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ICOM CANADA. A Division of ICOM America. 
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W ~ Y H  WE BEST! 
Reliable. ICOM's extensive line of reliable. 

field-proven handhelds and interchangeable 
accessories give you the most options for handheld 
communications. 2-meter. 220MHz. 440MHz or 
I.2GHz ... ICOM has your frequency covered. 

2-Meters. For 2-meter coverage, ICOM offers 
the IC-02AT and IC-2AT handhelds. The versatile 
IC-O2AT covers 140.000- 15 1.995MHz, the IC-2AT 
14 1.500-1 49.995MHz ... both include frequencies for 
MARS and CAP operation. The IC-O2AT features an 
LCD readout. 32 PL tones standard. DTMF, direct 
keyboard entry, three watts output, (optional 5 
watts output with IC-BP7 battery pack], 10 memo- 
ries and three scanning functions. The IC-2AT, the 
most rugged handheld on the market, has a DTMF 
pad, 1.5 watts output and thumbwheel frequency 
selection. The IC-2A is also available and has the 
same features as the IC-2AT except DTMF. 

22OMHz. To get away from the crowd, ICOM 
has the IC-3AT 220.000-224.990MHz handheld with 
1.5 watts output, thumbwheel selection and a 
DTMF pad. 

440MHz. For 440MHz operation, ICOM has 
two handhelds available, the versatile IC-04AT and 
the IC-4AT. The IC-04AT and IC-4AT offer full cover- 
age from 440.000-449.995MHz. The IC-04AT in- 
cludes an LCD readout. 32 PL tones standard, 
DTMF direct keyboard entry, three watts output. 
loptional 5 watts output with IC-BP7 battery pack), 
10 memories and three scanning systems. The 
IC-4AT has a DTMF pad, thumbwheel selection and 
1.5 watts output. 

I .2GHz. ICOM announces the IC-12AT 
1260.000- 1299.990MHz handheld. the first I.2GHz 
handheld available. The IC-I2AT features 10 
memories, an LCD readout. DTMF direct keyboard 
entry, two scanning systems and one watt output. 

Accessories. A variety of interchangeable 
accessories are available, including the IC-BPS 
800mAH long-life battery pack. HS-I0 boom head- 
set, CPI cigarette lighter plug and cord. HM9 speak- 
er mic (for IC-02AT. IC-04AT and IC-I2ATI. leather 
cases, and an assortment of battery pack chargers. 
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Work VHF or HF Packet 4 
On Any Computer 

With Kantronics Complete 
Packet Communicator 

From IBM to C-64, or any computer with an asynch- 
ronous serial port, you can now work packet on VHF 
or HF with one TNC, the KPC-2! ~ x t r a  cost 
options are unnecessary. KCP-2 is packed 
full of features and backed by our full-time 
customer support departments. KPC-2 
has totally new hardware and software, 
Kantronics designed. For more information 
contact Kantronics or a Kantronics dealer. 

Suggested Retail $;b14;88- SIG9 

Features 

AX.25 Version 2.0 software 
Supports multiple connects, up to 
26 
RS232 or TTL compatible (C-64 
too!) 
HF modem included! (both U.S. 
and European tones) 
Carrier Detect, and software 
squelch operation 
FCC Part 15 Certified 
Kantronics industry standard 
extruded aluminum case 
Power supply and cabling 
included 
All EPROM software is Kantronics 
sourced and copyrighted 

128K EPROM, 16K RAM - 
expandable to 32K, 4K EEPROM. 
Advanced software HDLC 
routines, eliminating costly out-of- 
date chips 

Extensive dealer network 
In-house programmers/engineers 
In-house service representatives 
Periodic software updates (like 
2.0!) 

Want more information on Packet? 
Contact us about our new PACKET VIDEO. 
$ 25.00 (shipping included), VHS or BETA format. 
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Kenwood's advanced digital know-how 
brings Amateurs world-wide "big-rig" 
performance in a compact package. We 
call it "Digital DX-citementM-that special 
feeling you get every time you turn the 
power on! 
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examining the EPA's rf radiation limit proposals: 
what do they mean? 

The United States Environmental Protection Agency, concerned with the public well-being, recently released 
a notice that explores options to prevent adverse health effects that may be associated with exposure to rf radia- 
tion. Printed in the July 30, 1986 Federal Register, pages 27318-27339 this notice presented an historical over- 
view of previously proposed and/or accepted radiation limitations (for example, the ANSl standards of 1966 
and 1982) as well as reports of various studies involving experiments on laboratory animals. Most importantly, 
it built a case for a new set of levels to be considered for implementation in this country. 

There are important reasons for this action at this time. First, several states have independently enacted legis- 
lation setting their own limits on what they consider to be acceptable radiation levels. A uniform nationwide 
standard, especially one that utilizes the considerable facilities and expertise of the responsible federal agencies, 
would appear to be a better approach. Second, as a result of growth in the communications industries, public 
exposure to all forms of rf radiation is greater than ever before. (According to the recent EPA notice, there are 
approximately 4600 a-m stations, 4400 fm stations and 1100 tv stations in the United States.) 

But what is an acceptable level? Conversely, what is too high? The question is simple enough, but the answer 
depends on many variables. One of the first standards (ANSI, 1966) indicated that a power density of 10 mil- 
liwatts per square centimeter across the entire rf spectrum was a reasonable limit. In 1982 ANSl released a re- 
vised standard that took into account different levels of absorption versus frequency in the human body, which 
resonates somewhere between 30 and 300 MHz, depending on size, shape factor, and polarization. The revised 
standard called for a power density level of 1 milliwatt per square centimeter in that particular frequency range. 

As a result of continuing research and the need for a nationally-accepted standard, the EPA is calling for com- 
ments on the next generation of proposed acceptable levels. This time, a new term has been defined: SAR or 
Specific Absorption Rate (watts/kilogram). Mathematically a function of tissue conductivity, electric field strength 
in tissue, and tissue density, it can be related to our old units of measure - for example, power density and 
electric and magnetic field intensities. 

The EPA proposal discusses four options. The first three indicate specific levels of SAR; the fourth basically 
sets no level but stresses the importance of continued research. The least stringent option, Number 3, calls for 
a maximum SAR not to exceed 0.4 watts per kilogram of mass. I believe that's roughly equivalent to our old 
ANSl standard of 10 mw/cm2. Options Number 2 and 1 are correspondingly more stringent, calling for SARs 
not to exceed 0.08 and 0.04 wattslkg, respectively. 

There is considerable evidence to indicate that above an SAR of 4 wattslkg, the core temperature of the hu- 
man body increases, leading to health complications. Notice that the EPA's option Number 3 (the least strin- 
gent) is one tenth of this amount. However, pre-existing health conditions such as poor circulation and normally 
elevated body temperatures reduce the level of acceptable SAR. 

At this point you're probably wondering, "How does this affect me?" It's a good question, but I'm not sure 
of the answer. The EPA specifically proposed (on page 27334) to exclude radiation from "consumer electronic 
products" from the proposed standard. I think that category includes our transmitters, linears, and other equip- 
ment. The EPA's primary aim is to protect the public from radiation from high-power rf sources - mainly a-m, 
fm, and tv stations running many kilowatts. But perhaps this might be added incentive for the few "superpower 
boys" out there to either cut back or move their families away from the high rf fields. 

In this short space it's not possible to cover in detail many of the points brought out in the EPA notice. I 
highly recommend that interested readers obtain a copy of these 22 pages and specifically review several of 
the 62 cited references, as well as an excellent article on the subject ("The Microwave Problem," by Kenneth 
R. Foster and Arthur W. Guy) that appeared in the September, 1986 issue of Scientific American. 

The conversions from power source to rf radiation levels to SARs are derivable or well-documented. Through 
its investigations and those of other agencies, the EPA hopes to bridge that last gap in understanding - the 
one that would relate SARs to health - and thereby provide a nationwide rf radiation standard that we can 
live with. 

- Rich Rosen, KZRR 
Editor-in-Chief 
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411 T5-7' VHF/VPF ;lIl-rnode base stations / i 
TheTS-711A 2 meter and theTS-811A 
70 centimeter all mode transceivers 
are the perfect rigs for your VHF and 
UHF operations. Both rigs feature 
Kenwood's new Digital Code Squelch 
(DCS) signaling system.Together, 
they torm the perfect "matching pair" 
for satellite operation. 

0 V~qhly siahle clual d ~ g ~ t a l  VFOs. 
T l i c ~  10 HI step, dual d~g~ta l  VFOs offer 
excellent stab~l~ty through the use of a 
TCXO (Temperature Compensated 
Crystal Osc~llator) 

L;?rge fluorescent multi-function 
d~splay. 
Shows frequency. RIT shift. VFO AIB. 
SPLIT. ALERT, repeater offset, dlgltal 
code. and memory channel 

40 multi-function memories. 
Stores frequency, mode. repeater off- 
srtl. and CTCSS tone. Memor~es are 
b;>cked up w~ th  a bu~ll- in l~thlum battery. 

Automatic mode sc c . , :  

You may select the rnodc rnarlually 
uslng the front panel mode keys. 
Manual mode selection is verif~ed in 
International Morse Code. 
All-mode sqclelch. 
High performance noise blanker. 
Speech processor. 
For maxlmum efflclency on SSB 
and FM. 
IF shift. 
"Quick-Step" tun~nq. 
Vary the tuning chamcter~st~cs from 
"conventional VFO feel" to a stepplng 

i I . , , , , , I act~on. 
~\AII~II ,, I~ILII~III:~ 10, 1 , , IJII 'C~,III"I ',I(:ILJ Ruilt-in AC power supply. 
I I I I I II~~ C)II FhA Ari ; 1 I t 3 1 t "  1~111i:t1!jn 14s Operation on 12 volls DC IS also ... ~ 

 yo^^ Ihstrn for ;icl~\wlv on your pr~or~ty poss~ble. 

i:h;~nncl w h l l ~  I~sl~:r l~ng or? ,?riothf:r Semi break-in CMI. with side tone. 

frenuencv. A Kenwood exclusive! VS-1 voice synthesizer (optional) 

RF power ou!pt.ll control. More TS-711Al811A ~nforrnatlon is 
Continuously :~djust;lble from 2 to ava~lable from author~zed Kenwood 
25 watts. dealers. 

Option,?! accessories. 
IF-1OA coniputer ~nterface MC-48B 16-key DTMF. MC-43s UP/ 
IF-232C level translator DOWN rriob~le tiaritl rn~croptiones 
CD-10 call slgn dlsplay SW-200AIB SWRlpower meters: 
SP-430 external speaker SW-200A 1.8-150 MHz 
VS-1 voice synlhesizer SW-2000 140-450 MHz 
TU-5 CTCSS tone un~t SWT-1 2-m .~nttnna tuner 

* MB-430 mob~le mount SWT-2 70-cm antenna tuner 
a MC-6OA. MC-80. MC-85 

KENWOD 
PG-2U DC powfSr cable 

TRIO-KENWOOD COMMUNICATIONS 
1 \ 1 1  lA!, , I  '?l,lI,,,l ',I,..,'( 

deluxe desk lop rn~crophones c ,,,,,~,lL,!, i.,,>l,l~,,~,!: ' 2 1 1 .  : ) I  

[ (7 >,,,I,,,<. ,,<,,v,, ,> ,!!;8nt,.(l., ,?r,, ,,v,t,),,(de !< , r  ,,I1 l r ! , ,  h3-,rm,,clr! lrd!17, e!v+,<5 ,to<! f ! l c  ',I ,>* < ,.'.',<8tj<7\ 
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THE "ELECTRONIC COMMUNICATIONS PRIVACY ACT" WAS MOVING RAPIDLY toward Senate approval at 
presstime and may even have become law by the time this sees print. On September 19 the Senate 
Judiciary Committee unanimously approved the latest version of S-2575 after only 25 seconds 
consideration! Fortunately the Senate version, though still objectionable for its basic 
philosophy that U.S. citizens can't listen to any service or frequency that the government 
doesn't want them to. has been even more tempered than the version passed by the House in June. 
The bill now permits monitoring any radio communication "for the use of the general public" as 
well as cordless phones, marine or aircraft, Amateur, CB, GHRS, government, law enforcement, 
Civil Defense, private land mobile, or public safety (police and fire) communications which are 
"readily accessible to the public." 

Two Last-Minute Amendments Further Limit The-Senate Bill by elimjnating crimjnal penaltjes 
for intercepting (without malicious intent) broadcast remote pickup stations and by reducing 
the penalty for first interception of public land mobile services (cellular, older car phones, 
arid voice paging) to a $500 fine. These worthwhile amendments, proposed by the Association of 
North American Radio Clubs, were introduced by Senator Paul Simon (D--1L). 

If All Goes Smoothly e Bill Could Move Q ickk through the Senate Subcommittee 011 
Communications and on to t c  Senate floor, wherht could be voted on before the end of the 
month. However, columnist Jack Anderson's September 23 syndicated column took a very hard swirig 
at the bill, blasting the cellular telephone industry for having sold both Congress and 
cellular users a bill of goods on the legislation and "cellular privacy." Its very timely 
appearance could wcll induce some Senators to raise enough questions about the bill to slow up. 
if riot derail, its passage. Furthermore, though Senator Goldwater hasn't made his views on the 
bill public, it's considered unlikely to win his endorsement. 

A PRIVATELY ADMINISTERED AMATEUR CALLSIGN PROGRAM is looking more and more likely, with 
not only ARRL but several other groups interested in taking on the job. The idea has actually 
been urlder consideration at the Commission for some time, and FCC officials discussed it at 
length during the FCC Forum at the recent ARRL National Convention. 

Under Its Plan FCC Would Issue Only Basic 2x3 Initial Callsks to newly licensed 
Amateurs. An Amateur who upgraded could continue to use that callsign or go to the "Callsign 
Administrator" who -- for a fee - would issue a new callsign appropriate to the new license 
class. The FCC estimates charges for each callsign upgrade would be in the $20-30 range. There 
would also be an initial "grace period" during which those who wanted to recover a previously 
held callsign or one formerly held by a deceased family member could request and receive that 
callsi~m. 

The FCC Is Quite Interested In Moving Forward On The Proposal and could decide to solicit 
comments or~ it in a Notice of Inquiry or eveti "PRB-3" before the year ends. 

GEO-SYNCHRONOUS "PHASE 4 "  AMATEUR SATELLITES are being seriously considered by AMSAT A 
just-completed "Phase 4 Technical Study Plan" by AMSAT Engineering VP W3GEY proposes a pair of 
such birds, positioned above the equator so as to provide a "footprint" reaching from Japan and 
Australia eastward to most of Europe, Africa and the Middle East. 

2 Meter Plus 7 24 And 13 c Tr-rs o a r s  with a wide variety of capabilities would be 
carried-by the bird:: which wouldmbe zfmzd at a much broader segment of Amateur Radio than ever 
before with a strong "Public Service" orientation. It's possible that even mobile or hand-held 
radios would bc capable of working through the new satellites. 

Next Step For The Ambitious Provosal Is A Studybd Planning_P_eriod of a year or so; 
launch would be targeted for 1990-91. Preliminary cost estimates are in the million-dollar 
range, meaning that very broad-based international Amateur support will be required. 

NfiA's 1995 "Space Station" Plan May Include A Built-In Amateur Station as a result of a 
recent mceting of NASA. AMSAT, and ARRL representatives. Possibilities look very good, and a 
working group has been set up to make a formal proposal to NASA next year. 

OSCAR 10's Salvare Efforts Continue TO Encourage Recovery Workers. though an upcoming 
solar panel eclipse and resulting battery discharge will soon put it temporarily out of service 
anyway. When sunlight does return to recharge its batteries, the chances that OSCAR 10 will be 
able to be brought back to useful life are estimated at no better than 50-50. 

M!ATls Fourth_&mupl Svace Symposium And Annual Meeting will be held at the Dallas/Ft. 
Worth Hilton November 7-9. Call AMSAT at (301) 589-6062 for details. 

FIRST RECIT'IENT OF THE "AEA AMATEUR AMBASSADOR AWARD" is Mary Duffield, WAGKFA, who was 
recognized for her work with the Redwood Youth Foundation, which has introduced hundreds of 
youngsters to Amateur Radio. The retired telecommunications educator received the honor and an 
accompanying $lC?00 cash award at ARRL's San Diego National Convention. Congratulations! 

U.S. AMATEUR POPULATION IS STILL GROWING, ALTHOUGH VERY SLOWLY. Most encouraging is the 
dropout rate, which has decreased steadily from an average of 1478 per month in 1984 to 1210 
per month in 1985 and only 910 per month-so far this year. At the end of August the total U.S. 
Amateur population was 421.077. 
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Ultim 
It's here now! The affordable, 
"Kenwood Quality" hand-held 
ceiver. Standard features include '- 
a large, easy-to-read LCD display, 
wide-range power requirements 
(operates on 7.2 VDC-16 VDC), 
3-channel memorv. built-in I \ 
battery saver circiit, and, when 
operated on 12 VDC, a robust 
five watts of power! The die- 
cast metal rear ~anel/heat sink 
assures cool, reiiableoperation. 
Receiver frequency coverage 
from 141-163 MHZ-~S also I \ 
standard-you can even listen 
to the "weather channels" at 
162.40 or 162.55 MHz! / I  

M~nttor sw l tch to  check fre- 
qitency when PL encode1 
df1r:ode swttch IS on. 

Extended frequency coverage - / 
for certatn MARS and CAP 

ble HT! 
* Heavy-duty f~nal anipl~fler and heat 

slnk The d~e-cast rear panel assures 
reltahle operat~on Wllh the opttonal ' 12-volt PB 1 battery pack, theTH-205AT 
prov~des 5 W output The standard 
8 4 volt PB 2 provldes 2 5 W output 
(300 rnW low powpr) 

o~erat~ons. ,' , 
3 nlenloly channels storr fre- -' 
qurncy ;?nO offset And so easy , 
to ~ ~ s e '  Slniply press the 
mcmrnory channel-number to 

/' 

r~ca l l  your favor~te channels1 .' --- --.- 
* Nlclht Ilghl, offsetlreverse. -" -- .- 
a 16key DTMF pad for repealer 2.. 

a~~topatch 1s standard. 
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AFFORDABLE PACKET RADIO FROM MFJ 
An identical TAPR TNC 2 clone with a new cabinet and added features ... for an incredible S129.95! 

All you need Is your rlg, home computer w ~ t h  a RS-232 serlal port and a 
I 2  termtnal program I1 you have a Commodorn 64. 128 or VIC-20 you can use 

MFJ's opttonal Starter Pack to get on the alr lmmedlately You get Inteffac- 
ing cable, terminal software ontape or disk and complete Instructions ... a =  " - everything you need to get on packet radio. Order MFJ-1282 (disk) or MFJ- 

.I ? i ,283 (tape,, s19.9r each. 
Unllke machine speclllc TNCr, you never have to worry about your MFJ-1270 

c w being obsolete because you change computers or because packet radlo stand- 
ards change. You can use any computer wlth an RS-232 serial port and an ap- 

MFJ-1270 Join the exciting packet radlo revolu- proprlate terminal program. If packet radio standards change, software up- 
tion and enjoy error-free communica- dates will be made available as TAPR releases them. Also speeds in excess of 

$1 2gg5 lions ... lor an incredible 5129.95' 56K bauds are possible witha suitable external modem' Try that wlth a ma- 
MFJ brlngs together efftc~enl mano- chine specific TNC or one without hardware HDLC as higher speeds come into 

facluring and TAPR's (Tucson Amateur widespread use. You can also use the MFJ-1270as an inexpensive digipeater. 
Packet Radio) leading edge technology to bring you affordable packet radlo. I t  featuresthe latest AX.25 Version 2.0 software, hardware HDLC for full du- 
YOU get a nearly identical clone of the wldely acclaimed TAPR TNC 2 with plex, true Data Carrier Detect for HF. 16K RAM, simpleoperation plus more. 
identical software and hardware. It's In a new cabinet and includes a TTL Join the packet radlo revolution now and help make hlrtory. Order the 

.serial port for extra versatility. MFJ-1270 today. 

Here are MFJ's latest and hottest products for Improving your station's performance. 

shippin$/handltng Call or write for free catalog. 
MFJ ENTERPRISES, I Call~601~323~586Y In MISS dnd outside 

over 100 products. 60x494. Mlsslsst~p~ State. MS39762 1 mntlnenta' USA Telex 53-4590 MFJ STKV -- 
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MFJ's Best VERSA TUNER 
MFJ-W~C $149.95 

or! 
The MFJ-949C all-in-one Deluxe Versa Tuner I t  

gives you a tuner. cross-needle SWR/Wanmeter, 
dummy load, antenna switch and balun ~n a new 
compact cabinet. You get qual~ty conveniences 
and a ccluner-free shack at a super price' 

A new cross-needle SWR/Wanrnster gives you 
SWR, forward and reflected power-all at a Sin- 
gle glance. SWR IS automatically computed with 
" to set. Has 3' and 300 wan scale. 

Run up to 300 watts RF output-and match co- 
balanced lines or random wires from thru 

30 MHz. Tune out SWR On dipoles, vees, Ion9 
wires. verticals, whips, beamslquads. lOx3x7 in. 

DIGITAL SWR/WATTMETER - 
MFJd18 
$89.95 

Fully autonull 
SWR 1:l to 1:9.9dlrectiy and ~nstantaneously-no 
SWR knob to set. Huge 0 6 inch brlght orange 
digtts make across-the-room reaatng easy. 12 
segment LED bar graph wattmeter gtves instah- 
taneous PEP readings up lo 200 wall RF odtput. 

Good, bacl. mlrmltch trl-color LEOS lndlute 
SWR condltlonr. Small size (5'/2 x 4l/* x 1 1n.1 and 
easy-to-read dlgltal display makes 11 ideal for mo- 
bile use. For 50 ohm systems. 1.8.30 MHz. 12 
VDC or 110 VAC with MFJ-1312. $9.95. 

MOBILE ANTENN 
MFJ-910 $19.95 

Lower your SWR and 
Get more power into 
your moblle whip tor 
solid signals and more 
OSOs. Your solid state 
rlg puts out more power and generates less heat. 
For 10-80 meter whips. Easy plug-ln installat~on. 
Complete instructions. Fits anywhere. 2'/zxZ1/zin 

SUPER 

MFJ-496 

5169.95 
~ r l m  slashed w/. to $169.%! Get a full feature 

Super Keyboard that sends CW/RTTY/ASCII fw 
the price of a good memory keyer. 
You get the convenience of a dedlmted kwbolrd 

-no program to load-no interface to mnnect- 
just turn it on and it's ready to use. 
Thlr 5 m d e  Super Keyboard lets You send CW, 

Baudot, ASCII, use it as a memory keyer and for 
Morse Code practice. You get text buffer, pro- 
grammable and automalic message memories. 
error deletion, buffer preload, buffer hold. 

TRIPLE OUTPUT LAB POWER 
S 

voltage and current for all your analog and dig- 
ital clrcutts. 3 completely Isolated outputs. 2 
variable 1.5-20 VDC at 0 5 amp and a lixed 5 
VDC at 1 amp. Connect in serles or parallel 
for higher vditage and current. It's short cir- 
cuit protected, has excellent line (lyp.0.01%/ 
V) and load regulation (tyP.O.l%). Lighted m e  
ters monitor volt./cur. 12~3x6 in. 110 VAC. 

CROSS-NEEDLE SWR/WATT 
METER MFJdl5 $59.95 

MFJ'r cross-needle , 

SWR/Wanwter g lva  
you SWR, torward 
and reflected power I 

-ail at a rlnflie 
glance! SWR 1s auto- I 

mat~cally computed 
-no controls to adjust. E 
buttons select threa power ranges that gtve you 
ORPto full legal limlt power readings. Reads 20/ 
200/2000Wforward, 5/50/500 Wretlmed and 1:l 
to 1 :5 SWR on easy-to-read two color scale Light- 
ed meter. Needs 12 V. + 10% full scale accuracy. 
6% x 3% x 4'/2 inches. 

ORDER OBLIGATION. ANY PRODUCT IF NOT SATISFIE; FROM MFJ RETURN AN0 TRY WITH- IT-NO MFJ ~~~~T 
IN 30 DAYS FOR PROMPT REFUND iiesr Shlpplngl. 

One vear unconditional ouarantee Add $5.00 each 800-647-1 800 

2 KW COAX 
MFJ-1702 SWITCHES ' S1g.95 

lnrtlnliy select any 
antenna or rig by 
turning I knob. Dr- 
gamZes cables 
and ellminates plug- 
ging and unplugging. 
Unused are 

KW PEP, KWCW, For 75ohm Negllglble 
loss, SWR, and crosstalK gives high performance, 
SO.239~. Convenient desk or wall mounting, 

MFJ-lms s19'95. porltlOn" Cast 
cavity construction gives excellent performance 
up to 500 MHz with 60 dB isolarinn at 
4% MHZ. Heavy duty, low loss switbh has less 
than 20 milliohm mntact resistance, less than 0.2 
06 loss and SWR below 1:l.Z. 2 x 2% x 1 inches. 

MFJ-lml, M9.95, wltlons, ,mite markable 
surface for recording ant, positions, I,/z in, 

ANTENNA CURRENT 
MF, $79.95 

Thls nn bwkthru  MFJ Antenna 
Curnnt P m k  lets you monitor RF 
antenna currents-no connections 
needed! Determ~ne current distri. 
bution. RF radlallon pattern dnd 
polarl~atigp of antennas, transmis- 
sion lines, ground leads, building 
wiring, guy wires and enclosures. 
lndlmte tnnsmlrslOn !Ine ndlatlon due high 

SWR. poor sh~elding or antenna bnbalance. 
' Oetsct *ndlatlon from gutters and guy 
wires thal ca:~ distort antenna rield patterns. 

Detect RF ndlatlon lrom ground leads. power 
mrds or build~ng w~ring that can cause RFI. 

Determine If ground system is effective. 
• Plnpolnt RF lorloge in shielded enclosures. 

Locate the asst place for you: mobile antenna 
Use as tuned f~ela strenght meter. 
Monlton RF current by sensing magnetic field. 

Uses an electrostaucaily shielded ferrite core. FET 
RF amplifier, op-amp meter clrcuit lor excellent 
sensitivtty, select~vity. 1.8-30 MHz. Has sensi- 
tivity, bandswitch, tune controls, telescoping an- 
tenna for fleld strenght meter. 4 x 2 r 2 inches. 



something for 
everyone 
Dear HR: 

Credit should be given when it is 
due. The September issue of ham ra- 
dio is outstanding for my tastes in 
technical literature. The spread of ana- 
log subjects of immediate interest to 
the dedicated Amateur was just right! 
Certainly, there should be something 
for everyone in the September issue. 

I was especially attracted to and en- 
lightened by the K IGQ article 
("Analyzing 80-meter Delta Loop Ar- 
rays," page 10). Having been a loop 
enthusiast for many years, I found the 
Myers treatment of the subject to be 
the most definitive one I have read. His 
findings confirm many of my intuitive 
views about the various loop configu- 
rations. I am presently using a full- 
wave rectangular loop for 80 meters, 
corner-fed and erected vertically. It 
seems to perform better than the tilt- 
ed delta loop I used for two years. 

The W4UCH article, "Low-cost 
Spectrum Analyzer with Kilobuck Fea- 
tures" (page 82), was similarly 
stimulating. I find myself beset with 
anxiety to build a copy of his unit for 
use in my lab. The circuit is quite 
"sanitary" and to the point! 

I enjoyed also the neat article by 
Mike Gruchalla concerning the NE5205 
wideband amplifier (page 30). If time 
permitted such luxury, I would be im- 
mersed in component parts and flux 
fumes for some time, as I built each 
of the projects that caught my fancy 
in September ham radio. Keep it up, 
and try to maintain the good mix of 
topics for those of us who aren't driv- 
en by the present-day digital philoso- 
phy. The Amateur journals and rf 
design may represent the salvation of 
the rflanalog technology. The trade 

journals have surely lost sight of the 
importance of rf technology! 

Doug DeMaw, WIFB/8 
Luther, Michigan 49656 

safety first 
Dear HR: 

N1 ACH's editorial emphasis on 
safety is well placed ("Switch to Safe- 
ty," September, page 4). Every con- 
sideration possible should not be 
overlooked. 

As a teenager I experienced the full 
impact of a misfortune related to this 
problem. My father was working on a 
sub-station transformer when a care- 
less operator turned on the main cir- 
cuit breaker; 13,500 volts of electricity 
went through his body, resulting in in- 
juries which led to his death. The pow- 
er company then instituted a 
procedure of grounding all lines when 
men were working on them. 

Years later, while in the Navy, I al- 
most joined my ancestors by a similar 
route. I was working on the SJ sub- 
marine radar. I had carefully opened 
the circuit breaker and tagged it with 
a regulation red warning tag. I also 
checked for power at the input termi- 
nals to the radar. A few minutes later 
there was a flash of blinding fire and 
the jaws of my pliers melted. A young, 
inexperienced officer, in attempting to 
restore lighting to his room, had closed 
the circuit breaker. Fortunately, I was 
wearing thick-soled shoes and never 
provided a circuit through my body - 
the old "hand in the pocket" 
technique. 

At our high-power Navy radio sta- 
tions, we had key switches. When a 
technician opened the circuit breaker, 
he locked the switch and took the key 
with him. 

Vigilance is the word. And never 
trust the other guy. 

1. L. McNally, K6WX 
Sun City, California 92381 

price drops on "neat 
little book" 
Dear HR: 

As I read my September, 1986, is- 

sue of ham radio I was pleased to see 
Cushrnan Electronics mentioned in 
"Low-Cost Spectrum Analyzer with 
Kilobuck Features" by Robert Richard- 
son, W4UCH. Please compliment Mr. 
Richardson on a very well written tech- 
nical article. 

Incidentally, the "neat little book en- 
titled Using the Spectrum Monitor, - 
priced at $7.25 (postpaid)," is now a 
neat little book priced at $4.95 
(postpaid). 

Also, our new address is 1525 Atte- 
berry Lane, San Jose, CA 95131. 

Ray V. White, KI6DW 
President. Cushman Electronics 

update on ACSSB 
level-one adapter 
Dear HR: 

There have been several small val- 
ue changes to the Project OSCAR 
level-one adapter described in the Oc- 
tober issue of ham radio. We will glad- 
ly provide the revisions and pc board 
information to anyone sending an 
SASE to Level-One Adapter, 15 Val- 
dez Lane, Watsonville, California 
95076. 

James Eagleson, WB6JNN 
President, Project OSCAR 

short circuit 
program correction 
In October's "DX Forecaster," the 
exponentiation symbol was omitted 
from lines 100,200,280, and 360 of the 
information provided for adapting the 
HORANT program for use on the 
Apple Ile and Ilc. The following lines 
should be substituted for existing lines 
in the HORANT program shown on 
page 92: 
95 IF 4*H1 < L1 THEN 420 
98 Y = (L1/(4*Hl) )  

100 A1 = ATN (Y/(l-YA2)AO.51 
198 Y = (3*L1)/(4*H1) 
200 A2 = ATN (Y/(I-YA2)A0.5) 
278 Y = (5*L1)/(4*H1) 
280 A3 = ATN (YI(I-YAZ)h0.5) 
358 Y = (7*L1)/(4*H1) 
360 A4 = ATN (Y/(l-YA2MO.5) 

ham radio 
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In this edited excerpt from his forthcoming 
book, *. Ulrich Rohde, well known to readers 
for his many articles on receivers and other 
communication subjects, shares knowledge 
borrowed from commercial applications to 
improve noise handling capabilities in Ama- 
teur equipment. 

understanding and handling 
noise 

enhance 

Balancers, limiters, 

and squelch circuits 

receiver performance 

Pulse interference is often the limiting noise source 
for communication receivers on our HF and VHF 
bands. To understand how pulse interference affects 
performance - and before noise-reducing methods 
can be developed - it's necessary to understand the 
sources and types of interfering pulses. Although 
many solutions have been proposed since the early 
days of radio1, a large part of this information is based 
on recent ~ o r k . ~ , ~ , ~ , ~  

types of pulse interference 
Noise can be viewed in both the time domain, with 

an oscilloscope, and in the frequency domain, using 
a spectrum analyzer. 
The clicks that appear when a current is switched on 
or off represent the simplest form of an interference 
pulse (fig. I A ) .  In this case the energy in the interfer- 
ence spectrum is a function of the amplitude, slew 
rate, rise time tr (i.e., the time it takes to build from 
10 to 90 percent of final amplitude) and the repetition 
frequency. For wideband systems with a low-pass 
characteristic, the approximate formula t,. = 0.3lAf is 
valid, where A f  is the bandwidth in Hz and tr is the 
rise time in seconds. 

The theoretical vertical step with t,= 0 (infinite rate 
of rise) has a spectrum that extends to infinity - i.e., 

the "click" would be heard at all frequencies. For fi- 
nite pulse duration, t, the amplitude characteristic of 
the spectrum has a shape described as the sine integral 
(f ig. 1A). As t increases, the frequency representa- 
tion of the noise compresses - i.e., the minima in the 
spectrum are shifted toward lower frequencies. In ac- 
tual circuits t, will be at least 10 nanoseconds because 
of the presence of some line inductance. This results 
in the main spectrum components of this form of in- 
terference being below 30 MHz. Amplitudes are low 
and decrease above this frequency. 
Commutator sparking is a special case of switching 
interference, in that a series of individual switching 
pulsesaregenerated according to the type of machine, 
the number of poles, and speed (fig. 1 B). Repetitionfre- 
quencies up to several kHz can occur. This results in a 
higher spectral energy density than in the case of the 
single switch, proportional to this frequency factor. 
Thus, sometimes the rotating machine noise can be 
heard up to 30 MHz. The spectral amplitudes can in- 
crease by several orders of magnitude when arching 
occurs between the commutator and brushes. How- 
ever, this does not occur often, since it would quickly 
destroy the commutator. 
Ignition interterence, which results from a high volt- 
age discharge in a pressurized gas, has a repetition 
frequency of less than 1 kHz and a spectrum as indi- 
cated in fig. 1C. In the case of conventional circuit- 
breaker type ignition systems, the voltage amplitude 
is highest and the rise time shortest at low engine 
speeds. The breaker points, together with the high- 
voltage cables connected between the spark plugs and 
distributor, form resonant circuits which act like the 

' H I C o n a n ~ ~ ~ i ~ c a t ~ o ~ ~ s  Rece~vers. Theory a t ~ d  Deslglr, by U . L .  Rohde, Ph D., 
and T T Nelson Bucher. Ph D..  ro t~eput~ l~shed by  McGraw H ~ l l  Book Cornpa 
riy, New York. 1987 Used with per~nission 

By Ulrich Rohde, DJ2LR, 52 Hillcrest Drive, Up- 
per Saddle River, New Jersey 07458 
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TIME DOMAIN FRCOUENCV DOMAIN 

(A) %Irck"rourcspennafedbys~mpkswnch~ngolapowwl~neonan0 
on ,s seenas a stngkpulse w#Ihar~se t,meexceed~ng tonamseconds 

I - ,/P.IO,YI 

(B) Commufarwspark~ng,~ represenfedas a trarn olcompkr wavelorm 

pulses 

(Dl Corona doscharge canttnues unfd rhe vonage across an rnsulalor 
drops below a threshold vallre delerrnsled by phyr~calparamelers 

(E) 1,ghrntng arschsrge chnracferrsacs are a lunCllon 01 Ihr comms~~  
fmn d l he  rclurn sfrokelsl 

h ir lo", 
EACH PEAK IS S o o r  W I D E  

v 
Fl I I 

I 

IF) Ramdrop dscharge can have hrqlrency commnenfs erlendmg rn 
the low Vtff bands 

& ? m a -  + 
( G J R c ~ ~ I ~ ~ p u l s c s I ~ a v c r ~ s e l ~ r r r c r I I ~ i ~ l u a n v r l r v  bonr 10na#losecondsfn 

I mtcrosecond 

fig. 1. Time and frequency domain representations of 
seven different types of "noise" interference. (Courtesy 
of M. Martin and VHFCornmunications. Spring. 1980. 

S lng le  Pole, 3 Posltlon 
Desk o r  wall mount 
All unused pos i t ions  emunded 1 
# 593- ~ ~ F c o n n e c t o r s /  $27.25 
r 596- BNC connectors/ $36.50 

2 Pole. 2 Posltlon bypasses. 
I~neors, re f lec torneten.  antenna 
t u n e %  etc 
r594 - UHF c o n n e c t o r s  / $34.25 

SlnglePole. 5 Pos~tlon. all unused 
postt~ons g r o u n d e d  

x595 - UHF connectors/ $32.00' 
r597 - BNC connectas/ $46.50' 

S h ~ p p ~ n g  and handling for a n y  
~tem odd $2 each 

ALL OUR PRODUCTS W E  IN USA 

BARKER & WILL~SOXU 
guai~b C o r n m u n k a t t o n  Products Since 1937 
At your D ~ s t r ~ b u t m  wrlte or call 
10 C o m l  Street Bnstol PA 19007 @ (215) 78b5581 

v 
iri;Sla I 

FOR PORTABLE AND SOLAR. 
POWERED STATIONS 

. LOW 25 mA Currenl dram 
Mlnlalure slze-Llghtwetght 
All metal. sh~elded enclosure. 

