRONICALLY REGULATED INWT VOLTAGE: 105 - 125 VAC 
FOLDBACK CURRENT LIMITING Rote% Power S u m  OUTWT VOLTAGE: 13.8 VDC * 0.05 bdts 
Iran excesshe current L mntinuous shwted output. (Internally Adlustable: 11 -1 5 VDC) 
CROWBAR OVER VOLTAGE PROTECTION on all M o m  RIPPLE: Less than 5mv peak to peak ((ul bad 
except RS-4A. L low line) 
MAINTAIN REGULATION & LOW RIPFIE at low Ine 
input Voitage. 
HEAW DUTY HEAT SINK CHASSIS MOUNT FUSE 
THREE CONDUCTOR POWER CORD 
ONE YEAR WARRANTY MALE IN U.S.A. 

MODEL RS-5DM 6m MODEL VS-5OM 
19" X 5 %  RACK MOUNl POWER SUWLl6 

Continuous Itf ' Six. (w) 
Model Duty (AMPS) ( AMIS) IIXWXD Wt. (lbs.) 

RM.35A 25 3 5 5 ' / a x 1 9 x 1 2 %  3 8  

RM-50A 3 7  5 0  5th x 19 x 12% 5 0  
Se arate Volt and Amp Meters 

R J 3 5 M  25  3 5  5 1 / q x 1 9 ~ 1 2 ~ / 7  38 

RM-50M 37 5 0  5'/4 x 19 x 12'/2 5 0  

Contlnuwr ICS' She (IN) Shlpplng 
MODEL Duty (Amps) (Amps) H x W X O  m (lbs) 
AS-4A 3 4 3% x 6'12 x 9  5 
RS-7A 5 7 3% x 66% x 9 9 
RS-70 5 7 4 . 7 % .  10?4 10 
RS-IOA 7.5 10 4 X7'/2 X 10% 11 
RS-12A 9 12 4 % ~ 8 x 9  * 13 
RS-POA 16 20 5 x 9 ~  10% 18 
RS-35A 25 35 5 x 1 1 ~ 1 1  27 
RS-50 A 37 50 6 x 13% x 11 46 

Conllnuous ICS' Size (IN) Shipping 
MODEL outV (Amps) (Amps) H x W x D  Wt (Ibs) 

Switchable volt and Amp meter 
RS-IZM 9 12 4 % x 8 x 9  13 

Separate Volt and Amp Meters 
RS-2OM 16 20 5 ~ 9 ~ 1 0 %  18 
RS-35M 25 35 5 x 1 1  x11 27 
RS-50M 37 50 6 x l 3 J / r x l l  46 

Separate Volt and Amp Meters 
Output Voltage adjustable from 2-15 volts 
Current limit adjustable lrom 1.5 amps to Full Load 

Contlnuwr Duty ICS* 
(Amps) (Amps) SIzs (IN) Shlpplng 

MODEL eis .m@twm @13.8V H x W x D  Wl (Ibr) 

VS-35M VS-20M 25 16 15 9 4 7 35 20 5 ~ 9 ~ 1 0 %  5 x 1 1  x11  20 29 
VS-5OM 37 22 10 50 6 x  13% x 11 46 

Built In speaker 
Canllnour ICS' Sirs (IN) Shlpplng 

MODEL Duty (Amps) Amps H x W x D  Wt (tbs) 
RS-7s 5 7 4 x 7% x 10% 10 
RS.1OS 7.5 I 0  4 ~ 7 % ~  10% 12 
RS-lOL(For LTR) 7.5 10 4 . 9 . 1 3  13 
RS.17S 9 12 4 X x 8 x 9  13 
RS-20s 16 20 5 ~ 9 ~ 1 0 %  18 



Tired of all the 
traffic on your band? 

Discover the wide omen - -  - - 

spaces on 220MHi. 
ICOM has a commitment to 22OMHz. 
ICOM has the most complete line of 220MHz gear to take you away from the trafficon other 

The IC-03AT Handheld reflects uncompromised top-of-the line quality and performance. 
Ultimately deluxe, with I0 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 adiustable offsets for non-standard repeaters. 

The IC-3AT Handheld is ICOM's 220MHz version of the world's most popular and easy-to- 
use handheld. Provides superb transmit and receive performance. 1.5watts output and excel- 

The IC-38A Moblle . .  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-HM 12 mic. Plus 21 memories. receive coverage from 21 5-230MHz. scanning and 
memory lock-out. 

The IC-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 a rwerseswitch 

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. 

Handheld 

J 212 ICOM America, Inc., 2380-116th Ave NE. Bellevue. WA 98004 Customer Service ~otllnhJW.454-7619 
3150 Prern~er Drive. Su~te 126. Irv~nq. TX 75063 

ICOM CANADA. A Division of ICOM America. Inc.. 307145 Road. Un~t  9. R~chrnond. B C  V6X 21'4 Canada 
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NEW ARRL 
PUBLICATION! 

Y a g i  Antenna Design is based on the series in Ham 
Fladio Magazine by the late Dr. James L. Lawson, W 2 P V .  
Jim was a highly c o m p e t i t i v e  person and this carried 
through to his Amateur Radio hobby and work with 
antennas. Although this book is primarily the work o f  the 
author, credit should be given to its editors: Bill Myers, 
K1 GQ; Clarke Greene, K1 JX; and Mark Wilson, AA2Z. This 
A R R L  publication stands to be a "classic" that should be 
added to every radio amateur's technical library. The book 
is a v a i l a b l e  only in hard c o v e r ,  and is printed on high 
quality t e x t b o o k  paper. There are o v e r  210 pages o f  
detailed i n f o r m a t i o n  on Y a g i  design. For more detail, r e f e r  
to the column at right. The retail price is $15.00. Pleaseadd 
$2.50 ( $ 3 . 5 0 f o r  U P S )  f o r  postage and handling. Also avail- 
able at your f a v o r i t e  A R R L  d e a l e r .  

The American Radio Relay League, Inc. 
225 Main St., Newington, CT 06111 

Available Mid-January fl 134 
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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 rectifiersldetectors, 
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 VHFIUHF 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. I 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." If you 
leave it out you are an idiot.2 Idiot 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,2 
but will induce an additional voltage 
drop of approximately 0.7 volts, which 
may be unacceptable, especially in 
power amplifier  application^.^ 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 
handle. 

The circuits illustrated in figs. 1C 
and I D  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 G~AsFETs.~  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 a l ~ n e . ~ . ~  Therefore a large 
(0.01 to 0.1 IF 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. IE ) .  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 
is 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. = 

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 
C, is a 0.01 to 0.1 pF 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. (CI is recommended for 
extra protection; ID) is used for extra 
shunt protection. IE) uses a reverse 
polarized diode across all relay coils to 
reduce inductive spike generation and 
IF) 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 pF 
or greater solid tantalum capacitor is 
recommended. 

TO CIRCUIT f;;- 

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 pF) bypass capacitor 
(fig. I G ) .  Personally, I prefer to use 
the newer three-terminal voltage regu- 
lators rather than zeners because they 
are quieter and usually have a wider 
regulation range versus output current 
than most ~eners .~  

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. 

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 
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fig. 2. Typical diode detector circuits. 
(See text for recommended diode 
types.) In all cases CB is an rf bypass 
capacitor. A feedthrough type 0.001 pF 
capacitor is recommended. RL is the 
video load (10k ohms typical). 
(A) is recommended in narrowband 
applications where maximum detector 
sensitivity is desired. ( 6 )  shows a 
simple broadband detector. The =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; (Dl 
shows a method for increasing the sen- 
sitivity of an HCD by applying an 
external bias voltage. Cc is a dc block- 
ing capacitor and RB 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 

R F  INPUT PDWER f d E m l  

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 to 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 
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F I L T E R  
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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 l / 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. 

fig. 4. Some typical mixer circuits: IA) 
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 

IF OUT double-balanced mixer using two hy- 
brids; ID) illustrates a subharmonic 
mixer using a pair of antiparallel con- 
nected mixer diodes. 

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 I 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 level, 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 filters1 
matching networks are reversed ac- 
c~ rd ing l y .~  

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. 
48. The hybrid transformer isolates the 
LO and rf from each other. However, 
the i-f matchinglfiltering 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 

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- 
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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,ll 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 df 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. 5A. 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, thelength 
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 MIA-Com MA8334 series) are now 
available. These high-power PIN diode 
pairs are available in a threaded 
stripline package for minimum VSWR 

1 
nal c 
sona, 
T l r ~ 1 4 ~  
IH11- 
dealt 
t ion " .  

(rated dissipation 290 wat,t.s eac 
operated a t  34 volts b r  excellen 
modulat.ion rejection in twnsmi 

?nhi%nced C.A.T. system for exter- 
ontrol of transceiver frorn porn- 
I computer. (Softwr:~re for A 

... . .~ . . . ..lAC, Commodore C-lid, an(. 
PC is available Ihmugh your Yaesu 
!r.)Therrls also datacommunica- 
with the FL-7000 linear amplifier 
antls-free amplifi~r operation. 
rhe muscle to get you out: The 
DOO.This solid-s1;it.e amplifier 
.s IliO to 16 meters, and includes 

h )  
t inter 
tter. 

~tomatic 
l operatir' 

a built-l 
tuner a 
fcat,urt:! 

Theres last tr~rnarorlnn time I 
break-in (QSK) CN1, \!IF packet radi 
and AMTOR. Only70 watts excita1.i 
for full outp~rt., ant1 1200 watts PEP 
input powclr. Fully prolectrd push-1 
parillel widct)and "no-t.r~ne"arnpli- 
fier circuit po\~ftarrd hy37V ?51\ D( 
power supply. Klcso's (?xclusive"D\ 
(Dinkct Ci.rt,icnl Cooling Hetitsink 
Syst,em) wit.h hottom-mounted Pin 
Automatic an1enn;i rnatcliir~a smsl 

urns 011 iltrlplillt:r and rematches 
uner circ:uitry i f  SWR rises aliove 

1r FT-980. Lithium battew'hacknl) 
ernemhers anlrnna sclect,i~ 
r1nc.r sett.ings. Dual ?-speed 
vith intlepcndrnt, thwmal ! 
:onnection lo up to four anl 
nclrlding autnmat,ic selectic ' 

~ptionill unit. Eight front pa 
tatus indicatnrs. Ant1 nlort:. 

Get the DX advantage. ~rrst. 
:oml)ine tht: FTi(iXX's lriiins, [.he 
pL-7000's brawn, an11 your spc.cial 
iper;iting knowledge.\ilhat an irnpac 
au'll make on the "' 

Ymso USA 
1;210 Edwards Iio;ui. (:i*rritos. CA!)O'inl 

(!I:{) 404 2700 
Repair Service: (213) 404- 

Parts: ( 213) $01 4s.17 
Ymsu Cincinnati Semce ( 

!lO'iil i i [~l(l Park l)riv~,, lliirnill~~n, 011 45011 
(5i:j) 874 :<if10 

d s l i ~ ~ ~ ~ i f i ~ , : ~ l i ~ ~ ~ ~ . ;  s~ildrrt 
! V I I I I ~ I I I I  I I I , I ~ I ~ I ~ .  

-1884 

Center 



OPTOeleetronies ine 
. - 

i 1 FREQUENCY 

8 LED DIGITS 2 GATE TIMES 
ANODIZED ALUMINUM CABINET 
ERNAL NI-CAD BATTERIES INCLUDED 

AC ADAPTER/CHARGER INCLUDED 

EXCELLENT SENSIT1 W 
& ACCURACY 

AC-DC PORTABLE 
OPERATION 

#AC-1200 
AC ADAPTER 

CHARGER 

#lZoon 1.2 GHZ I 

- POCKET SIZE 
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@ FROM CONTROL fig. 5. Typical rf PIN switch circuits. CB 
POWER SUPPLY is a blocking or rf bypass capacitor. IA) 

is a simple series switch; IB) shows cas- 
caded "switches" for additional isolation 
(see text for explanation of transmission 
line length). (C) shows a two-pole switch; 
(D) a shunt switch; (E) a typical TIR 

",'-"$ >k Pz switch; and (F), typical PI type of varia- 
CB C.5 ble attenuator. 
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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 as a T/R 
switch to provide extra receiver protec- 
tion is shown in fig. 5E. 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 "PIu-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 as in a 
BFO or RIT control. A typical remote- 
ly tuneable 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 volts (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-7 
.- 

The APS-1 is a self-contained cont ro l  head designed t o  al low 
remote polarity switching of circular antennas such as the 
Mi rage/KLM range o f  crossed yagis. 

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

In addition to switchable outpu~s for two antennas, the APS-1 also contains a 6-13 volt regulated DC power supply. This feature is 
des~gned for powering items such as preamplifiers. VHF/UHF converters, etc.. but may also be used whenever a low-current stabilized 
varl'lble voltage 5ourrc is requirrd. 

1 '  SPECIFICATIONS: 

. . . . . . . . . . . . . . . . . . .  Power Requirement ( A C )  .117V 2 10°/o AC 50/60 Hz 15 Watt 

. . . . . . . . . . . . . . . . . . .  Power Requirement ( D C )  .11-16 VDC 500 mA 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Outputs.. .Two 12 VDC unregulated, switched (antenna relay supply) 
One 6-13 VDC var iab le  regulated auxiliary supply. 

Total output current 500 mA with AC transformer that is inrlutled, 1 amp with optional high current transformer or exlernal DC supply. 
This unit has our popular five (51 year warranty. I 

I P.O. BOX 1000 MORGAN HILL, CALIFORNIA 95037 (408) 779-7363 
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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." 

I'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 
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k- 
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POWER SUPPLY 

P 

RF OUT 
__O 

silicon junction diodes (even 1 N914s 
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 i t  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) similar to the 
frequency doubler circuit provided in 
reference 12, high efficiency can be 
obtained. Using HCDs in the circuit 
shown in fig. 7 6  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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0 

BldS 
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fig. 5. (continued) 

than transistor doublers. With the 
availability of silicon MMlCs (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 MMlCs were available. 

Moderate power (5 to 50 watt) 
varactors have been used for many 
years as doublers and triplers up 
through 23 cm (1296 MHz). Diodes 
such as the surplus Microwave Associ- 
ates M A  4060 low-cost, threaded- 
package, high-power varactor are in 
widespread use.13 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, RB 
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.14 SRDs have 
a structure very similar t o  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 
HCD1. 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. (Al 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 
oscillator. 

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 
BIMODETM or A modeTM diode, which 

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 Br 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 I (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- 
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Put More Punch 
in Your Packet 

Outstanding mechanical design 
makes the IsoPole the only logical 
choice for a VHF base station, 
especially for Packet operation. All 
lsopole 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 so l i d  s ta te  
tranceivers. Typical SWR is 1.4 to 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 

Model 
Freq. Coverage (Mhz) 
2.1 VSWR bandwidth 
Power Rating 
Gain" 
Radiating Element Length 
Amateur Net Price 

High Performance Hand-Held Anten. I na - The Hot Rod 

The Hot Rod antenna can be ex- 
pected to make the same improve- 
ment to hand-held communications 
that the lsoPole antennas have made 
to base station operation. Achieve 1 or 
2 db gain over ANY 518 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-1 112 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 
VHFIUHF antenna. Put more punch in 
your Packet station with an AEA 
IsoPole or Hot Rod antenna. To order 
your new antenna contact your 

I 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. 

144 220 440 
1351 60 210-230 41 5-465 
)12Mhz Q 146Mhz )15Mhz Q 220Mhz )22Mhz Q 435Mhz 
1 kw 1 kw 1 kw 
3 dbd 3 dbd 3 dbd 
125.5" (3.2m) 79.25" (2m) 46" (1.2m) 
$49.95 $49.95 $69.95 

*.dbd - db gain over a dipole in free space 

/ 142 Prices and Specifications subject to change without notice or obligation. 

AEA Brings you the 
Breakthrough! 
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CALL LONG DISTANCE ON YOUR HANDHELD 

The Model 335A will deliver 35 watts o f  Our p r o d u c t s  are backed by p r o m p t  fac -  

power using the latest s ta te -o f - the -a r t  c t r -  tory s e r v t c e  and technical ass ts tance .  To 
mitry. The amplifier will operate SSB or become fam~liar w l t h  our other fine pro- 
FM and IS c o m p a t i b l e  with ducts in the amateur radio 
m o s t  handheld trans- market, call or write for our 
ceivers, including the hee product and small parts 
TR2400. TR2500. IC-2AT. catalog. 
Yaesu. Santec, and Ten- 
Tec. Only 300 rnw lnput will Model 335 A 
deliver 5 watts out; 3 watts Kit $69.95 
in w~l l  deliver 35 watts out. Wired & Tested $89.95 
Max~mum Input drive level 
is 5 watts. Communication - 1'1 m ~ o n c e p t s  inc 

7 . '  H < r # w # >  '.lirrl . 1)arlon nn!n 654") - I573 130.9677 I 

r=----=--- Full Feature 1 
Remotely Programmable I 

I Repeater Controller I I I ,,,under $600 I --- 

1 uFieftl tested {or ot8er 2 years ( 

I u f c l l  2 year Illarrant v I 
I =FREE= I 

f I I I I I 1 
Call Toll-Free I 

1-800-621-8387 I 
e x t  244. ~ r n  7 IVII  \IIIII~~I 1111 I I I I I C  I 

I I 
I v 146 1 

1 ' 0  l \ < l \ ~ ~ ~ : l .  , I \  l l , . . (  0\07:> L I I I I I I I I I J  
DOWN EAST M I C R O W A V E  

//----- E 
MICROWAVE ANTENNASAND EQUIPMENT 

~ m p  - Pe.w DMdon - L l n r A n p ( t l k n  - C a v b *  
A- - ~ l n a m ~ n n . n n . n  Ou\.FEl Pm.mp 
T R O W .  EYE. W..L Slgn.1. OSCAR s01.1209.1Zm 
.ZaM.ZYa.SI(MYHI 

' A L "  45. l m Y q l  IZmYHZ 10611 f.l 
,345LY UI lmpYq1 ~ Y H I  ZOdll so0 
3333LY 15.1 ImpYqt W Y H z  IbSdl l  SO3 

an~en- ~ S M D I W  andteatar nlIsnall l0ls 
At1AI"rnI""rn .no Sl,lnles,Canstmcllon 
AddYIUPS%U $ I ?  WsslolIheMlsrlralppl 
n l c p ~ ~ ~ n u ~ r n p  twtn 18wout t r n ~ ~ r ~ ~ d V . s z l p p d  
=PA LlnvAmpIOWtn UWout 1198 YHr~ZSV.S205md 

N E W !  M I C R O W A V E T R A N S V E R T E R S  

BY L M W  ELECTRONICS 

I ~ T W I D ~ W  OU(.F~, nn wmns.r .ov~~ut Y . t w W  
1JD(TRV1DNI,OU(.FR 1lR 54wnc.r. Ou lpu lY . lW~ 

~ d d  16 tor shipping UPS148 
Stripped down version kits also available 

Wrrle For FREE Carelog 

D O ~ I ~ S T H ~ A ~ ~  f23 
Box 18554 RFO 1, Burnham. MEO4WU.S.A. 

(MT) 948.3747 

SaveTime-Money with HAZER . N P W ~  c18mb your l , ~ e r  l gam wtth lhrs *ipvatdr 
svs18m . Anlrnna and rotator mount on HAZER complete 
system trams lower tn venccltl upright Doslt80n 
Salely lock syr lem an HAZER operales wnlle 
rn ls lng- low~r#ng 6 normal por#l#on Never can tall 
Wefght Iranrlerrcd d8reclly to lower Wlncn cable 
used onlv to8 raoslna (L lowertnq Easy 11, lnslall and 
use 
w811 ruppon most antenna arrays 

lb8 

Hlqh guallty matcr8als 6 worhmanshtp . Salety - speed - convenience - rmootn 
travel - lnemenswe 

.Complete k t  ~nc ludrs  winch I W  It o l  
cable harawareandlnslrucllonr For Rahn 
25 G Tower 

S~IISI~IIO~~YI.~I~. C.II~D~W ~ l d  Ctlergem / 
Vls. or MastaCard 
Ar.mnall+~rna!~re ri~~rrh~zreaMarl,nM-13orM-18 /I\ 
illllrnsnurn tower rnq#na.rro rpx.cll*catly lor ~ h p  

' 
H n z t n  rv-,,.m ox a t r , l l r  sell r~rouoctfns $lee1 / I- \ I 
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more. We've mined this amazing unit! NOH: for 
the first time, you can stock one unit that will 
decode all calls in a 1000-call paging system with 
+ .2Hz crystal accuracy T h e  KEI'ROI\l on- 
hoard memory can even he programmed for cus- 
tom tones. and every unit includes group call. 
Llnivcrsal switched outputs control your call 
li~rht. souelch Qate and horn. The SI)-1000 ciln 

COMMUNICATIONS SPECIALISTS, INC. 
Tall Avenue . Ordngk, CA 92665-4296 
998.3021 .FAX (7141 974-3470 

Ent~re US.A. 1-800-854-0547 r, 143 



ANNOUNCING 
SOUND OFF MODEL 10 

S,~!~rrd UII Modlll 10 IS ;I i:unla~ned mes- 
$.tor qerierator coniplele w'lh case and power 
supply The Model 10 was deslqned specrll. 
c,rlly lor appl~cat~oris where repetlllve 111~11 
~jui~lr ly natural voice announcsments are r c ~  
clll~rcd. I e Amateur repenier nndcommerclal 
r,rdro systems The Moocl !O stores your 

~r.tlural VOICP r~~cssaq(! ~n ~ i~r ivo l ; t l~ lc  EPROM w ~ t h  slnqlr! rilnssage lenqlhs 
111 ul) la  32 secorrds The Modr!l I0 Ilrov~dcs lor both s111ylc dnd conllnuous 
l ~ i ; ~ y  tnodes F.~clory sclablu ~ ~ l l e r r ~ a l  lrritcrs can set tirnlng lnlervals l rom 
sr~;or~rls lo 30 II~IIIIIIIIS or 1110re. All curilrul luncl~onsand t~rners are provrded 
lor th~~;appl~cal~un (CORsense, lransmltler actlvlly sense. PTT. IOtlrrler I 
Models 20 100and 150 avarlable lor applrcal~ons requiring random access 
rrlulllr*ressage capabllltles Irr r~onvolatrle re~recordable message llmes o l  
IIO t r~  I nllnutes 

Model 10 prices start at $219.00. 
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Join AMSAT.. .Today 
Amateur Radio Satellite OSCAR 10 

provides: 

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. 

Otller A M S A T  Mcnlbt~rs l l i~~ Benefits: 

Newsletter Subscription: 
Dependable technical articles, satellite news, 
orbital elcrnents, product revie\vs, DX news, 
and mom. 

Satellite Tracking ~ o f t w a i e  
Availablr for most popular I'Cs. 

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 
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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 
HCDs, and (C). a varactor multiplier circuit. The idler circuit is used for tripler applica- 
tions. RE is typically 50 to 100 k. (Dl  is a typical SRD multiplier. RE is typically 200 to 
500 ohms. 

ode is needed, since it stays on for a 
longer period than the rf cycle. 

A single such PIN limiter diode can 
be substituted for an HCD (fig. 8E). 
If the I region is very thin, the diode 
can respond in nanoseconds. PIN 
limiter types of diodes have very low 
resistance and don't rectify the same 
as HCDs, as described earlier. 

Thicker I region diodes with up to 50 

nanosecond turn-on times are used for 
higher power operation. Power han- 
dling up tof in excess of 10 kilowatts 
for 1 microsecond duration is now pos- 
sible! A thin and thick PIN limiter di- 
ode can be cascaded for additional 
protection (fig. 8F). Again, separate 
the diodes by 0.1 to 0.25 wavelengths, 
as discussed in reference 6. The inclu- 
sion of an HCD in the circuit shown in 
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EXPLOREHFPACKET 
TNC VHFlHF SWITCH KIT 

FEATURES 
All CMOS logic switch 

Changes filterltimlng paqs for VHF or HF 
Self contained - F~ts  ins~de 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 
sw~tch changes cr~t~cal fllter and tlmlng components to 
optcmlze the TNC son board modem tor VHF or HF ope1 
atlon The APA sw~tch uses all CMOS loglc has a cur 
rent dra~n of less than 5ma and f~ts conven~ently lns~de 
the TNC case It IS easy to bulld and Install takes less 
than an hour In most cases APA suppl~es prlme parts 
and lC and complete step by step lnstruct~ons You 
bought the best TNC - now make ~t complete $30 alr 
mall postage pa~d Send check or money order (no cred~t 
cards please ) 

AMATEUR PACKET ALASKA 
AX.25 COMMUNICATIONS TRAIL 

ESTER, ALASKA 99725 H 152 

TROUBLESHOOTING 
M I C R O P R O C E S S O R - B A S E D  

EQUIPMENT 
A N D  

DIGITAL DEVICES 
Attend lhis 4-day seminar and master me essentials 
PI microprocessor mainlenance. Gain a firm under- 
slar~dlr~g ol microprocessor tundamenldls and learn 
speciallred lroubleshooting techniques. 

Call or write for brochure with full details and 
current schedule. Fee is $795.00 

8 and 16 bit systems 
Signature analysis 
Logic analysis 
Machine-language programming 
Diagnostic programs 
Emulation 
Bus Systems 

MICRO SYSTEMS INSTITUTE 
Garnett. Kansas 66032 

(9 13) 898-4695 H 154 
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New Technology ( p a t e n t  pending) converts any V H t  or un 3n 
advanced D o p p l e r  s h i f t  radio direction finder. Simply lug i r ~ ~ u  r a t i r l v e l  r a11lc1111a 
and e x t e r n a l  speaker j a c k s .  Uses f o u r  o r n n ~ d i r e c t i o n a P a n t e r  noise, high 
s e n s i t i v ~ t y  f o r  weak signal d e t e c t ~ o n .  Call or w r i t e  f o r  f u l l  del trices. I d DOPPLER SYSTEMS, INC. P.O. Box 31819 

Phoenix. AZ 8.5046 1-2) 488-9755 1 

MR. NICAD 
REPLACEMENT 
BATTERIES FOR 

COMMUNICATIONS 

N!cLeI-Cddmlm. Alkaline. Llthlum. etc.  

IcOn - 8P-3 R~pack  - $12.00 
DP-2. BP-5. DP-8 Repacks. 

N I U  H01 ROO PACKS FOR l C O n  21.  217. 
OZAT. A CELL Inv - A00 MAH. 10 CtLL 
17.5" . $00 MA11. ............ 149.95 en. 
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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. 

0 
RF 

;-fr- 
RF OUT 

io @ 
RF IN 

HCD 

0 
RF IN our  

O 5- HCD 

0 

; I N  

HcDi + Hc; 

F I L  TER 

oscillator diodes 

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 I 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 1 N21 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 

These diodes were very popular be- 
fore the arrival of efficient multipliers 
and bipolar1GaAsFET 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 GunnPlexer~.~ 

The many other types of microwave 
and millimeter-wave oscillator diodes 
include but are not limited to the TEO 
(transferred electron oscillator), 
TRAPATT (trapped plasma avalanche 
triggered transit), BARITT, IMPATT 
(IM Pact-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 multipliers seem to be in current 
favor. 

fig. 8. Typical limiter circuits: (A) shows 
a shunt diode; (B), bipolar transistor pro- 

@ tection; and (C). a back-to-back limiter. 
(Dl il!ustrates the preferred configuration 

Q for a limiter; (El shows a typical single- 

'- ended PIN diode limiter; and IF) illus- 

RFC, 
trates the use of two different PIN diode 
types for high power applications. (GI 
Adding a shunt HCD to a PIN diode 
limiter will improve turn-on speed and 
lower rf limit level. 

0 5 0  OHM L INE  0 1 - O 2 5 A  

I 

optical diodes 
It would be unfair to ignore optical 
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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 
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short circuit 
rewinding' with CAD 
Two corrections should be made to 
"Rewinding Transformers with CAD" 
by Hugh Wells, W6WTU (December, 
1986, page 83). One line should be add- 
ed and another changed as follows: 

935 IP = VAI(O.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 

In this and last month's columns, 
I've tried to show that diodes are still 
very important to the VHFIUHFI 
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. I hope that the in- 
formation and circuits provided here 
will answer some questions that I 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. WBSLUA, 
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 6-foot dish i n  Fairy, Texas 
(EMllAU). 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 KD5R0, 
NSGEJ, NGCHA, and KSPS, who 
helped support this effort. 

important VHFIUHF Events: 

March 21 

March 24 

April 13 

April 18 
April 21 

April 22 

April 24-26 
April 29 

+ 2 weeks- Optimum time for 
TE propagation 
€ME perigee 
ARRL 144-MHz Spring Sprint 
Contest (Monday eveningl 
EME perigee 
ARRL 22L-MHz Spring Sprint 
Contest 1 Tuesday eveningl 
Predicted peak of the L yrids 
meteor shower at 11lW UTC 
Dayton Hamvention 
ARRL 432-MHz Spring Sprint 
Contest 1 Wednesday evening) 
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The standard ol the electronics Industry 
is settlng a new standard lor amateur 
radio use as well 

The Fluke 77 multimeter is ideal for 
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oear Its tnexoens ve. easv to use. ana f lled . - ~~ 

i i th  proles$onal features. Plus a lull line 
ol accessories let you measure high fre- 
quency, high voltage and current, and tem- 
perature. Made in the U.S.A. and backed 
by a 3-year warranty. the new Fluke 77 
is the world's first handheld meter to 
combine analog and digital displays. 

For a free brochure or the distributor 
nearest pu, a l l  toll-Ire 1-800-227-3800, 
ext. 229. Or wrile John Fluke Mfg. Co.. 
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ham radb 
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," 1 MO and 1XAM of the United 
States made a transatlantic contact 
with French 8AB. American and Euro- 
pean Amateurs were in QSO 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 to 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 

0 i 0, t < I"" 
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it -1 ' 1 I J i 

, i 
i " L  

J [ 6 [ & i h  1 5 / d  ~ O L ?  7 ~ L J L  7 1, 
' 0 ,  

2x614611 H .  

r, is00 

J 6 

fig. 1. Representative output circuit of tube-type transceiver I160 meters). Pi-network 
is marginal at 1.8 MHz. 

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 I 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 didn't 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 
I 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 ( f ig .  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. 

I didn't like the idea of tearing into 
the transceiver to modify the circuitry, 
so I 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 0, 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 75-ohm coax cable (RG-59/U and 
RG-11 /UI  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, 
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fig. 2. Representative 160 meter linear amplifier showing values of critical components. See text for data on RFCZ. 