Model PK1-L 
Wired !Tested 

On-board Ltlhlum Battery RAM backup 
Onboafd watchdog tor rel8ablllly Llsl pr~ce -5209 95 
Slandard DB25 Connectors Amale~r "el -5179 95 
Output slgnal lndtcales 'Connecled' Slalus 
Does no1 require squelched audlo 
BK RAM32K ROM. 
Remote Command Mode for Unattended operation 
Hardware command lockout for securllv 
Commands compatible wtlh our Model PKI. 
R~trl8ns all olhet lealures ol the Model PKl 
E ; I ~  I ~ O  lhnes ior speclal appl~callons 
AX-25 R VADC Protocols 

Power requirement: 9 lo 15 Volts DC r< 25 mA lyo~ca l  
Dimensions: 4 6 X 5 9 X 10  tnches Total Weight: 12 02s 
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spark transmitters used in the early days of radio com- effects of pulses on narrow-band 
munications. The oscillations decrease in an exponen- systems 
tial manner. 
Corona discharge occurs across defective insulators 
on high-voltage ac lines. A discharge can be ignited 
which, depending on the "quality" of the insulator, 
starts more or less below peak voltage and lasts until 
the voltage is reduced below a threshold which is al- 
ways lower than the starting voltage. This process is 
repeated during the opposite half waves of the alter- 
nating voltage. (See fig. ID.) In the case of a poor 
three-phase line, or even with a good line in very high 
humidity (for example, in fog), arcing of all three 
phases could result in an overlap of the burning times 
(which occur every 3.33 milliseconds for a 50-Hz line 
and every 2.78 milliseconds for a 60-Hz line.6 
Lightning discharges account for what is called "at- 
mospheric noise." In relatively flat terrain, 85 p t~cen t  
of all lightning strokes occur in a downward direction. 
The cloud involved is negatively charged and a cur- 
rent surge of up to 20 kA passes between it and the 
earth. Eighty percent of these lightning flashes have 
maximum currents of 50 kA.' It is, however, possible 
for several clouds to discharge via the same ionized 
path, in which case currents can exceed more than 
200 kA. (See fig. IE.)  The duration of a lightning dis- 
charge can be between 0.1 milliseconds and 0.5 sec- 
ond, depending on how many subsequent surges are 
induced by the primary discharge. 
Raindrop discharge, also known as precipitation 
static, results from charges transferred between a 
grounded antenna and statically charged raindrops. 
It causes a click-type interference which can be heard 
as an occasional individual click or a uniform white 
noise during heavy showers. Because of the very steep 
slope of this discharge, very high interference ampli- 
tudes are generated in the resonant ranges of the an- 
tenna. Although the capacitance of a single raindrop 
is only a few pF and is rapidly discharged, the high 
potential and large repetition frequency produce a con- 
siderable energy density, as indicated in fig. IF.  The 
effect is especially prevalent on the antennas of air- 
craft flying through cloud formations. A similar effect 
can be produced by sand or dust storms. 
Pulses f r o m  radar transmitters that operate in the 
GHz range (as well as lower frequency over-the- 
horizon radars) are another source of noise. These 
transmitters use relatively short pulses (fig. 1G) and, 
depending on the shape of the keying waveform mod- 
ulation, generate sidebands with various frequency 
(amplitude) spectra. Similar to the case of baseband 
pulses, the spectral line spacing of rf pulses is deter- 
mined by the repetition frequency. Zero spectrum 
points occur at the reciprocal of the pulse length and 
its multiples. 

12 November 1986 

A narrow-band system with tuned (resonant circuit) 
amplifiers only enhances frequency components that 
fall within its passband. An individual resonant circuit 
is "shockw-excited to oscillation at its resonant fre- 
quency by an impulse slope. The transient duration 
is dependent on the bandwidth, as determined by the 
circuit Q. In the case of multistage amplifiers or mul- 
tipole filters, the output pulse delay is dependent on 
the circuit group delay, tg. This increases linearly with 
the number of resonators and is generally measured 
from the input impulse time, to to the time at which 
the output signal has risen to 50 percent of its peak am- 
plitude. An approximate formula gives tg.= 0.35N/Af, 
where N is the number of resonant circu~ts, Af is the 
bandwidth (Hz) and t,= I lA f .  If different bandwidth 
stages are cascaded, rise time is determined mainly by 
the narrowest filter. The group delay results from the 

INPUT VOLTAGE I r l  STAGE l M R D  KEYING1 

v 

v 

UTPUT VOLTAGE OF L A S T  STAGE 

INPUT VOLTAGE 1st STAGE. SOFT KEYING 

v 

TPUT VOLT4GE OF LAST ST4GE (SOFT KEYING) 

v 

fig. 2. Impulse drive of an rf amplifier with AGC. (Cour- 
tesy of M. Martinand VHFCommunications, Spring, 1980.) 



sum of the individual delay times. 
If short rise time rf impulses are fed to an amplifier 

that has a much longer rise time, three different types 
of responses can occur.a 

If the input pulse has duration, tp, longer than the 
transient time t,,, the output signal achieves the full 
amplitude and maintains it for the duration of the drive 
time less the transient time tp - t,,. 

If tp is equal to t,,, the output signal achieves full 
amplitude during time t,, but then immediately starts 
to decay to zero in a period, t,,. 

If the pulse is shorter than the circuit transient time, 
the response is essentially that of the transient, but 
with an amplitude which only reaches a portion of the 
pulse; i.e., the shorter the pulse, the smaller the am- 
plitude produced by the amplifier. In other words, a 
substantial portion of the spectrum of the input pulse 
is not within the bandwidth of the amplifier, and, 
therefore, does not contribute to the output amplitude. 

In many systems an AGC circuit is provided to en- 
sure that a large range of input signal voltages is 
brought to the same level at the demodulator output. 
The AGC control voltage is generated subsequent to 
the narrow-band i-f filter. This filter might have a band- 
width of from approximately 2 to 12 kHz, correspond- 
ing to transient times of about 0.2 to 1 millisecond. 
Earlier stages have much broader bandwidths. This 
means that steep input pulses can drive earlier ampli- 
fier stages into saturation before a reduction in gain 
is effected by AGC (whose response time is generally 
longer than the narrow band filter transient response). 
This is especially true in superheterodyne receivers, 
where selectivity is determined in the final i-f, often 
after substantial amplification of the input signal. Thus, 
the audible interference amplitudes may be several 
times stronger than the required signal level after the 
AGC becomes effective. A long AGC time constant 
worsens the situation. It is only when the rise time of 
the input pulse is longer than the AGC response time 
(e.g., during telegraphy with "soft" keying) that the 
output amplitude will not overshoot, as shown in 
f ig .  2. 

An effective method of limiting the maximum 
demodulator drive, and thus reducing the output pulse 
peak, is to clip the signal just in front of the demodu- 
lator with symmetrically limiting diodes, so that the 
i-f driver amplifier is not able to provide more than the 
limited output level - e.g., 0.7 volts peak-to-peak. It 
is necessary in this case that the AGC detector diode 
be delayed no more than a fraction of this level (cor- 
responding to 0.4 volts) so that the clipping process 
does not interfere with AGC voltage generation. Use 
of a separate AGC amplifier, not affected by the 
limiter, will also assure this, and can provide an am- 
plified AGC system to produce a flatter AGC curve. 

methods for suppressing interfering 
pulses 

Three different methods are used to suppress inter- 
fering  pulse^:^ 

Balancers attempt to reproduce the pulse shape 
without the signal in a separate channel, and then per- 
form a subtraction from the channel containing both 
signal and pulse. 

Limiters attempt to prevent the pulse level from be- 
coming excessive. 

Blankers, or silencers, attempt to detect the onset 
of a pulse, and reduce to zero the gain of the signal 
amplifier chain, at an early stage, for the duration of 
the pulse. 

Balancer systems are designed to obtain two sig- 
nals in which the signal and noise components bear 
a relatively different relationship to each other. The 
two signals are connected in opposition so as to elim- 
inate the noise while keeping the signal. The main 
problems with this type of impulse noise suppression 
are obtaining suitable channels and exactly balancing 
out the noise impulse, which is generally many times 
stronger than the desired signal. 

In commercial service, attempts have been made to 
use different frequency channels with identical band- 
widths to get the same impulse shape, but with the 
signal in only one channel. The difficulties of match- 
ing channels and finding interference-free channels 
makes this approach unsatisfactory in most cases. 
Other approaches have attempted to slice the center 
from the pulse (to eliminate the signal) or to use a high- 
pass filter to pass only the higher frequency compo- 
nents of the pulse for cancellation. While some de- 
gree of success can be achieved with such circuits, 
they generally require very careful balancing and hence 
are not useful when a variety of impulses and circuit 
instabilities are encountered. 

This type of circuit can be useful where the impulse 
source is a local one which is physically unchanging. 
In this case, a separate channel from the normal an- 
tenna can be used to pick up the pulse source with 
negligible signal component, and the gain of the pulse 
channel can be balanced carefully using stable circuits 
(and a feedback gain control channel if necessary). It 
has also been reported that modern adaptive antenna 
systems with sufficiently short response times can sub- 
stantlally reduce impulse noise coming from directions 
other than the signal direction. 

Since most of the noise terms contain relatively large 
peaks, limiters have been used, especially in a-m 
reception (which includes, of course, telegraph 
through full-carrier voice signals) to clip audio signal 
peaks which exceed a preset level. Figure 3 shows 
a series limiter circuit at the output of an envelope 
demodulator which has proven effective in reducing 
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fig. 3. Schematic diagram of automatic series noise limiter 
circuit. 

audio noise caused by impulse interference. This type 
of circuit makes listening to the signal less tiring, but 
does not improve intelligibility of the received signal. 
The limiting level may be set to a selected percentage 
of modulation by adjusting the tap position of the two 
resistors feeding the limiter diode's collector. If set be- 
low 100 percent, the limiting level also limits peaks of 
modulation. Since these seldom occur, such a setting 
is acceptable. 

Because the impulse amplitude is higher and the du- 
ration shorter in the early stages of a receiver, limit- 
ing in such stages reduces the noise energy with less 
effect upon signal than limiting in later stages. Some 
fm receivers use i-f stages which are designed to limit 
individually, while gradually reducing bandwidth by 
cascading resonant circuits. Such a design eliminates 
strong short impulses early in the receiver, before they 
have had a chance to be broadened by the later cir- 
cuits. Such receivers perform better under impulse 
noise conditions than those which introduce a multi- 
pole filter early in the amplifier chain. However, wide- 
band limiting can reduce performance in the presence 
of strong adjacent channel signals. 

The principles discussed are also applicable to 
data receivers. While the impulse interference is 
stronger than the signal, the signal modulation con- 

tributes little to the output. Generally, the data sym- 
bol duration is longer than the duration of the input 
impulses. If the impulse can be reduced or eliminated 
before the establishment of final selectivity, only a 
small portion of the signal interval is distorted, and a 
correct decision is much more likely. Consequently, 
limiters at wide bandwidth locations in the amplifying 
chain can result in considerable reduction of error rate 
in a data channel. Again, the possibility of interference 
from adjacent or other nearby channel receivers must 
be considered. 

Impulse noise blankers are based on the principle 
of "opposite modulation." In effect, a stage in the sig- 
nal path is modulated so that the signal path is blanked 
by an amplitude modulation process for the duration 
of the interference. It is also possible to use a frequen- 
cy modulation method in which the signal path is shift- 
ed to a different frequency range. This latter 
procedurelo uses the attenuation overlap response of 
i-f filters in a double superheterodyne. The second 0s- 
cillator is swept several kHz from nominal frequency 
for the duration of the interference so that the gain 
is reduced to the value of the ultimate selectivity in 
accordance with the slope of the filter curves. This 
method is especially useful since the switching spikes 
which often accompany on-off modulation should not 
be noticeable. However, when using an fm modula- 
tor having high speed (wide bandwidth), components 
can appear within the second i-f bandwidth from the 
modulation. The most stringent limitation of this 
method is the requirement for two identical narrow- 
band filters at different frequencies along with an in- 
termediate mixer. This technique is limited to a dou- 
ble conversion superheterodyne with variable 
frequency first (local) oscillator. 

When using an amplitude modulation method, two 
types of processing are possible: 

(AIThe interference signal is tapped off in parallel 
at the input of the system and increased to the trig- 
ger level of a blanker by an interference channel am- 
plifier having a pass bandwidth which is far different 

I 
-- - - - - -- - 

OSCILLATOR AGC 
AMPLIFIER +-- 

I I 

VFO - PREAMPLIFIER - MIXER - THRESHOLO - BLANKING 
I - F  AMPLIFIER 

A 
TRIGGER MONOSTABLE 

AMPLIFIER 

fig. 4. Block diagram of superheterodyne with noise blanker. 
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from the signal path. This method is effective only 
against very wideband interference, since noticeable 
interference energy components must fall into the 
passband range to cause triggering. This method will 
not be effective in the case of narrow-band interfer- 
ence, such as radar pulses, which are within or directly 
adjacent to the frequency range to be received. 

(BIThe interfering signal is tapped off from the re- 
quired signal channel from the mixer and fed to a fixed- 
frequency, second i-f amplifier, where it is amplified 
up to the triggering Since there is danger of 
crosstalk from the interference channel to the signal 
amplifier channel, it is advisable to have a frequency 
converter stage in the interference channel. This would 
process the interference at a different frequency than 
the signal i-f. In using this method, make sure that no 
switching spikes generated during the blanking proc- 
ess are fed back to the interference channel tap-off 
point. If they are, there will be danger of pulse feed- 
back. The return attenuation must, therefore, exceed 
the gain in the interference channel between the tap- 
ping point and the blanker. 

The blanker must be placed ahead of the narrowest 
i-f filter in the signal path. It must provide blanking ac- 
tion before the larger components of the transient have 
passed this filter. Therefore, we must assure a small 
group delay in the interference channel by use of a 
sufficiently broad bandwidth and a minimum of reso- 
nant circuits. It is desirable to insert a delay between 
the tap-off point and the signal path blanker so that 
there is sufficient time for processing the interference 
signal. If this is done, it is not necessary to make the 
interference channel excessively wide, while still as- 
suring the suppression of the residual peak. 

Figure 4 is the block diagram of a superheterodyne 
that uses this type of impulse noise blanker. Figure 
5 illustrates its operation in the presence of a strong 
interfering radar pulse. An essential part of the blanker 
is the use of a gate circuit that can operate linearly 
over a wide dynamic range. Figure 6 shows such a 
gate, using multiple diodes. The circuit is driven by 
a monostable flip-flop which is triggered by the noise 
channel. Figure 7 is a schematic of a noise blanker 
circuit designed along these lines. When the noise 
channel is wider than the signal channel, this type of 
noise reducer can also have problems from interfer- 
ing signals in the adjacent channels. 

squelch circuits 
Sensitive receivers produce considerable noise volt- 

age output in the absence of a signal. This condition 
can occur when tuning between channels or when the 
station being monitored has intermittent transmis- 
sions. At the audio output the noise can be annoying 
and, if repeated frequently, fatiguing. To reduce this 
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fig. 5 .  Observed signal waveforms in a superheterodyne 
receiver that uses an impulse noise blanker. 
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problem, circuits are often provided to reduce the out- 
put when a signal is not present. These circuits have 
been referred to as squelch, muting, and quiet AVC 
(QAVCI systems. The choice of which circuit to use 
depends on the received signal characteristics. 

Squelch circuits for a-m receivers generally operate 
from the AGC control voltage. When a weak signal 
or no signal is present, the voltage on the AGC line 
is at its minimum and receiver gain is maximum. When 
a usable signal is present, the AGC control voltage 
rises to reduce the receiver gain. The voltage varia- 
tion tends to rise approximately logarithmically with 
increasing signal levels. By using a preset signal level 
threshold, it is possible to gate off the audio output 
signal whenever the signal level drops below this point. 
Such a system can be used to mute the receiver dur- 
ing the tuning process. The threshold may also be set 
for the level of a particular signal with intermittent 
transmissions, so that noise or weaker interfering sig- 
nals are not heard when the desired signal is off. When 
the transmission medium causes signal fading, as is 
common at hf, squelch circuits are somewhat less ef- 
fective for this use because the threshold must be set 
low enough to avoid squelching the desired signal dur- 
ing its fades. This provides a smaller margin to pro- 
tect against noise or weaker interfering signals. 
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fig. 6. Schematic diagram of blanker gate with high dynamic range. 

A typical a-m squelch system is illustrated in figs. 
8 and 9, where a diode gate is used to reduce the out- 
put signal. Many types of switches have been used 
for this purpose, including biasing the demodulator di- 
ode and biasing one element of a multi-element am- 
plifying device. The latter approach was frequently 
used with receivers that employed multigrid vacuum 
tube amplifiers. However, it can be applied to mul- 
tigate FET amplifiers or balanced amplifier ICs with 
current supplied by a transistor connected to the com- 
mon base circuit of the amplifying transistor pair. Fig- 
ure 10 shows these alternate gating techniques. 

Many fm receivers do not use AGC circuits, but de- 
pend on circuit limiting to maintain the output level 
constant from the demodulator. In this case, squelch 
may be controlled by the variations in voltage or cur- 
rent which occur in the limiter circuits. Such changes 
occur when single-ended amplifiers are used for limit- 
ing, but may not be so readily available in balanced 
limiter arrangements. Furthermore, the wide range of 
threshold control provided by AGC systems is gener- 
ally not available in limiters. This tends to make fm 
squelch systems, which are dependent on the signal 
level, more susceptible to aging and power supply in- 
stabilities than AGC operated systems. Consequent- 
ly, two other types of control have evolved for fm use: 
noise-operated and tone-operated. (The latter could 
be used for a-m, also.) 

Figure 11 is a block diagram of a noise-operated 
squelch. This system makes use of the fact that out- 
put noise characteristics from a frequency demodula- 
tor change when no signal is present. A t  the low 
output frequencies, when noise alone is present in the 
fm demodulator, there is a high noise level output, 

comparable to that at other frequencies in the audio 
band. As the strength of the (unmodulated) signal 
rises, the noise at low frequewies decreases, while 
the noise at higher frequencies decreases much less 
rapidly. 

If in fig. 11, the squelch low-pass filter cuts off at, 
say, 150 Hz, it will be uninfluenced by modulation 
components. If the gain of the squelch amplifier is set 
so that the squelch rectifier produces 5 volts when 
S IN  =0, then a 7-dB signal level will cause this out- 
put to drop to about 0.03 volts. A threshold may read- 
ily be set to cause the squelch gate to open at any 
SIN level between - 3 dB and 7 dB. Because the con- 
trol voltage level is dependent on the gain of the rf, 
i-f, and squelch amplifiers, variations in squelch thresh- 
old may occur as a result of gain variation with tuning 
or because of gain instabilities. If a second filter chan- 
nel (fig. 12) tuned above the baseband is used, the 
two voltages can be compared to key the gate on. 
While both are subject to gain variations, their ratio 
is not. Better threshold stability results. A similar tech- 
nique has been proposed for SSB voice, where noise 
density is uniform, but modulation energy is greater 
below 1 kHz. 

With the difference approach, the range of thresh- 
old control is, however, limited. A weak interfering sig- 
nal which would produce negligible interference with 
the desired signal may still operate the squelch gate. 
Tone-operated squelch was devised to overcome this 
problem. A small-deviation, low-frequency tone (lower 
than the modulation frequencies) is added to the trans- 
mitted signal. At the receiver, a narrow-band filter is 
tuned to the tone, and its output is amplified and rec- 
tified to operate a trigger for the squelch gate. 
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ST-8000 HF Modem 
Real HF radio teleprinter slgmls exhlbll heavy 
fading and distortion, requirements that cannot be 
measured by standard constont amplitude BER and 
distortion test procedures. In designing the ST-8000. 
HAL has gonethe exha step beyond traditional test 
and design. Our noise floor is at -65 dBm. not at -30 
dBm as on other units, an extra 35 dB gain margin 
to handle fading. Filters In the ST-8000 are all of 
lineor-phase design to give minimum pulse 

8 Programmable Memories 
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Adjustable Print Squelch 
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Split or Transceive TXIRX - CRTTuning Indicator 
RS-232C. MIL-188C, or Tn Data . 8,600, or IOKAudio input 

distortion, not sharp-skirted filters with high phase 
distortion. All signal processing is done at the input 
tone frequency; heterodyning is NOT used. This 
avoids distortion due to frequency conversion or 
introduced by abnormally high or low filter Q's. 
Bandwidths of the input, MarkISpace 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: 

Signal Regeneration - Variable Threshold Diversity 
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 PTT 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 
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fig. 9. Schematic diagram of a-m squelch circuit. 
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fig. 11. Block diagram of noise-operated squelch circuit for 
f m  receiver. 
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fig. 10. Some gate circuits for squelch application. 
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fig. 12. Block diagram of improved noise-operated squelch 
circuit for fm.  

However, in some commercial communication sys- 
tems, with multi-user net operation on one frequen- 
cy, a coding scheme known as selective call (SelCall) 
has been devised so that users need receive only those 
messages directed toward them. In this type of sig- 
naling scheme, the caller sends a multitone or digital 
code at the beginning of the message to indicate the 
identity of the called party or parties. Only if the re- 
ceiver code matches the transmitted code is the out- 
put gate enabled to transmit the message to the 
receiver user. This type of system may be used with 
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both analog and digital modulations, and is indepen- 
dent of the modulation type la-m, fm, pm) used for 
transmission. This method is more elaborate than nor- 

PROVIDES PRECISE MEASUREMENTANDCONTROL mal squelch systems, but performs an important func- 
OF CHARGE AND DISCHARGE PARAMETERS. I tion in multi-user nets. 

F 1. Power connector and transformer suppl~ed 

E 2. Pocket size charger 4x2'1r"xl" 

A 3. Laser trimmed precision resistors 

T 4. Reverse polarity protection built in 

U 5. Solid state circuit measures charge and discharge 

R 6. Automatic shutofl 

E 7. Simple modification to adapt (special adapter for ICOMl 

S 8. Controlled automatic discharge and auto switch to charge mode 
eliminates memory problem wtth Ni-Cd Batteries . Quick charge or discharge 

, Utilize your Ni-Cd To full capacity I 
1 1 5 V A C o r  
1 2  VDC t o  
24V 
l+,me $149.95 
Auto 
R.V. 
Boat p?J?q 
Plane 

Mall Orders To: 
NRG CONTROL 

1 P.O. BOX 1602 1 
Plus 3.50 Postage 8 Handling 4 117 

Chelan, WA 9881 6 
Washlnglon Residents add 7% 96 (509) 682-2381 

MULTIFAX 

A COMPUTER PROGRAM THAT WILL COPY: 

WEFAX FROM GOES SATELLITES 
HF FAX FROM NAVY WEATHER BROADCASTS 

APT FROM NOAA POLAR ORBITING SATELLITES 
WEFAX REBROADCAST FROM TV TRANSPONDERS 

IN UP TO FOUR COLORS ON YOUR COMPUTER COLOR 
MONITOR., 
MULTIFAX displays the full picture on the monitor as it is be- 
Ing recorded. Meanwhile, memory is filled with fine-grain 
data so that any quarter or sixteenth of the picture may be 
viewed in greater detail. All data or any view may be saved 
on disk. 
MULTIFAX is adaptable to a variety of facsimile transmis- 
sions and computer clock rates since sweep speeds are key- 
board adjustable. 
Picture synchronization is automatic when frame sync is 
transmitted (WEFAX OR HF FAX). otherwise keyboard syn- 
chronization is available (NOAA APT). 
MULTIFAX will run on the IBM".' PC and IBM'" PC cornpall- 
ble computers having at least 320K of memory. 
Hard copies are obtained by using your Print Screen 
program. 
Data entry to the computer is via its game port. 
Price is $49.00 (US) for MULTIFAX on disk with instructions 
and interface circuit information. 
MULTIFAX was wrltten by an author of "WEFAX Pictureson 
Your IBM PC" published in the June 1985 issue of "OST". 

Elmer W. Schwittek, K2LAF 
429 N. Country Club Drive, Atlantis, FL 33462 

Several of the basic techniques and their circuits 
used to handle the introduction of noise in receiving 
systems have been described. While this discussion 
is by no means all-inclusive, it is nevertheless indica- 
tive of some of the basic approaches taken to solve 
this problem. 
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AT 70 cm, antenna height and gain is ail important. Foliage can ab- 
sorb much of the power. Also low loss tight braided coax such as the 
Saxton 8285 must be used alona with type N connectors. 

Small 7 x 7 x 2.5" for portable. mobile. or base. The TC70-1 has full bandwidth for color, sound, and computer 

Draws only '560 ma (exc. camera) at 13.8 vdc. graphics. You can now show the shack, computer programs, home 
video tapes and movies, repeat SSTV or even space shuttle video i f  

Just plug in your camera. VCR, or computer composite video and you have a Home Satellite Receiver. 
audio, 70 cm antenna. 12 to 14 vdc, and you are ready to transmit live PURCHASE AN AMP WITH THE ~ ~ 7 0 . 1  & SAVE! 
action color or black and white pictures. Sensitive downconverter 
tunes the whole 420-450 mHz band down to channel 3 on your TV set 20 WATT WITH ELH-730G.. . . $4 1 2 .- .. . ~ - ~ ~ - 

to receive. Both video carrier and sound subcarrier are drystal con- 
trolled. Specify 439.25. 434.0, or 426.25 m ~ z .  Extra crystal $15. 50 WATT WITH ~ 2 4 ~ - A T "  ....$ 499 

A l l  p r i ces  inc lude UPS sur face sh ipp ing  In cont.  USA 

- - 
ACCESSORIES: 

KLM 440-27 14DBD ANT...$? 0 7  
MIRAGE D24N-ATV 50 WPEP AMP ... $219 K L M  440-14 1 1 ~ 0 ~  ANT ..... $77 ALINCO ELH-730G 26 WPEP  PIMP....$^^^ 
ATV. FM. SSB. 1 W IN. 13.8VDC @ 9A K L M  440-6 ~ D B D  ANT ..... $62 ATV, FM, SSB. 1W IN. 1 3 . 8 ~ ~ ~  @ 4 . 5 ~  

HAMS! Call or write for for full line ATV Catalog. 
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KIT 
The TNC-220 is a newly designed 

successor to the TNC.200 and other 
TNC-2 "clones", givlng more features 
at lower cost. It uses a single-chip 
modem that is software switchable 
between two radio ports, conveniently 
supporting both VHF and HF packet 
operation. Each of the TNC.220radio 
ports may be configured with jumpers 
for 300 or 1200 bauds. Switching 
between ports is entirely done in 
software and no cable changing, no 
switch setting and no retuning is 
required! Roth ports have provision 
for an active bandpass filter to opti- 
mize HF operation. one filter is stan. 
dard. An optional tuning indicator will 
mount inside the cabinet. A standard 
modem disconnect header is provided 
to allow the use of accessory high. 
speed or satellite modems. 

Two radio ports 
7910 single-chip modem 
300 and 1200 bauds 
Enhanced command set 
Multi-color status LED's 
Supports RS-232 and 
TTL computers 
Active HF bandpass filter 
Tuning indicator option 
12 volt DC operation 
Premium quality case 
6 " w x 2 " h x 7 " d  

An assembled TNC.220 includes 
radio and power connectors, com. 
plete opc-rcitor's manual and com- 
mand reference card. The kit 'ilso 
contains a detailed, step-by step 
assenibly manual. And, of course. the 
quality and support you expect from 
the "Specialists in Packet Radio". 

ASSEMBLED I 
Thp TNC-220 has the familiar 

TAPR command set and AX.25 Level 
2 Version 2 protocol running on a 
2.80 processor with 32k bytes of 
EPROM and 16k bytes of hattery- 
hacked RAM. A Zilog 8530 Serial 
Communications Controller per. 
forms all packet HDI-C in hardware. 
The RS-232 port includes a jumper to 
select TTL interfacing to your VIC-20. 
C-64, 128 or other TTL computer. 
Five large, color-coded LED'S clearly 
indicate the TNC-220 status at a 
glance. The power switch IS located 
on the front panel. TNC-220 is en. 
closed in a rugged extruded alumin~~ni 
cabinet. The attractive Par Comm 
two-tone hlue front panel has large. 
clear labels on all indic~tors and con 
trols. 

SINGLE AND DUAL-PORT DIGIPEATERS. 
The.Pac-Comm DR-100and DR-200 

are packet radio digipeatercontrollers 
which have been especially designed 
for dedicated repeater service. The 
DR.lOO provides singleport con- 
troller capability at low cost. It is well- 
suited to any application where a 
single.frequency digipeater is required. 

The DR-200 is a dual-port controller. 
capable of digipeating on two sepa- 
rate frequencies and able to switch 
packets between ports. It is a basic 
network building block. 

TECH LINE 
(8 13) 874-2980 

SOFTWARE OPTIONS 
DR-100 Single-Port Software 
-AX.25 Level 2 Digipeater 
-AX.25 Level 3 Switch 

DR-200 Dual-Port Software 
-AX.25 Level 3 Switch 
.KE3Z Dual-Port Digipeater 
-Southern California Dual-Port 
.Internet Protocol (TCPIIP) 

Amateur Net Price Schedule 

Kit Assembled 
DR-100 $ 84.95 $ 99.95 
DR-200 $139.95 $159.95 

Both digipedters use a 2-80 pro- 
cessor which has up to 32k bytes of 
EPROM and two JEDEC sockets for 
2 8,16'32k bytes of b,lttery-backed 
RAM. A 280-CTC is provided in the 
DR.200 for dual-port scheduling/ 
interrupts. Packct HD1.C operations 
arc. h~lndled in hardware by a Zilog 
8530 SCC. Both use thr AMD 7910 
LSI modem chip. Each modem chan- 
nel has a standard disconnect header 
and time-out timer. The CPU itself 
has a hardware watchdog timer and 
external hard reset line. The circuit 
hoard is RFI shielded by our ex t r~~ded  
giI~~mimuni case. All connections are 
soldcred to feedthroughs. 

, Pac-Comm Packet Radio Systems, 3652 West Cypress St., Tampa, FL 33607 



This tiny set - built around 
a TV colorburst crystal - 

pulls in W l A W  and fits 

in the palm of your hand 

a simple 80-meter receiver 

Back in the good o ld  days when A M  reigned over 
the phone bands, many beginners built simple, one- 
tube receivers. As AM faded, however, so did the one- 
tube receiver; the more complex designs required for 
CW, SSB, and FM were beyond the skills of most be- 
ginners. This article describes an easy-to-build receiver 
for W l A W  code practice and bulletins on 3.58 MHz, 
following a basic approach that minimizes construc- 
tion difficulties, yet provides the satisfaction of build- 
ing a useful accessory for even the most experienced 
Amateur. 

Direct conversion receivers have been popular for 
some time now for CW and SSB. The complexities 
in the published designs for these units lie mainly in 
the tuning; the bandspreading and stability necessary 
to tune in SSB or separate crowded CW signals are 
difficult to achieve simply. Use of narrowband audio 
filters puts even tighter constraints on tuning. 

Some time ago, I noticed that 3.5795-MHz TV color- 
burst crystals are in the 80-meter CW band, close to 
the 3.58-MHz frequency used by W l A W  for code 
practice and bulletins; the difference in frequencies is 
a usable audio note. A crystal-controlled direct con- 
version receiver has sufficient stability for CW work, 
requires no tuning (because only one frequency is 
desired) or narrow filters (because 3.58 MHz is, rela- 
tively speaking, in the "wide open spaces"). The con- 
cept seemed useful, since a dedicated W l A W  receiver 

I would be a handy accessory as part of any code prac- 
tice program. For areas where W l A W  reception isn't 
reliable on 80 meters, other 80-meter crystals can be 
used for reception of other stations. Possibilities in- 
clude WGOWP code practice on 3.59 MHz, which is 
heard on the West Coast, and perhaps local slow- 
speed CW net frequencies. 

The receiver RF section fits on a small PC board 
which, in turn, fits nicely into the case of a small au- 
dio amplifier available from Radio Shack. This $12 off- 
the-shelf amplifier provides the case, more than ade- 
quate audio gain, a loudspeaker, earphone jack, 
volume control, and battery. 

Although the receiver is battery-operated and fits 
easily in the palm of your hand, it does require a full- 
size antenna. For portable use, a pair of 25-foot long 
wires connected as a dipole should suffice. For sta- 
tionary use, an 80-meter dipole (135 feet overall) would 
be better. 

circuit description 
The receiver shown in fig. 1 is a direct conversion 

type with a preselector, mixer, and local oscillator. The 
preselector passes 80-meter signals and rejects all 
others. The mixer combines the received signal with 

By Ed Gellender, WBZEAV, 28-37 212 Street, 
Bayside, New York 11360 
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the oscillat~r output and provides an audible beat note, 
or difference frequency. 

The ARRL Handbook shows several mixer circuits 
using the RCA CA3028 integrated circuit. The CA3028 
consists of a differential amplifier and a common 
current source. All the published designs use the 
differential amplifier as a mixer and the current source 
transistor to buffer the local oscillator. Because we're 
using a crystal, the stability is good enough so that 
a buffer isn't needed, and we benefit from the 
simplification of using the current source transistor as 
the local oscillator. 

The oscillator circuit is the classic Colpitts design, 
using phase-shift network C3, C4, and Y1 to feed 
signals from the emitter back to the base of the 
transistor. For the TV colorburst crystals specified to 
oscillate reliably, large values of C3 and C4 are 
required. As a result the crystal will oscillate just slighty 
above its series resonant frequency. If other crystals 
are used, their series resonant frequency should be 
about 1 to 1.5 kHz below the desired reception 
frequency. 

Preselector L1, L2, C1, C2 resonates at 3.58 MHz 
with a loaded Q of approximately 15. C6 is an RF 
bypass capacitor that maintains U1 pin 5 at RF ground. 
The differential amplifier is driven by the RF input so 

r R 3  

7 .5v  
I h + 9 V  

0 

C7: 0 1  

I 
JI 

GROUND 

I Ul  Typrcal voltage (appror.) 
I 1 + 3  3 "OltS 
1 2 + 1 2 "01ll 

3 0 (ground) 
1 4 + 0 5 "OIIJ 
1 5 + 3.3 volts (must be the same as ptn 1) 
1 6 + 6.7 ~011s 

7 + 3 . 3  volts (must be the rams as p#n 1) 
1 8 + 7.5 volts 
I 

C2 5-60 pF(Radio Shack No.  272-1340) 
1 J1 RCA phonolack 
1 L 1 SO turns No. 30 enameled wnre on Amidon 750-2 core 
I L2 8 turns No. 30 enameled wire on Amrdon T50-2 core 

that currents into pins 6 and 8 alternate at the input 
frequency. The total current shared by pins 6 and 8 
varies with the local oscillator frequency. Nonlinearities 
in the base-emitter junctions result in a difference 
frequency appearing at pin 6. R2 and C5 form a low- 
pass filter to remove both the input and oscillator 
frequencies and pass the audio beat note. C7 is a DC 
blocking capacitor. 

The audio is brought to the audio amplifier, which 
uses a single transistor preamplifier driving an LM386 
amplifier IC. According to the amplifier data sheets, 
the amplifier sensitivity is 1 mv and maximum output 
is 200 mw. These specifications match the desired 
performance quite well. Purists might object to buying 
such a large part of the receiver ready-made, but 
practical considerations don't permit missing such an 
opportunity. As purchased, the amplifier's upper 
frequency response is about 10 kHz - too high for 
our purposes. But by changing one capacitor, we 
reduce the audio bandpass to a more usual 3 kHz. 

I , - - - 

constructing the RF board 
The RF board is a 314-inch x 2-1 /&inch PC board, 

although a hand-wired board of those dimensions is 
suitable. The PC artwork is shown in fig. 2 and the 
components layout in fig. 3. Be sure to install U1 as 

U l  CA3028 mtegrated circuil 
- - Y1 Crystal. 3.5795 color-burst: HC-lUU(Rad!oShack 

3 
No. 272-1350) 

Audro amplr1,er. 200 mW (Radio Shack No. 277-1008) 
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fig. 1. The heart of the simple 80-meter receiver is the CA3028 integrated circuit. 
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fig. 2. Full-size pc pattern is shown from the DIP side. 

shown in the parts location diagram. The tab is over 
pin 8 (pins are numbered clockwise when viewed from 
the bottom). Bend the leads with a pair of needle-nose 
pliers to fit the hole pattern. 

Coils L1 and L2 are wound on an Amidon Associates 
T50-2 ferrite toroid (see fig. 4). It must be wound as . 
shown to fit the PC board pattern. To wind L1, take 
a 3-foot length of 30 gauge enameled magnet wire and 
tightly wind 50 turns. This should occupy about 213 
of the core and use about 30 inches of wire. Don't 
forget to leave pigtail leads on each end. Similarly wind 
L2 in the remaining empty part of the core. Before 
soldering, scrape the insulation off the wire pigtail 
leads with a razor blade. A few drops of glue (such 
as Duco cement'") can later be used to hold it to the 
board. 

The crystal specified, an HC-18lU vpe, is soldered 
to the board. The miniature crystal lends itself well to  
this construction, but if one wishes to use other crystal 
types, there's no reason short wires couldn't be used 
to connect a larger crystal or a crystal socket. If other 
crystals are used, however, the values of C3 and C4 
might have to be changed for the oscillator to start 
reliably. 

If a single small package isn't necessary, or if you 
want to. breadboard the RF board differently, a 
separate RF breadboard can be used (see fig. 5), with 
the audio output brought to a miniature phone plug 
that fits into the audio amplifier input jack. If separate 
9-volt batteries are used, the audio amplifier used 
should not be modified (except for adding a 
recommended 0.01 pF capacitor described below). 

modifying the amplifier 
The Radio Shack Audio Amplifier must be modified 

slightly before the RF section is added. First, lift the 
audio amplifier PC board out of the cabinet. To do this, 
unscrew the two knurled nuts from the outside of the 
two miniature phone jacks and unscrew the small 
phillips-head screw at the top of the unit. Then, while 
applying finger pressure to "belly-out" the plastic case 
away from the phone jacks, lift the board from the 
loudspeaker side. 

To install the antenna jack, carefully drill a %-inch 

L 

41)1*" .  . ?" 

I 

1 

I I ' 
'",,, 1 I.*" 1 

A,,,,," 

fig. 3. Recommended parts placement lcomponent side). 

- 

- 
' 1 . 5 0  runNs 

'2.8 ToehlS 

fig.4. Asimplifiedsketch illustrates thewinding procedure 
for coils L l  and I2 on an Amidon toroidal core. 

- - 

hole through the top center of the cabinet and install 
J1, an RCA-type phono jack. Be sure to use the 
ground lug. 

The input jack is of the shorting type and must be 
modified. Unsoldering the jack and removing it is one 
possibility. Another possibility is to cut the land 
between the center terminal of the input jack and the 
volume control. A third possibility, which allows the 
amplifier to be used for other purposes, is simply to 
leave an open-circuited miniature phone plug in the 
input jack. Solder an insulated wire 3 or 4 inches long 
to the land between the volume control and input jack, 
on the volume control side of any out lands. This is 
the audio connection lead and is soldered to the pad 
on the RF board connected to C7. 
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Plus $4.00 UPS 

Llslen to 2 Meters. Forestry. Police. F~re. Alr 
Tralf~c Control. LF and VHF Weather. 160 Meter 
AM CW. and a whole lot more' 

HERE ARE SOME OF THE AIR-8's OUTSTANDING FEATURES! 
Computer controlled PLL tuning system 40 memory presets Multi scan 

system (manual and auto) 11" Helical antenna w/BNC connector Priority 
channel Squelch (auto and manual) Direct tuning 
HERE'S TRUE SONY OUALITY! Feel the rugged construction, and listen to the high quality 

sound, and you'll know il's a Sony! The new Alr.8 can scan four different frequency ranges in 
either direction and can store a total of forty frequencies In its four memory banks. You can recall 
any memorized frequency with the touch of a key. and can scan the ten channels in each of its 
four memory banks in any order. The A1r.8 also has a delay function that prevents dropout en- 
abiing you l o  hear both sides of a conversation, and also a priority feature that samples a chosen 
frequency every three seconds for a slgnal. The qulck-disconnect BNC connector allows ditferent 
types ol  antennas to be easily coupled l o  IheAir.8 for maximum performance. 

The Air.8 measures 3%" x 7%" x 2", and welghs just 21 oz. This 1s truly a sturdy little compa. 
nion that will glve you years of dependable performance wherever you go. 

6 Freouency Bands 7 Functlons on LCD Display 
If . ,., 
,, :, .,..., ,,.,,,,.., ,,.,,, ",,,$ .. . , . . , . , , . . , I . , .,.. , I ., 

.t ,,,?.,,.A. ,,.I.,. 

d . , ... .," , , ,..,I, , , , v,.. 
! '  . st,, 

11111.111.1.. 11 ,. 8 . , .,,... ,,,., (,,.. 
, ,  , , , .  ... ,. ., ,, . .,. . 111,, ,,... lll.ll 1". 

NOW IN STOCK. . . , ,  , . ., , , , . ,,,.. 1. (,,,, ".. l,.,. ,,.,. I , ? ..., I 

BUT YOU'D BETTER 
ORDER EARLY! PACKED WITH SONY STATE-OF-THE-ART TECHNOLOGY 

(1) POWER Switch (2) Volume Control (3) 11" Hellcal Antenna (4) BNC Antenna Connector 
(5) Squelch Control. Features both manual and automatic modes. (6) Earphone Jack (7) A M  Ex. 
temal Ant Jack (8) Band Selector. Selects Air, PSB. AM, or FM. (9) LCD Display (See detailed il. 
lustration above) (10) Counter Keys. Used to  program frequencies for direct tuning and 
memories, and also t o  recall memories. (11) EXECUTE Key (12) SCAN Keys. Used for scan tuning 
and manual tuning. (13) LIGHT Switch (14) KEY PROTECT. Locks out all keys o n  front face. 
(15) EXTERNAL DC INPUT (16) High Quallty Speaker (17) ENTER Key. Used t o  memorize frequen- 
cies. (18) Battery Compartment (rear) (19) 9kHZI10 k H z  Selector (Inside battery compartment). 
Used to  change MW tuning interval. (20) DIRECT Key. Used for direct tuning. (21) LED Recelve In. 
dlcator (22) MEMORY Scan Key. Used for scan tuning each memory bank. (23) PROGRAM Key. 
Used to  initiate the program function. (24) DELAY Key (25) PRIORITY Key. Used for sampling a 
priority channel every 3 seconds. (26) Heavy Duty Body. Rugged militarylindustrial grade con- 
struction. AND DON'T FORGET. . . IT'S A SONY! 
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fig. 6. Sufficient spaceisavailable intheRadioShack au. 
dio amplifier for mounting the rf board. 

fig. 5. Few leads are needed to interconnect the rf board 
to the rest of the circuit. 

One optional but recommended modification is to 
remove the 0.0033 /LF capacitor located in front of the 
small plastic transistor and replace it with a 0.01 pF 
ceramic capacitor. This reduces the audio frequency 
response to about 3 kHz, eliminating much noise. 

Now add the remaining wires to the RF board. 
Connect a ground wire from the large ground plane 
in the center of the audio board to the ground pad on 
the RF board near C7. Connect another'ground wire 
from the ground lug on the phono jack at the top of 
the cabinet to the ground pad at L2. Connect a wire 
for the switched +9 VDC from the bare jumper 
between the two phono jacks to the 9-volt pad on the 
RF board, near C8. Finally, connect a wire from the 
center conductor of the phono jack on the top of the 
cabinet to the antenna pad at L2 (see fig. 6). 

Reinstall the amplifier board in the case (it goes in 
more easily than it came out). Place the RF board, 
vertically, in the open space on the other side of the 
loudspeaker. L1 should be near J1 and C8 near the 
battery. A grommet or suitable non-conductive spacer 
placed between the top of U1 and the side of the 
loudspeaker will hold the RF board in place. 

operation 
Connect a 9-volt battery to the battery clip in the 

amplifier. Turn on the amplifier with the volume 
control. Check the pins of U1 for the De  voltages 
shown on the voltage chart. The amplifier should 
output a low hissing noise from the speaker with the 
volume turned up. If another receiver is available, listen 
for the oscillator signal at 3.58 MHz. 

Connect the receiver to a suitable antenna. The 
background noise should increase noticeably as the 
atmospheric noise in the 80-meter band overrides the 
internal noise. Signals may be heard. Variable 

capacitor C2 is set for strongest reception of the 
desired signal. Note that for some antennas, the best 
adjustment of C2 may cause the mixer stage to 
oscillate when the antenna is removed, as indicated 
by a raspy signal. If oscillations occur while the 
antenna is connected, slightly detuning C2 is all that's 
necessary. 

Private listening is possible, using an earphone with 
a 118-inch phone plug; these are often supplied with 
broadcast radios, but are also available separately. 

performance 
The receiver iscapableof detectingsignalsfar below 

the atmospheric noise level in the 80-meter band, so 
sensitivity is not a problem. With strong signals, room- 
filling volume is available from the loudspeaker. There 
are no controls other than the volume control. Because 
of the lack of tuning and filtering, interference from 
nearby signals can be a problem. However, in the 
"wide open spaces" at 3.58 MHz, this won't be 
encountered often. 

ham radio 

ALL LICENSE CLASSES NOW AVAILABLE! 
ARRL OBA L~cense Manuals are keyed lo !he lalesl FCC 
Exam syllabi now In use hy the Volllnleer Exam~ncrs 
These books are wrltlen In an easy-In-read conversational 
style lhat enhances understanding wllhoul scarlnq the stu- 
dent away All lechnlcal sublect areas are explained In clear 
lermlnolugy and with plenly o l  ~l lustratio~is, d~aqrams and 
schematics Rules are also lully covered Each llook has enclose 
the o f l~c~a t  ARRL mull~ple choice questlon Pool w ~ l h  
answers and a key to the FCC Exam syllabus lor reference $3.50 
l o  other study publ~catlons. These are Nle sludy glildes l o  
have All books 1985 1st Edllions 

AR-TG General Sollbound S5.W shipping 
.AR.AG Advanced Softbound $5.00 
Aft-EG Extra Sorthound 55.00 and 
AR.SG Get All Three $12.95 

MORSE CODE the essential lanquage 
handling. 

. . 
by L. Peler Caron W3OKV 
L I~.IIIIIII[J Ihr  lil!,lse r,o!lr IS one o l  Ihe niosl d~lftcul l  tasks laclllq 
prospeclivr 11~~w Amale[ir? This well wrlltpn lexld~zcrlhesln qreal 
rl!:til~l 1111: Ddchgtuu~id 111story u l  MIIIX tod r  and how 11 relales lo 
Alllrllt~!ll Radlll F l l l lo lheI~I~~Ih~nk.~ndl l~ lsnswel la~, ln lonn~qu~( l  
rnr:nl I ~ ~ f l l ~ h p ~ ! e d o p ~ ~ r a l ~ o n  dls l res~c; l l lzar~dIhr~l~~l l~re  Includes 
7 le.lrnlrlq rxPrcl?rs 1986 Is1 arlllion 

AR-MC Softbound $4.95 
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qq$q 
And Neat! 

with the new Powerful 
lllAGnA-CRAB TOOL RACK 

GREAT FOR SHACK SHOP GARAGEOR KITCHEN 

AMERICAN MADE. CHROME PLATED 
ATTRACTIVELY PRICED 

Mod TMC-100 13"(mw 1 ~ ) $ 1 2 9 5  + $350 s/h 
Mod TMC-2W 25"(mw lgm IS18 95 + $3 50 slh 
Texo raidenb pkm include 8% -la tax 

Texas Magnetics Corp. = 
Spectal Products Dtvlslon Dept IOOH 

2714 Natconsl Ctrcle 
-.@?+ Garland Texas 75041 +j+ 

12141 271 2551 

'Making Life Easier With Magnets" 

USING THE 
SPECTRUM MONITOR 

A versatile time-saving tool 
for mob~ le  radio servicing. 

["I 
a: 

Thls book covers the use and appllcatton of the 
most Important dlagnostlc tool ~n the 2-way 
rad~o world and tt s pr~ced at only $4 95 post- 
pa~d US 

@ l ldhm 
,, 128 1525 Atteberry Lane 

San Jose, CA 951 31 
1 

WIDEBAND PREAMPLIFIER 

5 MHz t o  950 MHz 
Gain=l I dB ,NF=4dB, IP=26dBrn 

d 
feedforward amps a v a i l a b l e  

WI-COMM ELECTRONICS INC. 
PO Box 5174 MASSENA N Y 13662 

(315) 769-8334 r /  127 



receiver tuning mechanism selection 

What tuning system 
to use? Read on. 

One of the critical steps in designing a communica- 
tions receiver involves deciding what tuning system will 
be used. Part of this decision includes determining the 
tuning rate (kHz covered per turn of tuning knob), band 
coverage (kHz covered over an entire band), and tuning 
direction. * 

Several related details must also be considered. For 
example, in selecting the tuning rate, it'salso necessary 
to choose the appropriate knob; a crankshaft knob 
generally offers smoother tuning than a round knob of 
thesamediameter. Similarly, the bandcoverageselect- 
ed will be related to the mechanism reduction ratio and 
to the tuning rate. 

Because most modern receivers havedigital readouts, 
the probability of ending up with opposite-direction dial 
scales (as a consequence of conversion schemes) isslim, 
but is something to remember in case analog dial 
readouts are used. 

tuning mechanisms 
It's necessary to decide, early in the design stage, 

whether tuning will be via permeability or capacitance 
variation. 

Permeability tuning offers the advantage of no slid- 
ing electrical contacts. It's probably the easiest system 
to build if you don't have an elaborate workshop. Induc- 
tance variation is achieved by moving a ferrite core in and 
out of a coil of large length-to-diameter ratio, generally 
5: 1 or more. The best linearity over the frequency range 
occurs when the core isabout30 to40 percent inside the 
coil. Movement consists of the rotation of a threaded 
shaft, to which one or more springsare attached to elim- 
inate thread backlash and lateral movement. By simply 
selecting a particular thread pitch and designing the coil 

'An unwrittenconvention prevails: clockwrserotation Increases frequency. In 

some British and Japanesesets, however, counterclockwise rotation increases 

frequency 

winding accordingly, frequency coverage and tuning 
rate can be designed to meet specific requirements. Very 
often a combination of series and parallel coils is used 
to achieve the desired coverage. 

Using a6-32 threaded shaft and a 1 /Cinch diameter, 
1-inch long coil, one can easily build a VFO into a 1 x 1 
x2-inch box. Figure 1 showsthe basic construction; the 
VFO printed circuit can befitted belowthe coil, fastened 
to the 118-inch aluminum bracket housing the VFO 
itself. 

Construction details for a 5- to 6-MHz permeability 
tuned VFO is shown in reference I .  

Multicoil setups used in receiver front ends can also 
be built using thesameconcept, even though mechan- 
ical difficulties tend to increase as the number of coils in- 
creases. Regardless of the number of coils, end stops 
must be used at both coil ends to avoid damaging the 
mechanism or having the ferrite core fall off the thread- 
ed shaft. 

An alternative method of permeability tuning (fig. 2) 
is spring-loading the ferrite core against a cam moved 
by the tuning shaft. In pre-digital days, this technique 
allowed one to linearize the VFO by filing the cam pro- 
file rather than by adjusting the coil winding. 

By G. "Jack" Perolo, PY2PE1C1 P.O. 60x2390, 
Sao Paulo, Brazil 

FERRITE SLUG 

SLIDING BULKHEAD 

$"ALUMINUM BRACKET 

TUNING S H A F T  

fig. 1. Permeability-tuned VFO (end stops not shown). 

* 
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fig. 2. Basic setup of cam permeability-tuned VFO. 
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fig. 3. 10:l ratio heavy-duty ball vernier by Jackson 
Brothers (UKI. This unit has output torque exceeding 30 
oztinch. The front nut fastens a rotary dial. 

With digital readout receivers, this method offers no 
substantial advantage over the standard mechanism 
shown in fig. 1, except for the simplicity inherent in de- 
termining the two end stops. Otherwise it's more 
mechanically complex. 

Capacitance variation is possibly the most widely 
used system for receiver tuning. 

The drum and chord is standard in older receivers, 
and many portable units. Readily-available, low-cost 
drums and variable capacitors with bearings at both ends 
make this one of the easiest tuning mechanisms to 
homebrew. Results are excellent, particularly if stainless 
steel chord, rather than plastic or synthetics are used. 
One convenient feature of thissystem isitsability to slip 
at both tuning ends, thus providing a built-in safety 
device to avoid damage to the variable capacitor. One 
disadvantage of the method, however, is that the reduc- 
tion ratio is somewhat limited, seldom exceeding 30:l 
or 40.1 over 360 degrees. 

Many types of vernier reducers are available. These 
are primarily based on a row of steel balls rotating on an 
inner and outer machined groove. The difference in di- 
ameter between the inner and outer ball races provides 
the reduction effect, which seldom exceeds 10: 1. Jack- 
son Brothers, a British manufacturer with distributors 
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in the United States, offersan extensive lineof verniers; 
a good unit to use is their Model 5857, depicted in fig. 3. 

Some manufacturers build the vernier right into the 
variable capacitor shaft, making the whole tuning mech- 
anism quite compact, though the reduction ratio is low. 
In both cases the reduction ratio is generally too small 
for serious communications work. For instance, if one 
does not want to cover more than 50 kHz per turn 
(remember, the full capacitance swing of a variable takes 
place in about 160degrees) a vernier with a 10:l ratio will 
offer only 160degrees1360degrees times 10 turns, or ap- 
proximately 4.4 turns for the total swing of a standard 
capacitor, thus limiting the band coverage to 4.4 turns 
times 50 kHz per turn, or 220 kHz. 

Another limitation is aging. With aging, the vernier 
tends to slip or to develop backlash, especially if the vari- 
able capacitor in use requires high torque to rotate. 

Gear reduction, widely used in commercial and 
professional equipment, can be of the parallel or worm 

INPUT SHAFT 

OUTPUT S H A F T  - 
fig. 4A. Typical singleworm gear reducer. Theinput shaft 
is mounted in precision ball races; theoutput shaft, in self- 
lubricating bearings. The final assembly is packed in 
grease having a temperature range of - 34 to + 150 C. 

m 

1 .r n 
INPUT SHAFTS SHOWN SOLID - 
OUTPUT SHAFTS SHOWN II 

fig. 48.  Shaft arrangements of single worm gear reducers. 
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fig. 5. Sealed zero-backlash double worm gear reducer 
manufactured by Muffett Ltd. (UK).  

fig. 6. Pinch rim drive can be home-built from aluminum 
or brass round stock. Thespring should be madeof spring 
wire measuring approximately 0.025 inches in diameter 
and wound in five to eight turns on a 3116-inch diameter 
drill. 

gear variety. In both cases, the gears must be spring- 
loaded to eliminate backlash. Both systems can offer any 
reduction ratio but, for the same reduction ratio, paral- 
lel gear reducers tend to be bulkier. From an Amateur 
standpoint, the availability of parallel gear reducers is 
more limited, and new reducerstend to be expensive - 
i.e., in the range of $50 to $80. 

A specialized parallel gear reducer isan epicyclic drive, 
in which the outer (larger) gear is an "internal" gear. 
(This means that the teeth protrude inward, rather than 
outward, as on standard gears.) Its most popular form 
is the unit used in the National HRO series. The epicy- 
clic drive can be home-built or purchased from a 
manufacturer of precision gears for between $75 and 
$100. 

One limitation of thissystem is its low reduction ratio, 
which seldom exceeds 15: 1 for 360 degrees rotation. A 
wide variety of worm gear reducers with ratios in the 
range 20.1 to 100:l is available on the surplus market; 
an entire set can be bought for just $10 or $15. Howev- 
er, because these units are quite old, the tuning mech- 
anism may show some wear and may have developed 
backlash. Furthermore, by today's standards, these 

mechanisms aregenerally heavy and bulky, and will re- 
quire mechanical adaptation if they're to be used in a 
modern project. 

Used extensively in industrial instrumentation and aer- 
ospace applications, new worm gear reducersareavail- 
able from several suppliers. Versions with ball bearings 
on both input and output shafts, housed in sealed, 
lubricated-for-life assemblies, offer a truly superb, "vel- 
vet" feeling (figs. 4A, 46). Made by Muffett, Ltd. (UK), 
they're distributed in the United States by Sterling In- 
strumentsof New Hyde Park, New York. Thesize most 
compatible with ham gear is No. 2, which is offered in 
reduction ratios up to 100:1, at about $75. 

Another interesting item is a double worm gear 
reducer, which consists of two reducers cascaded inside 
the sameassembly, thus offering very high reduction ra- 
tios (up to 10,000: 1) that may be used for specialized ap- 
plications (fig. 5).  On all worm gear reducers, because 
of their high reduction ratio, means must be provided to 
have end stops at both ends of the variable capacitor ex- 
cursion to avoid damage. 

Pinch-rim drives. In this method, a disc is mounted on 
the variable shaft and the tuning shaft pinches laterally 
the periphery of the disc with two spring-loaded discs 
of much smaller diameter. The system slips automati- 
cally at the variable end stops, providing a safety feature 
at both ends. It can be home-built with limited mechan- 
ical means, "turning" it on a hand drill fastened to a 
bench vise and making the main disc out of thin alumi- 
num sheet or plastic. (See fig. 6 and reference 2.) As in 
the case of the ball vernier, however, a limitation is the 
reduction ratio, which seldom exceeds 10.1 or 15:l over 
a 360-degree rotation. 

This system is sometimes cascaded with a gear reduc- 
tion system that provides a clutching (slipping) action 
at both ends, resulting in "velvet" tuning. 

conclusion 
Early in the design of any communication gear, the 

homebuilder must decide on whether the tuning system 
will be of the variable L or C variety. While variable L is 
probably easier to build, the system is not as popular as 
it could be, mainly because even though the mechani- 
cal work required is limited, one can find a commercial 
vernier and variable capacitor rather easily these days. 
One word of caution: it's practically impossible to build 
a zero-backlash, high-frequency VFO with variable C un- 
less the capacitor shaft has bearings at both ends. Stan- 
dard trimmers or transmitting variable capacitors are 
bushing-mounted and generally show backlash in one 
of two ways. Eitherthe rotor bushingsarequite tight (to 
avoid the shaft fitting loosely in the bushing), with back- 
lash developing in the tuning system as the torque re- 
quired to rotate the shaft exceeds the rating of the 
reducer, or the rotor bushings aren't tight. In the latter 
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case, backlash developswithin thevariablecapacitor it- 
self becauseof therotor'swobbling in and out of thesta- 

1 tor. I take it as a rule that for decent communications 
work to be performed, thevariable capacitor must have 
bearings at both ends. 
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and 
Achieve better noise floor 

'crunch-proof" performance 

upgrading the Ten-Tec Argosy 

This article proves two things: first, that outstanding 
results can be obtained by choosing inexpensive, well- 
designed equipment and second, that there'sstill room 
for hams to make worthwhile improvements to their 
transceivers. Owners of the original Ten-Tec Argosy 
who'd like to hear weak signals in the presence of power- 
ful adjacent signals without "popping" and intermodu- 
lation distortion may find it especially useful. 

With several thousand in operation around theworld. 
the Argosy is particularly attractive for the CW QRP 
operator. It can also serve as a low-cost base station 
transceiver which can drive a high-gain linear amplifier 
to 1000 watts output on most bands. 

Although my Argosy was a good performer in many 
respects, I decided that it could be improved. For exam- 
ple, with DX propagation only marginal (given the cur- 
rent sunspot cycle), its noise floor was so high that DX 
signalsof S3 (approximately 0.8/1Vrmsin a 50-ohm sys- 
tem) and belowwereobscured. In addition, the receiver 
desensitized 100 kHz away from a signal generated by 
a station located no more than a mile from my QTH. 

The modifications described here will improve the 
noise floor, compression point, intercept point, and 
AGC characteristics of the Argosy receiver, as well as 
the transmitted characteristics of its SSB signal. They 
will alsoadd digitalversatility to the unit by replacing the 
analog dial with a precise four-digit display capable of 
reading the transceiver's frequency withan accuracy of 
t 10 Hz. 

Critical listening and laboratory tests comparing a 
modified Argosy with an unmodified one have shown 

that these modifications result in significant improve- 
ment (fig. 1). The test results (table 1) show clear im- 
provement in the areas of minimum discernible signal 
(MDS); two-tone, spurious-free dynamic range (SFDR): 
and blocking dynamic range at only 5 kHz from the in- 
terfering signal, with the latter showing an impressive 
30-dB improvement overthe unmodified Argosy. After 
the modification, on-the-airtestsallowed copy of weak 
CW DX stationsof S3and below ascloseas2.5 kHzfrom 
WBONHD, less than a mile from my DTH and running 
a full kilowatt with hisantenna pointed in my direction! 

I fig. 1. Laboratory setupused fortesting thedynamic rangeof 
thetwoArgosys.The testswere performedwith two tonesat 
14.020 and 14.040 MHz. Third.order product was recorded at 
14.060 with the help of a true R M S  voltmeter. 

By Cornell Drentea, WBSJZO, 7140 Colorado 
Avenue North, Minneapolis, Minnesota 55429. 
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fig. 2. Replacing C34onthe IFIAF board improvesthemininlum 
discernible signal IMDS) of the receiver. See text. 

Whilesome of thesechanges were communicated to 
the manufacturer and reportedly incorporated in the 
production of the recently-released DigitalArgosy, own- 
ersof thisunit may wish toperform those modifications 
not implemented by the mancfacturer. 

The changes described in this article are within the 
reach of any technically inclined Amateur and can be im- 
plemented totally or partially as desired. However, I 
recommend that you havea good understanding of how 
the Argosy works before proceeding with the modifica- 
tions. I've tried to describe the modifications in sufficient 
detail here; because of limited time, neither Ten-Tec nor 
I will be able to provide additional information. For a bet- 
ter understanding of thisarticle, it would be wise to read 
the owner's manual as carefully as possible. 

improving the noise floor 
As previously stated, one of the most annoying prob- 

lemsassociated with my Argosy's receiver performance 
was its high noise floor that obscured weak stations. 
While this was not apparent on strong signals, the hiss 
greatly reduced theoverall intelligibility of many CW and 
SSB signals. 

Several callsand a face-to-facediscussion at the Day- 
ton Hamvention with Ten-Tec engineersoffered some 
possible solutions. After several unsuccessful trials, I 
proceeded on my own to find out what was wrong with 
the receiver. A few hours of analysis and careful isola- 
tion of stages revealed, much to my surprise, that the 
problem was caused by a design glitch in a totally differ- 
ent area of the receiver. The audio low-pass filter (R47, 
C34following the product detector, 03, which is locat- 
ed on the i-flaf board 80785) had a cornerfrequencvof 
3.28 kHz, which would have been a good choice if at- 
tenuation were steep beyond this point. However, this 
was only a simple first-order low-pass filter with an at- 
tenuation slope of 6 dB per octave, which was incapa- 
ble of preventing BFO noise sidebands of up to 10 kHz 
from spilling into the highgain audioamplifier of the re- 
ceiver after being mixed down to audio frequencies in 
the product detector. This, in turn, superimposedan an- 

Table 1: Comparative dynamic range tests between an 
unmodified and a modified Argosy were performed un- 
der laboratory conditions. Tests were performed in the 
14-MHz CW band with all crystal and audio filters "in", 
and the noise blanker out of the circuit. 

Spec Unmodified Modified 
MDS - 126 dBm - 138 dBm 

Blocking dynamic 
range, 5 kHz 
from the interfer- 
ing carrier 103 dB 133 dB 

Spurious-free dy- 
namic range 
(SFDR) two- 
tone, third-order 
20 kHz spacing 80 dB 98.5 dB 

noying hiss over all the received signals and obscured 
signals below S3. Once the problem was found, the fix 
wassimple. Changing C34from 0.01 to 0.1 started the 
corner frequency of the low-passfilterat338 Hz, allow- 
ing enough roll-off beyond 3 kHz, cancelling theannoy- 
ing noise and making a dramatic improvement in the 
signal-to-noise performance of the receiver. Although 
one might suspect that the 6-dB roll-off of the new fil- 
ter with a corner frequency of only 338 Hz might affect 
the overall audio response of the receiver, this was not 
the case. Theaudio frequency response measurements 
performed after the modification was made showed a 
flat responseovertheentireaudio range of interest (600 
Hz to 2800 Hz). 

This was due to compensation in the audio gain of the 
receiver inherent in the original design. With the prob- 
lem fixed, the rig worked so well that I decided toshare 
the information with Ten-Tec, whoseengineersquick- 
ly calculated the new corner frequency, tested the 
change, and concluded that it made a "radical" differ- 
ence in the noise floor performance of the receiver. 

Figure2showsthelocation of C34in thetransceiver. 
While it's not necessary to completely remove this ca- 
pacitor (onecan parallel the new capacitor on top of the 
board), doing so involvessimply removing the board - 
just unplug all connectors, remove all metal screws, and 
replace C34 with a 0.1 pF ceramic capacitor rated at a 
voltagegreater than25volts. Slide the board back into 
place. This modification should take no more than 10 
minutes. (Be careful to plug connectors back exactly 
where they belong.) 

Even better performance can be obtained by totally 
replacing the RC network with asecond-order filterwith 
a cutoff frequency of 3 kHz. This involves the use of a 
high-Q, 470-mH inductor as shown in fig. 3. In this 
modification, the source resistor (4.7 k)  has been 
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fig. 3. Further improvement of the minimum discernible 
signal IMDSI  can beobtained by replacing thefirst order 
RC low-pass filter IR47. C34l with a second-order high Q 
inductortype filter with a cutoff frequency of 3 kHz. The 
470 m H  ferrite inductor is available from the author. 

replaced with a 10-k resistor, which was necessary for 
symmetrical C values in the legs of the filter, as well as 
to make use of the entire range of the volume control. 

reducing ac hum 
Although the receiver wasnowvery quiet, it was im- 

mediately apparent that thenext problem wasa 120-Hz 
hum previously obscured by the noise floor. This hum 
was caused by the ac switch and power line located in 
theimmediatevicinity of the high-gainaudiostages, un- 
shielded audio cables, and front panel controls, all act- 
ing as audiq pickups for the induced ac field. 

I decided that the perfect solution - eliminating the 
power switch at this location - would not only solve this 
droblem but alsoallow another modification: the inser- 
tion of an rftaf gain, dual potentiometer, which will be 
described later in this article. Good results can be ob- 
tained by shielding both the power lineand thesensitive 
cablesasshown in fig. 4. Copper foil is recommended; 
however, aluminum foil should also work. Make sure 
that the shield is grounded at several points to avoid 
ground loops. 

improving dynamic range 
Two additional modifications were effective in in- 

creasing the Argosy's dynamic range. While they are 
specifically intended toimprovetheintercept point of the 
receiver, they also improve MDS performance. 

The first modification consistsof replacing the present 
mixer diodeset (012, D13, D14, and D15" on therftmix- 

fig.4. Shielding the power lineand sensitivecables in the high 
gainaf section of the Argosy will provide further signal to noise 
improvements in the receiver. IAI  Bottom view of chassis, IBI 
Expanded view of cable assemblies. 

er board 80784) with a new set of matched high-voltage 
Schottky barrier diodes. The part chosen for thisappli- 
cation was the Hewlett Packard 5082-2800. The 2800 
usesa "guard ring" design, making it ideally suited for 
handling high-level signals. 

The second modification consists of changing the rf 
switch diodes (DlOand D l  1) on the same board to high- 

'ham radio style customarily identifies diodes as "CR." To 
avoid confusion, however, the "D" nomenclature is used here 
when referring to Argosy components. 

- Ed 
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current PIN diodes desiqned especially for rf switches 

r 7 

0 0 
B F O - N  'c BFO - R  BFO - N 'c H T 0 - e  

- 
and attenuators such as the HP 5082-3081. About75mA 
of bias current should be provided to these two diodes 
for a positive rf turn-on. Thisisaccomplished by replac- 
ing the470-ohm resistorat R4with a220-ohm half-watt 
resistor. Although the3081 can use more current for bet- 
ter rf switching, this is not recommended in order to pro- 
tect the drive transistors located on the Control Board 
80781. Thismodification isnot recommended for appli- 
cations requiring thrifty battery use - for example, in 
portable QRP operation. However, it does further im- 
prove the dynamic range of the receiver. 

To imb~ement these changes, removeall connectors 
and metal screws carefully and slide the rflmixer board 
out. Remove the old diodes with the help of "Solder 

ILK, HI I S 

Wik" orasimilar product and replace them with thenew 
parts, following the diode polarity already marked on the 
board lthe band is the cathode). Reinstall the board, 
making sure that all metal screws and connectors are 
back in their proper places. Readjust mixer balance trim- 
mer C2 for minimum received product at 21.320 MHz, 
as outlined in the manufacturer's manual (pages 3-71, 
The receiver will now be veryquiet and signals will stand 
out against the background without being disturbed by 
powerful adjacentstations. The AGC will also befavora- 
bly affected since less intermodulation distortion will be 
present in the i-f passband. Remarkable results have 
been realized by replacing theoriginal four-polei-f filter 
with a better filter, but some problems will occur if you 
try to use standard 9.000-MHz filters. 
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fig. 5. (A) BFOadjustments for the original9.0015-MHz Argosy filters; IBI BFO adjustments with standard 9.000-MHz filters. 

fig. 6. New trimmer settings required for the SSB generator 
Board 89789 when using the recommended 9.000 MHz filters. 

using standard 9.000-MHz i-f filters 
The Argosy cameequipped with a four-pole, 2.4-kHz 

wide filter which drew some unfavorable audio reports 
in SSB. In addition, a "wide" transmitted signal was 
reported on some crowded bands. 

A similar problem noted in the receive modecontribut- 
ed to adjacent signalsgetting into the i-f passband and 
consequently activating the AGC. While it's possible to 
buy optional filtersfrom the manufacturer, thiswas be- 
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yond my financial means at the time. I tried some new 
9.000-MHz filters with the proper impedance but found 
they produced unfavorable resultsfor no apparent rea- 
son. A careful analysis of the design showed that the 
manufacturer's choice of i-f center frequency was 
9.0015 MHz instead of the more popular9.000-MHz ap- 
proach (this isn't readily apparent from either the man- 
ual or the part numbers marked on the filters as used in 
the transceiver). Because 9.0015-MHz filters were not 
available to me, some ingenuity was required in order to 
use the more standard 9.000-MHz filters. 

In order to use these filters with the Argosy it was 
necessary to change the frequency of the BFO crystal 
and adjust three trimmer capacitors on the SSB Gener- 
ator Board 80780 for slightly different frequencies. 

Let'sanalyze the way the BFO worksfrom fig. 5A. In 
order to use the 9.0015 center frequency filter, the Ar- 
gosy designers chose BFO frequencies of 9.000 MHzfor 
"SB-Normal" and 9.003 MHzfor "SB-Reverse." These 
parameters are set by frequency-pulling a crystal oscil- 
lator via the triple trimmer setup on the SSB generator 
board according to a procedure outlined in the owner's 
manual. 

To use 9.000-MHz filters, I replaced the BFO crystal 
with an 8.9985-MHz crystal (a KVG XF-901) and 
proceeded to recalibrate the three trimmer capacitorsac- 
cording to the Carrier Oscillator Alignment Procedure 
explained in the manual and by using the new 
parameters shown in fig .5B. The new numbers allowed 
for an audio passband of 600 Hz to 2800 Hz (center fre- 
quency, fc, is 1700 Hz) when using the filters recom- 
mended in thisarticle (see table2). The 1700-Hz center 
frequency was selected over the more conventional 
1500-Hz unit aftera series of intelligibility tests. Many ex- 
cellent reports were received after the modification. 

This audio range lends itself easily to the 750-Hz off- 
set requiredfor the CW mode. The recommended9.000- 
MHzfiltersexhibit superior shape factors over the orig- 
inal four-pole filter (See table 2). Figure 6shows the ap- 
proximate position of C1, C2, and C3 trimmer capacitors 
necessary for this modification as implemented in my 
transceiver. 

A set of two 9.000-MHz filters can be cascaded (one 
replacing on the rf /mixer board80784 
and the other at the optional location of the i-f laf board 
80785) with exceptional results in receive or transmit. 
The combination is the equivalent of a 2.2-kHz wide, 
12-pole filter with a shape factor of better than 1.6: 1 in 
the receive mode (only one filter is used in transmit). 
When combined with the previous changes, this modifi- 
cation produced superlative performance which includ- 
ed improved AGC response in all modes and improved 
small signal performance in the presence of strong 
signals. 

To make the change, construct the filter connectors 
by cutting t w o 2 . 4 ~  1 .O-inch piecesof unclad PC board 

Table 2: Specifications of the 9.000-MHz filter used in 
the modification. 

Center frequency 9.000 MHz 
Bandwidth at 6 dB 
points 2.20 kHz 
Shape factor, 60-6 dB 1.8 
Source impedance 500 ohms 
Load impedance 500 ohms 
Number of poles 6 crystal poles; 

3 LC poles 
Insertion loss Less than 6 dB 
USB BFO setting 8998.3 kHz 

(or 8998.5) 
LSB BFO setting 9001.7 kHz 

(or 9001.5) 

- 

material. Drill four holes to fit four 0.040-inch diameter 
connector pinssnugly. (These pins can be made of dis- 
carded TO-5 transistor leads.) The connector pattern 
can be copied directly from thetransceiver PC board lay- 
out with a piece of paper and a pencil, using the pencil 
to punch the existing connector holes and transferring 
the information to the new PC boards. Drill additional 
holes for installing the filter assembly on the PC board 
as required. Then secure the four connecting pins in 
place at the proper height with blobs of solder on each 
side of the board, following the dimensions from the 
original filter assembly. Connect the inputs, outputs, 
and the grounds of the filters in the same manner as in 
the original filter. It's important to realize that the cas- 
caded filter on the i-f /af board 80785 will require two dc 
blocking capacitors if you're using the suggested filters 
(0.01 pF will do) at the input and output ports because 
of the diode switching involved there. 

After installing the filters and the new BFO crystal, 
perform the manufacturer's carrier oscillator alignment 
on the SSB generator board 80780 by using 8.9983 MHz 
for "SB-Normal" and 9.0017for the "SB-Reverse" posi- 
tions. Use fig. 6 as a guide to begin the setup and fine 
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fig.7. WiringadualconcentriclOk potentiometerforrf and 
af gain controls in the Argosy. The introduction of the rf 
gain allows control overthe AGC when copying weak sta- 
tions in the presence of strong ones. This modification 
completely eliminates the popping phenomenon. 

tuning of thethree capacitors until no error resultsfrom 
the interactive effect (this modification requiresa full un- 
derstanding of how the Argosy BFO works). Adjust the 
CW offset in step 10 of the procedure to 750 Hz above 
the "SB-Normal"asrequired. Although the procedure 
outlined in theowner'smanual isa bit confusing at first 
because of the interaction between the threecapacitors, 
using a digital counter and a scopeshould make things 
easier. No matter how well the settings are performed, 
the BFO frequency will change valueslightly over time 
becauseof environmental impact on the trimmer capa- 
citors. Variationsof plusor minusseveral tensof Hz are 
not unusual for this BFO. These variations can introduce 
some coloration when you're switching sidebands in 
either the transmit or receive modes. 

To check whether the transceiver needs realignment, 
follow this procedure. With the receiver on and the an- 
tenna disconnected, listen for the "hiss" pitch charac- 
teristicin SB-N. If thingsare"equa1" (which they should 
be), the same pitch characteristic should be heard when 
switching from SB-N to SB-R. A final test for a differ- 
ent kind of coloration (called SSB brilliance) should be 
performed in the transmit mode with the rf output fed 
to a dummy load and a microphone connected to the 
transceiver. To verify that your SSB signal sounds 
"alive" on the air, use another receiver equipped with 
a pair of headphones to listen to your own signal. To 
avoid overload of the receiver, perform the test in the 
5-watt QRP transmitter position. If the signal sounds 
mushy, realign transformer T-1 (the big can) located on 
the same SSB generator board while pronouncing 
words containing the letters "S" and "Z" into the 
microphone. 

fig. 8. The Argosy frequency can be reed to + 10Hz (short term 
stability of the rig is fully compatible with this feature) by push- 
ing in the "CAL" or"DISP" button on the front panel red win- 
dows. An additional decimal point will light up in the display 
(see lower view) indicating that the number hasshifted to the 
left. 

Using the plastic tool provided with the transceiver, 
slightly vary the position of the T - l  core until these let- 
tersare heard clearly in the monitoring receiver (thecore 
should beat the bottom of its travel). Repeatthis test in 
the opposite sideband until everything sounds as lifelike 
as possible. Because the transformer has been adjust- 
ed at the factory, thisadjustment should be minor. If it 
hasn't been properly set, this can make a major differ- 
ence in intelligibility of your SSB signals at the other end. 
(It has no effect on the receiver itself. ) Last, but not least, 
makesure that carrier balanceadjustment, R1, isset for 
minimum carrier leakageas pointed out in the procedure 
described in the manual. 

improving audio AGC characteristics 
One of my biggest complaints was the popping 
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characteristic of the Argosy's audio AGC. While most 
of the modifications presented so far improve to a great 
degree the AGC's reaction to unwanted out-of-band sig- 
nalsand in-band background noise, a simple additional 
modification will virtually eliminate popping. This 
change consists of replacing C12 on the i- f laf board 
80785with a22-pF, 35-VDC tantalum capacitor, which 
exhibitsa favorable charging curve thatcancelsout the 
annoying "pop," at the same time providing a more 
suitable response time for the AGC. With thiscapacitor 
in place, theattackand releasetimeswere measured at 
20 milliseconds and 2 seconds, respectively. This con- 
stitutesan almost perfect compromise between CW and 
SSB. (Thismodification can beincorporated when the 
other changes are being made to the same board.) 

When installing the tantalum capacitor, besure to ob- 
serve polarity. After this change, popping was almost 
completely eliminated with only a hint of it left on signals 
exceeding40dB over S9 in level, and with all filters (in- 
cluding narrow af) inserted. In order tocompletely elim- 
inate the popping, the addition of the rf gain control is 
required. 

rf gain control 
Although theoriginal Argosy didn't includean rfgain 

control, adding one can further improve the perfor- 
manceand versatility of the rig when attempting to copy 
weak signals in the presence of strong ones. An addi- 
tional improvement is the complete elimination of pop- 
ping. (This simple matter is explained in Ten-Tec's 
technical note TN2-525.) The modification consists of 
replacing the single potentiometer used for the audio 
gain with a dual concentric 10-k potentiometer. To in- 
stall the new control, the front panel and the old control 
were removed. I soldered the wiresfrom theold af con- 
trol in thesamelocationson the front section of thenew 
dual potentiometer by also inserting a2.2-k carbon resis- 
tor in the center leg (the Argosy has so much gain that 
only about a third of the old potentiometer range was 
usable before). Then I connected the rear section as 
shown in fig. 7. 