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 
dummy load via RG-5911) 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-ohm 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 
amolifier stage could be varied to 
produce a reasonable tuning sequence 
for the transceiver. 

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

Q Frequency Cl(lnput Cl L(lnduct.1 CZ(0utput CI Load Z 
16 1.8 MHz 682 PF 13.11 p H  3708 pF 50 ohms 
16 1.8 MHz 660 pF 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 pF 
is satisfactory. For high-voltage cir- 
cuits, such as plate blocking and 
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New rigs and old favorites, plus the best essential ac ssories for the amateur. - 
!e,;~l I :,'>h,,h. ' , '  

+40l I< ",f. 1x : '00.1 mT'i 
~ , I I I c o M I  

(;A1 1 F,(lF! OM[)! ti', 
1 /I , "',I :~!oll (It< m 
I 13 . :  ',;'!I OC,',!, 

'- 

/<I I T i  W ! ,  AlJl O I IA I~ANT I~J~J  CJN SAl[:, rz;.ICE 
!!I I ! ! b ~ l ~ !  IJ 

EQUIPMENT 
*.r~nwoo<l TH205AT Tmde ~n your old HT 
Krllwno<l TS440 Call lor l r a d ~  

USED EQUIPMENT 
A l l i ~ i ~ ~ ~ ~ t ~ i : ~ ~ ~ i ~ l  I. l ~ , t . e I~an  w~lh90davwnlranlyand30 
~ l , ~ v t r , . ~ l  $ : ~ ~ ~ ~ n ~ ~ l l ~ ~ . l u l l l r n d r a g a ~ n ~ I n r w ~ t ~ ~ p n ~ r n l  Sale 
pic:<, r ! ~ l ~ ~ ~ ~ < l ' ~ c l  !I , 7 0 1  %~llsllml 
KWM 38012CW 
ETOIAI PHA i 7  Clran 
ICOM IC 745 
TonTec 505 Argona~~I 
YACSUFT lOlE Call lor lnlesl uswl q ~ a r  lfsl 
YAESU FT9OI DMICW (8001 231 31157 
Kenwwcl TS 83OSlCW 
TS 430Siacc 
TS-520s 
Dmkr TR4cw clcan 

Ir om R7(100 75 ZOO0 MHr 
Ir om IC735 
1.n l~c2S10(LasyOSCARl 
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ANTENNAS 
Isopolr 144 MH: 44 95 
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HFPV 8 0 8  40 vcrltc.tl 1 19 00 

TOWER ACCESSORIES 
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114" GuvCahlr 6100 X7 x 7 stland lmporl 
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114" wbre CII~S 
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M l r a n ~  Amps 15"aOFF 
T<~kyo Hy Powrr HI IK AMP No 4CX250B 699 00 

HFOR I89 00 
Hu-ller G7 144 1 19 95 
Ht~u l r r  6BTV 13900 
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Alpl~a Della Twm Slotlrr . 49 00 
Coax Scal 2 00lroll 
BRW Dl~loles LPSS lo",, 
KLM K I  34A 399 00 
W2AU W2DU Now Ava~lahle 
NCW KLM 1 244LBX 12') 00 
I?% Powrr Divde! Sono 
Orlon CD it3 + I35 80 75\80 rolatabl~ ~l>y~olf, 299 00 
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Ilmelocheck therlnll#9nl ynllr order Texasrcs~dmlsadd 
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warranty 

DON'S CORNER 
'Rr.gt~,ncrs G ~ i ~ t f r  lo Anlcnnas8 Thc Bullrrnul HF-6V 1s 
111~ mosl po ,~~~ lar  Amateur Antenna haing sold lnrlay 
Tho~1sallds III LISP ar0uf.d l t l r  world torlsy 

OTHER ANTENNAS 
Dmnlond D 1311 Ll#'.rane 25 1300 MH7 79 00 
I ,)l?rn Kulduch 1700 
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Avanli AP151 3G on Glass Anlenna 36 00 
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RRW VIFWSTARANTENNA TUNER 89 95 
HPII HCR:HC41HCS Slock 
Hell BM I 0  Rmm M ~ F  headscl CALI. 
I r i  H 5000A Rcrnole Phorlr $ 1 8 9 ~  
Tr~plrll 3360 VOM (same as FLUKE 77) 69 00 
Dalwa NSRGOA 30::10013000 walls 17s 00 
4llnco l 1 11 7000 1 xcpllrnl buy 88 00 
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......, ". 
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Coll n~ 8 Drnkr Rcpl l c r m ~ n l  IllhPs Stock 
GI l, l46B 12 95 
3 5007 10C) 95 
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'I?SR RGRx 
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H.103 MI<: C ~ l l l c  3 cnndclr 8 s l>~r ld 
100 IFrl R214 wiend< ~nPl.lllrd 
8669 i j16" 18nnral r-opta7r Irr,tld 
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82 9R N rlbow 
3 1  212BNC RG51 
'41 216 Ul>201 AIU N Male RNC Female 
3 I 2 BNC RGS8 
34025 N Malc RG58 
34 175 N I cmalr UHF mnlr 
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2 4 5 6 8 p8n rntc  lugs 3 00 
118 114. wallcarbar r~stslors 05 each 
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MICACap 000413KV 5 00olharsCALL 
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D~rracell9Voll Battrty 2 Pak MN1604 3 49 
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PACKET POWER 
Ar A PK 23:' 
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1 ,<I 279 00 
Nrw K;inlrnruc\ KAM 

SERVICES 
AI\C~~\~IC!,!I arrv late m m r l  r q  
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bypass units, a value of 0.005 pF will 
suffice. 

In low-voltage circuits, the Sprague 
"cera-mite" series of capacitors will do 
the job: the type 5HKP10 or 5GAP10 
rated at.500 volts are satisfactory. For 
medium-high voltages, the Sprague 
0.0047 pF, 6 kV (dc) capacitor, type 
60GAD47 is suggested. Sangamo also 
makes a 500-volt dc-rated, 0.02 pF 
mica capacitor (FD203J03) that is 
satisfactory for low voltage circuits. 
Two of these units can be paralleled 
for 0.04 pF. 

A larger-than-normal filament choke 
(RFC2) should be employed on 160 
meters. If 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 (p = 
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 1 60-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 freqqency. 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 pH. An inductance value up to 1 
mH is more acceptable. 

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

A 20-ohm, 20-wan 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 pF, 
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 

. - 
Oc~al~ty shirt pocket. digital multlrneter 
tests electrical equlpmenl -at home. In 
your car, on your job, and even in the 
back woods1 Case folds to approx 
4 5"H x 3 W x  112" thlck. Measure up  to 
500V ac/dc and 20 rnegohrns 
ONLY 535.. includes probes and carrylng 
case Satlsfactlon guaranteed. 30 day money- 
back return. ONE YEAR WARRANTY. 

1 Call TOLL FREE: 1-800-221-5749 1 
In CT 203-967-4441 
Mon-Frl 8-5 EST 

I - I 84 RESEARCH DRIVE MILK)RO. CT 06460 

( Send- OMlWO pocket meter(s1 at $35 each 
I 

plus 52 each lor shipptng and handling 1 
1 -My check or money order is enclosed 
I Charge -VISA* -Mastercardm 

I 
Acct No 

I 
I Exp-/-S~gnature 1 
I NAME 
( ADDRESS 

I 
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I 1 TOWERS 1 1  
ALUMINUM cnnl-UP 

Molsl T 140 I!:a!!.~m E l E S C O ? l W G  ICRANK.U)I M I 
Modal T ~ B O H  GUYED 5l"l h UP1 

T I L T  OVER MWELS 
Easy to install. Low Prices. ' 

Crank-ups to 100 ft. i i i  
r EXCELLENT Feu 1 



2nd Remote or l Ink 

Kenwood TS-440/940, lcom IC-735 
'2nd remote control data supports: Yaesu FT-727 

FT-767 & Kenwood 7 1 1 /81 I - o r  the-7950 or 
TS-2530170 with RAP I (control card ) 
10 H.F Memory channels/enter or recall 

*Automatic USB/LSB/FM/AM mode select 
*Automatic voics clock &act iv i ty t imers *Scan up/down, fast, or 1 OOhz steps 
*Multiple commands can be executed at once *Control CS-8 relay/latch /master reset /Status 

(up to 16 digits per command string) *H.F./V H F Monitor only or TX enable modes 
*Sub-audible tone & speed dial compatible *All control Inputs are voice confirmed including 
*Alarm clock & auto-excute command strlngl 

*Sand system commands from telephone line1 - - * 8  Latching Relay control (CS-8) $ 79.95 
"herates random code practics @ any speed with + 3 DPDT 2A relays. 5 open collector outputs 

voice readback after each 2 0  random cods group1 + user defined 2 letter function name & state 
*Set CW speed & pitch from your H T + automatic PTT fan control/master al l  off code 
*Input up to 2 2  vocab words & letters as ID or *Optional CMOS auto-boot 72k EPROM Cartridge 
mail box message @ spesd dial rates from H.T programmed with your parameters $99.96 

*Enable/disable up to 5 0 ,  tel ='s + wlld cards *Keypad Control for VHF remote, RAP 1 $149.95 - *Super ComShack Manual ( credit later) $15.00 
*300 Touchtone loadable Autodial numbers 

plus 10 Emergency Autcdial (qulck access) MODEL CS64S-$349.95 (wired and tested) 
*300 Reverse patch call signs uploaded from 

lncludes computer ~nterface, disk, cables & manual, 

'Phone number memory readback 
*Eneble/disable 5 0  area codes + wi ld card "'s 
*Full or half duplex (repeater on/off) 
'Storage of MCI/Sprlnt access codes 
*Call waiting allows switching to second phons llne 
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frequency of operation is 80 meters. In 
the same fashion, 160-meter rf chokes 
have to be at least twice the size (in- 
ductance) of their 80-meter counter- 
parts. In particular, the B + lead must 
be well filtered, or rf will skip down this 
lead, pass through the power supply 
and disappear down the primary pow- 
er line, perhaps to light up a lamp bulb 
in a nearby receptacle! It's costly to 
generate rf watts on 160 meters and 
easy to lose them if care isn't taken in 
designing the equipment. 

ham radio 

MAKE YOUR OWN 

CANOPIES 
WE HAVE: 
* SNAP JOINTS 8 PARTS FOR 

3h" & 1 If TUBING. 
* SILVER, WHITE OR BLUE 

TARPS. 
* BUNGEES & ACCESSORIES. 
* COMPLETE PACKAGES 

AVAILABLE. 
* FREE BROCHURE ON 

REQUEST. 

ELAINE MARTIN, INC. 
POB 261, Dept. H 

Highwood, IL 60040 
Phone: 31 2-433-01 06 fl 172 

7 MILLION TUBES 

FREE CATALOG 
Includes all Current, Obsolete, An- 
tique, Hard-To-Find Receiving, 
Broadcast, Industrial, RadioITV 
types. LOWEST PRICES, Major 
Brands, In Stock. 

UNITY Electronics Dept. H 
P.0. Box 213 , ,,, 

Elizabeth, NJ 07206 



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 
S e w r c i n g  "Hams" for 30 years, no rig 

roo old or new for us. mi* 
4033 Brownsville Road 

Trevose, Pa. 19047 

21 5-357-1 400 
QB 
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ORDER TOLL FRFF IHM' X I ?  3XTz 

ANTENNA I 
MAST ADAPTERS I I 

ACCESSORIES ,I 168 

rly " "  
I BEAM MOUNT 

I L lNl  AR TRANSVERTERS POWCH AMI'LltlfHS 

standoff * r ~  
NEW FREE CATALOO NOW LVAIUULE 

SStl : V J  AM f hl 
MMT 50128-5 50 MH: 2U Wall, 
MMT 501144 50 M l l r  20 Wall? 
MMT 144128 144 MHz 10 Wdlls 
MMT 144128-R 144 MHz GaAsFET 25 Walls 
MMT 220128-5 220 MHz 15 Walls 
MMT 432128-S 4371435 MHz I 0  Walls 
MMT 12961144-G 1296 MHz GaAsFET 2 W 
MMT 12681144 OSCAR Mode-I. 7 Wall rml l  

CONVERTERS 

MMC 144128-HP 7 m GaAsFET 
MMC 432128-5 70 rm Down lo  10 m 
MMK 12961114 73 rm Down lo  2 rn 

a, ,  ,"C, , . f . ,C,t .  A.,,, <,%,.R ...\7,.?% 
"",, r>  ,,,8,'. ? r,, r,, .w,, ,  .",r",,,!t . , , " A M , !  " , l r s ,  
",,.".,',"IA.Y .<1,"1,,> 

PX PRICE 
53.1) 00 

342 00 
186 DO 
347 00 
znz 00 
285 00 
362 00 
778 00 

lJt41 AMPI I! 11 1 3  l ' l l l l  I 1'1 PX PRICE 
MML 1 4 4 1 3 0 . ~ ~  1,l.t hnt~,. I r I  wall.. HT AMP $I. ' '( i ~ o  
MML 1441100.LS 1.14 MHI 100 W.111 HT AMP ?.l.'O0 
MML 1441200-5 I44 MH! 200 Wall GaAsFCT 4:"l OO 
MML 432130.L a32 MH, 3@ Wall HT AMP ,"i? 00 
MML 4321100 432 MHI 100 Wall ATVISSOIFM d?!l 00 
MML 432150 432 M H l  50 Wall 1 10 Wall I" >I0  00 
MML 1296115 1796 MHI I!, Walls CA1.L 

P R E / \ M P L l F l ~ G a ~  

MMG 144V 2 m RF Swllrhrd 65 00 
MMG 1296 23 r m  l l l 0 0  

ATV 

MMC 4351600 70 cm Blnrk Cnnv~r lcr  li4 nn 
MTV 435 70 Wall 70 r m  rmlr 74Q 00 
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C-64 and GLB PK-I 
interface circuit 

Get on packet quickly, 
easily with readily 

available components 

Unti l  just a few years ago, I 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 6 4  user port. On the author's 
version, the ribbon cables from J1 and 52 on the PK-1 are ter- 
minated in lbpin 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 supports the 
free end of the board. 

heard stories of people who spent months scroung- I .  
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. WA2EZN, and I ordered two units from GLB. 

I 
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 I 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, W2EHDIex-W8JGN, 27 
Fourth Street, Closter, New Jersey 07624 
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JI -9 TO -5" llFG 

oar* OUT 1( 

J I - J  0474 OUT 

fig. 2. Interface card schematic. 

C I 0 WZ r F  
PI P2 5/10 0 156 tnch ~nrularton d,splacsmen, edge connector favsrlshl~ 

/,om GLBl 
P3 72/24 0 7 5 6  rnch edge connector /Texas lnrtrumsnr PN H4IIIZI I21 

Avnrlable from Dtg, Key PN C l  12 
0 I. 02 0 4  PNP 12N3906 or squ,valanll 
03  05 NPN 12N3m 2 N W  or rqu#valsnIl 
~1 R5 10 k I 4 w,,rt I0 nercanr 
R6 I8 k OP~,O,S,?I ISOP text! 
R7 6 2 k opr,on.al lsoe ter l l  
S I 4PST DIP rwl t rh 

construction 
Flexibility was a key consideration in board layout. 

S1 is a 4PST DIP switch which permits the operator 
to positively disable SQUELCH, BACK-OFF, PTT, 
RECEIVE-AUDIO and TRANSMIT-AUDIO. Neil and 
I 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. 21 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 
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 

fig. 3. Bottom view of the interface PC board. The pins of 
the PC card edge connector are soldered to the contact 
fingers. 