Thischangeeliminated theswitch function of theaf- 
Power control. (This can be a good move because you 
won't need to worry about induced hum intotheaf sec- 
tionsany more.) The rig may beswitchedeitherfrom the 
front panel of the power supply or by a miniature switch 
added to the back panel. If desired, an AGC onloff 
switch can also be installed by breaking the connection 
between D9 and 0 5  on the i-flaf board 80785 and wir- 
ing in another miniatureswitch. I chose not to implement 
this modification permanently because it wouldn't add 
anything to the performance. 

Because concentric knobs weren't available, they 
were fabricated. The af knob was made by cutting off 
the top of a regular knob with a diameterof0.8inch. Ad- 

fig. 9. Installation of thedigital counter in the Argosy and inter- 
connections with the NSN 784displays. Alsoshown is how the 
red window is secured to the front panel of the Argosy with 
epoxy through the dial opening. 

ditional filing brought the set screw within immediate 
proximity; little shaft length was available because of the 
spacer effect of the front panel. The rf knob was fabri- 
cated from a smaller diameter knob with the 0.25-inch 
hole filled with epoxy and redrilled for the inner shaft, 
which measured 0.125 inch in diameter. The entire 
modification took half an hour to complete. 

PTO frequency stability 
Another annoying problem related to the Argosy's 

performance was the frequency instability of the PTO, 
which caused small, sudden jumpsof a few tens of hertz 
in the received or transmitted signals. This phenomenon 
seemed to be intermittent and showed up at random 
timeswith noapparent remedy. The problem, confirmed 
by other Argosy owners, may be present in similar rigs. 

While the problem appeared mechanicalat first, Icon- 
cluded that it was caused by an intrinsic characteristic 
of a part in thedesignof the PTO. I was happy to findthat 
Ten-Tec offers - on an exchange basisand fora reason- 
able fee of $25 - a new PTO that doesn't exhibit the 
problem. Whena new PTO wasobtainedand installed, 
the problem disappeared once and for all. 

The installation requires the removal of several wires 
and PC boards, butshouldn'ttakemore than 15minutes 
to complete. The performance of the new PTO is well 
worth the investment and allows the use of a precision 
digital counter which displays the transceiver'sfrequen- 
cy with a resolution of 10 Hz, a considerable improve- 
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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 attalnabie 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 
IsoPoIes 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- 
na - The Hot Rod 

The Hot Rod antenna can be ex- 
pected to make the same improve 
ment to hand-held communications 
that the IsoPole antennas have made 
to base station operation. Achieve 1 or 
2 db gain over ANY 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 
favorite Amateur Radio Distributor. 
For more information contact Advanc- 
ed Electronic Applications, P.O. Box 
C-2160, Lynnwood, WA 98036, or call 
206-7757373. 

144 220 440 
135160 21 0-230 41 5-465 
)12Mhz @ 146Mhz )15Mhz Q 220Mhz )22Mhz @ 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 

Y 131 Prices and Specifications subject to change without notice or obligation. 

AEA Brings you the 
Breakthrough! 



I Word is spreading fast- 
"Nothina matches the KRP-5000 I for totaiuperformance and value. Not GE, not even Motorola." 

RF performance really counts 
in tough repeater environ- 
ments, so the KRP-5000 
receiver gives you 7 helical 
resonators, 12-poles of IF 
f i l ter ing, and a precise 
Schmitt trigger squelch with 
automatic threshold switch- 
ing. The transmitter gives 
you clean TMOS FET power. 

Enjoy high performance opera- 
tion with: remote programmabil- 
ity, sequential tone paging, 
autopatch, reverse autopatch, 
200-number autodial, remote 
squelch setting, status inputs, 
control outputs, and field- 
programmable Morse messages. 

Call or write for the full 
performance story . . . and 
the super value price! 

\ KRP-5000 Repeater 

Micro Control Specialties 
23 Elm Park. Groveland. MA 01834 

I I The first choice in 
Transmitters - Receivers 

I 1 Repeaters 
Repeater Controllers 

shown Power Amplifiers 
with PA-100 Amplifier \ Voice Mail systems 

v 132 J 
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ment over the k2-kHz calibration provided by the 
Argosy's analog dial. 

high-resolution digital display 
The static digital display design in the modified Argosy 

uses three ICsand doesaway with the multiplexer noise 
sofamiliar to otherdesigns. It allows the use of the front 
panel push button previously used to turn on the calibra- 
tor to further increase the resolution of thedisplayed fre- 
quency to 10 Hz, a feature I found extremely helpful. 

The top-notch performance of the modified Argosy 
was finally complemented by the installation of a static 
(non-multiplexed) four-digit counter which displays the 
frequency of operation by reading the premixed PTO/- 
crystal oscillator'sfrequency. Reading the premixed in- 
jection presents the advantage of accounting for all pos- 
sible shifts created in the crystal oscillators, which would 
have to beaccounted for mathematically if reading only 
the PTO frequency. On the other hand, such a counter 
must be capable of operating at frequencies better than 
20 MHz (asopposed to 5.5 MHz) if measuring the PTO. 
In addition, by wiring the calibrator push button from the 
front panel as shown, the four-digit numbers can be 
shifted to the left, allowing for 10-Hz resolution (an ad- 
ditional decimal point lights up to indicate that the mag- 
nifying feature is turned on). See fig. 8. 

The design of the display was inspired by Intersil ap- 
plication notes. I had initially hoped that an LCD display 
would fit under the Argosy'sfront panel, but this was im- 
possible because of the rather small dimension between 
the top of the bezel and the display opening. In addition, 
the 16-kHz back plane oscillator called for in this design 
was out of the question because of rf noise. The result- 
ing design uses a static seven-segment LED design 
based on the ICM7225 LSlC from the same 
manufacturer. 

While many seven-segment LED displays were avail- 
able, I chose the National NSN 784common anode dis- 
play because of depth restrictions between the front 
panel and the sub-panel. The 784 is built without pins 
and space-consuming extruded parts. Its design is ba- 
sically a square PC board - with the LEDsfused into the 
surface of the board, allowing for minimal depth - 
which fits snugly between the two panels. With thisap- 
proach, the flat cable used to connect the display with 
the small digital board located in the transceiver fits nice- 
ly through the narrow window previously used for the 
analog dial as shown in fig. 9. 

After this wiring was completed, the socket pins from 
the signal-conditioning IC 74HC4049and from the con- 
trollerloscillator lC ICM7207 were shortened for better 
frequency response. If not short enough, pins on the 
74HC4.049 socket will limit the frequency response of the 
counter on the higher bands. Asa matter of choice, the 
front panel switch (CAL) can be used either for turning 

on the display or for the magnifying feature. Both 
choices are shown in the schematic diagram in fig. 10. 
Only one function is possible without the addition of a 
separate switch. 

The rf injection signal is fed to the conditioning IC 
74HC4049 via a coaxial cable and a 100-pF capacitor 
from connector31 located on the rf /mixer board 80784. 
When soldering at the connector, make sure not to 
ground the shield of the coaxial at this point or you'll de- 
feat the turn-on function of the front-panel switch. 

Adjusting the display is easy when using a high- 
resolution counter connected to the same pin on con- 
nector 31. Adjust the trimmer capacitor on the ICM7207 
for an equal frequency readout between the counters, 
which should both be set in a high resolution mode. If 
a counter isn't available, reasonable results can be ob- 
tained by tuning to WWV. Thiscounterwill read only the 
center frequency of a station asoffset by the BFO modifi- 
cations performed earlier. If you're using the recom- 
mended settings, you'll have to add 1.7 kHz in lower 
sideband and subtract 1.7 kHz in upper sideband. Be- 
cause no preset linesare available in thissimpledesign. 
A featureactivated from the band switch can tell the user 
when to add or subtract the offset number by lighting 
up either a plus sign or a minus sign inside the last digit 
of the display. This was accomplished by cutting a pad 
and installing a diode in its place instead on the S1 D 
switch from board80787asshowninfigs. 11A. 6, and 
C. 

Installation of the digital display in the Argosy pro- 
ceeds asfollows. Obtain two NSN 784 dual displays and 
grind off the rivets holding the windows to the back of 
the PC boards. Carefully remove the windowsand plas- 
tic inserts so as not to touch the fused LEDs on board, 
now visible to the eye. Deposit a few drops of "Super 
Glue" or equivalent on the board in areas outside the 
segments and LED locations and key back the plastic in- 
sert without the window. Squeeze the assembly to- 
gether until the two parts become a single assembly. 
This will prevent possible damage to the LEDs. Repeat 
the operation for the second display. Then solder a 
16-wire flat cable toeach of the boardsasshown in fig. 
10. Remove the front panel from the Argosy and remove 
theexisting red window as well asall mechanical cables 
and fixturesassociated with the analog display. File out 
the square opening in the front panel to accommodate 
the two new windows. Fit the two square windows 
snugly in the opening until they'reflush with theoutside 
surface of the front panel. Then deposit a small amount 
of epoxy around the perimeter of the two squares inside 
the front panel. In the process, make sure that the two 
windows are flush with the outside of the front panel; 
this is accomplished by laying the entire assembly on a 
flat surface. Only a small amount of epoxy should be 
deposited so that the PC board LED assemblies can fit 
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fig. 11. (A)  Diagram of a sideband correction indicator 
(see text). IBI Implementation of the sideband correc- 
tion mechanism on board 80787 requires cutting a pad 
and installing a simple silicon diode (IN9141 in its place. 
IC) Removing Board 80787 from the transceiver requires 
the removal of the bandswitch shaft through the back. 

back in their rivets when the job is complete. No epoxy 
should beallowed in the area under the top of the front 
panel because the cover must be free to slide back un- 
der the bezel. 

To complete the job, wrap electrical tapearound the 
metal cutout to prevent possible grounding. Place a 
weight on top of the front panel assembly and allow it 
tocureovernight. Whencuring iscomplete, reinstall the 
Argosy'sfront panel by pulling outthe ALC indicator di- 
ode assembly and plugging it properly into the red LED 
from the front panel. Then carefully insert thetwoseven- 
segment LED boards in their keys, which are now at- 
tached tothe front panel. Makesurethatthe translucent 
plasticdiffuser squaresaresandwiched between the red 
windows and the PC assemblies. Then pull things to- 
gether until the digits are visible through the front win- 
dows. Push back the entire front panel assembly until 
the ALC LED fits back in its hole and screws can be at- 
tached. The flat cables can now be bent and properly 
wired to the digital board. To complete the job, make a 
0.25-inch deep cutout in the top cover for the entire 
length of thedisplay in order to prevent possibleshorts. 
Asan additional precaution, placeelectrical tape along 
the cutout. 

conclusions 
The modified Argosy (fig. 12) has been in operation 

for several months. Its performance has been a pleas- 
ure and well worth the efforts described in this article. 
Other possibilities exist for modifying the Argosy to in- 

band 
to ref 
boar( 

"..".. 
nove 
180787 

crease its versatility. These include adding a separate 
PTO with memories; an rf splitter in the receiver input 
toallow for a separate receiver to be used in conjunction 
with the transceiver (this can be done by breaking the 
coaxial cable from connector 32and introducing a Mini 
Circuits PSC2-1 rf splitter in the circuit with one of the 
outputs wired to one of the empty RCA connectors in 
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Table 3. Parts available f rom (A) suppliers and (61 Hewlen Packard 5082-2800, set of four matched high-voltage 
author. Schottky diodes ($15.50 plus $1.50 shipping). 

IAl Parts available from suppliers. Hewlen Packard 5082-3081, set of two matched high-current 
PIN diodes ($8.50 plus $1.00 shipping). 

6.5536-MHz crystal, available from JAN CRYSTALS, P.O. 
Box 06017, Fort Myers. Florida 33906-6017 ($7.50 plus Dual concentric 10-k potentiometer for rf laf gain rnodifica- 

shipping). tion ($12.50 plus $1.50 shipping). 

XF-901 crystal, available from Spectrum International, P.O. 22 ,IF. 35 VDC Tantalum capacitor for AGC, $2.25 plus $1.00 

Box 1084, Concord, Massachusetts 01742 ($6.25 plus shipping. 
shippingl 

9.000-MHz i-f filter. 2.2 kHz (BW per specification), $45.00 
ICM7207 (d r i ' t  order the "A" model). available from Ad- plus $2.00 shipping. 
vanced Computer Products, P.O. Box 17329, Irvine, Califor- 
nia 92712-7329 157.50 plus shipping). Second 9.000-MHz i-f filter, 2.2 kHz (BW with hlocking capa 

citors), $45.50 plus $2.00 shipping. 
ICM7225 LSIC, available from lntersil authorized distributors 
nationwide 1e.g.. Arrow Electronics, Hamilton Avnet, Schwe- , 470 ,tH, low.resistance, high.Q inductor for audio LP rnodifi- 
ber Electronics, $12.50 plus shipping). cation ($6.00 plus $1.00 shipping). 

74HC4049. High-speed CMOS, 16-pin hexlbufferlconvert- Set of two 0.02-/tF capacitors for audio low~pass filter, $0.50 
er linverting), available from JAMECO Electronics. 1355 plus $0.50 shipping. 
Shoreway Road. Belmont. California 94002. Digi-Key, P.O. 
Box 677, Thief River Falls. Minnesota 56701-9988. ($2.50 pl~ts Set of two NSN 784 LED seven-segment displays (four 
shipping). digits), $9.00 plus $1.50 shipping. 

(81 While quantities last, the following hard-to-findparts are If combinations of the above items or the entire kit 1S140.00) 

availahb from the author. is required, include $3.00 for shipping (U.S. only, please). 

- 

the back of the transceiver); passband tuning in the i-f, 
and evena new BFO circuit. A list of partsavailablefrom 

fig. 12. Completed unit. 

theauthor and from varioussuppliers isshown in table 
3. 
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Boomer XL is "the antenna for 
2 meter DX". More than 3 
years of design. antenna range 
tests. and on-the-air contesting 
have been combined to produce 
the 4218XL's higher gain and 
cleaner pattern. This antenna 
is designed to survive. It lCA77ONS frequency 
features step tapered boom. 14-145 MHz. 18 ele- 
tubular support hraces and all 

~rdware. The 
he only 

antenna E great 
combinat~on or features to 
make your 2 meter activity 
more successful and satisfying. 
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LARGEST HAM OUTLET IN THE WORLD 

R- 

r n t 8 l ' . ' 4  . . .,. . , 4 :a .. 

40' TUBULAR TOWER 

-SALE! $549 
TOP-OF-THE LINE 
HF TRANSCEIVER 55' TURULAR TOWER 

GREATPRICE, CALL wSALE! $899 LOW PRICE! 
Handles 1 O  9c( 11 a1 ',I1 niph . I'lr.,,..l.\ 1>1.lqt,ti<ll,. W1 

tlllllllrl' ~tr<.itmll"'~tl ikln 

55' FREESlANDING 

No guylnq requored 
Extra-strength Conslructlon 
Can add ralslng and rnolor 
drive sccpssortes 

CALL FOR PRICE 

TR-2600A/3600A 
Deserves 11s well-earned 
reputallon as the leading HT 

2-METER MOBILES HF TRANSCEIVER 
IC-28A (25w) IC~ZBH (45w) LOW PRICE! 

LOW PRICE! 

@CQ MI I C-37A 
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build a pocket-portable 
SSB receiver 

This article describes the design and construction 
of a very small, portable 20-meter single sideband re- 
ceiver. Because some of the more demanding perfor- 
mance requirements can be relaxed in favor of small 
size and reduced component count, the project also 
represents an interesting design exercise in value en- 
gineering. 

For example, reference 1 states that performance 
limitations are the principal drawbacks of integrated 
circuit mixers. Yet for a portable receiver in use in a 
remote location - say on a camping trip - small size 

and high gain may be more important than strong sig- 
nal performance. Reduced complexity is also attrac- 
tive to inexperienced builders; using ICs simplifies the 
design, since they can be considered as building blocks 
already designed by the manufacturer's specification 
sheets. The only real work, then, is selecting the best 
ICs and connecting them together. 

1 
ANTENNA 

circuit description 
Figure 1 shows that the receiver is a conventional 

single conversion superheterodyne design with a 
9-MHz i-f. Major circuit blocks are represented by IC 
part numbers with the exception of the AGC. The fol- 
lowing circuit theory of operation is presented in a se- 
quence beginning at the output and proceeding 
toward the input, which is the recommended se- 
quence for construction. Dividing a large project into 
several small tasks makes the work seem easier, and 
the completed output stages can be used as a test aid 
to align and troubleshoot preceding stages assembled 
later. 

I .  ""I 

audio amplifier 

F I R S T  MIXER 

N E 6 0 2 N  

F I G  6 

3 

Figure 2 shows the National Semiconductor LM386 
Low-Voltage Audio Power Amplifier, which is used to 
drive an earphone. The main advantage of this com- 
ponent is low battery drain and operation from a 9-volt 

DC AGC I 
9 UIl,  

Cliff Klinert, WBGBIH, 1126 Division Street, Na- 
tional City, California 92050 

CRYSTAL 

F t L T E R  

SMWI 2 5 8  
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fig. 1. 20-meter receiver block diagram. 
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TO AGC INPUT 
~ .- 4 
FIG 5 

L M 3 8 6  

AUDIO OUTPUT 
AUDIO INPUT 

FROM FIG 3 
oO.. . r> #+:J C 2 EARPHONE 

0 I  

J A C K - 1  

4 7 h  

fig. 2. Audio amplifier. 

battery. The 9-volt power source was considered es- 
sential for convenience in obtaining batteries while 
traveling. 

Peripheral components increase circuit complexity, 
but provide an opportunity to shape the receiver au- 
dio frequency response. Signal frequencies below a 
few hundred Hz and above a few kHz should be at- 
tenuated by selecting audio coupling and bypass ca- 
pacitor values carefully. Each capacitor (and 
associated resistance) provides a 6-dB per octave roll- 
off beyond the break point. The half-power break fre- 
quency is: 

0.159 F = --- 
RC 

where F is in Hz, R is in ohms, and C is in farads. For 
example, the output coupling capacitor, C1 of fig. 2, 
gives a low-frequency rolloff frequency calculated as 
160 Hz. This is assuming that the LM386 output im- 
pedance is very low and the earphone offers the prin- 
cipal resistance in the circuit. I actually measured the 
earphone impedance to be 21 ohms at 1000 Hz when 
the calculations gave confusing results. The earphone 
is presumably 16 ohms, but it could have been 8 ohms. 
The following data was taken for selected capacitors 
using one-half voltage for the measurement point, 
which resulted in slightly lower frequencies (6 dB 
down): 

330 pF 10 HZ 
100 pF 70 Hz 
47 pF 120 Hz 

These results suggest that it may be better to substi- 
tute capacitors and sweep the frequencies with an au- 
dio oscillator than perform calculations when circuit 
resistance may be inconvenient to determine. In fact, 
components were selected experimentally, but the 
equation is helpful for awareness of circuit operation 
and to provide a starting point. A bypass capacitor 
(0.047 pF) in the product detector output provides a 
similar function for high frequencies, and the equa- 
tion is the same. 

C2, added to cure a high-frequency oscillation, may 

not be necessary in all cases. A large capacitor bypass- 
ing the audio power amplifier wastes power and may 
cause instability. 

Tests showed that a 30-millivolt, 1000-Hz input sig- 
nal provided a 600-millivolt output for a gain of 20. Cur- 
rent drain was 5 milliamperes at 9 volts. 

.- 
9 M H r  

CRYSTAL 

-rT-''t 7 4 0  

product detector 

1 5 6  

The Signetics NE602 shown in fig. 3 is used for the 
product detector as well as the first mixer. One of the 
more popular Gilbert Cell mixers, it also contains a 
voltage regulator and bias, an oscillator, and an 
rf amplifier. These features are implemented with an 
absolute minimum of external components. Pin 7, the 
oscillator emitter, can be used as a test point for check- 
ing oscillator operation. 350 millivolts of 9-MHz sine 
wave signal is a typical value. The capacitors connect- 
ed to pin 7 must be adjusted for the correct operating 
carrier frequency to match the crystal filter. Power 
voltage for the NE602 is 6 volts, which is supplied to 
pin 8 through the 1.5k resistor. Application of a 
400-microvolt 9-MHz i-f input signal to pin 1 gives a 
150-millivolt peak-to-peak earphone output when con- 
nected to the audio amplifier see fig. 2. The current 
drain is an economical 2.5 milliamperes. More infor- 
mation on the NE602 is provided in the first mixer cir- 
cuit description. 

The resistor/capacitor network connected to pin 5 
shapes the audio frequency response as described in 
the previous section. The 0.1 pF capacitor provides 
low frequency rolloff to complement C1 of fig.1. The 
0.047 pF capacitor bypasses high frequencies. 

0 I 4 ,  

i-f amplifier 
A Motorola MC1350P television i-f amplifier was 

+9V 

AUDIO OUTPUT 

9 M H z  IF iNPLlT 
+---- - 

FROM FIG 4 

fig. 3. Product detector. Pins4and5are push-pull outputs. 
and either may be  used. 
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Factory Tested 
Completely Assembled 

tely \rl 
- . ,,,o ~vailable soor. . . .  

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 1 sq. ft. 
. . . . ............... Balun .4:1 Rigid Coax 

Mirage Communications Equipment, Ince 
l?Oe Box 1 0  

Morgan Hal, CA 95037 
(408) 779-7363 
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Canadlan Dlstnbutor: 

A ST :n%:CA 92718 
Eastcorn Industr~es, Ltd. 
430 Signet Drive 

C 0 R PORAT I ON (714) 458-7277 Weston. Ont. Can 49L 216 

INSIDE V I E W  - RS-1ZA 

MODEL RS5OA 

RM-A Series 

MODEL RM-35A 

RS-A SERIES 

MODEL RS-7A 

RS-M SERIES 

:@ 
MODEL RS35M 

VS-M SERIES 

MODEL VS-2OM 

RS-S SERIES 

MODEL RS-12s 

ASTRON POWER SUPPLIES 
HEAVY DUTY HIGH OUALITY RUGGED REUABLE 

AS and VS S A l E S  
SPECIAL FEATURES PERFORMANCE SPECIFICATIONS 

SOLID STATE ELECTRONICALLY REGULATED INWT VOLTAGE: 105 - 125 VAC 
FOLDBACK CURRENT LIMITING Rofects Rmer Sup* OUTWT VOLTAGE: 13.8 VDC 2 0.05 d t s  
t m  excessiw current & wntinucus shorted output. ( ln ter~ l ly  AdJustabk: 11-1 5 VDC) 
CROWBAR OVER VOLTAGE PROTECTION on all Models RIPPLE: Less than 5mv peak to peak (lull load 
except US-4A & low line) 
MAINTAIN REGULATION (1 LOW R I M E  at Imv line 
input Voltage. 
HEAW DUTY HEAT SINK CHASSIS MOUNT FUSE 
THREE CONDUCTOR POWER CORD 
ONE YEAR WARRANTY MADE IN U.S.A. 

m MODEL .- RS-SOM MODEL VS-SOM 
19" X 5 %  RACK MOUNT POWER SUPPLIES 

Continuous ICS' Ule  (IN) *Ippiml 
Model D ~ Q  (AM-) (AMPS) HXWXD Wt. (Ibs.) 

R M  35A 2 5 35 5'/4 Y 19 x 12% 38 

3 7  5 0  5 ' / n x 1 9 x 1 2 ' / ?  50  
Y O A  e irate Volt and Amp Meters RJ:<~M 2 5  3 5  5 ' / n x 1 9 x l Z ' / z  38 

RM-50M 3 7  50  5 ' / n x 1 9 x 1 2 ' / 7  50  

ConHnuous ICS' Slzs (IN) Shlpplng 
MODEL DutV (Amps) (Amps) H x W X D  Wt (Ibr) 
RS-4A 3 4 3% x 6'/7 x 9 5 
RS- 7A 5 7 3 % ~ 6 % ~ 9  9 
RS-7B 5 7 4 . 7 1 ,  . 10'. 10 
RS-IOA 7.5 10 4 x 7 % x t O %  11 
RS- 12A 9 12 4 % x 8 x 9  13 
RS-2OA 16 20 5 ~ 9 ~ 1 0 %  . 18 
RS-35A 25 35 5 x 1 1  x 11 27 
RS-SO A 37 50 6~ 13% x 11 46 

Switchable volt and Amp meter 

ConHnuous ICS' Slzs (IN) Shlpplng 
MODEL Duty (Amps) (Amps) H x W x D  wt  (Ibr) 
RS.12M 9 12 4 f i x 8 x 9  13 

RS-2OM RS-35M RS-5OM 37 25 16 50 35 20 6 5 ~ 9 ~ 1 0 %  5 x 1 1  x 13% x x 11 11 46 27 18 

Separate Volt and Amp Meters 
Output Voltage adiustable lrom 2-15 volts 
Current l im~t adjustable from 1.5 amps to Full Load 

Continuous Duty ICS* 
(Amps) (Amps) Slzs (IN) Shlpplng 

MODEL @~~.mcimtmrn @13.8V H x W x D  Wt (Ibs) 
VS.2OM 16 9 4 20 5 ~ 9 ~ 1 0 %  20 
VS-35M 25 15 7 35 5 x 1 1  x 1 1  29 
VS-5OM 37 22 10 50 6 x 13% x 11 46 

Built ~n speaker 

Conllnous ICS' Size (IN) Shlpplng 
MODEL DuW (Amps) Amps H x W x D  WI (Ibs) 
RS.7S 5 7 4 x 7 X x  10% 10 
RS. I OS 7.5 10 4 ~ 7 % ~  10% 12 
RS-IOL(For LTR) 7.5 10 4 . 9 . 1 3  13 
RS.12S 9 12 4 X x 8 x 9  13 
RS-20s 16 20 5 x 9 ~  10% 18 



used for the 9-MHz i-f amplifier fig. 4. This popular 
IC features high gain, excellent stability, and a very 
handy AGC input terminal. The MC1350P was intend- 
ed for a 12-volt power supply, but works well on 9 volts 
with a current drain measured at 12 milliamperes. No 
particular effort was expended to wind T I  with a 
14-turn primary (center tapped) and a 14-turn secon- 
dary on an FT 37-61 ferrite toroid core with No. 27 
AWG wire. It seemed to resonate with about 15 pF 
of capacitance provided by a 9- to 20-pF variable, but 
it also works without the capacitor. Be sure to ground 
the AGC input, pin 5, for maximum gain while test- 
ing. Performance testing now shows that only 0.7 
microvolts RMS 9-MHz input is required to produce 
a 100-millivolt peak-to-peak earphone audio output. 
The MC1350 gain was 50 dB with a 200 microvolt i-f 
output for the 0.7 microvolt input. Total receiver cur- 
rent drain at this point was 20 milliamperes. 

crystal filter 
The crystal filter is the largest and potentially most 

expensive item. The price of a new crystal filter would 
make it impractical for so simple a project. I first con- 
sidered the crystal filter as an optional or less critical 
item, but the obvious performance improvement made 
it a necessity. The filter and BFO crystal can be a junk 
box or surplus item. The 9-MHz filter used for this pro- 
ject was purchased for about $20 from a ham radio 
advertiser a few years ago, but swap meets and ham- 
fests are also good sources. Be sure to get a BFO crys- 
tal with the filter, but if several filters are available 
inexpensively it may be better to break apart a filter 
to get an oscillator crystal. With luck it may be possi- 
ble to tune the BFO to the right frequency with the 
oscillator capacitors and avoid the expense of order- 
ing a crystal. At this point, a substantial effort may 
be required to sweep the filter with a signal generator 
while bonitoring the receiver audio output and adjust- 
ing the BFO frequency for the desired frequency re- 
sponse. 

automatic gain control 
AGC is a truly optional feature that could be sub- 

stituted with a potentiometer voltage divider connect- 
ed to the MC1350 AGC input. Some experience using 
this method showed that the "two-knob" tuning 
method required was somewhat inconvenient con- 
sidering the small controls and lack of panel space. 
Also, eliminating the manual gain control provided ad- 
ditional space for an AGC circuit. 

The AGC characteristics of the MC1350 used were 
measured and tabulated as follows: 

Pin 5 voltage 4.50 volts max gain 
4.77 volts min gain 

+ 9 f  
0 

9MHr IF LN 
FROM C R S R L  

SUM, !F o v r P u r  
TO PRODUCT DCT 

9 - 2 0  
M C l l l O P  . 

I 
- I 

m 

fig. 4. I-f amplifier. All capacitors areO.O1 disc except the 
9-20 pF variable. 

Photo A. The receiver is housed in a sheet aluminum en- 
closure. The aluminum was bent in a brake and the corn- 
ers wereTIG (Tungsten Inert Gasl welded. The clip lead is 
the antenna connector. 

+ 9" 

a v o l o  ,NPUI 

~ G C  O U ~ P U I  

4 I .  101 

fig. 5. Automatic gain control. 
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Compact Size 
Simple to Operate 

a Large LCD Readout 
a 25 Watt IC-28A 
a 45 Watt IC-28H 

Packet Compatible 
a 21 Memory Channels 

The IC-28H has all the features 
you need for carefree 2-meter mobile 
operation. The only thing it doesn't 
have is a big price. 

45 Watts. The IC-28H provides a 
full 45 watts of powerful olrtplrt. The 
1C-28A 25-watt version is also avail- 
able. Both  nits have a selectable 
low power. 

Large LCD readout. A wide-view 
LCD readout can be easily read even 
in bright sunlight. An automatic dim- 
mer circuit reduces the brightness for 
evening operation. 

Wideband Coverage. The IC-28H 
performs from 138- 174MHz (specifica- 
tions guaranteed from 144.00-l48MHzl 
and includes weather channels. Ideal 
for MARS and CAP operation. 

Compact Size. The IC-28H meas- 
ures only 2 inches high by inches 
wide by 7l t inches deep llC-28A is 5"r 

inches deep). Great for mobile instal 
lations where space is limited. 

21 Memory Channels. Store 2 1 
frequencies into memory, or lock out 
certain memory channels. All memoriec 
are backed up with a lithium battery. 

Scanning. Scan the entire band 
or the memorv channels from the Dro 
vided HM- I 2  hic. 

Easy to Operate. With only I I 
front panel controls, the IC-28H is 
simple to operate. 

Available Options. IC-HMI4 
DTMF mic. PS-45 13.8V 8A power sup. 
ply, UT-29 tone squelch unit. SP-I0 
external speaker. IC-HM 16 speaker mi' 
and HS- 15,'HS-I5SB flexible boom 
mic and mT switchbox. 

ICOM America. Inc.. 2380-116th Ave NE. Bellevue. WA 98004 Customer Service Hotline (206) 454-7619 
3150 P r e n ~ ~ n r  Ur~ve.  S ~ r ~ t e  1:.,0, lrs,~!,ci. 'Tx i 5063  

ICOM CANADA. A Division of ICOM America, Inc.. 3071 - #5 Road. U n ~ l  9. R~chrnond. B C  VGX 174 Canada 
AII s l i t t ~ d  s m ~ ~ t ~ c a l ~ o n s  a r ~  approxmule nnd sllhlac! lo chnntje w(!houl nnltce or ohllqnlron Al l  radios s8r)n~lccantly rxcwd FCC rngt~ls!li>ns llmlllng slnlrlu:., I,r.l8v.!on.. . ' . t " ' * I  



lCOM IC.751A 
CAN YOU HANDLE THIS MUCH TRANSCEIVER? 

All HF Band Transceiver/ 
General Coverage Receiver 
New Design 
100% Duty Cycle Transmitter 
105dB Dynamic Range 
All Modes Built-In USB, LSB, 
A M ,  FM, CW, RTTY 
12 Volt Operation 

The new IC-751A top-of-the-line 
HF base station transceiver is designed 
fort he ham operator who demands high 
performance. Whether contesting or 
OSO'ing for pleasure, the 100 watt 
IC-751A incorporates the best features 
of the IC-751, plus brings you to the 
forefront with the following most-asked 
for additions. 

More CW Control. For the CW 
enthusiast, the new IC-75IA includes an 
electronic keyer unit. OSK rated at up  
to 30WPM, standard FL-32A YMHz/ 
500Hz CW filter and CW sidetone to 

monitor your code in RX or TX modes 
great for practice! 

All Amateur Band Coverage. 
Plus general coverage reception from 
l00kHz to 30MHz. May be easily 
modified for MARS operation. 

Improved Smooth Tuning. The 
IC-75 I A features a newly designed 
tuning knob for velvet smooth tuning. 

Added LED Annunciator. For easi- 
ly identifying if you're using the tuning 
speed, dial, or band switching functions. 

32 Memories. Mode and fre- 
quency may be stored in any of 32 
memories ... all the memory capability 
that you'll ever need. 

More Stable. Even in the receive 
mode, the IC-751A has a sophisticated 
thermal sensor to monitor the internal 
temperature. The sensor automatically 
activates the cooling fan which gives 
maximum stabilityy ... critical for 
contesting. 

Newly Deslgned Features. The 
IC-75IA boasts a number of newly de- 
signed features for better performance 
... new 9MHz notch filter to drastically 
reduce ORM, new ,AGC system, new 
compressor for better audio and a new 
AF gain control system to improve 
control of the CW sidetone volume. 

Optlons Available. Options for 
the IC-751A include the IC-PS30 exter- 
nal AC system power supply. IC-PS35 
internal AC power supply. IC-AT500 
antenna tuner. IC-EX309 microprocessor 
interface connector. SM-8 or SM-I0 
desk mics. IC-2KL linear amplifier, 
RC-I0 remote controller. SP-7 or 
IC-SP3 external speakers. IC-EX3lOvoice 
synthesizer. CR-64 high stability 
30.72MHz crystal and GC-5 world clock. 

Optional Filters. FL-52A CW 
455kHz at 500Hz. FL-53A CW-N 455kHz 
at 250Hz. FL-63A CW-N 9.0106MHz at 
250Hz. and FL-33 AM 9.0I0MHz at 
6000Hz filter. 

ICOM America, Inc.. 2380-116th Ave NE, Bellevue. WA 98004 / 3150 Premier Drive. Suite 126. Irving. TX 75d63 
All staled s~ctl~cal ,ons are approx8matP arm st!~lect lo change wqtnoul r>alcm or Wllgalhon All ICOM raams wgn8lluantly exce6d FCC #egulalto!ls lbmotlng spurlous emlsrrons 75144% 



Pin 5 with a 10-k 4.00 volts max gain 
series resistor 6.30 volts min gain 

Pin 5 is essentially a current sink. Adding a 10-k resis- 
tor in series makes a convenient voltage range for the 
AGC circuit to drive. 

Figure 5 shows the AGC circuit, an unfortunate 
departure from the use of ICs. The Plessey SL621C 
would have provided an excellent AGC IC, but I felt 
that it was too sophisticated (and expensive) for this 
simple application. The 2N2907 amplifies the earphone 
audio, which is half-wave rectified by the 1 N4001. The 
time constant circuit uses a 10-yF capacitor and a 
500-k resistor. The 2N2222 is a dc amplifier that drives 
the MC1350. A 100-pF electrolytic capacitor was re- 
quired to bypass the 9-volt power line to prevent a low- 
frequency oscillation. 

The addition of this AGC circuit holds the earphone 
audio output to 100 millivolts peak-to-peak and con- 
sumes 2 milliamperes of current drain. Performance 
could be described as very aggressive but slightly slow 
on attack time. A slow attack time prevents the re- 
ceiver from being muted for the RC time constant peri- 
od when only a brief noise pulse is received. A full 
wave AGC rectifier would improve attack time but 
would also add to complexity. The circuit has more 
gain than is required to keep the audio ouput leveled, 
but I prefer this compression effect to eliminate the 
need for any other gain control. 

mixer 
The NE602N is used in the receiver first mixer (fig. 

6). Two LC-tuned circuits are used in this circuit; L3 
tunes the 14-MHz input and L1 is the 5-MHz local os- 
cillator (LO) frequency control. L2 is a small rf choke 
added to restrict the L1 tuning range to 5.000 to 5.375 
MHz. It's difficult to find a small vernier dial and vari- 
able capacitor, so a knob was attached to L1 for a tun- 
ing control. L1 was a 0.375-inch iron slug-tuned coil 
wound with 17 turns of No. 27 AWG wire. Many 
different L and C combinations could probably be used 
in this oscillator circuit. Pin 7 is the emitter and pin 
6 is the base of the oscillator transistor. Reference 2 
cautions against using too low a circuit Q and sug- 
gests connecting a 22-k resistor from pin 7 to ground 
if the oscillator won't start. Increasing the 300-pF ca- 
pacitor values in fig. 6 reduced the oscillator output, 
which was measured at pin 7 to be about 300 millivolts 
peak-to-peak. L3 is a 0.250-inch iron slug tuned form 
with 14 turns of No. 27 AWG wire. The input coup- 
ling link used five turns of hook-up wire. Don't try to 
use capacitor coupling for the NE602N input without 
a parallel choke or coil winding to ground. Low- 
frequency noise ("hum") will be coupled to the input 
amplifier, modulating all signals received. 

construction notes 

+ 

I started out soldering components together by their 
leads as sort of a breadboard without the board to test 
the circuits. It was soon obvious that the most com- 
pact construction technique is to cut the leads as short 
as possible and solder them together on a double-clad 
unetched circuit board. The board serves as a ground 
plane as well as a structural mount. This mounting 
method is really quite strong, considering the light 
weight of the parts. A dab of epoxy would really add 
to strength, but it hasn't been necessary. Most of the 
parts were junk box selections so only general descrip- 
tions of the parts required will be given. This is espe- 
cially the case for the tuning control, L1. The tuning 
slug screw must have a friction lock to prevent back- 
lash. Since wear is a problem, select the largest screw 
size slug available and lubricate it with automotive 
wheel bearing grease. In this case, I found a short 
spacer with a tapped hole that fit on the tuning slug 
screw and locked it with a jam nut the same size. A 
knob can fit easily over the outside diameter of the 
spacer. The obvious disadvantage is lack of calibra- 
tion markings, so it's important to limit the L1 tuning 
range to reduce confusion. 

It may be desirable to enclose L1 and other oscilla- 
tor components with circuit board since flexing the ex- 
ternal cabinet will cause frequency changes. The 
double-clad printed circuit board is quite rigid when 
soldered together to make a box. After all the com- 
ponents were assembled and tested on the circuit 
board, I made a small aluminum box to fit around 
them. It's probably better to plan ahead and buy a 
small box, but at the beginning I wasn't sure what the 
final size or shape would be. (See Photo A.) 
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Photo B. Thissmall box containsanamplifier andaspeak- 
er. Theamplifier isthesameasshown in fig.2. No volume 
control is reauired when used with the receiver. 