PK-1 directly from the discriminator. Initially, I was 
afraid that R29 (in the PK-1) might not provide ade- 
quate isolation to avoid overloading the discriminator. 
C1 is also an option. Some packeteers claim that oper- 
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fig. 4. C-MIPK-1 interface card printed circuit diagram. 

r0 U S E P  D O I I I I C 6 4  

NPN C 

0 

I P A U S C E r V E I  

PYP 

r0 JI I P X - ! I  

ro J2 , P I . , l  

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. I 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, Tern/ McGraw, WAZUDG, discov- 
ered that TI 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 51, 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 I bought 
the connectors and the cable from GLB when we 
ordered the PK-1s.) Strip the other end of the ribbon 
cable conductors; before soldering them through the 
pc board holes, however, make sure that the ap- 
propriate conductor from the plug goes to the correct 
pc 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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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 518-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 scope 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 I have used a series of 

C - b < / P I - l  I N T E R F I C F  P I - ,  W A R  rERMINALS 

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 

I 
TO.lZY - 

UNSOOELC~EO SIGNAL - 
RECEtYE AVDrO IN - 

TO TI I INSCErYER TRANSMIT AUDIO OUT - 
I P T T  

GROUND 

RESET a 

passing by should begin showing up on the computer 
monitor screen. Make sure the PK-1 is not in any of 
the following modes: 00 (display only connected 
packets); OA (display onlystations with specified call 
signs) or OQ (store the packets in the PK-1 RAM). If 

- 
7 0  at (PK-11 2 

c J 0 1 7 1 1 - W T  - I c 4 " 7 5 - I N  . c 9 . l V O " T  

- 
TO J2 ( P I - # I  I - c J SDUELCl  - 

5- c 5 RECEIVE AUDIO - +-- 6 TRAlSMlT lUDlO 
8 - c 8 P T T  our ' c 9 RESET 
D - c ID GROUND 

U U I I U U U I ] I 1 I I U U U  

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 I have designed bne we call the 
"Packetimer"; it's described in the following article. 

TO C - 6 4  USER PORT 

fig. 6. Interconnection diagram ties transceiver, interface and C-64 together. 

monitor squelch status 
"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 thev "hear" another packet signal. 
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GLB ELECTRONICS - - -  -- 

presents 

THE FIRST CONTROLLER DESIGNED FOR 
PORTABLE AND SOLAR-POWERED STATIONS 

NEW SOFTWARE FEATURE: 
INTELLIGENT "BUDLIST" - Provides 
selective callsign filtering for 
Digipeating, Monitoring and Connecting. 

LOW 25 mA Current Drain. -msa& 
Miniature size - Lightweight. 
Rugged metal, shielded case. 
Lithium Battery backup for RAM. 
Onboard Watchdog for reliability. 
Standard DB25 Connectors. 
"Connected" Status output line. 
Remote Commands in Unattended 
Mode with Hardware Lockout. 

Retains all other PK-1 features. 
Extra 110 lines for special applica- 
tions. 

Power iequirement: 
9 to 15 Volts DC @ 25 mA typical 

Dimensions: 
4.6 X 5.9 X 1.0 inches 

Total Weight: 
12 02s. 

PKIL-Wired and Tested 
List price- $209.95 
Amateur net- $1 79.95 

SEE US AT DAYTON 
BOOTH 318 



"packetimer" for the PK-1 
Handy circuit 

prevents lockup 

In the previous article w e  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 25 watts of rf through an 
11-element beam for several hours. An unknown num- 
ber of packet stations in the North JerseyINew 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. Sideview 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/l4-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 
HlGH through pullup resistor R1. Only when the PTT 
line goes LOW (transmit model 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 HlGH 
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 
HlGH 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 (012 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, W2EHDIex-W8JGN, 27 
Fourth Street, Closter, New Jersey 07624 
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; - n . Regular SALE 
GC-5 World clock ..................... 91 95 8g9' 
b-nlplrr  VHF Porfabl~ 

IC-4AT 440 MHz . TTP 339.00 299" 
.... IC-02AT 2.meters. 369.00 299" 

IC-OZAT/High Power 399.00 339" 
IC-0311 lor 220 MHz 449.00 39gq' 

FL-32 500 Hz CW t~lter ............. 66 50 IC-04AT lor 440 MHz 449 00 38g9' 
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EX-242 FM unit .................... 44.00 
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MB Mobile mount . 735/745/751A .... 24.50 
SP-3 External speaker ................ 61.00 

........... EX-310 Vo~ce synthes~zer 46.00 

............... MB-12 M o b ~ l ~  mount 24.50 
R-7000 25 MHz-2 GHz scannlng rcvr 1099.00 969" 

.... Larsen PO-TLM Trunk-l~p mount 2018 

AG-1200 Mast mounted preamplll~er 10500 
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fig. 4. Packetimer PC board component placement diagram. 

CI .UC5 0 I ,SF. disc ceramic 
C3 I 0  ,*F rantalum 
C4 I0 0 ,,F tentalum 
C6 0 Or ,,F d m  cerem;c 
C7 470 ,.F tnntalum 

IAN capeolorr I2 VDC or better1 

CRl5  Si1;con llN914 or sguivalsnll 
CR6 Blinking LCD RS No 276 036 Marlin P Jones No OP2JM 

0 7.23 NPN silicon 12N.39' or eqvivalsnrl 

R1. R4, R5. R7. 
R8RI4.RI5.Rl6 l m k  

RZRIO bBk 
RJ 220 k 
R6 I k 
~9 a k 
RI I  ISFC 1exII BX) ohms 
R I2 330 ohms 
R I3 2 / k  
R17 U k 
1411 rcstltors 1'4 w ~ r l .  I0 psrcenrl 

S I  SPDT centerof1 toggle h c h  

U I  4C-X ICMOS oscillator,U stage divrdsrl 
U2 4528 or 4638 ICMOS dun1 one shot mullivihralorl 
U3 4063 ICMOS quad r s l r s s s l  latch1 
U4 555 titner 
TransNrcar RS 273 069 or Marlin 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 setireset 
switch) are added to the PK-1 front panel. 

fig. 5. Front view of the PK-1 shows the added switch (S11 
and LED (CR61. 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 0 3  from 
the Packetimer's key-inhibit transistor (01). The 
ground connection on the Packetimer goes to  the 
ground foil on the PK-1. The LM7805 voltage regula- 
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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. 

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. I t  
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. 

ham radio 

SAY YOU SAW IT 

HAM RADIO 

Start your own telephone1 
cellular radio 
service & repair 
business 

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 
Packetirner is removed, there's no ef- 
fect on the operation of the PK-1 other 
than loss of the time-out protection. 

testing 

New Bootstrap Industry Lets You Ee 
Your Own Bon 
Since thr I~reakr~p of AT&T, things aren't the 
same in the tcl~~phone business. Now there's a 
perfect new businea opportunity for 
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equipment offer yo11 the option of starting 
your own bootstrap business or cashing in on 
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practical combination of electronic funda- 
mentals and handwn experience with all 
types of phones in use today in homes and 
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Learn troubleshooting-wlth cordlea 
and memory phones you keep! 

Artion I.earning kits. You niaster t l~e  "rmson- 
why" theory, then you move immediately 
into "hands-on" practices. Using a digital 
multimctrr and a telephone line analyzer. 
you'll test every function of a telephone line. 
zeroing in on the problem spots and 
correcting them. 

As an NRI student, you learn at home, at 
your convenience. Without rigid nightschool 
schedules ov classroom pressure$. NRl's 
tested "bite-size" lessons lead you stepby-step 
toward your goal of independence as a 
telephone service expert. 

Send coupon for FREE catalog 
Find out for yourself exactly what this new 
NRI training can do for you. NRl's free catalog 
gives you all the facts on training for 
1Plephone Servicing & Repair or other 
technical fields such as Microcomputers, 
TV/Audio/Video Systprn Servicing and Com- 
munications Electronics. I f  coupon has been 
rrrnnvd writp to NU1 Schools 3939 Wiwon- - .  . ~ . . . . ~ ~  ~ .. 

The heart of NU1 It.lephone training iseight sin Ave.. Washington. DC 20016. 

approved under GI bill. McGraw-Hill Contlnulng Education Centw 
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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.) I 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 WA2PZOlScience Workshov 
"Poor Man's Spectrum Analyzer."' I 
decided to build my own spectrum 
analyzer. 

The WA2PZO concept is based on 
the fact that modern N 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- 
VHF, 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! I bought both 
forms of tuner from Science Work- 
shop; fig. 1 shows the cable-ready, 
wide-range model.' 

fig. 1. Wide range. L-VHFIH-VHFIUHF, 
voltage-tuned "cable ready" TV tuner 
used by the author. 

fig. 2. WAZPZOIScience Workshop i-f 
board built into shielded box. 

'WA2PZO. Scrence Workshop. P.O. Box 393. Beth 
page. New York 11714 

The i-f board used in the W4UCH 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 OnlOff 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, I still 
called the feedthrough capacitors by 
that name and had a difficult time find- 
ing them locally; it seems that they're 
now called "EM1 filters." Luckily, a lo- 
cal number for Newark Electronics was 
listed in the Yellow Pages, so I was 
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able to buy them directly from the 
source called for in the article. 

In retrospect, "next time" I might try 
using a single connector for all leads 
other than the i-f, and 0.002-pF 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 EM1 filters 
called for in the article are about $4 
each; about 12 are required. 

adding a sweep circuit 
A significant problem with the 

W4UCH article for many readers is the 
lack of a sawtooth circuit. W4UCH 
used the sawtooth o u t ~ u t  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 0s- 
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- 

&ER 
TUNE B +  

I ?  

IOPTIONAL I TO SCOPE kN.' ,R,tGER ,q ,.PUT 
SWEEP 

'' O Y / O F F  
SWEEP RATE 

O J  

SCIENCE 

A YORCSHOP 
S W - 6 0 0 ,  

R 3  RAMP 
SWEEP W l O r M  a BOARD CENTER FREDUENCI 

SOL 

= ,  E n  t M  

SCOPE 
* O R I I O I T A l  

,UP", 

IRNCI  

fig. 3. Sweep board SW-6001 connections (available from Science Workshop). 

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 I 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. 

I used a pair of small 12.6-VAC 
transformers ( T I  and T2), with the 
primaries connected in parallel and the 
secondaries connected in series, to ob- 
tain the required voltage. I 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 677, Thief River Falls. 
Minnesota 56701. 

fig. 4. Waveforms from SW-6001: (A) Mid-range sawtooth, (6) and (C) are sawtooths taken at extremes of CENTER FREQUENCY 
and SWEEP RATE controls. 
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THE STANDARDS OF EXCELLENCE 

SUPERIOR WEAK SIGNAL PERFORMANCE 
COMMERCIAL MODEM 

COMPARE with ANY unit at ANY Price 
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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 o~eratina aids. 

NORTH AMERICAN CALLBOOK INTERNATIONAL CALLBOOK 
Fully updated wllh all the latest up to date call Calls~gns and addresses for all Amateur Rad~o 
slgns and addresses for all North Amerlcan operators outs~de of the North Amerlcan con 
Hams Includes handy operating a~ds  such as tlnent Invaluable ald to gettlng OSL cards from 
t~me charts. OSL bureaus census lnformatton fore~gn DX ers Includes plenty of extra Infor 
and much more Wlth calls from Panama to matlon tool Universally recognized as the 
Greenland every ham should have one ~n thelr source of OSL lnformat~on 1986 
shack 1986 OCB-F87 Softbound $24.95 
OCB-US87 Softbound $24.95 

Order Both and SAVE. SPECIAL PRICE $44.95 \ 

Reg. Price $49.95 SAVE $5 I ICB-USF 

Please enclose $3.50 to cover 
shipping and handling. 

ham Order NOW. 
r a d i o ~ ~ B O O K S r O R E  cm ( GREENVILLE, NH 03048 / 

603) 878-1 441 
8-4 PM LST 

AVAILABLE NOW 
THE 1987 ARRL HANDBOOK 

The latest edltion of the Ham's blble has 
been updated wlth plenty of excltlng new 
projects, new theory and lnformatlon chap- 
ters and the latest In state-of-the-art technol- 
ogy. Check out these new features: Passive 
LC fllter deslgn Including standard value 
capacitor tables, overvlew of 23cm FM fast 
scan tv weather satellites baslcs, a complete 

revlslon of the radlo frequencies and transmlsslon sectlon (chap- 
ter 22) and satellite commun~cations sectlon (chapter 23). Some 
of the exclting new projects are: a new hf legal I~mlt, all band am- 
plifler using the 8877 tube, a dedicated CRT for Wefax image dls- 
play and a new marker generator project for general use to name 
just a select few. Over 200 pages have been revlsed and updat- 
ed. Great reference book that should be In every Ham's shack. 
Order your's today1 Over 1100 pages. (cl 1986 

ORDER 
rl AR-HB87 YOURS Softbound $17.95 
1- I AR-BB87 - 

NOW Hardbound $26.95 Greenville, 
ham 

Please enclose $3.50 to cover NH 03048 r i d i ~ ~ ~ ~ . . .  shipping and handling BOOKSTORE ,603) 878-1441 
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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 I 
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 
(CR1 and 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-jtF output capacitors 
are needed because one might be us- 
ing this device in close proximity to a 
high-power transmitter. The capacitors . 

CRI 
LNIO07 

U 

UI + 2 4 Y  

5OWVDC 

CZ CJ 
0 1 0 I 

5OWVOC 
m . K'l :. 900 

C R 2  
lNIOO7 

Y 

f 1 2 V  

fig. 58. 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 Model 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 N 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. I 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 

must be mounted on the output ter- across the entire horizontal aspect of 
minal, or at least as close as physical- the 'scope graticule equal to the peri- 
ly possible. od of the sawtooth leading edge. 

Otherwise, the 'scope and sawtooth 
performance won't sweep in sync. 

Figure 6 shows an oscilloscope 
future projects - - 

"Dtck Smlth Electronics. P.O. Box 8021. Redwood 
C I I ~ .  Californta. 94063-8021. The spectrum analyzer project has 

given me a few ideas for changes or 
improvements. First, I plan to re- 
design the sawtooth generator (possi- 
bly generating the sawtooth digitally). 
Second, I plan to add an amplifi- 
erlattenuator 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. I plan to buy the WAZPZO 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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fig. 6. FM broadcast band signals from my 
spectrum analyzer project. Central spike is 
a signal generator on 85 MHz I i =year-old 
dial calibration). 

' FEATURES ' 

PROCESWRS B O B B ~ ~ ~ ~ . ~ R M C E ~ ~ ~ R  
O P T M  eOBl MATH WQROCESSOR 

Y W ! Y  2561( RAM EXPAMUE TO MM( 
DRECTLY ON W T H R  BOARD 

aSKDRlVES 2 D / S W R W Y M V E S 3 W K  

KEYBOARD ELUXE KFYBOARD LEO NlCATORS 

SYSTEYS US-LNX CPN-Efi PC-DE M BASE 

SOFTWARE RUNS FllQiT S W A T O R  OBASa 
F R W O R K  S Y m Y  RBASE 
LOTUS n3 w o ! X A R  As FnE ETc. 