Soldering the components together does pose some 
problems, however. As can be seen in the photo- 
graphs, it's very difficult to see some of the compo- 
nents. Repairs seem impossible. Don't solder to the 
crystal can near any of its solder seals; doing so may 
cause a vacuum leak, spraying molten solder on the 
quartz. 

The electronic aspects of construction require use 
of an oscilloscope with a high impedance (~101 probe, 
an audio oscillator, and an rf signal generator. A fre- 
quency counter is handy but not essential. The x10 
probe allows monitoring the oscillators with a mini- 
mal amount of frequency shift due to loading by the 
probe. I connect my frequency counter to the oscillo- 
scope channel 1 output for checking the oscillator fre- 
quency. This is especially handy for setting up the BFO 
when thg exact frequency is known, but the BFO fre- 
quency is subject to adjustment later "by ear" when 
listening to SSB signals. The first mixer oscillator can 
be adjusted with a receiver or signal generator, and 
will also require considerable adjustment to obtain the 
right frequency range. 

conclusion 
This receiver has enough gain to be used with al- 

most any metal object as an antenna. I used a clip lead 
as an antenna connector. It's handy to carry a con- 
venient length of insulated flexible wire for those times 
when there's a chance to rig a makeshift antenna in 
a tree or bush. Twenty meters provides good listen- 
ing most times of the day or night, with some DX in 
the early morning. 

This article presented a few applications of some 
simple but versatile integrated circuits. My intent was 
to present a few circuits that might inspire the reader 

to develop new applications. For example, I mounted 
an LM386 with a battery and speaker in a small box 
to carry with the receiver. (See Photo P.) Future 
projects for the NE602 might include a tunable short- 
wave converter for an a-m car radio, or an aircraft band 
receiver with an MC1350 i-f amplifier. 
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~ A simple, low-cost ~ homebrew project 

20-meter hf superhet 
One of the more diminutive boxing champions of 
the 1970s was described this way: "pound for pound, 
the hardest hitter in the world." I like to think that the 
same can be said of this receiver. Based on ideas put 
forth by Doug DeMaw and Wes Hayward,' it's strict- 
ly a lightweight, but it delivers a respectable punch. 
Its simplicity is accomplished through the use of a sin- 
gle i-f amplifierldetector IC, the Ferranti ZN414. 

Because of its sharp selectivity, this superhet (fig. 
1, Photo A)  represents a vast improvement over 
direct-conversion receivers - though with fewer than 
60 parts, it's hardly more complex. I built the proto- 
type to tune about 125 kHz of the 20-meter band, but 
the receiver can easily be modified to cover 30, 40, 
or 80 meters. 

circuit description 
After passing through a fixed-tuned preselector, in- 

coming signals at 14 MHz are admitted directly to gate 
1 of the dual-gate MOSFET mixer. Mixer output at the 
intermediate frequency is passed through a tuned cir- 
cuit at the primary of T I ,  a trifilar-wound transform- 

Photo A. The receiver cabinet measures 1 ",, x 8 % x 6 '. inch. 
(49 x 210 x 156mm). Main tuning knob is on the left. Lettering 
wasaccomplished with dry label transfers, and the panel was 
sprayed with clear acrylic. 

'To make a trifilar winding, tw~st three separate pieces of enameled 
wire approximately 8 tttrns per tnch. Wind the twisted wires ttirot~gh 
the toroid for 12 turns. I use i l r i  ol~tiin~eter to identify tlie ends. 

er.' The transformer output supplied to the crystal 
filter consists of two signals of opposite phase. The 
effect is that the parallel capacitances within the two 
crystals are cancelled, leaving an extremely high-Q 
series-resonant circuit. This circuit configuration is 
known as a half-lattice filter. The shape of the filter's 
response curve is affected somewhat by terminating 
resistor R1. R1 is adjusted until the filter response is 
fairly flat across the top of the curve. The overall width 
of the curve is determined by the difference in the crys- 
tals' frequencies (see fig. 21. 

I used crystals with a frequency separation of about 
600 Hz. With different crystal spacing the filter's band- 
width will change. If you wish to use this type of filter 
you can order two close-tolerance crystals for the 
desired frequencies. You can also buy three or four 
inexpensive crystals for about the same price; I used 
this less expensive approach and obtained three 2-MHz 
crystals for $2.50 each. When I checked the crystals 
(this can be done using a breadboarded oscillator with 
a frequency counter or receiver), I found a pair with 
spacing that was close enough, but not too close - 
in other words, just right! 

There is an alternative for the e~perimenter who 
wants to to simplify this design even further. Accept- 
able performance can be obtained using only one crys- 
tal (fig. 3). Trimmer capacitor Cx is adjusted for the 
sharpest response. This filter has an asymmetrical re- 
sponse curve, with a fairly sharp peak, and one side 
quite broad. I tried this circuit and found that rejec- 
tion of the adjacent sideband was fairly good, with 
only the stronger signals appearing on the wrong side 
of zero-beat. There's a sharp notch in which the adja- 
cent sideband seems to be totally rejected; it appears 
that to bring out the best in this simple filter one should 
include it in a receiver using an audio bandpass filter 
peaked to the frequency where the image notch ap- 
pears. * "  

"If you happen to acquire two crystals of exactly the same fre- 
quency, you can use them to construct a ladder filter. I didn't try 
this approach, but details can be found in Reference 1 ,  pages 
217 218. 

By Eric Bodner, N3ECZ, 64 South Hazle Street, 
Hazleton, Pennsylvania 18201 
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fig. 1. Schematic diagram. Judicious use of discrete devices and hardware results in a miniature receiver that's easy to tame 
and operate. 

The filtered signal at the intermediate frequency is 
coupled to the input of the ZN414 i-f amplifier. The 
ZN414 consists of a very high gain rf amplifier followed 
by an A M  detector. The device has three leads and 
comes in an ordinary TO-18 transistor package. This 
IC is hot enough to pick up the least bit of stray rf from 
any nearby (or distant) A M  broadcast station, ampli- 
fy it, detect it, and pass it on loud and clear. In fact, 
the chip makes a complete TRF receiver for any fre- 
quency up to 3 MHz with the addition of only a few 
external components. However, in the present appli- 
cation the chip should be restricted to amplifying and 
detecting only a narrow slice of the rf spectrum! There- 
fore shielded cable is a must for the connections to 
the ZN414 input from the i-f filter and the BFO. 

Audio from the output of the ZN414 is sufficient to 
drive an LM386 amplifier IC, which in turn provides 
plenty of volume for headphones or a small speaker. 

The local oscillator and BFO are identical except for 
the tuned circuits. NPO ceramic, polystyrene, or sil- 
ver mica are the preferred types for the frequency- 
determining capacitors. C6 is kept at a minimal value 
to avoid oscillator pulling. Originally a 33 pF fixed-value 
capacitor was used at C6 and it seemed that every CW 
station on 20 meters was guilty of sending out a chir- 
py signal! With the smaller value capacitor in place, 
loading of the oscillator tank circuit is reduced and no 
trace of chirp is detectable. 

I included a front-panel tuning control for the BFO, 
but this is optional. If you don't need the versatility 
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Under New Ownership 

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

95 year warranty prompt U.S. service and assistance 

RF AMPLIFIERS WATT'/ SWR METERS 

2 METERS-ALL MODE 220 MHz ALL MODE peak or average reading 

B23 2W ln-30W out C106 10W 1n=60W out direct SWR reading 
(useable in: 100 mW-5W) (1W=15W, 2W=30W) RX preamp MP-1 (HF) 1.8-30 MHz 

MP-2 (VHF) 50.200 MHz 
B108 10W in=80W out C1012 10W in =120W gut 
(1W = 15W, 2W =30W) RX preamp (2W =45W. 5W =90W) RX preamp 

B1016 10W in = 160W out C22 2W in =20W out 430-450 MHz ALL MODE 
(1 W =35W. 2W-90W) RX preamp (useable in: 200mW-5W) D24 2W In =40W out 

(1W =25W) 
B3016 30W in= 160W out RC-1 AMPLIFIER 
(useable in: 15-45W) RX preamp Dl010 10W in=100W out 

REMOTE CONTROL (low = 100W) Duplicates all switches, 18' cable ( lW=25W,  2W-50W) 

1 Available at local dealers throughout the world. 
r /  143 

16890 Church St, Morgan Hill. CA 95037. (408) 779-7363 
1 COMMUNICATIONS EQUlPMENT,INC. 



Santa knows he can get terrific package 
deals at Hamtronics. All the famous brand 
names in Transceivers, Receivers, H F, VH F- 
UHF, FM equipment. The latest in Antennas, 
Rotors, Towers and all the necessary 

Santa's so shrewd, even his own personal 
station could have been bought at Hamtronics 



for a lot less than he'd pay at 
the dealer closest to home - 
the North Pole! Why not take 
a tip from Santa, shop 
Hamtronics, today. 
Even though we offer the best deals, we will meel or 
beat any other dealer's advertised price Just for openers. . . 

!oak at these excit- 
ing stocking deals at 

No Sales Tax 
lo Out-of-State 

Residents 

A Division of 
Trevose Electronics, Inc. . .  . . 

4033 Brownsville Rd. 



Pa,% list, fig. 1. 

Cl ,  U.CS. U) 15.150 pF trimmer capacitor (Radio Shack 272 73.391 
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Photo 6. Each stageisassembledonaseparate board. Layout 
followstheschematic, with themixerat theupper left andau- 
dio amplifier to the right. 
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fig. 2. I-f stage response using half-lattice filter. 

i 

tion, should be adjusted for best results. In this cir- 
cuit it's necessary to leak only a very low level of BFO 
energy for CWlSSB detection; the reason is that the 
BFO carrier is injected before the i-f amplifier. This 
differs from the usual method in which there is a sep- 
arate mixer (product detector) and a fairly high-level 
BFO signal. I can justify the method used in this re- 
ceiver only by saying that it allows for a substantial 
reduction in complexity (thanks to the circuitry built 
into the ZN414) and that I find it works quite well. 

construction notes 
You can select your own scheme for wiring and as- 

sembly, bearing in mind the necessity for shielded ca- 
ble at the input to the ZN414. The method I prefer 
involves assembling each stage on a separate circuit 
board so that construction, testing, and troubleshoot- 
ing are limited to simple circuits containing about ten 
components each (see Photo B). It's much safer mak- 
ing the journey step-by-step, rather than attempting 
one giant leap! 

Radio Shack circuit boards276-024 are just the right 
size; extra holes are drilled through the large copper 
pads wherever they're needed. A sewing-machine 
needle makes a satisfactory miniature drill bit. 

I've found that push-in terminals are practically 
indispensable for making external board connections 
such as ground, + 12 volts, input, and output. 
These are available from Circuit Specialists, Inc. 
(No. 1495-PK). The circuit boards rest on aluminum 
spacers (Radio Shack No. 64-3024) and are fastened 

of a tunable BFO (for tuning either USB or LSB), then to the cabinet with machine screws. Solder lugs (Ra- 
a PC-mounted trimmer capacitor may be substituted dio Shack No. 64-3029) are grounded to the cabinet 
for the panel-mounted air-variable. in a similar fashion. 

Coupling capacitor C9, which limits the BFO injec- Use RG1174-U miniature coax cable for connections 
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on the signal path. This includes the connections be- 
tween the various stages and the connections from - 
the antenna connector and the volume control. 
RGl174-U is available from parts stores that serve the 
TV repair trade. 
. The crystals can be mounted directly on the circuit 
board, with the pins used as soldering terminals. Be 
sure to keep the crystal filter input and output well 
isolated. 

Circuit layout at this frequency is generally noncrit- 
ical. Still, it's best to position the local oscillator and 
BFO circuitry close to the front panel, with short runs 
of stiff wire to the tuning capacitors' Care should be Photo C. Rear panel connections include (left to right) theau- 
taken in mounting the capacitors and toroids so that diooutputjack. binding postsforthe DCsupply,andphono jack - they are mechanically rigid. for antenna input. 

The Radio Shack 270-272 cabinet made an attrac- 
tive and sturdy enclosure for this receiver. Mounted 
on the rear panel are binding posts for power supply 
connections, a phono jack for the antenna, and a 
miniature phone jack for headphones or speaker (Pho- 
to C). The front panel layout includes the tuning knobs 
for the local oscillator and BFO, as well as the volume 
control and the onloff switch (Radio Shack 271-215). 

access to parts 
Radio Shack parts numbers are included for many 

of the components used in this project. The rest of 
the parts can be obtained by mail ~ r d e r . ~ , ~  The tun- 
ing capacitor with built-in vernier and dial pointer, 
available from BCD Electro, rates as a "best buy." Its 
threaded holes on the front and bottom allow easy 
mounting. For the prototype of this receiver I used a 
30-pF air-variable without a dial pointer but with a built- 
in reduction drive almost identical to that in the BCD 
Electro capacitor that had been liberated from a used 
CB rig. You may choose to forego the use of mechan- 
ical bandspread and instead use a small variable in par- 
allel with the main tuning control. 

The cost of this receiver is low. Using all new parts 
the receiver can be built for around $40, but of course 
with help from a respectable junkbox the cost can eas- 
ily be reduced to almost zero. 

alignment 
Before applying power, check the resistance be- 

tween ground and the + 12-volt line; it should be in 
the vicinity of 200 ohms. With the set turned on and 
the antenna connected, C4 and C5 should be adjust- 
ed for the desired frequency coverage. Tune C8 to 
place the BFO at the i-f. C1, C2, and C9 are peaked 
for maximum volume. While a frequency counter and 
a signal generator would be helpful during the align- 
ment process, perfect results can be obtained with 
nothing more than a general-coverage receiver and a 
bit of patience. 

SINGLE c m s r d l  ~ I L ~ E R  - ],/j!-jj;+J -T3k -- 
0- - 
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0 
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fig. 3. I-f stage response using only one crystal. 

performance 
Sensitivity was measured using an IFR-1200 Com- 

munications Service Monitor and a Motorola R2001-B 
Communications Systems Analyzer. An input signal 
of 0.88 microvolts rms was required for a 

S t  R; IO(lH 
N 

A 0.1-microvolt signal was clearly discernible. 
The i-f selectivity allows for good copy of both CW 
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and SSB. Naturally the response isn't as sharp as that 
of a commercial receiver with eight poles of filtering, 
but for all but the most adverse band conditions, selec- 
tivity is more than adequate. 

Stability is sufficient for casual C W  work, but there's 
probably too much local oscillator drift for good results 
on RTTY or computerized CW. This is to be expect- 
ed with an LC oscillator running as high as 12 MHz. 
Herein lies a tradeoff between performance and cir- 
cuit complexity. A more stable (and more complex) 
local oscillator could be used at 12 MHz. (I've had good 
results with a series-tuned Colpitts VFO, but it also 
included buffer and doubler stages.) Alternatively, the 
simpler oscillator could be used down at 5 MHz for 
40-meter reception, and stability would probably be 
very good. A crystal-controlled converter could then 
be used for 20-meter coverage. 

other bands 
I tried the receiver on 30 and 40 meters, with good 

results. Only one change was necessary. For 30-meter 
reception I simply retuned preselector C1. If C1 were 
replaced with a panel-mounted type, a 2-band receiv- 
er would result. For 40-meter reception, add a 220-pF 
capacitor across C1. The local oscillator can be tuned 
down to 9 MHz. 

For operation on 80 meters, replace the antenna tun- 
er and the local oscillator toroids; L1 will now have 
three turns; L2, 35 turns on a T-68-2 (approximately 
7 pH); and L3.30 turns on a T-68-2 (approximately 5.1 
pH). Tapped seven turns from ground. Add a 220-pF 
capacitor across C1. A panel-mounted capacitor will 
be needed to peak the antenna preselector. A varia- 
tion of 15 pF will allow for a preselector tuning range 
of approximately 100 kHz. 

conclusion 
The builder who has assembled a few simple 

projects will find this superhet easy to construct and 
a pleasure to operate. Perhaps this project will pro- 
vide a bit of inspiration to some would-be homebrew- 
er who has been discouraged by the supposed 
difficulty of building a complex receiver. 
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the super-cathod 
driven amplifier 
A l t h o u g h  t h e  ca thode-d r i ven  
(grounded-grid) amplif ier looks sim- 
ple on paper, it is actually complex; 
what's more, some interesting varia- 
tions of the basic circuit can provide un- 
usual advantages to the user. 

Consider fig. 1. This is a simplified 
grounded-grid amplifier circuit with a 
tuned cathode input. The drive signal 
(e,) is link-coupled to the tuned circuit, 
but a pi-network or other arrangement 
could be used as well. The grid of the 
tube is at RF ground potential and the 
exciting signal is applied between cath- 
ode and (grid) ground. 

Now look at f ig. 2. All remainsas be- 
fore, except that the grid of the tube is 
tapped on the cathode tank so that a 
portion (eg) of the total drive signal is 
applied in-phase to effectively oppose 
the cathode signal (e,). This is termed a 
super-cathode driven amplifier. Drive 
power is thus increased and stage gain 
is decreased. 

While it may appear ridiculous to de- 
sign an amplifier that demands more 
than the minimum amount of driving 
power, this circuit may be used to ad- 
vantage when it's necessary to absorb 
excess drive power from the exciter. A 
case in point: an amplifier is desired to 
run 1 kW PEP input and deliver about 
650wattsoutput. Itwill bedriven bythe 
usual RF transceiver, with a power out- 
put of slightly over 100 watts. Aha! A 
single 3-5002, running at2500 volts and 
400 mA, should do the job. A nice home 
project for the enthusiastic builder! 

Looking at the 3-5002 data sheet 
shows that the idea is practical except 

r 

V I  

_,x. PLATE :". -- 
fig. 1. Simplified cathode driven circuit 
wi th driving signal applied between 
cathode and ground (grid). 

V I  

*- 
- -Vv 

.-L-__ 

fig. 2. A portion of the drive signal (e,) is 
applied in-phase to the tube. This op- 
posed the larger cathode drive voltage, 
E,. This is termed a super-cathode driven 
amplifier. 

4 

for one fact. The 3-5002 requires only 
about46watts of drive power. What to 
do with the other 60 watts of drive pow- 
er available from the exciter? 

Some operators who have run into 
the problem of excess drive try to solve 
it by merely cranking down the mic gain. 
This may work if they don't get excited 
and run the gain up, and if the exciter is 

capable of proper ALC action at reduc- 
ed input (many aren't). 

Perhaps what's needed is inverse 
feedback in the amplifier to "soak up" 
excessive drive. This will help, but only 
marginally. A T-pad between exciter 
and amplifier? Yes, but unless the pad 
is switched in and out, it will remain in 
the circuit during reception . . . not an 
elegant solution. 

super-cathode driving 
This is a case where the super- 

cathode driven circuit comes into its 
own. Excess drive power is converted 
into "feedthrough" power and stage 
gain can be tailored to fit the available 
level of drive. 

Holdit! Don't rush out and start con- 
verting your 3-5002 amplifier to a super- 
cathode driven mode. Removing the 
grid from ground destroys the inherent 
isolation of the stage and instability is 
likely to result. What's required is a 
3-5002 with an extra grid to be used for 
RF shielding purposes! Luckily, such a 
tube has been available for decades: the 
4-400A. 

The 4-400A super-cathode 
driven tetrode amplifier 

At  one time the 4-400A was widely 
used by Amateurs in grounded-grid am- 
plifier service. Merely tie both grids of 
the tube to ground and away you go. 
While the 4-400A wasn't designed for 
this class of service, it did work, provid- 
ed the user kept a close eye on grid cur- 
rent. . . it was easy to exceed the No. l 
grid wattage dissipation limit of the 
4-400A in classic grounded-grid service 
(see table 1). 

The 3000-volt conditions listed in 
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Table 1.4-400A (Voice Conditions). Ratingsapply to4-250A. w i th in  platedissipation rat- 

i ng  o f  4-250A. 

DC Plate Voltage 2000 2500 3000 volts 

Zero-Signal DC Plate Current' 60 65 70 m A 

Single-Tone DC Plate Current 265 270 330 mA 

Single~Tone DC Screen 

Current 55 55 55 m A 
Single-Tone DC Grid Current 100 100 100 m A 

Single-Tone Driving Power 38 39 40 watts 

Driving Impedance 160 150 140 ohms 

Load impedance 3950 4500 5000 ohms 

Plate Input Power 530 675 990 watts 

Plate Output Power 325 435 600 watts 

'Varies from tuhe to tube 

table 1 are interesting. The simplified 
circuit isshown infig. 3. Grid and screen 
terminalsof the tube are grounded and 
the drive isapplied to the filament circuit 
in the conventional manner. Power in- 
put is 1 kW PEP and drive power isabout 
40 watts - about thesameasa 3-5002. 

But the big advantage of the 4-400A 
is that it has twogrids to play with. Grid 
No. 1 can be used tovary the power gain 
of the tube and grid No. 2 provides ex- 
cellent internal shielding. 

In passing, i t  should be noted that 
when used in a super-cathode driven 
circuit, the drive signal serves as a 
screen power source. Screen-to-cath- 
ode voltage (esg) is supplied by the drive 
signal as shown in fig. 4. The control 
grid of the4-400A istapped toa point on 
the cathode circuit to  provide the 
desired amount of "bucking" voltage 
(eb) and the screen element is at RF 
ground potential. Resting plate current 
is low because screen voltage is low 
(zero) with no drive signal. Converted 
drive power is large, as is total grid drive 
requirement. 

the K7BYQ-WEPM tests 
In 1959 t w o  ElMAC engineers, 

K7BYQ and W7EPM, ran extensive 
tests on a super-cathode driven ampli- 
fier using a single 4-400A tube.' The 
resultsof their testsare listed in table2. 
They had difficulty getting the test am- 
plifier to work properly on the highest 
bands (20 and 10 meters) because 
ferrite-core filament chokes weren't 
availablein thosedays. But theamplifier 
worked perfectly on the lower bands, 

1-10011 

%q 0 - ~0~ * L a r s  

fig. 3. The4-400A tetrode connected as a 

h i g h - m u  t r i o d e  f o r  ca thode  d r i ven  

(g rounded  g r i d )  service. Screen- to-  

cathode voltage (e,,) i s  equal t o  e,. 

4 - 4"Od 

fig. 4. Drive signal (e,) is developed be- 

tween cathodeand ground. Buckingsig- 

nal leb) is developed between cathode 

and gr id #I. 

and when a good filament choke was 
finally designed, performance was 
duplicated on the higher bands. 

However, in 1959, hams weren't 
troubled by an excessof driving power, 

'4 a November 1986 



For more Ihorl 40 yeon we 
nove been servlng the omateur 

. ' - ! j  community with QUALITY PRODUCTS and 
DEPENDABLE "SE-R-V-I-C-E" ond, we fully mend lo 
corry on this proud trodition with even MORE new 
product lines plus the xlme "fair" treatment you've 
come to rely on. Our reconditioned equipment is of the 
finest quolily with 30, 60 and even POdoy ports ond 
lobor warranties on selected pieces. 
And, remember.. . 

- WE SERVICE WHAT WE SELL - 

AEA DRAKE MOSELEY 
AMtCO ENCOMM NTE 

9.5 P.M. (CST) 
MONDAT thrr FRIDAY 

OPEN SATURDAYS 
from 9.1 P.M. (CST) 

CLOSED 
SUNDATSIHOLIDAYS 

"AMERICA'S MOST RELIABLE AMATEUR RADIO DEALER" 

SELL-TRADE 
I 

New 81 Reconditioned 

HAM EQUIPMENT 
Call o r  Write Us Todav For a Quote! 

You'll Find Us to be Courteous, Knowledgeable 
and Honest 

AMfRllRON HUSTLER PALOMAR 
ANTEK ICOM RADIO CALLWOK 
ARRL JANEL ROBOT 
ASTRON KANTRONIQ ROHN 
ANTENNA KDK TELEX I HYGAIN 

SPECIALISTS KLM TEN-TEC 
B C W  LARSEN TRIO-KENWOOD 
BENCNER MFJ UHAOILU I REYCO 
BUTTERNUT M I N I - H O W C l S  YAESU 
CUSHCRAn MIRAGE - ...... AEA AMT- I. REGULARLY $479.95 
U I A W l  

NOW ONLY $299.95 
THE AMTOR TERMINAL UNIT! I I Works with any 

P.O. Box 73 ASCII terminal or personal computer with a terminal 
208 East Kemp program. Also works RTTY. CW. ASCII. 

Watertown. SD 57201 ORDER YOURS TODAY I Limited quantities. 

This publication is 
available in microform 

from University 

Pl~as~wnd ~nlormsllon ~ h o u l  these lillee: 

--- - - -. . 

Nnmt. 

Comp~n~illlalitulion 

Addrcrr 

C l l ~  - - 

S t " 1 e  . ZIP 

Phone 1- 1 
CsU Inll-free Wll.521-3014. In hl8chsgan. 
AIHSLI~ and HBWHU (:all rtlllec't 313-761-47W. Or 
mrd knqumrv lu Un~ver*tlv !4mcrulllmr Inlernsl8onal. 
J U I  Nurlh &wb Rtm<I. Ann Artx~r. hll 48106. 

I l TOWERS 11 
by ALUMA 

I 11 ALUMINUM Cnnk Up 

80 F l  Alum. Mdel  1 140 
crrnl.up TELESCOPING (CRANK-UP1 
~ e d l l  1 RBM BIIYFo islet K-up1 I 

I --b -- ~ ~ L ~ O V E R  MODELS m i  I I 1 Easy to install. Low Prices. 1'' 
Cmnk-ups to lm It. ~il 1 

I EXCELLENT FOR I 

I Please reserve my copy ol me I986 Dick StniW~ 
Catalog I enclose S I  lo cover shipping. 

1 Norne.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
I Address.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I city.. 

I 
. . . . . . . . . . . . . . . . . . . . . . . .  

( zip . . . . . . . . . . . . . . . . . . . . . . . . . .  

DICK IYm( E L K R O N K S  IHC 
P 0 80.221V O e d v m c U  Clty CA P W  I MIYIHIHG FOP THE ELFClKOHTS ENTIIUIUSII 





Table 2.4-400A (voice conditions), super-cathode drive. 

DC Plate Voltage 
Zero-Signal DC Plate Current" 
Single-Tone DC Plate Current 
Single-Tone DC Screen Current 
Single-Tone DC Grid Current 
Driving Impedance 
Load Impedance 
Plate Input Power 
Plate Output Power 
Single-tone Drive Power 
"varies from tube to tube 

the cathode-driven circuit hadn't yet be- 
come popular and the whole idea end- 
ed up in the dusty pages of history. 

Perhaps the super-cathode driven 
amplifier is today's solution to a 1 kW 
PEP amplifier driven by a 100-watt ex- 
citer. The 1959 experiments showed 
that the ratio between screen and grid 
voltagesfor a 4-400A in this circuit was 
about 5: 1. The peak screen driving sig- 
nal was about 320 volts. The peak grid 
signal, then, isabout one-fifth of this, or 
about 64 volts. 

How to obtain this voltage ratio be- 
tween grid and screen voltages? K7BYQ 
and W7EPM tapped the filament choke 
(fig. 5) directly. One side of the filament 
was grounded to complete the DC re- 
turn. Screen current was monitored as 
shown. 

Another scheme is to add a third 
winding, one having one-fifth the num- 
ber of turnsof the bifilar winding, to the 
choke. Thus, if the choke has30 bifilar 
turns, six turns could be added to 
achieve the5:l voltage ratio (fig. 6 ) .  The 
ratio can easily be altered by changing 
the number of additional turns. 

If the number of turns between grid 
No. 1 and the filament (cathode) is too 
small, the amplifier resembles a straight- 
forward grounded-grid stage. Driving 
power will be a minimum and grid cur- 
rent will bevery high. As the number of 
turns is increased, grid current drops 
and grid drive level rises. Too many 
turns will make the tube very hard to 
drive.* 

The data in table 2 is enough to get 
started. It will be interesting to see how 
this circuit works in conjunction with the 

3000 volts 
30 mA 

330 mA 
60 mA 
30 mA 

250 ohms 
5000 ohms 
990 watts 
625 watts 
11 5 watts 

4 - 4004 

0 0 0 2  

0 0 0 2  

0 002 

fig. 5.  Original K7BYO-W7EPM super- 
cathode driven circuit. Grid tap is one- 
fifth of the way from the filament end of 
the choke. Note same choke winding is 
grounded at filament transformer. 

4-4004 

NETWORK 

5 v  

fig. 6. Auxilary winding can be used in- 
stead of tap on main choke winding. 
Meter measures screen grid current. 

L 

solid-state exciters in common use to- 
day. Experimenters! Here'sa chance to 
try something different. 
For a reprint of the article describ- 
ing K7BYQfs and W7EPM's work with 
cathode-driven amplifiers, send four 
first-class stamps or lRCs to me at 
EIMAC, 301 Industrial Way, San Car- 
los, California 94070. Request bulletin 
AS-33. 
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from the mailbag 
Although I usually devote this en- 
tire column to a single topic, I'd like to 
take this opportunity to respond to 
some of the questions readers have 
asked since this column began just 
over a year ago.* 

parts sources 

Several readers have asked where 
they can obtain parts for projects. If 
they're looking for standard parts, I 
refer them to ads in the pages of ham 
radio and other magazines. Sometimes 
parts needed for Amateur Radio 
projects can be found through local 
distributors, even though their primary 
market may be defined as consumer 
electronics service shops or computer 
hobbyists. Most semiconductor 
devices that you'll need are available 
from sources such as Jim-Paks or one 
of the consumer electronics replace- 
ment lines - for example, HEP, ECG, 
and NTR. 

Radiokit*" offers a 1500-watt trans- 
match kit that can be used for a varie- 
ty of applications besides the stated 
purpose of antenna matching. Be- 
cause it contains a 28-pH rotary induc- 
tor, turns counting dial parts, and a 
pair of 208-pF, 3500-volt variable capa- 
citors, it can be adapted for use in 
homebrewed power amplifiers. Judg- 
ing from my mail about high-power rf 
parts, I suspect that the age-old habit 
of building linear and Class-C power 

"Readersare welcome to contact meat P.O. Box 1099, 
Falls Church. Virginia 22041. 

"Rad~okit, P.O. Box 973, Pelham. NH 03076. 

amplifiers is not yet dead - despite 
the large number of commercial am- 
plifiers on the market. 

Obtaining parts for power amplifiers 
can be aggravating. While every local 
ham shop used to carry such parts, 
they are now difficult to obtain. One 
chap complained bitterly about the 
difficulty in obtaining the high-voltage 
plate transformer for a linear project. 
The parts list called for a commercial 
transformer, but the manufacturer was 
used to dealing only with commercial 
and industrial clients. There was a 
minimum factory order of $500, and no 
means for dealing with clients who 
lacked bank or Dun & Bradstreet refer- 
ences. For high-voltage, high-power 
parts for dc power supplies, try Peter 
Dahl Company. They make transform- 
ers suitable for amateur projects - 
and will actually deal with you! 

For a one-of-a-kind power amplifier 
project, of course, you can scour the 
hamfests and surplus shops. Unfor- 
tunately, while such parts were easily 
obtained from World War II surplus 
when I was a kid, those sources have 
since dried up. If you intend to write 
an article about the project for this or 
any other Amateur magazine, please 
don't use a part that was obtained at 
a hamfest, from a surplus house, or 
from under a buddy's workbench un- 
til you know for sure that the part is 
still available from other sources. For 
replication of your project by others, 
there has to be a reliable source of 
parts! 

There are some novel ways to find 
high-voltage power supply parts. For 
example, I needed an oil-filled high- 

voltage capacitor for a project. Now, 
if you've watched the right TV shows, 
you've seen physicians use a clever 
device called a defibrillator to "jump- 
start" patients who try to die of cer- 
tain kinds of heart attacks. The pad- 
dle electrodes are placed on the 
patients's chest, buttons are pressed 
and BLAM! - the patient's body 
lurches into the air a foot or so. 

Because I'd worked as a biomedical 
engineer in a university hospital, I'd 
had some experience with defibrilla- 
tors. The old standard defibrillators 
generated a damped capacitor dis- 
charge waveform from a 16-pF capa- 
citor. Most of them consisted of a 7-kV 
dc power supply, a 16-pF capacitor, 
and a dpdt vacuum relay that trans- 
ferred the capacitor terminals from the 
dc power supply to the patient elec- 
trodes (through a 100-pH choke). Typi- 
cal defibrillators of a dozen years 
ago used a 16-pF17500 wVdc or 
16- pFl10,OOO wVdc oil-filled capaci- 
tor that rarely went bad. Those capa- 
citors make ideal filter capacitors in 
ham power supplies. The transformers 
are useless for this application because 
of their current rating, which is too 
low. 

The vacuum relays (spdt in older 
machines, dpdt in later models) are 
useful for rf purposes. I used a relay 
from a scrap defibrillator to switch coil 
taps in a loaded vertical antenna many 
years ago. 

OK, so how do you go about locat- 
ing old defibrillators? They're not just 
lying around in surplus parts stores, are 
they? Yes, they are. I also saw one, 
an old American Optical defibrillator, 
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at the Gaithersburg Hamfest just a 
year ago. You might try calling the 
biomedical engineer at a nearby hospi- 
tal or checking with firms that deal 
in used hospital or veterinary equip- 
ment. Defibrillators are high-risk items 
for hospitals; malfunctions cost lives 
and result in malpractice suits. As a 
result, outdated equipment is often 
taken out of service while the relay and 
capacitor are still useful to hams. Look 
for models by American Optical 
(16-pFl7500 wVdc), Hewlett-Packard 
(16-aF/10,000 wVdc or very old Air- 
Shidds (25 aF/5000 wVdc). Don't pay 
a lot for these machines. When dick- 
ering over the price, remember that 
they're too risky for the smart hospi- 
tal engineer to put back into service - 
and for the same reason, less useful for 
replacement parts than might be ex- 
pected. Other sources of parts include 
rf diathermy equipment, industrial in- 
ductive heating equipment, magnetiz- 
ing equipment, and so forth. 

amplifier tuning problem 
One reader complained that his 

commercial linear amplifier worked 
poorly, resulted in less than encourag- 
ing signal reports and (here's the clue) 
always tuned to the same spot on the 
loading dial. Furthermore, according to 
signal reports, the output was horribly 
distorted on 20 meters. My first 
thought, confirmed in conversations 
with two friends who work in radio 
transmitter repair, was that although 
something might be wrong with the 
amplifier, the most likely problem was 
in the antenna or transmission line. 

In my own experience, the only time 
my transmitter (and later linear) load- 
ed to the same point on the loading 
control dial was when the antenna (or 
coax) was either open or shorted. This 
problem was sometimes masked by 
the fact that the receiver still worked 
correctly. The 20-meter distortion was 
merely more pronounced than distor- 
tion on other bands. One explanation 
of the distortion would be improper im- 
pedance matching between the anode 
of the power tube and the antenna. 
Another possible explanation - one 
consistent with my experience - 

would be that the shield on the coax 
was open, leaving the reception intact 
but obliterating the transmitter or linear 
tuning! If you're experiencing that kind 
of problem, check out the antenna be- 
fore messing with the transmitter. 

In most commercial equipment, 
"loading problems" are unlikely if the 
correct load impedance is presented to 
the output. Of course, they're possi- 
ble . . . but they're so unlikely that it's 
best to look for other causes first. The 
correct way to diagnose the problem, 
in my opinion, is to use a low-cost 
piece of test equipment that every 
Amateur ought to have: a 50-ohm 
dummy load. If the amplifier loads into 
the dummy, then I suspect the 
antenna. 

Of course, it should go without say- 
ing that the Amateur should check the 
antenna, transmission line, couplers, 
low-pass TVI filters, and switches or 
relays in the line. In some cases, dc 
resistance checks of switches and re- 
lays is not too useful at rf. While a 
"bad" reading is to be believed, a 
"good" reading might be a false indi- 
cation. If the dc resistance checks rev- 
eal no obvious fault, try checking the 
parts by either substitution or removal. 
In a future column, we'll deal with an- 
tenna instrumentation and trouble- 
shooting. 

coax velocity factor 

The velocity factor (VF) of a trans- 
mission line is a decimal fraction de- 
scribing the percentage of the speed 
of light ( C )  at which signals propagate 
in the line. For example, when we say 
that ordinary coaxial cable has a vf of 
0.66, we are saying that the signal trav- 
els in the line at 66 percent the speed 
of light. When we want to cut a length 
of coax to a specific electrical length, 
we calculate the physical length re- 
quired for that frequency and then 
multiply by the VF. A common exam- 
ple is the half-wavelength transmission 
line. The impedance of a load (such as 
an antenna) is repeated every half- 
wavelength back down the line. If we 
want low-cost antenna measuring in- 
struments to be accurate, then we 
should use a connecting transmission 

15th ANNIVERSARY SALE 
TRIPLE DISCOUNTS I 

On a single order, save 1 0 %  on your first liner. 
20% on second, 30% on third (or more). I 
EXAMPLES: 1 $60 Flller for $54 2 for $102. 3 
lor $144 4 lor $186. efc To save most. gel a 
group together, cornblne your orders Save on 
Olscounls Save on Shlpplng Costs MIX or 
Match F~ l te r  types In the same Prlce Group 

8-POLE FILTERS FOR KENWOOO 
8.83MHz IF lor TS120 through TS940 -Reg. 560 

Bandwldlhs 250. 400. 1800. 2100. 6000Hz 

Cascading Boards (used wilh 2100 Filler) lor 
TS430S. $20. TS520S - $15. TS820S- $15 
455 KHz IF lor TS83019301940 - Reg -5110 
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NOTE Do not rnlx wilh $60 units lor discounts. 

Matched-Filter Pairs for Above - Reg. $170 ea. 
( 8  83mhZ and 455KHz) SSB 2100 CW 400Hz 

Super-Specla1 One palr - $140. Two - $260 

3.395MHZ IF lor TS520. TS511, R599 - Reg. $60 
Bandwidths Available 250. 400. '1800. 2400H2 

EXTRA SPECIALS! 
'3 395MHz 1800Hz use $50 L~s l ,  Then dlscounl 
754405 Pa~r ICW & SSB) discounted prlce $95 

Same deal for 
YAESU, DRAKE, ICOM and HEATH 

Write or PHONE for Sale Prices. 

LIMITED QUANTITIES - ORDER NOW! 
SPECIFY Make and Model Number of your Rig. 

Frequency and Bandwldlh of I ~ l l e r ( s l  
ORDER by Ma11 or Phone - VISAIMC or COD OK 
SHIPPING $5 US and Cdnada. $12 elsewhere 

GO FOX-TANGO - TO BE suaE 
GET THE BEST - FOR LESS! 