O P T W  20 OR 30 YG HARD DRM 
A U T O ~ T N C  

USPLAY CaORRGBORCOIPOSlTEYONO 

PRNTfR CENlRONCS PRNTZR WRT 

* a6W POWER SUPRY * 30 DAY WARRANTY * 

WE ALSO STM( T H  F O L L O W  ITEMS 

characteristic and the resulting curve 
looks parabolic in shape. Digitally 
generating the sawtooth signal is a 
worthwhile consideration. If you want 

COMPATIBLE 
COMPUTER 

$599.00 

* 2 FLOPPY DISK DRIVES 
* COLOR GRAPHICS CARD 
* 8 EXPANSION SLOTS 
* PRINTER PORT 
* 256K RAM MEMORY 
M m m I T O I  M O T  I l C U D S D  

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. 

r y ~ ~ y  m* 'M*EECTORS* 
*TTL m* *TRANSFORYR~* 
+CYOS m+ *SWITafS* 
qMm m* *CAPACITORS* 
* T R M T O R S *  'RF%TOk'S* 
m s *  *METERS* 
+LIDS* *MADBOARDS 

conclusion 
WA2PZO deseives 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 

AZOTIC INDUSTRIES 
2026 W BELMONT 

CHICAGO ILL 60618 
312-975-1288 

'VISIT OUR RETAIL STORE 
r /  180 

Shielding Beads, Shielded Coil Forms 
Fer r i te  Rods, Pot Cores, Baluns, Etc. 

Small  Orders Welcome 
Free 'Tech-Data' F l ye r  

*M'DA,N& since1963 

Iron Powder and Ferrite 

TOROIDAL CORES 

12033 Otsego Street, North ~ o l l ~ w o o d r ~ a l i f .  91607 

particularly well-built version of the 
W4UCH/WA2PZO project, send me 

the details. references 

I In Germany Ecrlron8rlaaen Wtthelm - Mellles Slr 88 4930 Octmola 18 Nerl Germanv 
~n JaDan T~yomura Electrontcs Comoany. Ltd 7 9 2 Chomc Sota nanaa Clr~yoaa nu Tokyo Jaoan 

1. Michael E. Gruchalla, "NE-5205 Wideband RF Am- 
plifier", ham radio. September. 1986. page 30. 
2. Joe Can. K41PV. How lo Desjgn andBurldElectronic 
Insrrumenlalion, Second Edition, Tab Books. Blue 
Ridge Summit. Pennsylvania 17214. 1517.95 from !he 
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 buildlng your own, see also Wayne 
Ryder's "Spectrum Analyzer Tracking Generator." ham 
rad~o. September. 1978. page 30. 
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THE MULTIPLE RECEIVER SOLUTION 

4 Channel Signal.10-Noise Voter 
Expandilhl? 10 :17 Lll.>lllit.l by .lli\l Adilili0 LdrdS 
Cnnllnunus Voltns . lfo lnd~caln,~ 01 CORandVoled S~gnals 
Ra~ll-(n Cal~hraln! . Rernrlle Volpd lnd~ca1015 Plnned Oul 
41s x 6 Duuhle S~ded Gnld Plated 44 Pln Card 
Remote Disable lnpuls . MORE 

Bu~lt. tested and calibrated with manual 

$350.00 
NEW PRODUCT 
Telephone ~nlertace now ava~lable 
For more lntormal~on call or wr~te 

HALL ELECTRONICS 
Voter Deparlmenl 

815 E. Hudson Street 
Columbus. Ohlo 4321 1 , 187 (614) 261-8871 - 

"INSTANT" 
MORSE CODE 

Beginners: 
Deliciously Easy 

Experts: 
Automatically Fast 

CURLYCODETM MANUAL 
ONLY $6.50 

Guaranteed 

Minds eve Puallcattons. DePt. H 21 
, , ~ N D ~  sulte 115-199 

1350 Beverly ~ d .  
eJe McLean. VA 22101 

fl 188 

- 
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. 
PO Box 5174, MASSENA. N Y I3662 

(315) 769-8334 J 189 

I 

Measure Up With Coaxial Dynamics 
Model 85A 'krminaon Wattmeter 
A direct-reading instrument for servicing 50 ohm mmmunicatic 
maintaining them at peak operation. 
The Model 85A features: 

Dry load no coolant required. 
Replaceable connectors, interchangeable without affecting i 
calibration. 

r in our 
e sales 

- 
3n systems 

nstrument 

L Four power ranges easily switchable - 
0-3n5150 and 150 watts full scale. 
Frequency Range: 20 to 512 MHz 
Accuracy: * 5% OFS 
Temperature Compensated 

Contact us for your nearest 0 
authorized Coaxial 
Dynamics 
representatha or 
distributo 
world-w~d 
network. 

RB COAXIAL 
Cleveland. Ohio 44135 

DYNAMICS, INC. 216-267-2233 1 - 8 0 0 ~ ~  - - ' -" - 

and Dep endability.. .A Part of Every Produc 

J 190 
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DESIGN EVOLUTION IN RF P.A.'s ' 

- (MHz) (WI IW NF GAIN 

*Linear (all mode) RF power amp with 
automatic T/R switching (adiuslable de- 
lay). Arnplilier useable with drive powers 
as low as !.watt. 
Receive preamp option, featuring GaAs 
FETS (lowest noise figure. better IMD). 
Device NF typ~calty .5 dB. 

*Thermal shutdown protection incor- 
porated 
Remote control capability built-in 

*Rugged components and construction 
prov~de lor superior product quality and 
performance 

1. Models w~th G suft~x have GaAs FET ore 
*All models include a complete operating1 a,p,, ~.Jo,,-G suffix untts have no preamp 

service manual and carry a factory war- 2. Coverstull amateur band. Specify to  MHZ 
ranty on all components Bandwidth tor 420-450 MHz Amplifier. 
Designed to lCAS ratings, meets FCC part 
97 regulations * S E N D  FOR FURTHFR INFORMATION* 

Approx~mate size is 2.8 x 5.8 x 10.5" and 
we~ght IS 5 lhs. 

Los Angeles. CA 90025 
Specif~cal~ons/pr~ce subject lo change I 
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'1412 
1412G 

2210 
2210G 
7212 
22126 
4410 
4410G 
4412 
4412G 

144-148 
144.148 
144-148 
220225 
220225 
220225 
220-225 
47U-40 
420450 
4~0450 
420450 

160 
160 
160 
130 
130 
1:1(, 
130 
100 
100 
,no 
IOU 

10 
30 
30 
10 
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30 
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10 
10 
30 
30 

.6 15 
- - 
6 15 
- - 
.7 12 
- - 
.7 12 
- - 

1.1 12 
- - 
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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 

RECASTER 
Garth Stonehocker, 

period from midnight to 0400 univer- 
sal time; and two, the period from 10 
pm to 5 am, localtime. 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 

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 0352 UTC. 
The moon is full on the 15th and at 
perigee on the 24th. 

from the D, E, and lower F layers Amateurs who live between 75 degrees 
(where ionization occurs) UP to the East and 150 degrees West longitude; band-by-band summary - - 
higher Part of the F layer, the main re- unfortunately, this area encompasses Ten, twelve, fifteen, and twenty 
gion used for DX. Europe and the Americas. This effect meters provide many openings during 

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. l )  that makes the 
eq~~inox 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 

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 
WWV 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 
loth, expect some increase in solar 
flare SlDs (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 

the daytime. As you go up in frequen- 
cy (i.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 a're 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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Barry Electronics Commercial Radio Dept. offers the Best in two-way communications for Busi- 
nesses. Munlcipalitles. CIVII Delense. Broadcasting Companies. Hospllals, etc. Sales and Servlce 
lor all brands: Maxon. Yaesu. Icon. Tad. Octagon. RegencylW~ison, Mldland. Standard. Un~den. 
Shlnway. Fulitus. Seas. Sp~llsbury. Ncutec, etc. Call or wrlte lor ~nformatlon 212-925-7000. 

1500 WATT PEP TRANSMATCH KIT 1986-87 
CATALOG 

$1 .oo 

In STOCK 

Basic Kit 
BASIC KIT- $154.95 
1- rotary Inductor 28ph 

Plu5 54 00 
2- 6 1 ball d r ~ v e s  Shlpp~nq and handllnq 
1- 0-100 turns counter 
2- varrable caparl tors 25-245 pf 4500 V RADIO KIT 

BOX 973H 
OPTIONS- Pelham NH 
enclosure (p~ctured I" Sepl 86 CQ) = $60 00 03076 
4 1 balun kll $18 75 r /  192 (603) 635 2235 
dials. lerminals. ceramic slandofts. hardware. lorords. ampcomponenls. B&Wcoilslock, ek. 1 
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repealer conlrol Re~ lace  old I IL b0ar.3~ wlth a slsle 01 lhe an 
mmoocomputer ohat nods NEwOPEA~URES. HIGH RrLImILITY, 
LOW POWFR SMALL SVF 7~md ruLL I~UUENTAIION r o w  
~ y r m m  Derocl onlcrlac~ m<op m )  wtth marl repealerr ~ e t a ~ l e d  ~ n .  
lerlace ~nlolnlnllm 8rlclUdRl Orlylnal MICRO RFPFATER CONTROL 
arlale lealu14 8" US1 DW 1981 

APT-2A Kit Only $129 plus $3 W sh~pp~ng 1/ 193 
PROCESSOR CONCEPTS 
P 0 nOX .zbn7 i 
ST PAUL MN '55126 

a 
161714R4 YI i h  7ptn Iopm evmtngs 

CALL OR WRITE FOR FREE CATALOG AND SPECItICAIlot1s 
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OPTO 1.3 GHz shirt pocket 
frequency counter 

A friend has something he calls his "$@XI 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 land therefore take it pretty much for 
grantedl, OPTO's new 1.3 GHz shirt pocket fre- 
quency counter is impressive in terms of size 
13.112 x 4 x 1 inchesl. cost ($99.95 in kit form). 
maximum frequency (1.3 GHzl, 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 

of even a weak signal 1i.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 basel, 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 LEOS make reading it easy, even un- 
der a variety of difficult lighting siluations. 

Priced at $150 assembled, it's also available 
in kit form for $99.95. Both the finished unit and 
kit include NiCads and a 110 VACI9 VDC adapt- 
er for ac operation and charging. Optional ac- 
cewries include a carrying case, probe, and the 
abovementioned telescoping antenna. 

For details, contact OPTOelectonics. Inc., 
5281 Northeast 14th Avenue, Fort Lauderdale. 
Florida 33334. 

- KAlLBO 
Circle IJ)1 on Reader Service Card. 

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 equatorial crossings of the two 
active Russian satellites carrying Mode A trans- 
ponders (RS5 and RS71, the two University of 
Surrey-AMSAT scientific satellites (09 and 01 11, 
and the recently launched JARLIJAMSAT sat- 
ellite. JAS-1, recently renamed Fuji OSCAR 12 
(F012). which carries both analog arid 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.S., Canada, and 
Mexico is $10 I512 for overseasl. 

For details, write Project OSCAR Inc., P.O. 
Box 1136, Los Altos. California 94023-1 136. 

Circle 1311 on Rnader Service Card. 

6- and 8-pole crystal filters 
IRI has announced the addition of 14 new 6- 

and Bpole crystal filters designed for both gener- 
al experimental 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, Florida 33452. 

Circle 1310 on Reader Service Card. 

PROTO TYPE P.C. BOARDS 

AS LOW AS $25.00 
SINGLE & DOUBLE SIDED 
PLATE THROUGH HOLES 
TEFLON AVAILABLE 
P.C. DESIGN SERVICES 

FOR MORE 1.VFOR.W I I 0 . V  lg6 - 

I'f Midland 
Techno log ies  

34374 EAST FRONTAGE ROAD 
BOZEMAN. MT59715 (406) 586-1 190 

- - 
SERVICE CENTER 

tor 

ICOM, KENWOOD 
and YAESU 

Fully equipped repa~r shop Amateur, 
Marine and Land Mob~le repairs. 

FCC NABER Ltc 
Mon-Fri 7 0:OO-4:00 pm 

(206) 776-8993 

PACIFIC RIM 
COMMUNICATIONS 

Bob KG7D J 197 
23332 58th Ave West 

Mountlake 1 errace. Wa 98043 = a 8 C 0 D S  Welcome 

f \ 
AMATEUR RADIO MAIL LISTS 

Sell-slick 1x3 labcls 

'** NEWLY LICENCED HAMS *'* 
'** ALL NEW UPGRADES '** 
*" UPDATED EACH WEEK I** 

Total Ltsl = 452,728 (ZIP sorled) 
Pllcc 1s 2 5 cenls each (4-up Clicsll~re) 

BUCKMASTER PUBLISHING 
Mlneral Vir inla 23117 

703:891-5777 J 198 
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ALL TRAP ANTENNAS are Ready to use Factory assemble4 
Commerctal Oual~ty -Hanale tull power . Comer complele 

r t ln  lleruxe traps. Deluxe rsnler conneclor 14 ga Slranaed 
Copperweld ant wtre and End lnsulalore A~lornal~c Band 
Swllchlnq Tuner usually never requlrea For all Tlansm~l 
lets Rece~verr X lranscelvers For all class arnrleurr One 
leedllrle works all banal lnslrucr~ons included 10 day 
money Dark guaantee' 

InCluaes arsemoly 8nrtrucl~ons. lk lu ie  cenler conneclor. 14 
ga Slldndea CopuerWeld Anlenna *Ire and End lnsulalors 
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DELUXE ANTENNA TRAPS: completely realeo 6 
wealherpr~r 501ta l)!dss lerm8nalr Handles Full 

Power NU lumperr NO SOlderlnp 
Instructtons lncluded 

1 for 4 band Olpole An1 
4 0 1 7 0 1 1 l ~ ~  1U S3h 0O.pr 

IUI 5 bdtld O8vole Ant 

Free catalog and winding chart pn request. 

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 boasts25 watts 
(the IC-275A includes a built-in power supply) 
or 100 watts (IC-275H with an external optional 
power supply1 output, 99 tunable memories, 
wideband receive coverage from 138-174 MHz 
ITx from 140.100-150.000 MHz), 32 built-in 
subaudible tones (actual subaudible frequency 
is displayed), odd offset capability, and a call 
channel. 
i Ideal for satellite operation, it also features 
full scan of the entire frequency spectrum, pro- 
gram scan, niemory scan 120 memories in only 
1 secondl, memory lock-out in scan function, 
and mode scan. 

The packet-compatible IC-275 incorporates a 
data switch for 5 ~ m s  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 upldown scanning mic and dc 
cord. 

Options include a tone squelch unit, speech 
synthesizer, a module for OSCAR operation that 
allows tracking with its new lC-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, I~ic.. 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 Virginia Incor- 
porated, 500 Southlake Boulevard, Richmond. 
Virginia 23236. 

Circle 13M 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. AN1 is installable by the system's owner. 

Features of the new Hotline-007 MK Ill, al- 
ready one of the best selling phone patches, in- 
clude all-mode operation l am,  fm, SSBI, easy 
hookup (no internal wiring is required to the 
basel, a dial restrict switch (to inhibit 0 and 1, 
preventing unauthorized long distance callsl, and 
owner-programmable access code and CW ID. 

New features include a manual connectldis- 
connect switch. More importantly, the MK Ill 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, California 92806. 

Circle IJ)8 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 version 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 8320 on Reader Service Cerd. 

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 acldc and 20 rnegohms, 
respectively. Model DMlOOO 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 continuityldiode. 
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Model DM1000 sells for $35 with a risk-free. 
30-day money-back return and a full one-year 
warranty. For details, contact Eaglestone, 5 
Landmark Square, Stamford, Connecticut 
06901. 

Circle CJ07 on Reader Service Card. 

service monitor 
CT Systems of Beech Grove, Indiana, has in- 

troduced the Model 3100 Communications Sew- 
ice Monitor, which includes such features as 
duplexloffset generation, spectrum analysis. 
sweep testing, filter alignment, cellular testlng, 
and toneldigital signalling - all in a lightweight. 
compact unit. Simple to operate, the unit offers 
built-in "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 
memory. 

For details. contact CT Systems, Inc., 5245 
Hornet Avenue, Beech Grove. Indiana 46107. 

Circle 13W 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 wans or dBm. 
The model 4421's accuracy is f 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 milliwan and microwatt region. 
Optional interfaces piovide 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- 
el operation with push-bunon 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 (Solonl, 
Ohio 44139. 

Circle C3W on Reader Service Card. 

portable communications 
service monitor 

Ramsev Electronics' new COM-3 Sewice 

Monitor, designed tor 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 incremental 
step keys to facilitate receiver testing. 

The COM-3 monitor weighs less than 10 
pounds and has a huilt-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 1305 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. 
I t  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. It is fully assembled and re- 
quires no adjustments or "trimming"; only one 
end of the antenna needs to be elevated 125 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 1306 on Reader Service Card. 

SAY YOU SAW IT 

HAM RADIO 

POCKET SIZED" 
1-500 MHz 
FREOUENCY COUNTER 
BUILT. TESTED. AND 
READY-TO-GO' 

ONLY $49.95 Prepaid 

HAND HELD" 
1-13M) MHz 
FREOUENCYCOUNTER 
BNC INPUT CONNECTOR 

ONLY $79.95 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 
Wlthoul case.. . $9 95 

PA-20E PRE-AMP 
FULLY ENCLOSED 
WITH A DC.1000 MHz 
RANGE AN0 POWER 
SUPPLY OPTION 

ONLY $34.95 Prepaid 
Without case. .  .S19.95 

/ 201 

Specbly type ol radto when orderlng pre.amplal~ers 

DlGlTREX ELECTRONICS 
divis~on ol  NCI West Coast: 
10073 North Maryann Call Ray Lukas 
Northv~lle. MI 48167 805-497-2397 

Per~mn~l m~t-ks nsvlc.) ~,rm,rr MarlerCnrO r l r  Vlrr .#re 
weimm* Or c,ni r .I C On PHONE (3131 Yl l -7313 NOW' 
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8OOm341=1 522 
Weekdays 8 AM - 9 PM EST Saturdays 9 AM - 5 PM EST 

Prices U.S. only IN MAINE CALL COLLECT (207) 236-2896 
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Early Reservation Information - -- I------- - - -- 
aeneral Chairman, Jim Simpson, WEWQZZ Asst. Qeneral Chairman, Bill McNabb, WDBSAY 

Grand-banquet tickets are limited. please Campers & Trailers 
place your reservations early. Campers and  Trailers may be  parked a t  Montgomery 

County Joint  Vocational School. A HAMVENTION bus  

Giant 3 day flea market Exhibits will provide transportation between the camper 
parking area and  the Arena. No campers o r  travel 

Door prizes License exams trailers will be  permitted to park in the  Arena lot o r  
cw proficiency test Flea Market area. 

Flea Market Tickets Wheelchairs 
Wheelchairs will be available. Send S.A.S.E. for W e  increased Flea Market area by nearly 400 spaces details to .Wheelchair. P.O. Box 44, OH this year and a l l  were sold out  by January 10. 4540 1. 

Special Awards 
Nominations are requested for 'Radio Amateur of the  
Year', 'Special Achievement' and 'Technical 
Achievement' awards. Contact: Awards chairman, Box 
44, Dayton. OH 4540 1. 

License Exam 
Novice thru extra exams scheduled Saturday & 
Sunday by appointment only. Send current FCC form 
6 10, 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/tapt presentation about the 
HAMVENTION is available for loan. Contact Dick 
Miller 2 8 5 3  La Cresta, Beavercreek, OH 45324  

Parking 
Free parking is available a t  Hara Arena. In addition, 
there will b e  free shuttle bus  service from all major 
motels and designated parking lots. Parking and road 
information will be available o n  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 a t  
t h e  Arena by taking t h e  HAMVENTION buses. 

Alternate Activities 
HAMVENTION is for everyone. We have planned 
activities for the  YL o r  your non-ham family 
members.  

Deadlines 
Award Nominations: April 4 
Lodging: April 4 
License Exams: March 2 8  
Advance Registration and  banquet: USA - April 1 1 

~Canada - April 4 

Information 
aenera l  Information: (5 13) 433-7720 
o r  DARA Box 44 Dayton, OH 4540 1 
Flea Market Information: (51 3) 223-0923 
Lodging Information: (5 13) 223-26 12 
(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! N o  matter what you a r e  looking for, you 
can find it in Dayton! 

HAMVENTION is sponsored by the  
Dayton Amateur Radio Association Inc. 



statlon set Enhanced Nov~ce 10115'40180m coverage Send 2 
stamps for free lnfo I .  Megeff. KOZEF, 729 Lor8 Drive #101. 
Palm Springs, FL 33461 

exams nearby. For information: DARCI. PO Box 143. Dalton. 
GA 30722-0143. 

HOBBY. EDUCATIONAL, INDUSTRIAL PRODUCTS. 70 
kits Ampl~fier. FM transfstor. VU meter, door bell, alarm 
system, power supply. Send $3.00 to HOBBY ELECTRONIC, 
PO Box 1339. Claremont, NH 03743 or call (€03) 543~0033. 

ILLINOIS: March 29. LAMARSFEST '87 sponsored by the 
L~bertyville and Mundelein Amateur Radio Society. Lake Coun- 
ty Fairgrounds. Grayslake. Doors open 8 AM. Commercial 
setup time (by reservation only) 6 AM. Admlss~on $2.00 ad van^ 
cy by March 20; $3.00 at the door. lndoor swapfest. exhibitors. 
code speed testing and exams, free parking, public cafeteria. 
Talk In on 147.63-.03 Waukegan repeater. 146.52 simplex. For 
information and reservatlons: Lamars c /o Marc Abramson. PO 
Box 751. Libertyville. IL 60048. 13121 255-0642 BPM to lOPM 
CST. 

COLLECTORS: Have Karl Pierson KP 81 commundcatlons re 
celver for sale Complete system receiver, speaker cablnet and 
book Open to offers. Cal. KL7HEM. 10300 Silver Knolls. 
Reno, NV 89506. 

---- 

IBM-PC RTTYICW. New CompRm, II IS the complete RTY lCW 
program for IBM PC's and compatibles. Now wlth larger buf 
fers, better support for packet unlts, picttlres, much more. Vir- 
tually any speed ASCII. BAUDOT. CW. Text entry via bu~ l t~ ln  
screen editor1 Adjustable split screen display. Instant 
modelspee~i change. Hardcopy, diskcopy, break-in buffer. 
select call~ng. text file transfer, custom~zable full screen log 
glng, 24 programmable 1000 character messages. Ideal for 
MARS and tlafflc handl~ng. Requlres 256k PC or AT compat- 
~ble, ser~al port. RS 232C TU. $65. Send call letters l~nclud~ng 
MARS) with order Oav~d A R~ce. KC2HO. 25 Village View 
Bluff, Ballston Lake, NY 12019. 

RATES Noncomrnerc~al ads IOO per word 
cornrnerc~al ads 60C per word both payable 
in advance No cash d ~ s c o u n t s  or agency com- 
rnlsslons allowed 

HAMFESTS Sponsored by n o n - p r o f ~ t  o r -  

g a n l z a t ~ o n s  r e c e l v e  one f r e e  Flea M a r k e t  ad 
( s u b j e c t  t o  o u r  e d l t ~ n g )  on a space ava~lable 
bas~s o n l y  R e p e a t  l n s e r t l o n s  o f  h a m f e s t  ads 
p a y  t h e  n o n - c o r n m e r c ~ a l  r a t e  

COPY No speclal l a y o u t  or a r r a n g e m e n t s  

ava~lable M a t e r ~ a l  should be t y p e w r ~ t t e n  or 
c l e a r l y  p r ~ n t e d  ( n o t  all c a p ~ t a l s )  and m u s t  I n  

clude f u l l  n a r n e  and address We reserve t h e  

r tqh t  t o  r e l p c t  u n s u ~ t a b l e  copy Ham Radio can- 
not c h e c k  ~ a c h  advertiser and t h u s  c a n n o t  be 
held r e s p o n s ~ b l e  f o r  cla~rns made L ~ a b ~ l ~ t y  f o r  

c o r r e c t n e s s  o f  r n a t e r ~ a l  l ~ r n l t e d  t o  c o r r e c t e d  ad 
I n  n e x t  ava~lable I s s u e  

DEADLINE 1 5 t h  of second preced~ng 
m o n t h  

SEND MATERIAL TO: Flea M a r k e t  Ham 
Rad~o Greenv~lle N H 03048 

ILLINOIS: March 15. The Chicago ARC will hold a continous 
seminar entitled "Introduction to Amateur Radio". Noon to 5 
PM. North Park Village. Community Room. 5801 N. Pulaski 
Rd. Ch~cago. The Amateur Rad~o Nov~ce Class license semlnar 
will start Monday, March 16 at 7:30 PM, same address In "J" 
build~ng. For ~nformation call (312) 545-3622. 

KENTUCKY: March 28 and 29. LTARC Hamfest sponsored by 
the Lincoln Tra~l ARC. Pr~tchard Community Center, Ellza- 
bethtown. Adm~ssion $5.00 advance: $6.00 at the door. Dealer 
tables 510.00lday or $15.00 both days Flea market $5.001day 
or $8.00 both days plus admission tlcket Activities include 
ARRL State Convent~on, Walk-in testing, numerous forums. 
Free park~ng. Nearby motels, reasonable rates. Talk in on 
146.52. 146.38198. For tlckets or reservations: Hubert Hensley, 
WD4GDA. PO Box 342. Vine Grove. KY 40175. Tel (5021 877~ 
2234 

--- 

KENTUCKY: March 7. The annual Glasgow Swapfest w~ l l  be 
held at a NEW LOCATION, the Cave C~ty Convention Center. 
Cave City Starts 8 AM. ends when everyone goes home Ad 
m~ssion $3 00 per person w ~ t h  no extra charge for exh~bltors 
Activ~t~es include OX and ARRL forums, flea market. FCC VE 
tests beginntng 10 A M  Walk-ins only. Bring origtnal llcense 
and photocopy. Talk in on 146.34194 and 14.591145.19. For 
more informat~on: N4HCO. Rt 9. Box 1128. Glasgow. KY 
42141. 

TRS8O 4PIKANTRONICS UTU RTTY. Spl~t screen. 10 user 
keys, flle transfer Runs in Mod 4 I80 char1 mode $30 to COM 
MPRO RTTY, c /o  KBGIC. 3711 Gayle Avenue, Omaha, NE 
68123 

SOLAR ELECTRIC PANELS and Svst~bm Comoonents 1st 
quality for home or repeaters ~owes t  p r i c e s ~ n  country 
KAEDSS. RADIANT DISTRIBUTORS, 3900 Dursum, Ada, MI 
49301 (6161 874 8899 

WA9GFR 
RF SOFTWARE $1500 dtsk contams HFtVHFI 
UHFIL-BAN0 propagatton and Sm~th Chart impedance 
match~ng programs. Specify Commodore~64 or MS-DOS 
BASIC Lynn Ger~g. 6417 Morgan RD, Monroevdle. IN 46773 

- - 

REMEMBER TROLLEY CARS? Trolley Trereasures: The War 
r//rie Years 11, New Jersey 11939-19471, a 4 volume photodoc- 
umentary h~story. Includes 1600 unpubl~shed, or~ginal 
photographs plus extensive histor~cal notes. Volume I, The 
Comprom~se Roof Cars o f  Publlc Serv~cr Coord~nated Trans 
port, ready rlow SASE for deta~ls To order, contact Trolley 
Themes, A W Mankoff, 2237~3 Woods~de Lane, Sacramento. 
CA 95825. ($14 95 plus $1.50 SBH). 

MARYLAND: March 28 and 29. The Balt~more Amateur Radio 
Club will oresanr the Greater Baltimore Hamboree and C o m ~  
~,..rrrfest. '~arrlar~d State ~a l rg ro~nds  Exn belton Contu P X  at 
T~motuunl Indoo# I lra fnarket and large draler rl.spla> area 
Anlaten.r rano. personal and small odslness computers fea 
tured. Hard surfaced outdoor flea market area. Food servlce. 
plenty of free parklng and more Gates open 8 AM each day. 
Admisslo" $4.00lday or S6.001both days. Children under 12 
free. For add~tronal informat~on and display space reservatlons 
GBHEtC, PO Box 95. Timon~um. MD 21093~0095 or call 13011 
HAM-FEST 

-- 

MICHIGAN: March 21. The Mich~gan Crossroads Hamfest. 
Sponsored by the Southern Mlchigan Amateur Rad~o Society 
and the Marshall High Photo Electronics Club. 8 AM to 3 PM 
Marshall High School, Marshall. MI. Tickets $2.00 advance 
SASE: $3.00 at the door. Packet radio demonstration and 
forum, free parking, full food servlce. License exams Novice 
thru Extra Preregistration requested. Send Form 610. SASE 
and $4.25 payable to ARRLIVEC to License Exam. PO Box 2. 
Pleasant Lake. M I  49272 Walk-ins on availabll~ty basis. Talk m 
on 146 67 or 146.52 or 223.94 For more information SASE to 
Louis Ryason. WBBWXS. 23 So. 27th Street. Battle Creek. MI 
49015. 

UHF PARTS. GaAs Fets. MMICs, trimmers, ch~p  caps, teflon 
vcb, and other bu~lder parts SASE brtngs Ihst. MICROWAVE 
COMPONENTS, 11216 Cape Cod. Taylor, MI 48180 

- HOTINEW PACKET PROGRAMS FOR YOUR IBM PC. Sev 
era1 trleco~r,mun~cat~ons programs to choose from, espec~ally 
wrltten to ~nterface your packet corltloller wlth your PC or 
compat~ble'clo~r~~ Ft~atnres lhke Full Screen. L~ne Screen edbt 
Ing, S[llit Srreerta. ASCII, Btnary. X Modem or user def~ned 
file trd!lSf?ts. OOS shell. Macro Keys, Command F~les, many 
typf'\ of tlme date oper ID Mul t  p.rgs brochures expla~n 
then? ,ill Software S~~ppor t  Wnfe f o ~  new ~nformat~on and 
prlctng KALT Et ASSOCIATES. 2440 E Tudor Rd, Suite 138. 
Anchorage AK 99507 (9071 248 0133 Charge Cards ac 
cepterl 

$$$$$SUPER SAVINGS on electronic parts, components. 
supplles and computer accessories Frec! 40-page catalog for 
SASE. Get on our mailing list BCO ELECTRO. PO Box 
830119. R~ehardson, TX 75083 or call 1214) 690 1102. 