FQX-TANGO Corp. 
Box 15944, W Pdlm Bch. FL 3 3 4 1 6  

Tele~hone 13051 683 -9587  

Torold Cores. 
Iron Powder 
& Ferrlte. 
Ferrlte Beads. 
Ferrlte Rods. 

Free catalog and wlnding chart on request. 
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FEATURES ' 

WE ALSO STOCK THE FOLLOWING ITEMS 

*MEMORY CHIPS* *CONNECTORS* 
*TTL CHIPS* *TRANSFORMERS# 
*CMOS CHm* *SWITCHES* 
+LINEAR CHIPS* *CAPACITORS* 
*TRANSISTORS* *RESISTORS* 
*DIODES* *METERS* 
*LEOS* *BREADBOARDS 

PROCESSORS 8088 16 BZT 4.77MHZ PROCESSOR 
OPTtCHW 8087 MATH COIPROI=ESSOR 

MEMORY 256K RAM EXPANDlBLE TO 640K 
DiRECTLY ON MOTHER BOARD 

DISK DRIVES 2 D/S DD FLOPPY DRIVES 360K 

KEYBOARD DELUXE KEYBOARD LED INDICATORS 

SYSTEMS M S - W  CPM-86 PC-MIS ZENlX BASE 

SOFTWARE RUNS FLIEHT SIMULATOR DBASElll 
FRAMEWORK SYMPHONY RBASE 
LOTUS 123 WORDSTAR PFS FILE ETC. 

OPTIONAL 20 OR 30 MEG HARD DRIVE 
AUTO/BOOTING 

DISPLAY COLOR RGB OR COMPOSITE MONO 

PRINTER CENTRONICS PRINTER PORT 

* 1 B W  POWER SUPPLY * 30 D A Y  WARRANTY * 

COMPATIBLE 
COMPUTER 

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

AZOTIC INDUSTRIES 
2026 W BELMONT 

CHICAGO ILL 60618 

u 152 312-975-1288 
VISIT OUR RETAIL STORE 
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fig. 1. Simple, accurate method of deter- 
mining velocity factor of coax. 

line that is an integer multiple of half- 
wavelength. To find the correct physi- 
cal length, we would use the half 
wavelength formula multiplied by the 
VF of the coax.: 

492 . VF L =  
J 

where: 
L is the length in feet 
f is the frequency in megahertz 
VF is the coax velocity factor 
When wework throughan example, 

we find that a 20-meter half-wavelength 
(492114) is 35 feet. If we use regular 
coax (VF = 0.661, then we find a correct 
physical length to achieve an electrical 
half-wavelength is (35 x 0.66). or 23.1 
feet. 

Standard Amateur literature (includ- 
ing mine) usually citesthe following ve- 
locity factors for common coax: 

Regular Polyethylene: 0.66 
Polyfoam: 0.80 
Teflon: 0.70 

We take these figuresas gospel true, 
only to find problems on the work- 
bench. I discovered this problem years 
ago in a marine radio shop (the old- 
fashioned kind, where a "frequency 
meter" was a war surplus BC-221) 
where we used coaxial cable as a 
calibrator for depth sounders. Those 
-devicessend an ultrasonic pulse to the 
bottom and then time the return echo. 
We used a precisely cut roll of coax to 
time the signal to exactly 100 feet. 

Butthe physical length I wasordered 
to cut didn't make sense if the coax VF 
was0.80. The shop owner informed me 
(and he turned out to be right!) that 
most coax only approximates the speci- 
fied velocity factor. He showed me a 
method of measuring VF in any given 
sample of coax (see fig. 1 ). The proce- 
dure is as follows: 
1. Cut a convenient length of coax (20 
to 100feet). Measureits physical length 
as accurately as you./can. 
2. Connect the coax to a signal genera- 
tor and either an oscilloscope or rf volt- 
meter asshown in fig. 1. (The junction 
boxshown in the inset isuseful.) Short- 
circuit the distant end of the coax. 
3. Calculate the approximate half- 
wavelength frequency from 

using the "standard wisdom" velocity 
factor given above. 
4. Adjust the signal generator output to 
maximum and get a decent deflection 
on the oscilloscope. Rock thefrequen- 
cy back and forth to find the frequency 
at which the trace on the oscilloscope 
drops to its lowest point. Thisfrequen- 
cy (which can be read on the optional 
frequency counter) istheelectrical half- 
wavelength frequency. It is nulled be- 
cause the short circuit at the end is a 
zero-ohms impedance, and is reflected 
exactly to the feedpoint at the half- 
wavelength frequency. 
5. Calculate the actual VF from 
(f x Ll/492. 

Forexample, lboughta50-footrollof 
RG-58 coax of unknown ancestry at a 
hamfest (it measured 51 feet). Because 
it was foam coax, the standard-wisdom 
VFwasO.80. Thus, a 51-foot length was 

an electrical half-wavelength on a fre- 
quency of (492 x 0.80//51 ftl, or 7.72 
MHz. When I measured it using the 
method shown in fig. 1, the "short- 
circuit frequency" that indicated half- 
wavelength was not 7.72 MHz, but 
7.13. Thus, the actual VF was 

7.13 51 
492 , or 0.74. 

While the actual velocity factor isn't 
terribly important for most Amateuran- 
tenna work, it can be important in meas- 
urements of antenna parameters, or in 
cases (like my marineshopemployer's) 
where thecoax isused in another meas- 
urement system. 

ham radio 
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NO ELEMENTS 
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BASIC KIT- 
Basic Kit 

1 - rotary ~nductor 2 8 p h  $154.95 
2 - 6 1 ball dr~ves PIUS $3 00 

1 - 0-100 turns counter Shtpplng and handllng 
RADIO KIT 
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sunspot minimum 
update 
You can expect current DX propaga- 
tion conditions to last for about a year 
after we pass the sunspot number 
(SSN) minimum; it will take about that 
long before much change can be noted. 
But when is the minimum? Have we 
reached it yet? Let's review the data so 
far. 

Since our last look (in April, 1985) the 
SSN has shown more flattening, sink- 
ing to a value of 16 at the end of 1985. 
Even the increased solar activity in 
February and March, 1986 raised the 
SSN only moderately. In June, a new 
low in observed sunspots for this 
I I -year cycle was reached, but more ac- 
tivity occurred in the following months. 
Was June the minimum? At  that point, 
the present sunspot cycle was ten years 
old (see "DX Forecaster," October 
1985, page 105). 

The new cycle (No. 22) region data 
analysis shows that an active region or 
two may have been seen for a day or so 
in April, May, and July of 1985. From 
September, 1985 on they were more 
numerous, were seen by more observa- 
tories, and lasted long enough for mag- 
netograms to be obtained for polarity 
determination. In January, 1986, those 
of reverse polarity were seen. Febru- 
ary'sflaresand mammoth geomagnet- 
ic disturbance were caused by a Cycle 
22 sunspot. 

The SSN minimum should occur 
about a year after the first spots of the 
new cycleare observed. So is that Sep- 
tember, 1986, or January, 1987? Your 
guess is as good as mine. 

second corroboration 
Now let's look at the solar flux 

DX FOR 
Garth Stonehocker, 

ECASTE 

(10.7-cm emissions) data. The solar flux 
minimum should be near, but probably 
not coincident with, the SSN minimum; 
it should occur within approximately 
one month of the SSN minimum in data 
corrected for distance. In determining 
the solar flux minimum (at the sun), 
scientists correct for the distance, 
producing a different minimum in their 
data than solar flux data from WWV." 

Prior cycles solar flux minima were 
recorded in June, 1954, July, 1964, and 
June, 1976; notice all were in the sum- 
mer. There were 10.08 and 10.87 years 
between these minima, respectively. 

In 1986, the solar flux increased in 
February and March - as did the SSN 
- then decreased steadily until June. If 
the solar flux minimum for Cycle21 oc- 
curred in June, 1986, with a monthly 
average value of 67.5 and seven daily 
valuesof 66 in a row from June24to30, 
the duration of the interval between the 
1976 minimum and the 1986 minimum, 
then, would have been 11.05 years. 

One can expect a daily value lower 
than 66 because the other minimum 
daily values were 63.0, 64.7, and a 66, 
which occurred during Cycle20, lower 
in maximum amplitude than Cycle 21. 
Therefore we may expect a lower daily 
minimum value during the coming 
months. 

Could a lower daily minimum value 
occur next summer? If it did, thiswould 
mean that the duration of the solar flux 
cycle would beat least 11.93 years. Not 
likely! Scientists at the Space Environ- 

* A change in theearth-sund~starice (e.g.. betweensum- 
met and winter1 equates to a change in the iricluded 
solid angleandconsequently thearnount of lntercept~ 
ed solar flux. Scientists normalize to one A.U. (astro- 

nomical unit earth-sun distance) and WWV mea 
sures the data directly. E d .  

ment Center at Boulder have conclud- 
ed that considering all thevariables, the 
SSN minimum will probably occur dur- 
ing the first half of 1987. This forecast 
gives a Cycle 21 duration of 10.5 to 11 
years, which is a reasonable length. 
Time will tell how all this analysis of data 
will turn out. 

last-minute forecast 
The lowerfrequency bands, 30 to 160 

meters, are expected to be excellent 
during the first twoweeksof November. 
Summer and fall thunderstorm noise 
should be behind us, leaving quiet con- 
ditions with low QRN and also few ge- 
omagnetic disturbances. The maximum 
usablefrequenciesare low enough that 
80 meters is near optimum for east-west 
and northern DXing at night. The higher 
bands may have some good openings 
during the second and third weeks. Ex- 
pect some transequatorial openings in 
the evenings. They could be enhanced 
by sunspot activity and/or geomagnetic 
disturbances. There is the possibility of 
low signal strengthsfor a few days at a 
time, during both day and night, over 
the next few months. 

The Taurids meteor showers will oc- 
cur from October 26 to November 22, 
with a maximum count of ten per hour 
from the 3rd through the 10th of 
November. Lunar perigee is on the4th, 
and a full moon appears on the 24th. 

band-by-band summary 
Ten and twelve meters, the highest 

day-only DX bands, are nearest the 
MUF for southern hemisphere paths. 
They will be open most days when the 
solar flux is above 75 during the 7- to 
10-hour period centered around local 
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noon. These bands open on paths 
toward the east and close toward the 
west. The pathsmay beas long as2400 
miles in single-hop length, and occa- 
sionally twice as long during evening 
transequatorial openings. 

Fifteen meters, a day-only DX band 
open most of each day, has lower signal 
strengthsand greater multipath variabil- 
ity than 10and 12meters. Itwill be best 
when the MUF isjust resting above this 
band, until it drops below it - a transi- 
tion period that occurs right after sun- 
rise and just beforesunset. Transequa- 
torial openings will occur, with dis- 
tances similar to 10 and 12 meters. 

Twenty, thirty, and forty meters are 
both daytimeand nighttime DX bands. 
Twenty is the maximum usable band for 
DX in the northern directions during 
daytime. In combination wi th 30 
meters, it provides nighttime southern 
paths for the day-only bands. Forty 
meters becomes the main over-the-pole 
DX daytime band, with some hoursco- 
vered by 30 meters. 

Eighty and one-sixty meters, the 
night-only DX bands, exhibit short-skip 
propagation during daylight hours, then 
lengthen at dusk. These bands follow 
the darkness path, opening to the east 
just before local sunset, swinging more 
to the north-south near midnight and 
ending up in the Pacific areasfor a few 
hours beforedawn. On somenights80 
meters, with its high signal strengths, 
will be the best band to use. One-sixty 
is also expected to provide favorable 
conditions. Please remember the DX 
windows of 3790 to 3800 and 1825 to 
1830. 
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broadband amplifiers 
receiver design 
Electronic technology is roaring for- 
ward. Sometimes that's bad, but 
generally speaking, it's good for 
Amateur Radio. Prices decrease, 
devices get smaller, and sometimes, 
performance improves! However, 
when technology changes, we often 
must learn new tricks or change the 
way we do things if we're to take ad- 
vantage of the latest developments. 
This is a small price we pay. 

Such is the case of small signal rf 
amplifiers. Only 20 years ago the 
Nuvistor was a premium device used 
in many of the low-noise VHF and 
UHF converters. Then came the bipo- 
lar transistor, which was followed by 
the JFET, MOSFET, and the GaAs 
FET. Each one of these devices caused 
us to change the way we designed our 
gear. We went from multiple power 
supplies with hundreds of volts and 
filament voltages to single low-voltage 
supplies, often below 5 volts. 

At the same time, the circuitry has 
changed dramatically. Tubes often re- 
quired large boxes and complex neu- 
tralization circuitry. New techniques 
such as grounded-gate JFETs or dual- 
gate MOSFETs solved some of the 
neutralization problems. Special feed- 
back and loading techniques alleviat- 
ed most of the remaining solid-state 
stability problems. Finally, broadband, 
unconditionally stable circuitry arrived. 
This, too, required a change in think- 
ing because filtering was not contained 
within the circuit itself. 

Traditionally November marks the 
appearance of the annual ham radio is- 
sue spotlighting receiver technology. 

The subject of receivers has been a 
part of VHFIUHF World from the 
start. Several areas of receiver design 
- including rf amplifiers, mixers, lo- 
cal oscillators, filtering, and high- 
dynamic range - have been co- 
vered.' V n  keeping with that custom, 
this month's column will be devoted to 
receiver-type rf amplifiers and more 
specifically, broadband amplifiers and 
how they can be applied to new or ex- 
isting receivers. 

rf amplifier design trends 
In the past, most Amateur gear used 

narrowband tuned amplifiers (fig. I A ) .  
This was good because the selectivity 
decreased out-of-band signals as well 
as the image frequency. These same 
tuning circuits performed the im- 
pedance matching required for the 
device in use. Dynamic range was 
usually enhanced, but input circuit 
losses often increased the noise figure. 

Today's design trend is to use "gain 
blocks" that cover a wide band of fre- 
quencies. Usually these broadband cir- 
cuits are rf amplifiers optimized for 
similar inputloutput impedances such 
as 50 ohms or 75 ohms, with the lat- 
ter used mostly in the CATV business. 
Because these amplifiers often cover 
many octaves of frequency (each oc- 
tave is a 2: 1 frequency range), they re- 
quire additional external filtering (fig. 
I B ) .  This often consists of a bandpass 
filter at the input and possibly one on 
the output of the amplifier. If desired, 
these filters may be located external to 
the amplifier and mounted in a shield- 
ed box following modular construction 
techniques described in reference 1. 

The number of broadband small- 

signal rf amplifiers presently available 
is large, surely in the hundreds. Each 
has a unique set of specifications that 
include rf bandwidth, gain, impedance 
match, noise figure, and output pow- 
er handling capability. The principal ac- 
tive devices used are bipolar transistors 
and GaAs FETs. The most common fre- 
quency range is 1 to 500 MHz. Many 
bipolar broadband amplifiers are speci- 
fied to work up through 6 GHz. Some 
GaAs FET devices work well up into 
the millimeter-wave region. 

amplifier evolution 
To gain an appreciation for the 

changes in technology, it may be 
worthwhile to review some of the 
techniques used to design these 
broadband amplifiers. While it is the- 
oretically possible to design broadband 
compensation networks, they are 
complex and may be lossy. The prin- 
cipal breakthrough for broadbanding is 
in the proper application of wideband 
negative feedback. 

The earliest practical broadband cir- 
cuits that I am aware of used discrete 
transistors with shunt and series feed- 
back (see fig. 2A). The founders of 
Avantek discovered that a broadband 
impedance match could be realized if 
a proper high-frequency transistor was 
used with certain combinations of 
shunt RF  and series RE feedback. The 
patented equation is as follows: 

Ro2 = R,L* RE 
where Ro is the inputloutput im- 
pedance, Rf.- is the shunt and RE is the 
series feedback (including the internal 
impedance of the base-to-emitter junc- 
tion of the transistor) per fig. 2A. 

The ratio of these two resistors de- 
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fig. 2. Typical rf representation of various feedback techniques. Insomecasesthedc por- 
tion of the circuit has been deleted for clarity. (A) shows series Re and shunt R, negative 
feedback; IB), lossless feedback employing transformer matching3; IC), feedback em- 
ploying bybrid couplers', and ID), two-stage series and shunt feedback.1° (El  shows 
Darlington connection, a version of fig. 2A1O.l1 Rb and Rbias are bias resistors to establish 
the correct DC circuit parameters. 

termines the gain, which can be ap- 
proximated using the following 
equation: 

RF-  RE 
G = 20 log 

Ro+ RE 
where G is gain in dB and RE; RE and 
Ro are as described above. For exam- 
ple, if RF is 500 and RE is 5 ohms, the 
amplifier will be impedance matched 
to Ro, 50 ohms, and will have a gain 
of approximately 19 dB. 

The higher the value of the series 
feedback resistor, RE the lower the 
shunt feedback resistor, RF must be 
to maintain the match and vice-versa. 
Low ratios of RFl RE yield lower gain, 

higher noise figures, and lower output 
power compression points. High 
ratios of RFIRE yield greater gain, 
lower noise figures, and higher output 
power compression points. Although 
this feedback technique is patented, 
the patent is near expiration.= Refer- 
ence 2 showed a typical application of 
this circuit with proper dc biasing. 

"Lossless feedback" techniques 
have also been patented.'.* Figures 
2B and 2C are some typical rf circuits. 
The circuit shown in fig. 2C is often 
referred to as directional coupler 
feedback. 

The principal advantage of lossless 

feedback is that there is very little im- 
pact on noise figure or output power 
due to the feedback circuitry. However, 
these circuits are more difficult to im- 
plement over a wide frequency range 
because of the complexity of the feed- 
back transformer. Reference 2 showed 
an application of lossless feedback 
with a typical circuit. 

Most of the early broadband rf am- 
plifiers used discrete components and 
were somewhat limited in perfor- 
mance. In premium designs, "tweak- 
er" inductors and/or capacitors were 
often added to tune out any circuit or 
component mismatches. Cost was 
moderate to high. 

In the early 1970s, hybrid techniques 
using thin or thick film resistors, induc- 
tors, and capacitors - as well as chip 
capacitors and transistors - were 
popular. These units exhibited im- 
proved performance, but were still 
moderate to high in price. 

Meanwhile, integrated circuit manu- 
facturers were also trying to design 
broadband amplifiers. However, the 
techniques and materials in the sub- 
strates often limited the performance 
to an upper frequency limit of 100 
MHz. 

More recently, bipolar IC designs 
have moved up in frequency. These 
are referred to as silicon microwave 
monolithicICs (MMICs). The Signetics 
NE5202 will operate up to about 600 
MHz, while the NEC MM765, MM766, 
and pPC1656C and their related families 
will operate to just over 1 G H Z . ~  These 
IC circuitsall use a two-stageshuntand 
series feedback circuit that I found 
described in reference 10 (see fig. 2D). 

High-performance, high-frequency 
(i.e., up through 6 GHz), single-stage, 
bipolar MMlC designs have now ar- 
rived in packages the size of an ordi- 
nary microwave transistor!" The cir- 
cuitry used is related to that shown in 
fig. 2A, except that some manufac- 
turers use a Darlington connection of 
two transistors, as in fig. 2E. Improved 
transistors, substrate materials, and 
photo-lithography now allow very 
small geometries with greater control 
of parasitics. This yields more uniform 
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performance and a higher frequency of 
operation at a much lower cost. 

Finally, GaAs FET MMlCs are being 
manufactured that will significantly in- 
crease the state-of-the-art frequency 
limits with lower noise figures than 
bipolar MMICs. The less expensive 
lower-gain devices use circuits similar 
to fig. 2A. These GaAs FET amplifi- 
ers show great promise, although they 
are more costly than bipolar devices at 
the present time. 

applications 
So where does that leave us? The 

answer is that if we want to take ad- 
vantage of the low-cost, small size, 
and higher performance MMICs, we 
have to again adapt to the recent 
changes in technology. 

MMlCs are going to be a way of life. 
They're small in size, require only a 
minimal number of external compo- 
nents, are broadband, easy to bias 
(most require only a single supply vol- 
tage and possibly one external resis- 
tor), unconditionally stable, and offer 
a good impedance match over many 
octaves of frequency. Furthermore, 
they're easily replaceable as new and 
higher performance units become 
available. 

Let's examine some typical applica- 
tions. MMlCs have nominal noise 
figures of 3 to 7 dB (see tables 1 and 
2). Therefore, their noise figures are 
more than adequate for the first stage 
in moderate performance or low-cost 
receiver front ends, especially for lo- 
cal contacts. Many of the MMlCs 
available also have moderate output 
power (10 to 20 milliwatts or + 10 to 
+ 13 dBml, making them ideal for 
second-stage or post-amplifiers in 
receivers or i-fs. 

Figure 3A shows a typical hookup 
for a "generic" MMIC. Some typical 
circuit board layouts with their amplifi- 
cation characteristics were described 
in reference 12, so they will not be 
repeated here. 

MMlCs are usable for remote or 
second-stage preamplifiers when 
tower-mounted gear is used. They're 
ideal as broadband amplifiers for use 
ahead of scanners or receivers that 
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fig. 3. Typical applications using MMICs. (A)  isa broadrand amplifier. C1 and C2are dc 
blocking capacitors, Cb is a bypass capacitor, FT is a feedthrough capacitor, L is an rf 
chokeand R is the biasing resistor chosen depending on the manufacturersdesign. Typical 
values are 100 to 1000 ohms. (B) shows an amplifier with two isolated outputs. Either a 
hybrid in-phase splitter or a Wilkinson power divider can be used.s Each output will be 
approximately 3dB below the input. (Cl is a typical applications of an LO amplifier with 
extra filtering. 

cover a wide range of frequencies, es- 
pecially if they're outside the Amateur 
bands. 

Many Amateurs are using MMlCs 
for LO (local oscillator) amplifiers, par- 
ticularly where two outputs are desired 
for transverter applications, per refer- 
ence 5 (see fig. 3B). A further appli- 
cation in LO service is where there is 
insufficient power to drive a DBM 
(double-balanced mixer). This is par- 
ticularly true above 1 GHz, where 
some of the multipliers used have low 
output or low multiplier efficiency (see 
fig. 3C). 

In a quick experiment, I hooked up 
two MMlCs in a push-push configura- 
tion to see how they would perform as 
a balanced multiplier. I was quite 
pleased with the results. Figure 4A 

shows a preliminary circuit which 
could be further optimized or possibly 
use higher-power MMICs. 

The output of this balanced doubler 
is free of spurious responses and 
works well through 500 MHz. This 
could undoubtedly be extended up- 
wards in frequency with a better trans- 
former design. Gain is moderate, 5 to 
8 dB, especially when the input level 
is below 1 milliwatt. External filtering 
is desired, but it can be very minimal 
because the undesired outputs are 
typically at least 20 to 25 dB below the 
desired output signal. 

If the MMIC outputs are hooked up 
in push-pull instead of push-push (fig. 
481, they should perform as a moder- 
ate gain tripler. I haven't tried this con- 
figuration, but it should be feasible. 
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Table 1. Some of these reasonably-priced commercial bipolar M M l C s  may be of interest 
to Amateurs. 

Part Supplier Frequency Typical Noise Output Voltage1 Price 
Number Range 0.5 GHz Figure Power current each 

GHz gain(dB) (dBlat dBm (mA)  $ 

500 M H z  
MAR-1 M~nicircuits DC-1 12 5.5 0 7/20 1.50 
MM765 NEC 0.01-1.1 19 5.5 10 10143 7.20 
MM766 NEC 0.01-1.3 18 5.5 5 5/20 7.20 
MSA-0104 Avantek 0.05-2.5 17 5 1.5 1 1 7  2.75 
MSA-0204 Avantek 0.05-2.5 12 6 4.0 5/25 2.90 
MSA-0304 Avantek 0.05-2.5 12 6 10 5/35 3.00 
MSA-0404 Avantek 0.05-3 8 6 12 5/50 3.25 
MSA-0185 Avantek 0.05-2.5 17 5 1.5 5/17 3.15 
MSA-0285 Avantek 0.05-2.5 12 6 4.0 5/25 3.25 
MSA-0385 Avantek 0.05-2.5 12.5 6 10 5/35 3.35 
MSA-0485 Avantek 0.05-3.8 8 6 12 5/50 3.55 
MSA-0835 Avantek 0.5-6 28 3 12.5 8 5/36 11.25 
MWA0204 Motorola 0.01-3 12 6 4 5/25 2.65 
NE5205 Signetics DC-0.5 19 6 4 6/24 2.80 
PC1656C NEC 0.01-0.75 19 5.5 10 10143 4.15 

I 

Table 2. The following reasonably-priced 
commercial GaAs FET M M l C s  may be of 
interest to Amateurs. 

Part CGY-40 NEPA 1001 

Supplier MSC/Siernens NEC 

Frequency 
range 0.5-4 0.5-3 

Typical 
0.5 GHz 
gain (dB) 9 11 

Noise 
figure 
at 500 M H z  3 4 

Output 
power 
(dBM)  17 9 

Voltage 
/current 
(mA)  + 5/60 5/60 

- 514 

Price $16.30 $23 @ 
5 M  quantity 

However, the harmonic output will re- 
quire slightly more complex filtering 
because the number of output fre- 
quency components will increase. 

suppliers and devices 
available 

So far I've mentioned only general 
trends in circuit design and capabilities 
of hybrid circuits and MMICs. There 

are many suppliers of each. Some of 
the major suppliers of 50-ohm broad- 
band hybrid rf circuits are Anzac, 
Avantek, Aydin Microwave, Hewlett 
Packard, Minicircuits Labs, Motorola, 
Optimax Division of Alpha Indus- 
tries, Q-bit, TRW, and Watkins John- 
son. Suppliers of  MMlCs include 
Avantek, Minicircuits Labs, Motorola, 
MSCISiemens, NEC, and Signetics. 

Table 1 is a list of the most common 
low-cost bipolar MMlCs that are avail- 
able to Amateurs. Table 2 lists some 
low-cost GaAs FET MMICs. Just as 
with transistors and FETs performance, 
the variations in frequency, gain, noise 
figure, and other parameters, are many. 
Hybrids and MMICs are presently avail- 
able up to several wattsof output from 
dc through the millimeter-wave range! 

Probably the biggest thing for us to  
do as Amateurs is to  become familiar 
with the devices that are available and 
use them wherever possible. In this 
regard, the GaAs FET MMlCs are the 
most exciting because they hold the 
key to lower noise figures, higher fre- 
quencies of operation, and higher out- 
put power. 

summary 
Time and space have not permitted 

a long dissertation on the subject of 
hybrid and MMlC broadband rf ampli- 
fiers. Instead, only an overview has 

been presented. The references 
provided and data sheets available 
from the manufacturers shown will fill 
in the blank spaces. Some of these 
devices will be discussed in future 
columns. 

These MMlCs are not always the ul- 
timate nor necessarily the desired 
choice for the front end of a low-noise 
receiver. However, they are good 
choices for second stages and input 
stages where noise figure is not at a 
premium. They are also recommend- 
ed in intermediate frequency circuits or 
where gain is desired over a wide fre- 
quency range. Don't overlook their 
possiblities in transmitters as low-level 
stages. . . but that's another story! 

We've only just scratched the sur- 
face. The MMlC manufacturers have 
already moved one major step for- 
ward. Not only are they providing am- 
plifiers, but now whole "subsystems" 
are appearing - complete with rf am- 
plifiers, mixer, local oscillator, and i-f 
amplifier, all built on a single substrate! 
Who knows what's in store in the 
future? 
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them ever since. 

new records 
Summer is historically the time when 

VHFIUHFlSHFers go mountain-top- 
ping and otherwise take advantage of 
the improved propagation brought on 
by more favorable weather. This sum- 
mer was no exception. 

A t  least three difficult DX records 
have been recently set in North Ameri- 
ca. I don't yet have all the details, but 
here's a preliminary summary. 

The 9-cm, 3456-MHz record now 
belongs to  WA5TNY I 5  and W C N  K l 5  
at approximately 222 miles. This was 
a tropo shot from Oklahoma City, Ok- 
lahoma, to Grapevine, Texas. Up  in 
Oregon, WA3RMX and WB7UNU set 
a new 12-mm, 24.2-GHz line-of-sight 
record of approximately 115 miles. One 
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I INTRODUCTORY SALE! I I 
Beldm Nemal Per 

No. No. Dercrlpllon 100 ft. 
8214 11028 RG8 IU Foam9696 $45.00 
8237 11008 RGBIU Poly 96% 39.00 
8241 15008 RG59lU Poly96% 13.00 
8267 11300 RG213lU Poly 96% 53.00 
9269 16008 RG62AlU Poly 96% 15.00 
6216 14508 RG174lU Poly 96% 12.00 
9913 1180 LowLos~50Ohm 46.00 

OTHER (IUALITY CABLES 
urm.l Par ..-..-. 

NO. Descrlptlon rkit. 
1110 RG8X95% Shield (mini8) 15.00 
1130 RG213lU MllSpec. 96% Shleld 34.00 
1140 RG214lU MI1 Spec:SIlver 155.00 
1705 RG142BIU Teflon -Silver 140.00 
1310 RG217lU 518" 50Ohm Obl. Shld. 80.00 
1470 RG223lU Mil S ec Sllver 80.00 

ROTOR [ABLE - 8 COND. 
'8~1822 2-18Ga.. 6-22Ga. 19.00 
8C1620 2-16Ga.. 6-20 Ga. Heavy Dut 34.00 

HARDLINE - 1/8" 
FXAl2 Smooth Alum wlblack jacket 79 00 
FLC12 Corru 'd Co er(EO Hellax LDF) 15900 

C O % N E C ~ ~ R S  - MADE IN U.S.A. 
T ~ ~ ~ N  for Belden 9913 
Standard Plug for RG6.213 
Amphenol PL259 
PL259 TefionIS~lver 
Type N for RG8. 213.214 
Adapter for RG58 

Per 
ft. 
.50 
.44 
.15 
.59 
.17 

Per 
It. 
.17 
.36 

1.65 
1.50 
.85 
.85 

I Call or write for complete Price List CODadd $ 2 . ~ .  
Shlpplng: Cable - s3mper toOlr Florlda Realdents sdd5%. 

Connectors - end 10%. S3.00minlmum Orden underS20AddS2 Hsndllnp 

Nemsl's new 32.psps Cable 6 Connector Selecllon QuMe now avallabk, a1 
no charge with odsrs olS50 or mom oral a cost 01 S4.W ~ndlvldually. 

NEMAL ELECTRONICS I 
I 12240N.E. 14lhAve.. Dept. 0.. Miami. FL33161 fl 164 1 

UTI LI-CASTI NG? 

While some mergers result in funny names, the 

recent merger of Monitoring Times and International 

Radio (formerly the ShortwaveGuide) has resulted in 

an excellent new 60-page magazine covering full- 
spectrum utilities communications as well as world- 

wide shortwave broadcasting activities. To keep it 

simple, we've retained the name of one of the two 

partner companies-Monitoring Times. It's all new, 

bigger. more colorful and more informative. Clearly, 

it's the most comprehensive publication forthe radio 

listener available today! 
1/ 165 

Send for a free "cample digeif " 
or subscribe bv ronrarfing: 

MONITORING TIMES 
P.O. Box 98 

Brasstown, N.C. 28902 
. -. , . 704-837-9200 

Rates: 1 Yr. $14: 2 Yrs. $25: 3 YrsA36 

ALL ABOUT VERTICAL ANTENNAS 
by Bill Orr, WGSAI and Stu Cowan, W2LX 

AVAILABLE 
LATE NOVEMBER 

Smart DX'ers know that the vertical antenna can be the secret to low band 
DX success. Until now, most books gave at best a cursory overview and a 
couple of projects for the vertical. Ham Radio's well known columnist and 
book author Bill Orr, has now given thevertical the kind of attention it deserves 
in his own popular style. Theory, design, construction, operation-all the 
secretsof making the vertical work-are fully covered in clear concise easy- 
to-read text. Orr is a master at making the complex simple and this book is 
no exception. Here's just a sample of what this exciting new book covers: 
Horizontal vrs vertical-which is best? Top loaded and helical antennas, 5 
high efficiency Marconi antennasfor80and 160, verticals and TVI-Is there 
a problem? The effects of ground on vertical antennas and a how to make 
an effective ground system, The Bobtail beam, construction data for 25 differ- 
ent antennas, matchingcircuitsof all descriptions-which is best, plus P-L- 
E-N-T-Y more! For years Hams having been asking for this book. Get your's 

now. You won't regret it! ( ~ 1  1986, 1st Edition. 
I IPR-VA Softbound $1 0.95 

Please enclosed $3.50 shipping and handling 

ham 
radiom~,,.ul-BOOKSTORE i m  

L 1 
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of the important facts about this 
record is that it was done with only 20 
milliwatts and on two-way SSB! 

Reports are circulating that some of 
the trans-Pacific VHF/UHF DX records 
may have also fallen in early August, 
especially on the 23-cm (1296-MHz) 
band between Hawaii and San Diego, 
California. I hope to be able to provide 
more details on these important events 
next month. 

Congratulations to the new record 
holders! 
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important VHFIUHF events: 
November 2 Predicted peak of the 

Taurids Meteor Shower 
at 1520 UTC. 

November 3 Predicted peak of the 
Casseopids Meteor 
Shower at 1515 UTC. 

November 4 EME perigee 
November 17 Predicted peak of the 

Leonids Meteor Show- 
er at 0850 UTC. 

November 22/23 ARRL EME Contest, 
second weekend. 

December 2 EME perigee 
December 13 Predicted peak of the 

Geminids Meteor 
Shower at  1250 U7C. 

December 21 + 7 month. Winter 
peak of sporadic E 
propagation. 

A l 

INPUT 

L INE 

C I  

LOW- EFFICIENCY 
INPUT 

fig.4. Examplesof multipliers using MMICs. (A) isafrequency doubler. U1 and U2areAvan- 
tek MSAOlWs or equivalent. T I  isa trifilarwound transformerwith threeturnsof No. 32 
AWG perwinding on a FairRite type2843002402 or equivalent binocular core. Frequency 
range is limited by transformer characteristics. As shown the limit is about 300 MHz on 
the input. (B) is an example of a proposed tripler using MMICs. T I  and T2 are similar to 
T I  in fig. 4A. See text for further information on both circuits. . 3 

December 22 Predicted peak of the 
Ursids Meteor Shower 
at 0400 UTC. 

December 30 EME perigee. 

ham radio 

HAPPY BIRTHDAY 
to 

MILT LOWENS, N4ML 
. . .78 years young! 

1986 Summer Radio 
Amateur Call Book 

Supplement 
$9.95 + $3.50 shipping 

Send $13.45 to: 

Ham Radio's Bookstore 
Greenville, N. H. 03048 
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Your Number One Source of PACKET Information 
'I Why YOU ~ 

Should 
I ~ 1 

Subscribe!' 
- -- - Read what our 

For Computerists and Amateur Radio 

U.S.A. $18.00 1 Yr 
$33.00 2 Yr 
$48.00 3 Yr 

Mexico & 
Canada $32.00 1 Yr 
All Other 
Countries $68.00 1 Yr 

(A i r) 
$43.00 
(Surf ace) 

subscribers sav! ~ 
I 

U.S. $ FUNDS ONLY # I I I I I I I I L  II-I-* 

Permanent U.S. +A?!!& 
\ 
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Subscription $1 50.00 k3.uLma I 
I I 
IADDREss I 
I Cut out and mail coupon at right to: I 

I 
S T  Ii 

Circulation Manager PHONE I I 

1704 Sam Drive %AXE I I 
Birmingham, AL 35235 I 

I I (205) 854-0271 1. \ ,,,,,,,,,,,,,,,,,,) 0 

I 
it's in the fine print . 

*Your magazine is the finest innovation that I have seen in ham radio since 
1953 - except ... maybe the all-solid state transceiver. Carl Soltesz 
Twelve more, please. Ed Shaughnessy Love the articles on Timex-Sinclair 
computers. A. Nieuwenhoff, Sutton, MA ... have most certainly 
received my moneys worth in so ware Michael Regan, K8WRB ... 
information contained in the articfs & " d e  me more "computer literate" 
than would have been possible reading only publicationr dedicated to my 
particular computer. Donald H. Haisccher, WBMHR, Martinsburg, 
WV Here it is renewal time already - -  time sure parses fast when you are 
having fwr (reading CTM). Bob Sirekis, Holly Hill, FL ... thank 
your for a great magazine. Frank Davis, Peru, IN Another year goes 
another subscription dollar well spent. R. P. Campbell, LaPhce, 
CTM and you have found the way to an advertisers heart. Quality of 
publication and r e a s o ~ b l e  advertising rates are basic criteria you have 

' 

achieved better than your competition. But what really sets you apart from i 
others is empathy, a tasteful quality in which you excell while others can't ~ 
even pronounce the word. Bob Harris Sr., BCD Electro ,~  
Richardson, TX ...y ou have found a nice niche for CTM in packet ... 
you have me getting interested ... Charlie Curle, AD4F Chattanooga, 
'TN The cketlcomputer info convinced me to subscribe. John 
Skubick, K S ~  Enclosed is my check for renewal of my subscription. I 
enjoy the down to earth and homey style o your magazine and the many I 
fine computer articles ... Andy Kosiorek, i! akewood, OH * I war both 
pleased and dismayed upon becoming acquainted with your magazine at HAM- 
COM. Pleased that I discovered your magazine - dismayed that I didn't long 
before now. Bill Lathan, AKSK ... CTM gives the finest coverage to 
packet radio that I have seen in an of the computer or amateur radio 
magazines. It would appear that ~ T M  has just the righi blend of 
packetlamateur radio articles and computer articles. Barry Siegfried, 
KZMF Thank you or an excellent magazine, and the only magazine I Jf read over 75% of. . F. Pence Jr. ... your publication is the most 
enjoyable computer magazine on the market. Andrew Zerbe 
Congratulations on your informative magazine. Looking fonvard to each 
issue. Carl & Nancy Jones, Kodiak, AK ... received my moneys 
worth with just one issue ... J .  Trenbick ... always stop to read CTM, even 
though ?st other magazines I receive (and write for) only get cursory 
exarmnatron ... Fred Blechman, K6UGT (a year later) thought you 
would like to know, it still goes ... Fred Blechman, K6GT 0 the three 
HAM magazines I received each month QST, 73 and CTM, cf TM is the 
only one I read om cover to cover and carry with me during my travels 
abroad Most o r t h e  t h e  it remains in that country. Buck Rogers, 
K4ABT 



CROSSBAND REPEATER.NO DUPLEXER REOUIRED 

TONES*SEND CODE ONCE TO 

November 1986 99 



E-X-P-A-N-D I 

IN STOCK- THE LARGEST SELECTION OF CAVITIES. DUPLEXERS 
AND FILTERS AVAILABLE FOR IMMEDIATE DELIVERY ! 