YAESU OWNERS: Hundreds of rnod~f~cat~or~s and improve 
ments for your r ~ g  Select the best from fourteen years of gen- 
uine top rated Fox-Tango Newsletters by uslng our new 
32~page C~lmulat~ve Index. Only $5 postpa~d lcash or check) 
with $4 Rebate Cert~ficate creditable toward Newsletter pur- 
chases. Includes famous Fox~Tango F~lter and Accessories 
L~sts. Milt Lowens. N4ML IEditor). Box 15944. W. Palm 
Beach, FL 33416. Telephone 13051 683 9587 

~ 

RTTY JOURNAL - Now In our 35th year Join the c~rcle of 
RTTY friends from all over the world Year's subscription to 
RTTY JOURNAL, $10 00, foreign $15 MI. Send to: RTTY 
JOURNAL. 9085 La Casita Ave.. Fountain Valley, CA 92708. 

S.S.b. CRYSTAL FILTERS. 9 0 MHz, 2 2 kHz bandw~dth, SIX 

pole. with data $20 00 postpa~<l Of-M quantlty ava~lable 
ICL1117 D V M I C 's dtrect drwe 3 1 2 d~gfr LED same as 
7107 plus hold. wlth data. $6 00 2/$111 00 postpa~d. Dentron 
Scout C A P transceiver 4 MHz. 100 watts, new. $250 00. 
A C P S $75 00 postpa~d George Mls~ ' .  14481 Watt. Novelty, 
Ohlo 44072 

MICHIGAN: Apr~l 5. The South Eastern Michigan Aniateur 
Radio Association's 29th annual Hamfest Swap and Shop, 8 
AM to 3 PM. Grosse Pointe North High School. 707 Vern~er 
Road. Gross Po~nte Woods. ARRL. DX and Packet forums. 
Tockets $1.00 advance: $3.00 at the door. Tables $8.00 ad- 
vance: $10.00 at the door. Talk in on SEMARA repeater 
147.70110 and 146.52 slmplex. For information: SEMARA 
Hamfest, PO Box 646, St. Clair Shores, MI 48080 or phone 
Fred Lwe~s. NK8M 13131 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 oDen 8:30 

-- - 

IMRA Intornat~onal Mesron Rad~o Assoc~ation helps m s  
sionarles Equ~pment loaned Weekday net, 14 280 MHz. 2 ~ 3  
PM Eastern. E~ght hundred Amateurs in 40 countries. Brother 
Frey, 1 Pryer Manor Road. Larchrnont, New York 10538 

-- 

RUBBER STAMPS: 3 lines $4.50 PPD Send check or MO to 
G.L. P~erce, 5521 Blrkdale Way, San Olego. CA 92117 SASE 
br~ngs ~nforrnat~on. 

-. - -- - - 
ELECTRON TUBES: Recelvina. transm~ttina. microwave.. 

HF WEFAX for use w ~ t h  nlost personal coniputers For Info 
SASE to A tt A ENGINEERING, 2521 W LaPalma Ave. #K. 
Anahelm. CA 92801 (7141 952 2114 

LEARN MORSE CODE IN 1 HOUR. Amazing new easy t cch~  
noque Moneyhack guarantee $10. Bahr. 2549H Temple, 
Palrnbay, FL 32905 

AM -aryL' Ilea market, speakers, progrilms, r e f r ~ s h ~ n ~ e ~ ~ t s  drpo 
plenty of free parrang Talr In on 146 22 82 WOMXW For f ~ r -  
ther ~nformat or1 contact. RARC r o WBOYEE. 2253 Nordoc Ct 
NW. Rochester. MN 55901 SUPERFAST MORSE CODE SUPEREASY. Subl~m~nal cas 

sette. Moneyback guarantee' $10 Bahr, 2549H Temple, 
Palmbay. FL 32905 

all types ava~lable. Large stock. i e x t  day delivery, most cases 
DAILY ELECTRONICS, PO Box 5029, Compton, CA 90224. 
(213) 774-1255. 

MISSOURI: March 13. The Jefferson Barracks Amateur Radio 
Club's 27th annual Amateur Rad~o Auction, Concordia Turners 
Hall, 6432 Gravois, south St. Louis City. Starts 730 PM. TEN-TEC now sh~ppqng new-boxed USA made latest 1987 

factory models Cursax II. Century 22. Argosy II transcclvers 
Ttran hear  ampltfter 229A 2kw antenna tuner plus accessortes, 
antenna For the best Ten Tec deal wrlte or phone Bill Slep 
17041 524 1519. SLEP ELECTRONICS COMPANY, Highway 
441, Otto, NC 28763 

CUSTOM MADE EMBROIDERED PATCHES. Any stre, 
shape, colors. Five patch mintmum. Free sample. prices and 
order~ng ~nformat~on. HElN SPECIALTIES. Inc . Dept 301, 
4202 N Drake. Chicago. IL 60618. 

NEW HAMPSHIRE: March 14. The Interstate Repeater So 
ciety of Derry, NH will hold ~ t s  annual Flea Market. Lions Club 
Hall, Lions Avenue. Hudson. Doors open 8 AM. Adm~ssion 
$1.00 at the door. Tables $8.00 each. For table reservations 
(603) 623-0628 or (603) 883-9441. Write 1.8 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 Saddle River Road and Weiss 
Road, Upper Saddle River. Admission $1.00. Tables SlOlfirst. 
$5.00 each additional. Ta~lgatlng S5.W. Contact Jack 
Meagher. WZEHD (2011 768-8360. 

RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 
Walter. 2697 Nickel, San Pablo, CA 94806. WANTED Schemat~c for B~arcat 100 Electra Model BC 100 - ~ 

Scannrr Pleast- contact Ralph E. Srn~th, 857 Rougemont, St 
Fov, Ouebec City Canada COMING EVENTS 

Activities - "Places to go . . ." HEATH Deluxe allterlna tur~er Model SA2060 a beauty best 
offer. (4011 789 1817 FOB 

SPECIAL REQUEST TO ALL AMATEUR RADIO PUBLIC- 
ITY COORDINATORS: Please ~ndicate In your announce 
ments whether or not your Hamfest locat~on, classes, exams, 
meetings, flea markets, etc , are wheelchair accessible Thls 
informanon would be greatly apprec~ated by our brotherlsister 

CHASSIS. CABINET KITS. SASE. K31WK. 5120 Harmony 
Grove Road, Dover, PA 17315 

- 
COLLINS KWM-380. Fully updated Excellent condition Full 
servlce manual Wr~te or call. W31RE. 9436 Howes Road, 
Dunkqrk. MD 20754 (301 1 257~3041 

NEW JERSEY area Chaverlm, an organ~zation of Jew~sh Ama~ 
teur rad~o 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 hams w ~ t h  lim~ted physical ability. 

-- - 

FLORIDA: March 21-22 The Playground Amateur Radio 
Club's 17th annual North Flor~da HamlSwapfest, Shrine Fa~r- 
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 
146.19179 and 52. For more information write PARC. PO Box 
873, Ft Walton Beach. FL 32548 

GEORGIA: March 7. The Dalton Amateur Radio Club's 5th an- 
nual Hamfest. North Georgia Fairgrounds, Dalton. lndoor flea 
market with tables provided for sellersltraders. VE upgrade 

the first Sunday of the month in the Jewish Community 
Center. Grant Avenue, Deal Write PO0 192, West Long 
Branch. NJ 07764. BACK ISSUES OF HAM RADIO Marlarlne from March 1968 

to June 1974 Complete your collpct~on lnd~v~dual issues $4 00 
each KX9P 1319) 377 3563 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 
(Trenton1 2 miles north of 1-95. Admission $3.00 advance; 
$4.00 at the door. lndoor selling space $10.00 (wall space1 and 
$7.00. Outdoor spaces $6.00. Sellers bring own tables. Doors 
open for setup 6 AM. General public 8 AM. Free parking. Re- 

IBMIAPPLE COMPUTER program "Hamlog". 18 modules 
logs auto sorts 7-band WASlDXCC. Full feature. Also CP/M 
Apple $19.95. IBM $24.95. HR-KAIAWH. PB 2015. Peabody. 
MA 01960. 

L O  COST Sensitive-Selective HF recelver system. Idealllst 
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Ham Radio's guide to help you find your local r 
California AMATEUR ELECTRONIC SUPPLY 

621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 
Hours M-F 9-5:30, Sat. 9-3 

Maryland 
JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
21 3-390-8003 
800-882-1 343 Trades 
Habla Espanol 

MARYLAND RADIO CENTER 
8576 LAURELDALE DRIVE 
LAUREL, MD 20707 
301-725-1 212 
Kenwood, Ten-Tec, Alinco, Azden. Full 
service dealer. 
M-F 10-7 SAT 9-5 

- -- 

Georgia 
DOC'S COMMUNICATIONS 
702 CHICKAMAUGA AVENUE 
ROSSVILLE, GA 30741 
(404) 866-2302 1 861-5610 
ICOM, Yaesu, Kenwood. Bird ... 
9AM-5:30PM 
We service what we sell. 

Colorado 
Massachusetts 

TEL-COM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
61 7-486-3400 
61 7-486-3040 
The Ham Store of New England 
You Can Rely On. 

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 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, etc. 

Connecticut 
Michigan HATRY ELECTRONICS 

500 LEDYARD ST. (SOUTH) 
HARTFORD. CT 061 14 
203-527-1 881 
Call today. Friendly one-stop shopping 
at prices you can afford. 

ATLANTIC SOLAR POWERIENCON 
(SINCE 1979) 
37279 W. SIX MILE RD. 
LIVONIA, MI 48152 
(313) 591-7745 
Solar Electric Power for Repeaters, 
Ham Shacks, Packet Radio. 
Call Paul, WD8AHO 

Idaho 

Delaware 
ROSS DISTRIBUTING COMPANY 
78 SOUTH STATE STREET 
PRESTON, ID 83263 

AMATEUR & ADVANCED COMMUNI- 
CATIONS 
3208 CONCORD PIKE 
WILMINGTON. DE 19803 
(302) 478-2757 
Delaware's Friendliest Ham Store. 

(208) 852-0830 
M 9-2; T-F 9-6; S 9-2 
Stock All Major Brands 
Over 7000 Ham Related Items on 
Hand 

Minnesota 

TNT RADIO SALES 
4124 WEST BROADWAY 
ROBBINSDALE, MN 55422 (MPLSIST. 

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 

Illinois 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. 

- - 

ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
31 2-631 -51 81 
Hours: 9130-5:30 Mon. Tu, Wed & Fri; 
9130-8:00 Thurs; 9:OO-3:00 Sat. 

Florida 
AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33575 
81 3-461 -4267 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 
Hours M-F 9-5:30, Sat. 9-3 

Indiana 
Missouri 

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. 

MISSOURI RADIO CENTER 
102 NW BUSINESS PARK LANE 
KANSAS CITY, MO 64150 
(800) 82 1 -7323 
Missouri: (816) 741-81 18 
ICOM, Kenwood, Yaesu 
Same dav service. low ~r ices.  

YOU SHOULD BE HERE TOO! Dealers: c ontact  am R ~ ~ I O  now for comde te detalls. 
--- 
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Nevada 
AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS. NV 89106 
702-647-31 14 
Dale Porray "Squeak." AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30. Sat. 9-3 

New Hampshire 
UIVENDELL ELECTRONICS 
8 LONDONDERRY ROAD 
DERRY. N. H. 03038 
603-434-5371 
Hours M-S 10-5; THURS 10-9 
Closed SunIHolidays 

New Jersey 
KJI ELECTRONICS 
66 SKYTOP ROAD 
CEDAR GROVE. NJ 07009 
(301) 239-4389 
Gene K2KJl 
Maryann K2RVH 
Distributor of: KLM. Mirage, ICOM. Lar- 
sen. Lunar, Astron. Wholesale - retail. 

QEP's 
1 10-4 ROUTE 10 
EAST HANOVER. N. J. 07936 
201 -887-6424 
In N.J. 1-800-USA-991 3 
Bill KA2OEP 
Jim N2GKW 
VISAIMastercard 
Belden Coaxial Cable 
Amphenol Connectors 
Hours: 9:30 am-7:00 pm 

New York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK. NY 10012 
2 12-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

VHF COMMUNICATIONS 
915 NORTH MAIN STREET 
JAMESTOWN. NY 14701 
71 6-664-6345 
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 Rock~ngham 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,OH44092(ClevelandArea) 
21 6-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: t (800) 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 AtDA DRIVE 
REYNOLDSBURG (COLUMBUS). OH 

43068 
614-866-4267 
Featuring Kenwood, Yaesu. Icom, 
and other fine gear. Factory author- 
ized sales and service. Shortwave 
specialists. Near 1-270 and airport. 

Pennsylvania 
HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE. PA 19047 
21 5-357- 1400 
Same Location for over 30 Years 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON. PENNSYLVANIA 18509 
71 7-343-21 24 
ICOM. Bird. Cushcraft. Beckman. 
Larsen. Amphenol. Astron. Belden. 
Antenna Specialists. W2AUIW2VS. 
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. Hustler. Larsen. AEA. 
Mirage. Ameritron, etc. 

Texas 
MADISON ELECTRONICS SUPPLY 
3621 FANNIN 
HOUSTON. TX 77004 
71 3-520-7300 
Christmas?? Now?? 

KENNEDY ASSOCIATES 
AMATEUR RADIO DIVISION 
5 7 0 7 ~  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 ALElF CLODINE 
SUITE 500 (CORNER HARWIN & 
KIRKWOOD) 
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 
41 4-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 
M-F 9-5:30 Sat 9-3 

MAKE CIRCUIT BOARDS 
THE NEW, EASY WAY 

WITH TEC-200 FILM 
JUST3 EASYSTEPS: 

Copy c~rcuit on TEC-200 film using 
any pla~n paper copier 
Iron film on to copper clad board 
Peel off film and etch 

SATISFACTION GUARANTEED 
convenient 8% x 11 size 

5-Sheets for $3.95 
10 sheets only $5.95 
,111 (1st 1 1 1 1 1 1 1 ,  l,tul. - :Q>IM., 2 , ~  ,,,~+.,,*t, 

The MEADOWLAKE Corp. 
nf1.r 1 i 1 1 .  P 0 Box 497 

Northport. New York 11768 





- 
50 hzm ~ I L  MHz 

RACY 10 MHz Oven OxlOator 
Hz to 1.2 CHz . l PPM ACCUR 

A U  MODES HAVE I YFAR WARW 

opaonal f=tory Ind.led -e* battery I: 
FOR DEALER LOCATIONS 

OR PHONE ORDERS 
800-854-1566 

8580 Produsrlon Avenue 

EXPORT AGENT: MAGNUS 
3500 Devan Avenue 

. . - - . - . . o a < - v , 7 w r v  
15 to SQ MV 21oZOMV 'I0 VAC Telex L1253503 MAGNUS CGO 

tOISPMbh 815VDC 
ISIDE4IMV 20M30MVlolGHt 6mMA lrm 

2 AOADAPTER 50.85 BACl2S3485 8AC5 W.85 

THE CHAMP 

BIRD MODEL 4304 

NO ELEMENTS 
25-1000 MHZ 

RF SAMPLING PORT 
LUlYOPlZlO .- DISlRlmJIO( 

E!&d 
WEBSTER COMMUNICATIONS INC. 