Improve and expand your 
comrnun8callons perlormance wllh rellable 
Telewave Hlgh "0 Cavlt~es, Duplexers. 8 
Ftiters Telewave Cavlt~es are Ideal lor use In 
frequency.congesled areas, where prolecllon - IS requlred from transmlller ~nlerference. 
wurtous radlatlons, and recewer desens1l17al1on 

Bandpau. Bandpasa Band Reject. 
6 Nolch Cavities 

30 to  50 MHz and (18 to M MHz 
Sungle, Double and Tr~pl? Cavtlles 
In 5'. 6*. 8". and 10" dtamelers. 

BB fo M MHz and 118 to 174 MHz 
Slngle. Double and Triple Cavltles 
In 5". 8". 10.. and 12' dlarnelers. 

ZIJ to U)O MHz and 406 to 512 MHz 
Smgle. Double and Tllp e Cavlloc.5 
~n 4" .  5.. 6'. 8 ' .  and 10- dlan\olPls 

806 lo 900 MHz and 1.1 to 1.3 QHz 
S~ngle Cav~loes ava~lable In 
4'. 6". 8"  d~arneters 

When lrequencles are specllled. 
all cavlltes are tuned pnor lo shlpplng Telewave 
qualtly cavllles are engtneered lor slab~llly In 
lernperature and stress exlremes, and rrqulre 
no further adluslmenls 

08A Number OOK8eA080e4e 

H ~ e l e w a v e ,  Inc. 
(415)9684400 

1155 Terra Bella Ave., Mountain View, CA 94043 
h Cmnmda - commct Ta*r.r* Ltd, l1161 Hors08hoa Way H 

Rlchmmd. B.C. Cmnada V7A486 (Wt 27- 
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WESTERN ELECTRONICS 
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- 
MlCROWIWE MOOULfS TRlWSWERTERS fl 16' 
MMT1?%1144(; 1746 I79RMH?. 1.1411 2w G M S I F T  $369 
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EWE ELECTRONIC 
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waterproofing fittings 
Keeping water out  of antenna fit- 
tings, traps, and other outdoor assem- 
blies can be a tough problem for most 
hams. Products often recommended 
in construction articles may be difficult 
to obtain. They may be expensive. But 
there is an alternative: Plastic Rub- 
ber'"', an inexpensive material that's 
readily available at most hardware 
counters and works better than a lot 
of other products I've heard recom- 
mended. 

Plastic Rubber can be used freely on 
such things as coax fittings that will be 
exposed to the weather and on the 
seams of mini-boxes or other enclo- 
sures that mustbe kept watertight out- 
doors. 

As it comes from the tube, it's either 
a gooey white or black liquid that 
quickly becomes tacky when exposed 
to air. It dries to the touch in 5 or 10 
minutes, but remains soft and "ten- 
der" for an hour or two. When it has 
cured for several hours it dries to a 
tough, rubbery film a few mils thick. 
The film never becomes brittle. 

I've used Plastic Rubber to seal coax 
fittings on 2-meter beams that re- 
mained in the air for several years of 
use, then lay on the roof for several 
more years of disuse after they were 
replaced by another beam. Even after 
all this exposure to Florida's summer 

sun, winter frosts, and plenty of thun- 
derstorms, I found the seals intact. 
Two pairs of pliers had to be used to 
unscrew the shells of the PL-259s; the 
interior threads were as clean and un- 
corroded as they were when the fit- 
tings came from the store. In fact, it 
was difficult to peel the material from 
the metal. In many places, I had to 
scrape off the Plastic Rubber with a 
knife or file to get to the metal. 

I haven't run tests on VHF or UHF 
losses in the material in those places 
where it's used as a dielectric, but any 
losses appear to be within acceptable 
limits. I can't detect any change in per- 
formance after application of the mate- 
rial to the solder connections of some 
SO-239s used to mount a half-wave 
balun on the beam. 

Plastic Rubber also makes excellent 
seam-sealer for those leaky tents on a 
rainy Field Day. Apply it to the tent 
seams while the material is complete- 
ly dry and let it cure for a day or two 
before re-folding the tent to prevent 
treated seams from adhering to each 
other. The material never stiffens and 
repeated folding of the tent doesn't 
erode the seal. 
George L. Thurston, Ill, W4MLE 

'"Plastic Rubber" isa trademark of the 
Duro Division of the Loctite Corpora- 
tion of Cleveland, Ohio 44128. 
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LOOP YAGlS AND AMPLIFIERS FROM 

DOWN EAST MICROWAVE . TROPO . WEAK SIGNAL 
EM€ OSCAR MODE L 6 MOO€ S 

-902  . im im . 2304 . z ~ n o  MHZ 
2345LY 45 el loop Yap, 1296 MH: 201  <or1 593 
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All .,li!mhr~tlm alid SI~IIIIP\~ ~un9trocl~~ir~ Kt15 also avllllhle 
All6 sR Is11 wesl ol HOC~!P<I PPI antrnm lor LIPS ~h!l,ptnq 

2 1 4  way powsr dividers. completsanayl available 
2316PA Ll!war Anlp Iwsn law i i ~ l  17116MH; 13 SVS245 
2335 PA Llnpar Am[, 10w ~n 16w otll l;'qB Mll, 13 !, V $795 
# m i  ti1Ii' 55 1111 UPS RIUP - 'I8 \II~II:$ 

WlllP ilt>ouI Transvetle,~ and GaAs Fpl preamps 
l l P e  ciflalnq 

DOWN EAST MICROWAVE 
8111 lllron W:lHOI r, (72 

1101 16551, RFD 1. Burnham. ME 01922 
U& (207) W . 3 l e l  m 

w l l h j h e  Collins 1- P , ~ ~  - -.*8 4 
KWM-380 For 
Remole Enlry. 0 4 

KEYBOARD-MOUNTING FRAME h SHIPPING 525 
To know morc about our Touch.Tane. Encoders. 

CALL OR WRITE FOR FREE CATALOG d 
INFORMATION GUIDE 
PSQO Comrnunncallons 

P O .  Box 3435 . Hollywood CA 90078 

MAKE CIRCUIT BOARDS 
THE NEW, EASY WAY 

WITH TEC-200 FILM 
JUST3 EASY STEPS: 

Copy c l r c u ~ l  on T E C - Z O O  f i l m  using 
any plain p a p e r  c o p i e r  

Iron film on lo c o p p e r  clad b o a r d  

Peel o f f  film and e t c h  

SATISFACTION GUARANTEED 
convenient 8% x 11 size r, 173 

5-Sheets for $3.95 
10 sheets only $5.95 
.,1111SI , l i ; i#,  '.,. I ,> I,.. .,<Ill .,I,, 1.. 

The MEADOWLAKE Corp. 
D e p t .  v .  P.O. B o x 4 9 7  

N o r t h p o r t .  New Y o r k  1 1 7 6 8  
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high-performance receiver 
Kenwood's new R-5000 high-performance re- 

ceiver isn't just another allLband, all mode receiv 
er. The R-5000 covers 100 kHz-30 MHz in 30 
bands, with additional coverage from 108-174 
MHz available with installation of the optional 
VC-20 converter. It offers 100 memory channels. 
optional computer control, and much more. 

Though similar in appearance to the TS-440s. 
the R-5000 matches the superior performance 
of the TS-440 receiver section. Its exclusive 
D ~ n a M i x ' ~  direct mixing system ensures an 
honest 102-dB dynamic range 114 MHz, 500 Hz 
bandwidth, 50 kHz spacing.) 

The R-5000 does not replace the popular high- 
performance R-2000, which is still available, 11ut 
instead gives hams two high~perforniarice 
receivers from which to choose. 

For information, contact Trio-Kenwood Com- 
munications, P.O. Box 7065. Compton, calif or^ 
nia 90220. 

ACC expands 
Advanced Computer Controls. Inc.. has 

moved its offices and manufacturing plant to a 
new facility in Santa Clara. California. The new 
building adds space for manufacturing, market- 
ing, and engineering. (Northridge Square in 
Cupertino remains an acceptable mailing ad- 
dress.) ACC rnanulactures microcomputer- 
based control systems for Amateur Radio, con1 
mercial, and government radio users. 

For more information, contact Advanced 
Computer Controls. Inc.. 2356 Walsh Avenue. 
Santa Clara. .California 95051. 

Circle K309 on Reader Service Card. 

new antenna from Mirage 
The 1.2~44 LBX from Mirage utilizes tl ir latest 

in ultra high gain, low sidelol~e design. The para 
sitic elements are pseudo-log tapered in length 
and spacing to produce wide usable bandwidth 
with low VSWR. 

Because of its light weight, low windload and 
rugged construction, it's appropriate for use in 
higher gain rnulti antenna arrays. Usetl alone it 
still delivers outstanding performance with bet 
ter than 18.2 dBd gain across the specified band 
w~dth. This antenna requires no tuning; it's 
factory assembled and tested to insure that each 
unit meets or exceeds the advertised specifi 
cations. 

Fnr infnrniation, contact Mirage KLM Con1 
niunications Equipment In<:.. P.O. Box 1000. 
Morgan Hill. California 95037. 

Circle 1301 on Reader Service Card. 

two new communications 
microphones 

Shure Brothers Inc., Evanston. Illinois. has 
added two new, economical models to its line 
of communications microphones. 

The Shure 550L Base Station Microphone. 
suitable for radio communications, paging, and 
dispatching system applications, shares many 
design features with Shure's well-known Model 
450k. Its omriidirectional cartridge is specially 
tailored for voice intelligibility, and its balanced, 
low-impedance design makes it useful for long 
cable runs and use under severe hum conditions. 

Constructed of strong, corrosion~proof 
ARMO-DUR'", it features Shure's long-life "Mil 
lion Cycle" press-to-talk bar switch. User Net 
Price is $66.25. 

The Stiure Prologue 6L Handheld Communi 
cations Microphone - the lowest-priced hand 
held communicatipns microphone ever offered 
by Shure - features a dynamic low-impedance 
cartridge with tailored response for high intel- 
ligibility, a sturdy push-to-talk switch, a durable 
coiled callle, an extra-strength mounting bracket. 
a relay closurr! circuit, and compact, lightweight 
construction. The Shure Prologue 6L's list price 
is $41.75. 

For further inforrnation about the Shure 550L 
and Prologue 6L, contact Shure Brothers Inc.. 
Customer Services Department. 222 Hartrey 
Avenue. Evanston. Illinois 6020 3696. 

Circle I#19 on Reader Service Card. 

test monitor 
Comtest Systems has introduced the Model 

30008 Comnlunications Service Monitor. Said 
to be the only monitor in its size and price range 
that gives the kind of testing capability usually 
available only In larger instruments costing thou 
sands morc, this lightweight, versatile instrument 
provides three different displays - waveforrn 
CRT. nicter, and digital counter. 

Receive features include a tuneahle range of 
400 kHz to 10M) MHz, comhiriing lirgh sensrtivi 
ty with good iritermod rejection an? wide fre 
quency rang,? for ''off the air" nioriitor~ng. A 
high resolution aud~o frequency counter LCD 
display asswes versatility and accuracy. The 
counter also permits the display of CTCSS Ire 
quencies directly off the air. The large CRT pro 
vicles instar~taneot~s informiit ion ahnut 
modulatron waveforms and internally gonerat 
ed niarkors can be displayed at 4 5 kHz or + MX) 

Hz for ";it a glancc" idenfitication n l  FM motlu 
latiori peaks. 

For furlher iriformation, contact Comtest Sys 
tenis. Inc.. P.O. Box 470. Beech Grove, Indiana 
46107. 

Circle I307 on Reader Service Card. 

programmable encoder 
Comrnunications Special~sts has arinot~ricarl 

the introduction of its new progranimable cn 
coder. Mo~lc l  SS 32P. The SS 32P allows Itin 
user to specily the availi11)lc Iorirs in thr f n 1 ~ 1 1 i  

ory. Up to 32 tone frequencies are stored in an 
EPROM memory; these tones may be standard 
or non-standard. and may he changed. The 
working tone is retrieved from the memory with 1 
a five-position DIP switch mounted on the cir- 1 
cult board. 

The SS 32P is available in nither CTCSS or 
burst tone format: Model SS~32PA will operate 
on any tone from 67.0 to 250.0 Hz; Model 
SS-32PB will operate between 250.0 and 3000 
Hz. Both versions measure 0.9 x 1.3 x 0.4 inches 
and will operate on voltages as low as 6 VDC 
for handheld applications and up to 25 VDC for 
mohile or hase station use. 

The SS 32P allows the use of non-standard 
tones for extra flexihility on crowded channels 
and for added security on tone controlled repeat. 
ers. It also simplifies multiple tone switching (up 
to six tones). 

Priced at $28.95. the SS~32P is covered by a 
one-year warranty and is available for immedi 
ate delivery from stock. For ~nformation and a 
free catalog, contact Communictions Spccialists. 
Inc., 426 West Taft Avenue. Orange, California 
92665 4296. . 

Circle I312 on Reader Service Card. 

audiolvideo amplifier 
An au~11o.video amplifrcr from WI-COMM 

Elcctronics. Inc.. operates over the frequency 
rariqe from 3W Hz to over 10 MHz and features 
multistage dcsign, with gain rated at 32 dR; noise 
figure. 3 dB: 3rd order intercept point, 33 dBM; 
power oirtput. 0.10 watt Into 200 ohms; input; 

output VSWR 2.1; and reverse isolation. 55 dB. 
Sti~ndartl conrittctors are BNC female, 26 VDC. 
Reverse polarity [irotection is included. Possible 
apf~lrc;rtions IIICIII~IC audio 'stereo. SCA. AM stc 
reo, vrdeo, rliqrtal audro, itnd LF through HF 
cornnitrrir~:atlnr~ Irnks. 

Fol detarls. corltsct WI COMM Electronics, 
Inr:.. P.O. Box 5174. Massma. New York 13662. 

Circle 1311 on Reader Service Card. 
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P.O. Box 4405 
220 N. Fulton Ave. 

Lowest Noise,Cleanest & 
Most Selective 

Plug-in Modules for 
6m, 2m, 440 MHz 

AMERICAN MADE Al l  Modes, A l l  Top-of-the-Line 
Loaded with Features $SPECIAL PRICES 

Chanr WHhout Notice 

10 Memories 

40m Phased Array 
-the Easy Way! 

OPTI PHASOR~" by Ba~leyTech 
Chan e d~rect~on instantly 
H ~ g h  ?/B, adjustable phas~ng 
Low SWR over entlre 40m band 

m ~ u s t  2 d~poles glves 4 db galn 
AIso avatlable wlh malchM $119 95 a m  ,em / 175 

Check. MO. VISA. MIC 
Call or Wrlle lor Complele Catalog 

TET Antennas. Larsen, Hy-Galn. 
Aloha Delta etc 

1587 u . s T ~ ~  N Xenia. OH 45385 
(513) 3762700 

SERVICE CENTER 
for 

ICOM, KENWOOD 
and YAESU 

Fully equipped repair shop Amateur, 
Marine and Land Mobile repairs. 

FCC NABER LIC 

Mon-Fri 10:OO-4:00 pm 

PACIFIC RIM 
COMMUNICATIONS 

Elob KG7D 
23332 58th Ave West / 176 

Mounllake Terrace. Wa 98043 
8 C 0 D S  Welcome 

MODEL 
SG lOOF 

MADE IN S429 95 
USA d8llvcrcd 

Covers 100 MHz to 199.999 MHz in 
1 kHz steps w~ th  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 COD shipment. 

VANGUARDLABS 
/ 177 

196-23 Jamaica Ave.. Hollls. NY 11423 
Phone: 17181 468-2720 Mon. lhru Thu. 
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new Heath catalog 
Heath Company of Benton Harbor, Michigan, 

has announced the release of its upated fall cat- 
alog. With an expanded line of starter kits, com- 
puters, weather instruments, and a variety of 
electronic products, the redesigned Heathkit 
catalog brings a new, refreshing look to its 
pages. 

Heathkit's expanded computer softwarelhard- 
ware line includes the new HyperACCESS com- 
munication software, designed to permit 
communication with other microcomputers and 
databases. Also included is the new Teach-N- 
Tutor Authoring software from Zenith Data Sys- 
tems. which allows programrners to create 
tutorials for computer-aided instruction ICAII. 
New computer hardware includes Epson printers 
and a 2400-Baud modem from US Robotics. 

For a free copy of the catalog, contact Heath 
Company, Dept. 150-785. Benton Harbor. Michi- 
gan 49085. In Canada. contact Heath Company 
1020 Islington Avenue. Dept. 3100. Toronto, 
Ontario M8Z 523. 

Circle 8310 on Reader Service Card. 

New Larsen Antennas 
The new YA5 series of Yagi directional anten- 

nas includes the YA5-900, designed to operate 
in the 900-960 MHz range. It features all-weather 
constuction 1i.e.. coax termination hside the 
Yagi - away from wind and rain - plus a black 
weather-resistant coating. Other features include 
user interface via N-male connections to the N- 
female cable-mounted connector supplied with 
the antenna kit. The mounting hardware 
ldouble-welded, heavy-duty U-bolts) will fit any 
pipe from 1-118 to 2.112 inches in diameter. 

Specifications include 10 dBd gain, 45.degree 
horizontal beamwidth, 55-degree (estimated) 
vertical beamwidth, and maximum power of 300 
watts. 

For more information, contact Larsen Elec~ 
tronics. P.O. Box 1799, Vancouver, Washing- 
ton 98668. 

Circle 1313 on Reader Service Card. 

eight-pole crystal filters 
Several new eight-pole crystal filters are avail- 

able from lnternational Radio. 
The new Kenwood TS-440 8-pole crystal fil- 

ter package consists of SSB 2.1-kHz or 1.8-kHz 
and 400 Hz or 250 Hz filters. An SSB 2.1 kHz 
matched crystal filter set is also available. The 
typical response of the matched set is 2.1 kHz 
at 6 dB and 2.8 kHz or less at 60 dB. 
New filters are also available for ICOM units. 

Stock No. IRI-455H400X isa CW, 400-Hz (eight 
polel that serves as an exact replacement for the 
FL-52A. It fits the IC-751lAl. the lC745, the 
IC740, etc. 

Stock No. IRI-455H1.2X is an eight-pole SSB. 
2.4 kHz exact replacement for the FL-44A. It fits 
the IC730. IC740, lC745, and the R70 and R71. 

The typical shape factor for the SSB filters is 
1.66 or less; for CW filters, the center frcquen 
cy is 8.0 or 9.0 MHz = 3.2 or less. The 455 kHz 
center frequency is 2.0 or less. All lnternational 
Radio crystal filters are guaranteed to the origi- 
nal purchaser for two years. 

Many other ICOM crystal filters available. For 
details, contact lnternational Radio, Inc., 747 
South Macedo Blvd.. Port St. Lucie, Florida 
33452 lenclose SASE). 

Circle 1314 on Reader Service Card. 

Palomar "Tuner-TunerHTM 
Palomar Engineers has announced a new 

operating aid, the Tuner-Tuner.'" It connects  be^ 
tween your transceiver and antenna tuner, and 
allows you to tune your tuner precisely without 
transmitting. The built-in 50-ohm noise bridge 
gives an audible null in the receiver when the tun- 
er matches the coax line to 1:l SWR. Your trans- 

mitter never need operate into high SWR. and 
you need not cause interference on the band 
while tuning up. 

The Model PT-340 TunerTuner is priced at 
$99.95 plus $4 shipping. For more information, 
contact Palomar Engineers, Box 455. Escondido 
California 92025. 

Circle 1315 on Reader Service Card. 

temperature-controlled 
soldering station 

Start Manufacturing has announced the re- 
lease of a versatile soldering station that permits 
the interchanging of 30. 48. and 60-watt irons. 
thus providing the operator with three stations 
in one. The station also features a unique con- 
trol that keeps the temperature to within + 8  
degrees F of the setting. It also offers direct tern. 
perature readout, easy and fast calibration, and 
a feature that permits the station to be set and 
locked at a specific temperature. The station 
comes with a standard @-watt pencil iron and 
adjusts over the full temperature range of 200 
through 900 degrees F without having to change 
the tip or heatirig element. 

For inforination, contact Start Manufacturing, 
Inc.. 15775 North Hillcrest. Suite 508, Dallas. 
Texas 75248. 

Circle 1306 on Reader Service Card. 

two-band rotary dipole 
The CD 78 lrom Orion Hi-Tech is a 80- and 

7 5  meter rotary dipole. Approximately 40 per- 
cent shorter than a full-sized dipole, its unique 
design results in a less than 2 dB-reduction in 
radiation efficiency over a full-size antenna. 

The CD78 is equipped with a special high- 
performance matching unit that is used to switch 
the antenna between the two bands. 2:l VSWR 
bandwidth is approximately 50 kHz on both 80 
and 75. 

Built from high-strength, heavy-duty alumi~ 
num, it features a very strong element~to-boom 
mount. All hardware is hot-dipped galvanized 
after fabrication. The CD78 will handle full legal 
power and is rated dl 40 m l s  wind survival. 

For details. contact Orion Hi-Tech, P.O. Box 
8771, Calabasas. California 91302. 

Circle 8316 on Reader Service Card. 

free QSL cards! 
Varta Batteries. I n c .  one of the world's three 

largest battery manufacturers and a leading U.S. 
supplier of batter~es for short-wave rad~o, pho 
tography, data processing, and other high~tech 
applications - is offering a package of 20 QSL 
cards to Amateur Radio Operators, free upon 
request. 

The postcards are printed in full color with an 
illustration of world map as a background for 
Varta's wide line of batteries for shortwave 
Amateurs. The address side of the card follows 
the typical QSL card form. 

Readers who would like to obtain a package 
of cards should send their name and address to: 
Paul Silliman. Varta Batteries Inc.. 300 Execu~ 
tive Blvd. Elmsford. New York 10523-1202. 

Circle 1318 on Reader Service Card. 

R-2000 repeater controller 
Resultant Engineering has introduced the 
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NEW COMPUTER BOOKS 
YOUR COMMODORE 64: A GUIDE TO THE 
C-64 COMPUTER 
YOUR COMMODORE 128: A GUIDE TO THE 
C-128 COMPUTER 
ll~a.,,,, I i o ~ i . .  i t ~v i \ r  111 ljleal detall Ihe best selltnq Com- 
Illoilole C 6.1 ,ill11 (: 128 home computers You gel a 
I r~ti l l i l r le ~ritnrl l lcl lnn lo Ihr oprrallng sylenis ~tsed. HAS- 
IC lutoltal,, rl!;llllllcs soutlrl .trld l n l~~c l l  Innre Also dls. 
t:usserl ;Ire h~li lw,lre anrl llerlllheral conslderattons [he 
C 128 hook c r ~ v i ~ l s  C-64 rmltl.ttlnn, exlended Inlctnorv. 
CPIM mode, nlrlllse. rani dlsk prtnler\ anrl rnralems 
Fxcellenl sourc~: hooks lor heqltlners and rxperts allhe 

1985 1st F d ~ l ~ o n  
OS.C64 464 pages Sonbound 514.95 
O S - ~ 1 2 8  480 pages Softbound 514.95 

Buy'em Bolh Special Reg 529.90 
0s-C Save 54.95 524.95 

MS-DOS USER'S GUIDE 
by Chris OeVoney 
MS [)[I!, c o t n l ~ ~ ~ l i , ~  users will l ~ t l d  lhls handbook to he 
,111 i!ssrnttal iltlillllnn l o  lhelr cornpilfer Ihhrary Includes 
.? lull cxplanalio!~ 01 MS-DOS commands In clear, con- 
CI?~ latlqllaqe alld exalllples 01 cotitnialtd synlax Htnls 
1111 cotnliinlld trsaqe .!nil f~xplanal~nns n l  the hlrrarchl;tl 
(I~rt!cIr~ry and 110 rrdlrrcl~orl wdl cl ial~le y011 to gel maxl 
I i i l lm hetiel11 Iron! yo111 cnttlpolcr Invi!slmenl Fnr novlce 
;ant1 erperl uscrs 1984 I\! E l l~ l t l ~n  330 paqes 

OUE-061 Sonbound 519.95 

PC SECRETS: TIPS FOR POWER 
PERFORMANCE 
by James Kelly 
1 l r . t~  O I I ~  0 1  l t ~ j r e  tlnheraldcd gclns we slttmhletl uporl 
rccpnlly l l t ! i  1111ly book IS Ian1 packed wllh Ideas and 
r11qqrr11011s 011 how to qel nlore 0111 01 yllill PCIIOS 111 
MI; LlOS aimplller Nnl a lulnrtal. nlore 101 lttc ~nlertilt?rl~. 
.IIC user WIIII la Iook~ttq l o  pel 111o1e speed attd elltc~i!lt 
r y  I~nprclve yottr keyhoald. ~!nhance your rllsp1;ly. 
nrqanllc your Illcs. and In;lnaqe your lprllltPr beller l l ~ a l l  
rver Ihelorr Y o ~ ~ l l  b r  an~.~?erl .II wll;ll 1htr hook can dild 
I~I your PC Also cuvc~s  Lo1115 I 1 3  ;and W ~ ~ t t l s l . ~ ~  
1985 I s l  E d ~ l ~ n n  724 patlt's 

OS-PCS Saltbound 516.95 

APPLE II USER'S GUIDE, Apple Plus and 
II series 
by Poole. McNun and Cook 
All IIIII~' AppIt! II hest sellel' Now ava~lahlc 111 t~pdaled 
llilrd r~il111or1 I earn Iron1 Ihr! I!xperls llow lo qr!l the Illo?t 
lirrlil yo l~t  Apple linlne (.tllitpl~lc! anrl pertpllerals YIIII 
alro gel a cun~ple l r  rxpl;lttat~nn on Ihow lo  lise IIOS 3 3 
allrl Pro-D0S Lasy-ln-LISP I l t lot~al explanal~otl 01 HASIC 
proglalntllltlq will leach yntl llrtw 111 LISI! ,111 llle sllolld 
,tnd qt,tlll~~cs c;lpahll~lles as well ;IS 1111. Appl~! lle lllqh 
~r.;oluButl qtaph~cs l l l is  honk 1% wilrlll 11 s WI'IIIIII 111 q1~1i1~ 

1985 I.;! Ft l~ l~ot t  517 11.1gr!s 
0S.UG SoHbound 318.95 

We're really proud oi the next two bookst Doug 
was J im Fisk's right hand man during the early 
sevenlies. His f i n1  computer book. The Introduc- 
loon l o  TURBO Pascal. quickly went best seller. 
The TURBO Library is an Invaluable addition l o  
TURBO user's libraries. 

INTRODUCTION TO TURBO PASCAL 
by Doug Sllvison WAlKWJ (ex Ham Radlo assislanl 
edilor) 
l l i ~ i ~ ~ \ . ~ n d s  have learned Pa~ca l  proqnmnllnq wllh 1111s 
pr8l)cllar hesl sellcl As a tlllorlal lhls hook i~rlllarlcr'; llll! 
IIIIIIIIII, asp~!cIs 01 Turbn Pascal hy cntlcerrlr,llttlrt on the 
rr lrnded appltcal~nns c, lpab~l~I~rs 01Ie1ed Includes qralllt 
II '. Inoktrlt I;!hles worrl IrrnrPscol I n  lyperelltnq rqollr 
liietll conver\lon table?. ITS In  ASCII cnnverrlon .~nd  
I.1r1 sorllscarch r o u l t l ~ ~ ?  1985 I s l  F r l~ l~nn  268 paqes 

SY.269 Sollbound 314.95 

TURBO PASCAL LIBRARY 
by Doug Stivison WAlKWJ 
I J ~ ~ r l ~ v l  I:IIII~~I~IIIII~II~ 111 1111~ l l l rhn Paccal lnl~odtrclton hook 
I ~ \ l r d  .illovi~ Xl~vtsoll ':llarl'~; h ~ s  exll!tlslve crllln:lllltl 111 

[lrovf!n ~ l roqra~ns anrl will savr rxprrlenceil ptrrr~mnl~llrrs 
li~tlr allrl IIIIIsII:~~~ 10 he111I111t!1? 11110d p l~q l~ l t l l l l l l r l q  tech 
rllrjttes ant1 111rho ve rvo~ i \  111 (;l.itldsrd , t l q o t t t h ~ t ~ ~ ~ i  111 
CII I~~S qalltes. aysleti~s l~l~lt l tes not1 roullnr: lot hllslnrss 
artil r !nq~~tee~~nt j  appl~cal~ntis 1986 1\1 f dlllnn 350 
ll;l(les 

SY-330 Sonbound 914.95 
P lease  Enc lose  $3$* t o  cover  

ham 
shtpptng a n d  hand l i ng  

radio..,.- BOOKSTORE 
Greenville, NH 03048 

! 

Measure Up With Coaxial Dynaml-- 
Model 85d~rmination Wattmetc 
A direct-reading instrument for sewicing 50 ohm comrnunicetion systen 
maintaining them at peak operation. 
The Model 85A features: 

Dry load no coolant required. 
Replaceable connectors, interchangeable without affecting 
calibration. 
Four oower ranaes easilv switchable - 

I instrumen 

0-3t1650 and ik watts iull scale. 
Frequency Range: 20 to 512 MHz 
Accuracy * 5% OFS 
Temperature Compensated 

Contact us for your nearest 0 
authorized Caaxlel 
Dynamics 
represenmtrve or 
distributor In our 
world-wide sales 0 -- 
network I 

1; I w 

D 
,,$d*l?' 

i"4-5: 
"*> * b# 1@#$;~5+ S' - 

COAXIAL Industrial 1 

weland, Oh 
3 1-800-C 

7-ow. 

IS and 

DYNAMICS, INC. 
e and De; trt of Eve 

Parkway 
io 44135 
:OAXIAL 
980630 

LINEAR TRANSVERTERS 
',',I+ i i ?  A M  11.3 PX PRICE 

MMT 50128-5 '111 M l l i  r'ii W , t l t \  5 4 . l . '  ( ! < )  

MMT 144128 Ida MH: 111 Wall'. In(. llll 
MMT 144128-R 140 Mli, <, .#A\!  E l  1') W.III\ I$!, l i l t  
MMT 220128-S 7711 hlll, 1 ' 8  W4lls 2.1;) i l l1  
MMT 432128-S 43;' .I-Ir, MI{, 111 WaI!\ 78'1 i l l 1  

MMT 12961144-G 1236 M H I  G a A 9  t 1  7 W 162 1111 
MMT 12681144 O ~ l l A l i  M<~.tt, L ;' W.II! xrl l8I :?;H I l l1  

C O N V E R T E R S  
MMC 144128-HP ;' 11, l;.!A\l f 1 ;.I I l l 1  

MMC 432128.5 70 cr.? l>,#wn !t3 Iil!l! H . 3  i l l 1  

MMK 1296,144 2:l crtt 1><lwn l i r  :' 113 l H R i i l l  

P O W E R  AMPLJFIERS 
1'111 ~ l d l  1 I 1 1  1 1  I 8 8 1  I IN PX PRICE 

MML 144130-LS 1-11 MI12 I l l  WdII 1kI1 AMP S1.'0110 
MML ~ ~ ~ I ~ O O - L S  1.1.i MI~, INI W;III H T  AMP ;'I.' on 
MML 1441200-S I 4 4  M I 0  ?O,l W.1t1 GaAsFET 30500 
MML 432130.~ 17:' MI{; ? r l  watt HT AMP ? u n n  
MML 4321100 4.JT M I I l  1IR1 Watt ATV SSR FM3qr, 110 
MML 432150 .l:I7 M l i r  '11 wa l l '  10 Wall 111 101 00 
MML 1296'15 l?qi, MH7 1'1 Well- CALI. 

PREAMPLJ&R_S G a A s F E T  
MMG 144V :' 11) HI  ';wit# 1 1 . ~ 1  65 00 
MMG 1296 .'R g n i  1 1  I no 

A r v _  
MMC 435/600 ill r m  lilnrb. <.i,nul.rler 55 00 
MTV 435 ;'tl W.llt i n  C ! T ~  1111ir 285 00 

-UP YOUR ERP- 
M A G N E T  M O U N T S  

F o r  H T  o w n e r s  o p e r a t i n g  l n s ~ d e  a v e h i c l e  and w a n t -  
I n g  i n c r e a s e d  T I R  range .  R F  P R O D U C T S  has the l o w  
c o s t  so lu t i on .  

R e m o v e  y o u r  B N C  a n t e n n a  f r o m  the H T  and mount 
on t h e  R F  P R O D U C T S  B N C  m a g n e t  mount. I n s t a l l  t h e  
m a g n e t  m o u n t  o n  t h e  r o o f  t o p  a n d  c o n n e c t  the B N C  
co-ax c o n n e c t o r .  

T h e  m a g n e t  mount (pa r t  no. 194445) has 1 0  lwt o f  
s m a l l  I 9 3 2 7  co-ax w l t h  B N C  c o n e c t o r  a t tached .  
PRICE $15 b5 M 0. or c a s h i e r s  ck., v t a  U P S  gnd .  Fla. 
r e s ~ d e n t s  a d d  5% tax ,  f o r  a i r  U P S  a d d  $3 2 5  

T h e  R F  P R O D U C T S  M a o n e t  Mounts are o n e  o f  t h e  f e w  m o u n t s  ava l l ab le  t h a t  c a n  be r e p a l r e d  
s h o u l d  t h e  co-ax c a b l e  be d a m a g e d .  T h e  l a r g e  s u r f a c e  a r e a  c a p a c i t a n c e  d l s c  p r o v t d e s  p r o p e r  
g r o u n d  p l a n e  c o u p l i n g  l o r  114 a n d  5/8 w a v e l e n g t h  V H F  a n d  U H F  a n l e n n a s .  
M O D E L S  A V A I L A B L E  W I T H  T H E  F O L L O W I N G  C O N N E C T O R S  8 CO.AX TYPES. 
A N T E N N A  C O N N E C T O R S :  BNC.  T N C .  1 118. (MOT.). 9 1 6 2 4  STUD. 31824  SOCKET.  
C O - A X  C A B L E :  RG-122/U, RG-SBAIU, mini EX. fl 180 
T R A N S C E I V E R  C O N N E C T O R S :  B N C ,  TNC.  PL.259, type N .  
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R-2000 repeater controller, which can control a 
complete repeater system including two remote 
bases and a control receiver. The fully-pro- 
grammable, microprocessor-based controller in- 
cludes many features for today's demanding 
repeater service. Features include autopatch with 
memory dialer, ALC and call progress detection. 
mailboxlbulletin board, and dual RS-232 ports 
for interfacing to a computer or printer. 

For more information, contact Resultant En- 
gineering. 175 East Homestead. Sunnyvale, Cal. 
ifornia 94087. 

Circle #317 on Reader Service Card. 

FAX unit prints photos 
Universal Shortwave has introduced the 

microprocessor-controlled DES M-800 FAX Con- 
verter, which allows reception and printing of 
pictures, photos, maps, and marine and National 
Weather Service information, as well as satel- 
lite earth imagery and world meteorological 
charts transmitted by shortwave and satellites. 

The M-800 Facsimile Converter connects to 
the audio output of any quality communications 
receiver or satellite receiver (AM or FMI. Audio 

is converted to graphics data and printed out on 
most Epson parallel dot-matrix computer printers 
IFX-85. LQ~BOO, or equivalent). Print size is 8 
inches by length as needed. Aspect ratio is 1:l .  

FAX photos are printed on plain paper in 16 
levels of gray scale. Weather maps [NWS), 
charts, and other black-and-white transmissions 
yield exceptional clarity. 

For details, contact Universal Shortwave. 1280 
Aida Drive. Reynoldsburg, Ohio 43068. 

Circle m0 on Reader Service Card. 

D2M2 
Known as D2M2'U n o r  DMM - because 

they offer twice the range and resolution and 
twice the functions of ordinary DMMs with 
2000-count capability, the new 4000 count 4digit 
multimeters with 40-segment analog bar graph 
from North American SOAR are priced to rival 
ordinary 2000-count DMMs. 

All D2M2 range crossover levels are at the 
4. 40. 400, and 4000 points to allow measure- 
ments of 3.999 or 39.99. etc. Accuracy is better 
than 0.3 percent for Models 4020. 4030. and 
4040, and better than 0.1 percent for Model 
4050. All models have been constructed to be 
shockproof and dustproof for operation in harsh 
environments. 
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YAESU 
NEW VT-13 

handhcil !h,r 7" v 5 W ouloul. 
10 memo,,rr L C D  dlqlm aspcay 

I 
NEW VT-161GX 

Plan Ahead ! Allmor,. 1, ,,,,., 0,"..1 1 I .  \",ICm 

All models are auto- and manual-ranging with 
Data Hold Function, Continuity Beeper, Diode 
Test, and more. Selectable models feature illu- 
minated LCD, Frequency Counter, Relative Set. 
Memory. Temperature and MintMax Indication. 

Optional adapters expand functions to include 
Capacitor Test, High ACIDC current, Transis- 
tor GAIN and Loss Test, and Temperature. Full 
overload potection includes two fuses plus tran- 
sient noise to 6000 volts. 1500-hour battery life 
is typical with two "AAA" alkaline cells and auto 
power down. All D2M2 units are supplied with 
batteries, safety leads, spare fuses and 3 year 
limited warranty, calibration accuracy guaran- 
teed for 1 year. 

Prices for D2M2 Series meters in single-lot 
quantities are as follows: Model 4020. $99.99: 
Model 4030, $139.00: Model 4040. $159.00: and 
Model 4050, $179.00, with delivery from stock. 
For full specifications or additional information, 
contact North American Soar Corporation. 1126 
Cornell Avenue. Cherry Hill, New Jersey 08002. 

Circle 0319 on Reader Service Card. 

I - . . 
Order Early T T - 7 1 7 6 ~  

1 Orders 81 Quotes Toll For Christmas HI X C V R , G F ~  ( c  r 13e Rlcr lv r r  

Free: 800-336-4799 NEW FT-7Y7G 
1 (In VonJlma 800571 4901) I I Dual band I andheld lor 7m1440 MHz 

Antennas 
HF. VHF. SWL. scanner, mnrtnr, b 
Cornmerclal lor ~oht le  or Ba5e 

Cushcraft 
Mlnl-Products . Larren 

BbW sv Vm Gorden 
Butternut . KLM 
Mosley . Hustler 

Telex Hy.Gatn 

NEW S O l l W A I I  
G X  Turho and Catpark lor the f l .  

757GX dnO Calpdck lor the fRG-96M) 

I 
Visit Our 1 New England Store 

8 111k: P , d  
kr", Nl",n. ,,,. , .,,, ,,.,,.:,. 

Towers 
Unarcc-Rohn, Hy-Galn. Trl-Ex 
Ask lor I D P C ~ ~ I  Ouole5 on oacksw 

TS-4405 ~5oiob 
TM-2570A $409' 
TS-430s $25?0 
~ ~ - 2 6 0 0 ~ 1 ~ ~ $ 1 5 ~ ~  

TH-21ATIU~.~~ $loPo 
(XmOnrYOU, 

MI "-I I, (9a6 

ICOM 

. . 
deals mrludmg cable, guys. 