115 BELLARMINE 
ROCHESTER. MI 48063 

313-375-0420 / 208 

CALL TOLL FREE 

800-52l-2333 
800-482-3610 

GHz 

A. Mlcranw Asloslatea 10 GHz Qunnplmxar. Two 01 thew h n s  
mmmunlwllon systam lor r o l n ,  mcw, rldao or data Innamlaah ... ..-. .- ntlon mountaintop DXlnol 
MA87141.1 (pal? 01 10 mW 1nnacelv.n) $251.85. Hlgher power unlta (up l o  200 mW) available. 8. Mlcm 
were Aaloslatea 24 QHz Gunnplaxer. Slrnllar characterlsllcs to 10 GHz unlt. MA878204 lpalr 0120 mW 
tran.c.hen) 173890. C. Thla support module Is desbned lor uaa wllh (ha MA87141 end MA87820 end 
pmrldas all 01 the clrcultry for a lull duplex audlo transcelre eystem. The b a r d  contelns a low.nolw. 
3DMHz l m  receiver, modulators lor volce and mcw operatlon. Qunn diode repulalor and varector supply. 
Meter outputs are pmrldad for monltorlng rocelred 8Ignal levala, dlacrlmlnalor output end varactw tunlng 
roltage. RXMRMVD assembled and tested 1119.85. D. Complete, ready to use communlcallon system 
for rob. or mow oprellon. Ideal lor repealer Ilnklng. A power aupply capable 01 dellverlng 13 volts dc 
at 250 mA (lor a 10 mW venlon). mlcmphone, and hasdphone endlor loudspeaker are the only addltlonal 
llama nndsd  lor opretlon. The Qunnplerer can be removed lor remote mountlng to s tower or 2 or 4 
loot parabollc~ntenna.TRlffiA(IOQHz. 10 mWS399.95. Hlgher power unlts arallable. TR24GAl24 QHI, 

m m W  ls39.95. Also avalleble: horn. 2 and 4 loot pare- 
b l l c  antennas. Qunn. varactor and detector diodes. 

Advanced search and lack eyatems, oscillator modules, warsguide. 
Ilang.8, ate. Call or wrlle lor addlllonal Inlormatlon. Let 

Receiver ARR taka ~ D U  hlgha rn qu.llty 10 and 24 Onz s9u~~mantl 

Research 
, 2os . BOX 1242 Burlington CT 06013 203 582-9409 E!3m 
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Get Wind of These 

HF 1 ransl-elver 
wtlh Anlenn.1 Tuner 

General Coveraqe Recelver 
- - - . - --- , 

.: iC 

I Sat 10-4 

[EGE NEW ENGLAND 
H Sllles Road 
Salem. New Hampsh~re 03079 ,, 

M I ~ I  H.cndhelds ' I P ~ Y  Hampshire Orders ' 
rlto 8 Servtce (6031 5398.3150 ' for 2m!J40 MHz HF Tr,t~i:,rtvef wllh 

~\toreHours MTWSal 10-4 General Cover.iqe Recelver 
TnF Noon-R 

'Ocflsr B we I! rrPdll YOU $1 lor Ihe call 

Shorl Wdve llecelver 

'otlc ,!,3,,KldlP $1,71P 

I ~ n v w  .< .inckson Hal0 P 0 Bax 293 ' 

I .tLnmne I oul5lana 70445 
lnln 8 Serv~ce 5041 8R2-5355 , 

Corsair II 
Model 561 CW!SSB 

Transce~ver 
w ~ l h  CAT Syslem 

8 it in^ 111 .1 w,~rranrv prtor lo ~urcnase FRG 8800 
8 r . v , i  rt,<rom~r serv,r? .a 7Ol ad3 f@6J (;enera ( , ~ ~ , : r , ~ , l ~ ,  icrcelver 

,an" PI will BP rurnrsneO at no ~ o ~ l  All ntode l ! ,O k t i c - . j O  MHz 

lor 2m:120 MHz1440 MHz 
FM 240 

Compact ,"!I bl~ir ~ l e  Radto 

SC,IIIIIIIIIJ I I ~  ~uver '! I C  02AT104AT 
Amateur H F  Bands lor 60.905 M H Z  1 M~AMISSR H , ~ ~ . , ! . ~ , . I ~  lor 2m1440 M H ~  General ~ i v v ~ i o t .  Hecelver 
I ,~ i~h i . r , l l l  Bullernul K I M  PANASONIC 

wosley. Ily-Gatn. M I ~ I  R t  v t  P'; 
J Producls. BBW. Van Garden. 

Hustler. Larsen. Anlenna REGENCY 
8 Speclal~sls. Cenlurton. Smlley 

UNARCO-ROHN Packet Controllers AMPLIFIERS 
BEARCAT 

bcnnners 1 Antennas in  stock TRI-EX ~ , . ! I ~ I I O ~ I ~ \  ,1t1(1 A11  .I A n t e ~ i ~ ~ o t i  ~ I I ~ I I  L,,,l l: l l~ 
j lor Mob~les. Base Slallons. Mlrage 1 1  Syst~rtl, VoCOm. I HY-GAIN Amateur Software fldlwa rokyo ~ y - p o w e r  

MIDLAND 
and Handhelds 

Everylhing from mlnl rubber 
duckles lo huge monobanders 

, ASK FOR PACKAGE 
I DEALS ON ANTENNAS 

AND ACCESSORIES 
I, 

Also. . . 
1 ;  Anlennas lor Scanners. CBs. 
1 Marlne. Commercial. and 

Sharl Wave Llslenlnq 
I 

CR Radlos 
Ask for packdq? quoles on Hat11 Data Soliware lor 
complete lower assemblies Conmodore Cornpulers ANTENNA TUNERS COBRA 
lncludlng Phlllyslran, guy ~ s k  lor DeSCrtPllOns Antp supply. Amerllrott. MFJ  CBS, Radar Deleclors, phones' 

wlre, anlennas, ralalors, elc i 
R n Y  lMorselAmtor Switches. ~ o ~ u p l e r s .  Filters. 

ROTATORS. 
UNIDEN 

Hardware and Sollware and Connectors. Mikes. Keyers. CRs, Rddar D~~~~~~~~ 
Kenpro. Alllance. Da~wa, packages by Kanlronlcs. Paddles. Headsets. Clocks. 

lelex Hy-Ga~n M~crolnq. HAL. MFJ. & more Books. Power Supplies WHISTLER 
R.idar Deleclors 

, . 
Southwestern Bell 

' I 
. , .. , . ' 

I I 

A , , -  i ' , , -: $. .. - Telephones 



Decisions, decisions, decisions. 
Should you choose one, two, or all threea? 

Choose one-Yaiarsu's FT-lOI)RH, FT-2O9RH or F T ~  
'iOSR-and you gain the maximun~ pc~rforrnanc~t~availal~le 
in any 'single-hand HT. 

Choose two-or even three, and yo11 also gftt i11tc.r- 
changeable accessories, opt.ions and operating proce- 
dures. Making it easy and affordablfl lo ivork all your 
favorite VHF and LiHF bands. 

However you decide, you get all [.his operating 
flexibility: Powerfirl 5-watt,s output (4.5 \vatts on 440 
MHz). Batt,ery saver. Push-button recall of 10 memories. 
(!ach that independently stores receive fn~quiarric!; sr.;ln 
dard or non-st,andard offset,, even optional ton(. encotle 
and decode. 

i'r~sh-butt or^ sc.ilr~r~ing roulinc~s filr S ( . ; I I I I I ~ I I ~  i l l 1  

mc>nlory channcsls. scalr~.tc~I onos, or ;ill f'rc~cl~lc~rlc~irls 
I)c1l~vr~~n ;~rIj i~c.(~~il  n~(~rnoric~s. :111(1 ;I llrioril\ l'1,;11 llrlt lo 
rf>turn yo11 to a spc~(~i;ll ~ ~ ( ~ I I I J I I C ~  

\ i ~ u  ;llso gtLt a higI1!111\v po\vcsr stvitc.11, ~)ll\vc~r nlc'l~~l: 
t)acklit (lisplay. 5O0-nli\ll I ~ w l t r ~ y ,  n.nll c,h;~r,qclr, itntl 
soft casc. Plos :I chc~ic,cl of rn;lr~y i~~lc.rc.hi~r~gc~;~t)lo ol~tirllls, 
irlc~l~rrling ;I \'OX hcliltlscbl, I';lsl c'h;trgchr: hi~rtl I('i1I I11.r 
(,as(>. ;111(l plug-in sn t~;~udihlv c111c.1 ) t l ~ ~ r l d ( ~ c . ~ ) t l ~ ~ r  Iirr 
controlled-iiccrss ropcl;ltors. 

1,1,t Kirsu's 22O-\lIlz FT-IO9RI1, 2. \ l(btc~ FT~2O!l~~tl 
;tncI 440-Mtlz FT-70!)R givca yo11 1111, c l ( > c , i c I c v l  i~ ( Iv i t~~t ;~gc~ 
in 1iTptlrfi1rn1anc.c~ ; ~ n d  llpgr;ltl(> ittiilit!: I t  I I I ; I \  111, I I I I I I S ~  
t ~ ~ ~ , j o y ~ I ) l v  HT 1111ying ( Ic~cis io~~ yo11 (TIT III;I!~(,. 

220 MHz 2 Meters 440 MHz 

Yaesu USA 17210 Edwards Road, C~~r i to s ,  l ':\!lI1;111 i :!I! I 411-I L!;IIII. 1tcy);iir Sorvicr: ( 3 0  1O.I - tXX- t .  Parts: r :!I:{) .I(l.l .1X-t; 
Yaesu Cincinnati Service Center ! I l l i l l  I ; o I I I  I1;lrli I)ri\~,. I l ; ~ r ~ ~ i l l o ~ ~ .  0 1 1  4.51111. (51:1i 871-:11011. 

f'rirfss : I I I ~  s ~ ~ t ~ ~ ~ i t i ~ ~ ; i t i o ~ ~ s  si111jt~1.1 I I I ~ , I I ; L ~ G P  \ ~ I ~ ~ I I I I I ~ I I I ~ ~ ~ I ~ I ~ .  



Here5 One foryou! 
2 m and 7 0  C m  Fflfl co rn~ac t  TM-22.A receives from 138- 14 full-function memory channels 

. m o b i l ~  transceivers 
The all-new TM-221A and TM-421A 
FM transceivers represent the "New 
Generation" in Amateur radio equip- 
ment. The superior Kenwood GaAs 
FET front end receiver; reliable and 
clean RF amplifier c~rcuits, and new 
features all add up to  an outstand- 
ing value for mobile FM stations! 
The optional RC-10 handset/control 
unit is  an exciting new accessory 
that will increase your mobile 
operat~ng enjoyment! 
0 I / I  5 W TM-421A 

I I ' I  \ T, cm mobile1 
Both models have adjustable 5 W 
low power 

9 Selectable freouencv steos 

li3.991i MHz. This includes the 
wei3thc.r channels! Transrnlt range 
1s 144-148 MHz. Modifiable for MARS 
and CAP operatton. (MARS or CAP 
perrnit required.) 
The TV-421A covers 438-449.995 
MHz. ~:~per~lrc:~l~r~ns c~r,,!r;~r~ter~~I fc~r  AIII:I~CIII 
17,IrllJ I I S P  011Iy I 

Built-in front panel selection of 38 
CTCSS tones. TSU-5 programmable 
decoder opt~onal. 
Simplified front panel controls 
makes c~peratlng a snap1 
16 key OTMF hand mic.. mic. hook. 
mounting bracket, and DC power 
cable iticluded. 
Pac.ket rac'io compatible! 
Kenwood non-volatile operating 
systerrl. All furict~ons remain ~ntact 

RC-10 F.10111 It lr l t  II-II II,IIII,,VI I~ , I I I~~ I~ ,  1 t , 1 1 1 1 , ~ 1 1 ' 1  

PG-4G I ~ 1 1 . 1  < c o t \ l r t ~ i  ,II)I<, .IIIC~W,, I M  ?:'IA! 
11.1 .l?lh I1111 r l l l i ~ l t ~ x  i~ l~t ' t i l lw l~ l  PS-50lPS-430 
D(, IVIW~,I s o r q > I ~ < ~ \  .TSU-5 I ' I ~ I ~ I ~ , I I ~ ~ I ~ ~ : ~ I ~ I ~ ~ ( . I ~  SS 
, i t ,<  0~1e.r * SW-100A (;<~I~II~;I,.I ~ W l i l ~ ~ ~ ~ w ~ ~ t l ~ ~ ~ l l  
~nn(~. t r - r  11 P l i ~ l l  MI01 SW-100B Ciltl~/):l<:l SWHI 
ll,~w,Lr~v,,~~ II,IO .I*,(] P\III,,I S W - ~ O O A ~ I W ~ ~ ~  
1mwr.r 1111.!1,1 1 1  H 1'10 Mll,.t * S W - ~ O O B ! ~ W I ~ ' I ~ ~ I W ~ ~ I  
t n ~ t , l , x t  ( 140  .lr>lI Mll,,t + SWT-1 I , I I~>I  , $ (  I : ' I ! \  

store frequency, repeater offset, 
sub-tone frequencres, and repeater 
reverse ~nformation. Repeater offsei 
on 2 m is automatically selected. 
There are two channels for "odcl 
spl~t" operat~on. 
Programmable band scanning. 
Memory scan with memory 
channel lock-out. 
Super compact : 
approx. 1-1/2"Hx5-112"Wx7"D. 
New amber LCD display. 
Microphone test function on low 
power. 
High quality, top-mounted speake' 
Rugged die-cast chassis and 
heat sink. 

lith~uln battery RC-10 Remote Controller 
(Lithium cell Optional telephone-style handset 

memory back-up remote controller RC-10 IS s~eciallv 
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 
to either or both TM-221A and 
TM-421A w~th the opt~onal PG-4G 
cable. When both transceivers are 

L connected to the RC-10, cross 

I 
band, full duplex repeater opera- 
t~on IS possible. (A control operator 
1s needed for repeater 
ooeration.) 

L 
, I I ( I ~ ~ I ~ ~ I  I 11111 ,I [:'tin w 1'1 1') SWT-2 (:t)r~lp;~c I 
ill I ~ r t  IIIII~I~II.L 10tlr ;r  ( ? ( I 0  W /'I 1 ' )  . SP-40 Cci1T1~ 

II:I,.I r i t ~ ~ I 7 1 l r ~  y~c~; lk r~ t  SP-SOB Mr~h~it, *,1,1~1k,~l 
PG-2N I x l r . 1  I i C  I .IIIII.. PG-3B I jC I l t l r  rlnlsl' 

l l t l t ~ i  . MC-GO&, MC-80, MC-85 1 1 , 1 , , 1 8  ~I ; l l l~~ l l  11111:S 

4 MC-55 18 IIII~I h l ~ \ t ! ~ l ! ,  1111, w1111 !I<icis,'na(,k ;tnrl 
I,IIIC, < ~ , l  !I!, !.! MA-4000 l1,1,!l II~I~I~I ;111Il~nri;1 wtlh 
rl~~plcv+.t I ! , ,  >UI!II I,, ,.~IIII 1 1 ~ ~ ~ ~ 1 1  . ME-201 I x l t ; ~  
1 1 1 ~ 1 1 1 1 1 ~ ~  l l l l l l l r 1 l  

I 
1 'RIO-KENWOOD COMMUNICATIONS 

111 Wcsl Wnlrit~l S l r ~ r l  , , . . . , , , . . . , , . . . . , , , . , . , , . . . . , , . . . . . . . . . . . , . . . 
, .  . I ,  , , , ,  ,.,,, I ,  ,,,., I, , v , - , i  , .I, 1.~1~1,. I . . ,  .,II i v i c l  6 ,  .,I,: , , , I  1 I,.,, t . ,  l.ll.l.r. lrl:,r,ll. I . # /  , r , l . . . ~ ~ r l , . . ,  Complon. C;~lilornla 90770 
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