Connectors, lurnoucltes. CIC 

Accessories 
Ph8llystran 

Kenpro Alllance 
BbW . Telex HyGaln 

Dawd . MFJ 
Bencher . Amphenol 

Astron . Welz 
B + K Prec#rton 

15-channel programmable 
scanner 

Automatic search, scan delay and a priority 
channel are features that are normally resewed 
for expensive, top -of-the-line scanners. But one 
modestly priced programmable scanner, the 
Regency R1075, is packed with all of thesefea- 
tures. Fully programmable, the Ischannel scan- 
ner can receive more than 15,000 frequencies 
from six of the most popular public sewice 
bands. 

Amplifiers 
Dldwa . Amerttron 

i , 1- *om,- m r . %  =..am *r m m Amp Supply . vocorn 

I :::*=: ,z:2::,::~7~%~m TE Systems 

I h"Un *r W" - I, *#"l..% LY(lWrn0 1-"" Tokyo Uppower 

IC-735 
cornpact HF Irllnscemver 

IC-7SlA 
HI XCVR ~ r n r r n l  Coverage 

uucr,rur 

YUI lUUI  

.. M",. ..n I," .r*a.,,.. ""I -3 Iw. nn 1 ,.m",Un ,,YO,,, Y i . X  .I...( n , l r l l  

,."n , * "  "m.wlh ,... I,. ,.,.. m r  ,*I ,,,url.. , r.r.*n.u*~.lrx.l..-n.rl,,l.u.,?"..> 1 Packet Radio 
Hardware and Software 

i I 
- . - . . - . . . 

for RTTY/Mor5e 1 ' I *-.97.4 9," ?!!A 871H 

Much Hen in stock! 1 
Send $1 for our 
New Fall Buyer's 
Guide-Catalog. 

Hal Kanlronlcr **a mu.. IIA 
MICrOI03 . MfJ , . l . M H i . r l l h  47lW 47A 

nam ~ a t a  Amaleur Software / I 
IC-@¶AT, @@AT 

Shortwave ! small. llqhl +,Is In, .7m or 

Sony 
4 4 0  MII: 10 mrrnorles 

I 
PdnalOnnC 

0"" <<an f""tltO"l 

Yd.I" 
I 

Kenwood 
IC-A¶ in stoch 
~~rcrd l t  hdndheld 

I ! More Helpers lcom 

I Marine radlos by ~com Scanners 
I<- AT, SAT, @AT, l*AT 

Ilnndhel05 lor 2m. 7'20 
M H I  440  MHI. 1 1  GH1 1 ' Comrnerclsl Land Moblle by i Un~den/Bearcat 

ReSenLy / :z~:~oIw* by Arb,. Cobra. :  AS^ tor Package 
Southwertern Bell, ~anaronnc , More Radios Quota on 
CBs by Unlden:Mbdland. Cobra ' Encomm.'Enntec . Radw Dlecl015 W Yntdtl, KDK : Radios/Accessoria 

! Cobra and whlrller  en-~ec ' ' 8 Antennas/Towers 
Designed for thB beginning scanning en- 

thusiast, as well as the veteran seeking a relia- 
ble back-up unit, the scanner can be pro- 
grammed to search a frequency range for active 
new frequencies. With its priority channel and 
scan delay functions, the scanner keeps listeners 
from missing important transmissions. When ac- 
tivated, the priority channel automatically over- 
rides all other calls so that broadcasts from a 
favorite channel are never missed. Scan delay 
puts a 2-second pause at the end of a transmis- 
sion so that calls and answers can be heard be- 
fore the scanner resumes its scanning cycle. 

Priced at $179.95, the scanner covers six full 
bands, including VHF-Low (30-50MHzl. VHF- 
Amateur (144-148 MHzl. VHF-High 1148-174 
MHz), UHF Amateur (440.450 MHz]. UHF 
(450.470 MHz), and UHF-T 1470-512 MHz]. 

For information, contact Regency Electronics 
Inc.. 7707 Records Street, Indianapolis, Indiana 
46226. 

Circle 1302 on Reader Service Card. 

r CALL LONG DISTANCE ON 2 METERS 1 
I Only 10 watts drive will deliver 75 watts Our products are backed by prompt fac- 

of RF power on 2M SSB. FM, or CW. It is tory service and technical assistance To 
biased Class A 9  for linear operation. The become familiar wlth our other fine pr* 
current drain is 8-9 amps at ducts in the amateur radio 
13.6 Vdc. It comes in a well market, call or write for our 
constructed, rugged case free product and small parts 
with an oversized heat sink catalog. 
to keep it cool. It has a sen- 
sit ive C.O.R. circuitry. Model 875 
reliable SO-239 RF connec- Ki t  $109.95 
tors, and an amplifier Wired B Tested $129.95 
INIOUT switch. The max- 
imum wwer  input is 15 r /  183 
watts. rnmunication 

oncepts lnc. - 2648 North Araqon Are 08Von Ohlo 45420.15111 2961111 1 
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1 mobile-marine-aeronautical mobile. 

1 DPD V( lows all mode 
 tio on: FW - Simplex, 

..,.. duplex. or duplex. 

No i~ tions or connections 
requi~ eiver. 

Prnorammable IV and access codes, 3-12 
te timer. 

'te mobile when permitted or manual 
control on all I 

N.C.O. W. 

1275 North Grove Street  
Anaheim. CA 92806 

.' '84 (714) 630-4541 
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GREAT GIFT IDEA 

Super , , . , ,  
. . . a  . . . . .  . .  

DX .' - 
4,--- - .. 

- . . . . . .  

EdgeB for t h e  Commodore 64 8 128 
Complete loftware package. 
The most advanced available. 
All the tools you need. 

A Great DX Operating Aid Improved! 
NOW with 

Maximum Usable Frequency (MUF) between 
any two QTHs; 
Great Circle Bearings and distance to any 
QTH. 

Finest graphicsshow best paths in REALTIME! 
Color too. 
Accurate sunriseldaylightldarkness info. 
Fully menu driven. 
Requires 1541 or 1571 disk drive. 
$34.95 (Plus $3.50 shipping & handling. 

ham radio..,..- BOOKSrORE 
Greenville, NH 03048 

-- 
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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. 

Other AMSAT Memberslzip Benefits: 

Newsletter Subscription: 
Dependable technical articles, satellite news, 
orbital elements, product reviews, DX  news, 
and more. 

Satellite Tracking software 
Available for most popular PCs. 

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

Construction of Future Satellites For Your 
Enjoyment! 

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

AMSAT 
P.O. Box 27 

Washington, DC 20044 

301 589-6062 

r /  185 
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RFI technical note 
Palomar Eng~neers has published a helpful 

note titled ""Using Ferrite Beads to Keep rf Out 
of TV Sites, VCR's. Burglar Alarms and Other 
Electronic Equiprnent." The note explains what 
kinds of beads and toroids to use and where to 
put them to suppress most common rf interfer- 
ence problems. 

For a free copy, contact Palomar Engineers, 
Box 455. Escondido. California 92025. 

Circle 1303 on Reader Service Card. 

oscilloscope frequency 
extenders 

Radio Engineers has recently introduced sever- 
al new products including two models of fre- 
quency extenders for the home builder with an 
oscilloscope that can ""see" only up to 5 MHz. 
Designated theType HFX-1 and HFX-2 Oscillo- 
scope Frequency Extenders, these units allow 
5 MHz or 10 MHz bandwidth oscilloscopes to 
see rf signals as high as 55 MHz. Type HFX-1 
contains an rf signal source and a broadband 
mixing circuit that converts the high frequency 
signal to an intermediate frequency within the 
oscilloscope's range. Type HFX-2 is designed to 
be used with an external s ign~l  generator but still 
gives the same frequency coverage. Both units 
have 50-ohm input impedances and utilize BNC 
connectors to interface to the circuit under test 
and the oscilloscope. Also available is Type 
DBX-30, a fixed 30-dB attenuator that allows the 
extenders to sample higher power levels. A high- 
impedance transformer to be used at the input 
of the oscilloscope extenders is planned for re- 
lease in the near future. 

Data sheets are available on these and other 
products. For copies, contact Radio Engineers. 
3941 Mount Brun?age Avenue. San Diego. 
California 921 11. 

Circle 13W on Reader Service Card. 

turnable preamplifier 
antenna 

Ameco's Model TPA is a dualLfunction unit 
that can be used as a preamplifier to improve 
the gain of a receiver or as an indoor active an- 
tenna when an outdoor antenna isn't available. 
It contains a tuned rf amplifier that covers all fre. 
quencies from 0.22 to 30 MHz. including Ama 
teur bands. all foreign broadcast bands. citizen's 
band and all other services within this range. A 
dual-gate FET provides an excellent noise  fig^ 
ure and over 20 dB gain. The weak-signal per 
formance of most receivers is improved. 

Priced at $74.95. Model TPA uses either an 
internal 9 volt battery or an ac adapter such as 
Ameco's Model P-9T. As a preamplifier, the in- 
put matches most antennas. Long wire. 
300 ohrn and random-length antennas can also 
be used with good results. 

For information, contact Ameco Equiprnent 
Company, a Division of Ameco Publishing Cor- 
poration, 220 East Jericho Turnpike. Mineola, 
New York 11501. 

Circle 13P on Reader Service Card. 

1.0 Formula Disk 
RF Kit Company has announced a new soft- 

ware disk for the Commodore C-64. This new 
release includes many formulas such as Ohm's 
law, inductive and capacitive reactance, reso- 
nant frequency, dipole antennas, temperature 
conversions from C to F and F to C. Great Cir- 
cle bearings and distances to anywhere. Tower 
Stress calculations, Noon Meridian passage for 

True North antenna adjustments, how to wind 
coils for a specific inductance, how to make a 
meter shunt and how to program your own fa- 
vorite formulas on the disk. The RF Kit 1.0 disk 
sells for $14.95 plus $1.00 postage and packing. 

For information, contact RF Kit Company, 
P.O. Box 27127. Seattle. Washington 98125. 

Circle I321 on Render Service Card. 

Communications Satellites 
Now in its expanded second edition. Cornml~- 

nicarior~s Satell~tes covers spy and surveillance 
satellites, U.S. and Russian manned space mi% 
sions, military, tactical and scientific satellites. 
oceanographic and weather orbiters, deep space 
probes, navigational and communications satel. 
lites, and private and dtrect broadcast satellites. 
This directory of space communications includes 
chapters on channelization band plans, trail. 
sponder identification. international satellites. 
and an informative history of earth satellite d e ~  
velopment 

Priced at $14.95 lplus $3.50 for shipping and 
handlingl, the book may be ordered from Ham 
Radio's Bookstore. Greenville. New Hampshire 
03048. 

AUTHORIZED KENWOOD 
I-COM RADIO DEALER 

H. L. HEASTER. INC . 203 Buckhannon Ptke. Ctarksturg. W 
Va 26301 Clansburg Phone (3041 624-5485 or W Va Toll- 
Free 1-8M.352-3177 
HAROLD HEASTER. KABOHX, 91 Ridgefield Place. OfmM 
Beach. F1 32074 Flonda Phone (904) 673-4066 

WMI IUTIMI.WIOE TOU-FREE nlEPrmttE i.mwwma 
t4CQ.M.m 

Call us Im a quolahon. WE WILL SAVE YOU MONEY1 

Increase your Code Speed the FUN Way 
with 

Station ManagerlCodeTutor 
Randomly generates words eliminat- 
ing the problem of tape memorization. 

Select you own speed and tone 
5-50 w p m  400-1 300 Hz 

Designed for the IBM' PC' . XT' . PC 
jr . Menu driven, prompts for easy 
use; full color displays: 

$15.95 + $3.00 shipping 

Ohlo resldenls mclude sales lax 

OMEGA CONCEPTS, INC. 
Protessional sottware lor the Radio Amateur'" 

P.O. Box 615 H T.L. Jones IKB8OA) 
m y .  0 7 0 Author , 187 
IBM Isa reg#sleredlrn~l~~~?~.~~ 1 ol Inlernallonal Buslners 
Machtne Corp 

r-----==--H Full Feature 
Remotely Programmable 
Repeater Controller 

I L,, under $600 I 1 ~ F i e l t f  testetl for over 2 years 

I r /Ftc l l  2 year tuctrrclnty 

C a l l  T o l l - F r e e  

1-800-621-8387 
CII .  224. 1 . I I I I  i I?III \ l lw~,ti~tn T 1111, 

I ' " "'"'s 

I 
- fl 188 8,. c,: :,+: . ! ' . O . I \ O \ S ~ ~ ~ I  * l L r ~ \  ,, i i11,.~('OStl5?5 
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Electronic Repair Center 
Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts Inventory and factory 
authorized warranty servlce for 

Kenwood, lcom and Yaesu 

SEND US YOUR PROBLEMS 
Servrcrng "Hams" for 30 years, no rfg 

too old or new tor us 

WVW 
4033 Brownsville Road 

Trevose, Pa. 19047 

21 5-357-1 400 
m 

r-----------'------------ 
SPECIALIZED COMMUNICATICINC 1 
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If you are  ACTIVE in FSTV I 

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

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

Elizabeth, NJ 07206 

(our first is ;sue. Speci ial TRSBM 

THE S I - IG  1 bz+-sg:&zJ 

I LOV 
P.O. BOX H, 

IOWA ! 
la I w x m l r  -m vmsn (a% added) Iwa Residems r w  .n sure salon Tax I 

HERE'S A 
NEAT GIFT 
IDEA 

When we first saw the Casio PO-40U 
Portable World Timeclock, we knew instant- 

ly that Ham Radio Bookstorecustomerswould love 
this one. 

This time piece is more than a simpleclock. Besides all the stan- 
dard features, alarm, snooze, lightweight portable design and digital 
readout, this clock gives you time at 21 different locations around the 
world at the twist of a dial. Deers will delight at being able to get rid of 
their cumbersome manual time calculators: determining band and 
path to use will be greatly simplified. Contesters can simultaneously 
display both local and UTC times for logging purposes. In fact, every 
Amateur will find at least a dozen uses for this nifty clock. You can 
take it with you when you go on vacation-business trips-set the 
alarm and get oul of meetings early-anywhere you need a clock, the 
PO-40U can go with you. Get a couple of them and give them as 
gifts, one for the house, car, office, just about anywhere you need a 
clock, the PO-40U can go with you. Quantities are limited-order 
now and avoid disappointment. 

I PO-40U $29.95 

Please enclose $3.50 shipping and handling 

1 

PRETUNED-  ASSEMBLED 
O N L I  ONE NEAT S M A L L  
ANTENNA FOR A L L  B A -  
NDS1 EXCELLENT FOR 
a E I R T M L N T S  IM- 
P R O V E D  D E S I G N '  

FOR h L L  M a K t S  A M ;  
ATLUR TRANSCEIVERS 
G U l R A N T E E O  FOR COO0 
W A T T S  5LB I N P U T  FOR 
NOVICE AND A L L  CLASS 
AMATCURS I 

C O M P L E T E  wnn 90 $ 8  R G 5 8 U - 5 2  onm IecdWnc. .nd 
P L 2 5 9  ronneclor. I*3ulalors. 3 0  r !  3 0 0  Ib lcrl dacron end 
.u.D.rl.. r.nt.. connc.,or m h  bulb In IlghlnanO .rrc.lc. ."d 
t ,  h e  L o w S W R  o v c ~  rll band* -Tme.. u%uas* NOT 
NEEDED' Can bc tnro ~ ~ ~ e r l r d  V I  - >born  - 8. a l l l r l .  on 
D , , ~ o ~ ~ Q  tops or nsrror ,ots The O N L I  ANTENNA YOU WILL 
Fvrm NEE0 FOR ALL B A N D S '  N O  B A L U N 5  NEEDED' I 
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35 MHz DUAL TRACE OSCILLOSCOPE 

Save W on the 
RAMSN 20MHz 

A t,,..wy <!t,tv .II,I !cctrrnte scope lor servlcp 
as  w m  as proiiuction usc Fealures ~n<:lndu . w8rle lrrqilt.nr y handwtdth . optlmnl sen- 
stl#v#ty . (~~ l rc t11~1y  brtght d t ~ ~ l a y  . d<,layed 
tr~ggerlng s w o ~ ~ ,  hold otl ALT lrlgger 
stngle sweep . r V  sync. 5X magn#f#catlon . X Y  or X Y Z  operatoon HFILF n01se 
reduct8on 
3500 Dual Race Oscilloscope 

$4 9 9 95 b"::;I:z.::2h 

Dual Trace 
Oscilloscope 
~ l ~ ~ : , A > r ~ > , , s ~ ! ~ ~ ~  <l#ballty at 3" 
tillti~~Rltlh11. jirl(.e. Ihe 
Rnmsey OS~.IIIOSCO~C corn 
ORIUS to 0th~19 cosllna 
hundreds more ~ e a t i i e s  
lnctude a companenl tcsl- 
8n4 c#rcu!l lor reststar. 

capact!,,!. drg8l;tl r8rcutt and dmde tesltng . TV vtdeo sine lclter wcdc hand- 
wtdth 8 h ~ g h  s ~ n s ~ t ~ v t t y  . ~nternal gratlcule . lront panel trace rolator * Z axbs 

hsoh spns8ltvtv x-v mode . reaulaled power supply bullt-!n cal8brator 
15 MHz DUAL TRACE PORTABLE OSCILLOSCOPE 

l<l<:al lor I~t.ld,Dench app1,callons. 11119 
scope cnn dlsplny up to 15 MHz s8gnals 

-1s IntPrnal ba1lr.r~ pack allows up to 7 
hours operation on a slngle charge 
Features Int.tude . bulll- in battery - charger 5 X  naroonlsl magnlftcat~on 

hlgh brqhtness CRT lront panel 
trace rotalor . tnlernal rechargeable 
battery pack 
2500 Portable Osclllosco~e NEW RAMSEV 

1200 M M  COMPACT 
MULTITESTER DIGITAL ?&-@ MULTITESTER 

i:l>,, k t ~ i ~ ~ ~ s ~ i l o r s .  dlodt-s and LED5 
W,II> tt>ls p r < i f ~ ~ s # o n a t  qualrly meter 
Othcr Ir!.?tc#rcn ~ncludo, dectbel scale 
20K voll mctPr8ng system . 3':" mlr- 
rnmd S C ~ ~ P  pnlartly swtlch 20 
mcasurlnq ranges . safely probes 
h ~ g h  smpact plasllc case $2495 1-1 ls.ds.nd 

battwy InclvdM 

1-1111111.4( t \ot:d re l~ , l l i l ~ ty  and accuracy 
1 III\ LCD 11~8lal mi~lttc.FI~:r easllv Ills ~n 
your ~ o c k r t  y o u  con l i tk<. 11 anywhere 
It Icalures lul l  overload pro1er:llon . 3'? 
dlgll LCD readoul . recessed mpul 
tachs . SAICI~ probes . dlodccherh 
funct#on . 7000 Ihuuls ballerv IhIe 

- -  

MINI KITS-EASY T O  ASSEMBLE, FUN TO USE 
BEGINNERS & PROS WILL HAVE A GREAT 

I TIME WITH THESE KITS I CT-70 7 DIGIT 525 MHz CT-90 9 DIGIT 600 MHz 
COUNTER COUNTER 

Color Organ 
Spe mtlslc come 
allvet 3 dllferenl 
lights l l tch~r wlth 
nlus~c One Ihght 
each l o r  h q h .  
mld-ranqe and 
lows Each ~ n d l -  
v~dual lv  sdlusl- 

E N '  MIKE 1 , , . , , . , . I . , .. . , . , , , I  * I , '. .dm,. . J..r 
. f.., , . . . . l , , , l .S%,4  Teah,,e5, 

. , .  
. 1.... . ' . " . , a  \. ,t,e.n<,.c,,o. 

" . < .  I.',. " I  . I ,  " O L I I I , I .  . , . . . ,n"(e ' U P . ,  , , D < ,  r,., . .. , , , . , . , . , 3 "  % l  . . 1 . 1  ,,,,,,.~.,.,., 1 A,,. , , ! . a ,  ,, 

1 1  ,111, 1119.95 1 ' * ' ,  ' $149.95 
HP .t 11, . # t >  I 1, i n g s  ,>" , , m  , 5 8 ' 7  ~ ~ L V ~ > I , t ~ , V , , . b . d .  59.91 

HI, 1 .  .,I ,.., . &  1.95 

CT-50 8 DIGIT 600 MHz 
COUNTER CT-125 9 DIGIT 1.2 GHz 

$1 8995 .... COUNTER 
C 1  ',I L I I  
"A  ! r,., ,.I\.?, ,a,,,,,,t,.? b! 

~1:;:: $1 8995 ;::$? 

ahleanddrldrt>p 
lo  300 W runs on 
1 I OVAC 

Complete hot. 
ML-I 
18.95 

F U  WlnbaMIb. KII 
1,,,.8,n,!6 "I1 I,, ?m I" 

i M I KII Sl.95 FM~?Ktl 11.95 $6.95 ,.hc.ooc.r ~ , ? n r  "8, L. I., 11 i.) rr 
Comnlrtr rm! 11,. ! (595 

DM-700 DIGITAL MULTIMETER 
Pr,,lrlslr>n $ 1  xi.. , . ,  I .  , f .  , ! . . I"#,.. re0 
,,,re5 ,"C, , ,~ , , .  .,,, !#,$, .. < , < ,! 1, ,drlc, 5 !""C. 

- -7~- ! ?>>->: -9 
PR-2 COUNTER PREAMP 
Inl .  PM i , ,  , I ,  a l , l ~ a r l r  * r  .,i rlgna!r 
lrom I$> la 1 I , , , I I  MtI1 lial .", .lr#q.lln . BNC 
C,,nnrc,nr, . 1.. .,,I ,,,. ?,,ll,,nu ill . ,o*a, 
,,.c..,"cl.TY ,, r...,,.," $4995 wlredlmludes 

LC adapl~r I un-I lmnr KII Mad Blasler KII Slrm K1I 
PCW,,CC~ upx.,rl~ ;,r,,j d m r , w . w r r  

I'rovldlsl I,>. Daur par15 and PC wall ChBratll.$l\l l( (I! II l lO i lCF  
I ,u,D~~! rc.llllltl.d ! ~ p r ~ ~ ~ d ~ a ~ o u r ~ ~  PIWIUC(.ILOUDI,.~~ rh.lllulln0and rlrvn 5 w ~x.;,. atidla ll~lip~i$ 8 ~ j r 1 s  
i l l  (lr+l(l\ l l l l~ l # m i # ! i o  :1n6 plils(, 811e1111011 0.111110 51II.ll IlhE s~,~lnd on 3-15 v,,lt\ ,,$r> 3 4 5  t#t,m 
,,<.?#,?ra,,c3<, ,,<,.> c,5c> #<" \W IC ,tr1*1 car1 %><U,,l" UP I , ?  15 W"!!, 0 4  SI*"ke.C 
, f I !  ! ~ ~ b # ~ u x ~ c ~ # i ~ , . ~ i ~ O l i ,  Runror~h l l .VM3 Conl~trlc kc1 SM 3 12.95 I 
Ill","<, r>rr<,r 

117-5 KII $5.95 MU ' m ~ 1 7 m l 1 -  % , , ,  . " , " .Il..l.l,i,.n ..,, l 
<,,r,*,,,..ll,.,.,,.I,lII l , ,  ,I- !,, > A,," ,') H 

311 Watt 2 mtr PWR AMP Power Su~ulv  Kit 
PS-2 AUD~D MULTIPLIER 
Iht ,P5-V, I , .,I , I  I , ,  j8 # I  , audio 
ICIDI"II"1. 8 I , . , , , ,  fl,l ,,, ,,.. 1,1, , !  ,I.,. ."[),"Ire- 
O,,P"C". Q1,.,>, 1111 i i L  I!.! 1 "., .,.. Il.mrnl* . 
ml,lllolelDr " 1  1" '"I . I l l , \  ,<, Il...rll"flon 6 
"lllll In I,9"," ,""l"',l r l l " O l l I 1 I I I . I  I 

. ~~~.~ ~ .. - 
Simple Clnv C r . rr .  am* ,,..,,,,,*\ ,' 1lllk.5 , l l l" l . ,  gal" 1 W Com,iir.le tr lpie ll.lili.lll -1 18,111'1 

,s1 for Bout :I W 8 8  Ih>r Ic ,  ool  I W # n  l t , i  .10u~il Me. a v l p ~ ~ !  3u~pt f  (,!ovmdu3 v,<<#,#t,lc C,> 18 v<tll% 

ur 35 w ~ncr~,dth\t  com~>letr r l t n  .,(I p'sttr irrr care at ?in m,l al,n - 5  ,)( , i , r , r ~  t xra,lb,n! 

an4 T R relay 10.0 r ~ y u r ~ ~ ~ n o  m u d  1111.unq an4 

 PA^?, rn w pwr nmp *#I  $2295 ;;;;,;:; ;L;; t;y;b;tw,? 
TR-I .  RF sensed T-R relay i ~ t  6 9 5  24 Vcl comp,e,e *,I r s . 3 ~  $695 
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amateur radio operating. Fresh, timely, practical and down t o  
earth reading for l i t t l e  pistols and big guns. Written by world's 
best in their fields. 

Includes DX News, QSL I n f o ,  160 m, DXpeditioning, 
Propagation, Awards, contest rules and results, Traffic- 
Emergency, FCC News, New Products, Antennas, technical 
ar t ic les ,  equipment reviews and modifications, computer 
programs, Radio Funnies, Club Life, YL, RTTY, VHF/UHF, Mail 
Room, Classified Ads and much more in a magazine format 
with the speed of a bulletin. 

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

"Your publication is superb! Keep i t  up!" 
Joe Reisert, W l J R  

"Your W2PV a r t i c l e s  are priceless.  Your magazine is super!" 
Rush Drake, W7RM 

"Let me congratulate you on a v e r y  impressive magazine. Just 
what I've been looking f o r  as a DXer and Contester!" 

"RA DIOSPORTINC, once rece ived ,  canno 
i t  is read from cover  t o  cover. Then re 

Subscription ra t e s :  1 year USA $18, Canada CDNS24, Overseas 
USS21; 2 years $33, $44, $39 r e spec t i ve l y .  Single issue $2 .  

TRY US1 SUBSCRIBE OR SEND $1 FOR YOUR SAMPLE COPY. 

W6SAI BOOKS 
published by Bill Orr, WGSAI and Stu Cowan, WPLX 

BEAM ANTENNA HANDBOOK 
Completely revised and updated with the latest computer generated informa- 
tion on BEAM Antenna design. Covers HF and VHF Yagis and 10, 18 and 24 
MHz WARC bands. Everything you need to know. 204 illustrations. 268 
pages. (~11985. Revised 1st editidn. 
I IRP-BA Sonbound $9.95 

SIMPLE LOW-COST WIRE ANTENNAS 
Primer on how-to-build simple low cost wire antennas. Includes invisible 
designs for apartment dwellers. Full of diagrams and schematics. 192 
pages. 01972  2nd edition 
I IRP-WA Softbound $7.95 

ALL ABOUT CUBICAL QUAD ANTENNAS 
Simple to build, lightweight, and high performance make the Quad at DX'ers 
delight. Everything from the single element to a multi-element monster. A 
wealth of information on construction, feeding, tunlng and installing the 
quad antenna. 112 pages. 01982.  3rd edition. 
I IRP-CQ Sonbound $6.95 

THE RADIO AMATEUR ANTENNA HANDBOOK 
A wealth of projects that covers verticals, long wires, beams as well as 
plenty of other interesting designs. I t  includes an honest judgement of gain 
figures, how to site your antenna for the best performance, a look at the 
Yagi-Quad controversy, baluns, slopers, and delta loops. Practical antenna 
projects that work! 190 pages. 01978.  1st edition. 
I IRP-AH Sonbound $7.95 

Please enclose $350 for shipping and handling. \@ 

BOOKSrORE 

on NEW and 
ELECTRONIC Equipment? 

You'tl Find Them 
in the Nation's No. 2 

Ektronic Shopper Maguzine 

NUTS & VOLTS 
Now in Our 5th Y i r  

Nuts & Volts is published MONTHLY and features: 
NEW STATE-OF-THE-ART PRODUCTS 
SURPLUS EQUIPMENT USED BARGAINS 

LOW COST AD RATES PRIVATE AND 
COMMERCIAL CLASSlFlEDS NATIONAL 
CIRCULATION NEW PRODUCT NEWS 
SECTION AND A FREE CLASSIFIED AD 

WITH YOUR SUBSCRIPTION 
SUBSCRIPTIOBI RATES 

done year-3rdClassMail . . . . . . . . . . . . . . . .$10.00 
D o n e  Year- IstClassMail.. . . . . . . . . . . . . . . .$15.00 

One Year - Canada & Mexico (in U.S. Funds) . . $18.00 
Lifetime - 3rd Class Mail (U.S. Only) . . . . . . . . . $35.00 

ORDER lOWt 
SEND: CHECK MONEY ORDER 

VISA MASTERCARD 

TO: NUTS & VOLTS MAGAZINE 
P.O. BOX I I I I-H 

PLACENTIA, CALIFORNIA 92670 
(7 14) 632-772 1 

Name 

Address 

Ctty 

State ZIP 

Card No 

Exp Date 

IF YOU'RE INTO ELECTRONICS, 
THIS MAGAZINE WILL SAVE YOU MONEY! 

Dealer lnqurrres lnvrted r /  192 

L 



TRAP VERTICALS-"SLOPERS":' .' 

'L.n,r  ,,M.I,M"lI*t.!, 
.(eo rdn b nuien I a~~trn ~ e t w n s n ~ a r  MAO* UY 

ALL lRAP  ANTENNAS are Ready lo use FaClOW assembled 
Commercpl Ouallly .Handle lull power - Comes complete 

wlln Deluxe Traps Oeluxe cenler conneclor. 14 ga Slranded 
Copperweld ant wire and End lnrulalors A'ulomalbc Band 
Swllchlng Tuner usually never requ8rsd For all Iransm9- 
lets Rece~vers 8 lranrce,ve!s For all  class amaleurs - One 
leedllne works all bands lnslrucl!ons included 10 day 
money back guarantee' 

! .  40 
, , a ,  Mi:., lil' 
:.,..,, >M, :WJ 

Includes assembly ~nslrucloons. Deluxe cenler conneclor, I 4  
pa Slranded CopperWeld Anlenna wlre and End lnsulalofs 

COAX CABLE: l~ncludes PL-259 connector on each endl 

. .< ,~,,#",<,",r 
r nil,#\ n ~,yntn,np ~r r rna  . ,, ., Y, ; 4'. "*<"U'1. 

DELUXE ANTENNA TRAPS: compleirly sealed 6 
~ e d l h e l p l o ~ l  So116 brass lermtnals Handles Full 

Power . NO lumperr - NO Soldarlng 
lnsliuctmns InCIUdea 

m L For 4-band Dopole Anl 
40/20/15/10 $36 OO/pr 

For 5-band Dipole Anl 
I .I 80/40/20/ 15/10 

Want to 
Advertise in 
HAM RADIO? 

Call Rally Dennis 
(603) 878- 144 7 
today for more 

information 

Barry Electronics Commercial Radio Dept. offers the Best in two-way commun~calions for Busi- 
nesses. Municipalilies. C~vil Defense. Broadcasling Companies. Hosp~tals. etc Sales and Sewlce 
for all brands: Maxon. Yaesu. Icon. Tad. Octagon. RegencylWilson. M~dland. Slandard. Un~den. 
Shinway. Fulilus. Seas. Spillsbury. Neulec. elc. Call or wrlle lor information 212-925-7000. 

f \ 
AMATEUR RADIO MAIL LISTS 

Sclf-:;l~ck 1x3 labels 
*** NEWLY LICENCED HAMS*? 

*** ALL NEW UPGRADES 
*** UPDATED EACH WEEK '*' 

Tolal L1s1 = 462 728 (ZIP soned) 
Plice IS 2.5 cenls cncli (4-up CIi0~hlre) 

BUCKMASTER PUBLISHING 
Mlneral Vlr lnla 23117 

703:89!-5777 

L 
/ 194 

SCOPE BUY-OUT!!! I r 195 OS-106lUSM-117 PORT- 
I 

~ ~~ 

.- - - ABLE SCOPE. rugged I 
rn~lllary DC 10 6 MHz ; i  , '"I! w"hMX.2996 
hlgh-gain plug In 
Sweep 0 I us l o  0 1 sec 
In 19 steps Sens~t~v~ty : I, ool..".lvl"l1 

"4c.a. sleos 115 VAC 60 Hz - 
8 5'. 9 8. 15. 20 Ibs sh 

Used-reparable yd55115 Checked #$I75 
OS-106 wllh MX-2995 dual-lrace plug-~n (less MX- 
2996) reparable 5165 Checked $225 
MANUAL lor USM-1 I 7  panlal repro 515 
MANUAL lor MX 2995 partla1 repro 512 

Prater F 0 8 Llms 0 . V l S l  MASTERCARD lcrepled 
Al low lor Shlpplng . Wnla lor la lesl  Calalog Supplemsnl 

lddress Oapl HR . Phone 419 221 6513 
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Indiana 
THE HAM STATION 
220 N. FULTON AVE. 
EVANSVILLE, IN 47710 
81 2-422-0231 
Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 
M S E  for New & Used Equipment List. 

Maryland 
MARYLAND RADIO CENTER 
8576 LAURELDALE DRIVE 
LAUREL, MD 20707 
301-725-1212 
Kenwood, Ten-Tec, Alinco, Azden. Full 
service dealer. 
T-F 10-7 SAT 9-5 

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. 

Michigan 
ENCON PHOTOVOLTAICS 
Complete Photovoltaic Systems 
27600 Schoolcraft Rd. 
Livonia, Michigan 481 50 
31 3-523-1 850 
Amateur Radio, Repeaters, Satellite, 
Computer applications. 
Call Paul WD8AHO 

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 

Missouri 
MISSOURI RADIO CENTER 
102 NW BUSINESS PARK LANE 
KANSAS CITY, MO 64150 
(800) 821 -7323 
Missouri: (816) 741-81 18 
ICOM, Kenwood, Yaesu 
Same day service, low prices. 

California 

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

Colorado 

COLORADO COMM CENTER 
525 EAST 70th AVE. 
SUITE ONE WEST 
DENVER, co 80229 
(303) 288-7373 
(800) 227-7373 
Stocking all major lines 
Kenwood Yaesu, Encomm, ICOM 

Connecticut 

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

Delaware 

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

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441 -7008 
Icom, Ten-Tec, Microlog, Yaesu, 
Kenwood, Santec, KDK, and more. 
One mile off 1-95, no sales tax. 

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

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-191 7 
Hours M-F 9-5:30, Sat. 9-3 

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

Hawaii 
HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Kenwood, ICOM, Yaesu, Hy-Gain, 
Cushcraft, AEA, KLM, Tri-Ex Towers, 
Fluke, Belden, Astron, etc. 

Idaho 
ROSS DISTRIBUTING COMPANY 
78 SOUTH STATE STREET 
PRESTON, ID 83263 
(208) 852-0830 
M 9-2; T-F 9-6; S 9-2 
Stock All Major Brands 
Over 7000 Ham Related Items on 
Hand 

Illinois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-5181 
Hours: 9:30-530 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 
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Texas 

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

KENNEDY ASSOCIATES 
AMATEUR RADIO DIVISION 
5707A MOBUD 
SAN ANTONIO, TX 78238 
Stocking all major lines. San Antonio's 
Ham Store. Great Prices - Great 
Service. Factory authorized sales and 
service. 
Hours: M-F 10-6; SAT 9-3 

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 9-530 Sat 9-3 

'MULTI-BAND SLOPERSw 
ALSO'DIPOLES L LIMITED.SPACE ANTENNAS 

OYtftandlng porlormance o l  ~ ~ I N N  antennas IS well known~ Now sn- 
.lo" mulllbandBIO-SIGNAL r s p o r l ~ l  Aulm.llc C.mcLswllchms Volr 
low SWR 'Coax lssd.  3kw power . Como.cl. VLLY ASSEMBLED 
10 ID", SLeCllled canter Irequsnclsachband . E i a V  lo  8nSl.ll . V a l "  
low prollla . Complsle lns l rvcf~onr  .Your personal r h s s h ~ P t a d  
4 BAND SLOPER - 160.80.40 30, or 20M 60 11 long I 48 3 
3 .. .. - ,eO. 80. 4OM 
2 " " - 80.4OM 

60 11 . 1 43 .. 
40 11 .. S 35 .. 

3 2 .. " NO-TRAP .. .. DIPOLE .. . . 160. 80, 80. 'OM 4OM 11311 long 
8511 f :: :: 

2 E,".9,.:9:~::f22I:A~:;:i,:"09 : " d Y 1 ; " . M M ~ l h O ~ ~  8Sppd 

SEND SASE lor complete d a t a ~ ~ s  01 theso and other usqus ~ n f e n n a t -  

fl 196 BOX 39PH'1N%. $&%!PC$ ,L 600;: '*' "" b 
h 

Sub Problem? 

Contact Sue. She'll 

fix it for YOU! 

(603) 8 78- 144 1 

Ham Radio 
Greenville, N. H. 03048 

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 
RIVENDELL 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 K2KJI 
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 KA2QEP 
Jim N2GKW 
VlSAlMastercard 
Belden Coaxial Cable 
Amphenol Connectors 
Hours: 9:30 am-7:00 pm 

New York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 
VHF COMMUNICATIONS 
91 5 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 Rockingham Road 
Greensboro. NC 27407 
1-91 9-299-3437 
9AM to 7PM Closed Monday 
ICOM our specialty - Sales & Service 

Ohio 

AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE. OH 44092(ClevelandArea) 
21 6-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (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 1 OAM-9PM 

Sun 12-6PM 
We buy and sell all types of electronic 
parts. 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG (COLUMBUS), OH 

43068 
61 4-866-4267 
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 5-357-1 400 
Same Location for over 30 Years 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON. PENNSY LVANIA 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: 1-800-238-61 68 
M-F 9-5; Sat 9-12 
Kenwood. ICOM, Ten-Tec, Cushcraft, 
Hy-Gain, Hustler, Larsen, AEA. 
Mirage, Ameritron, etc. 





OPERATING EVENTS 
"Things to do . . ." 

November 9-11: A F A R., the Armored Forces Amateur Ra 
dlo Net w~ l l  operate a specla1 event statlon, 1700 UTC 11 '9 to 
2400 UTC 11/11 All bands. # I0  SASE to WBlDWR. 16 Ber 
keley C~rcle, New~ngton, CT 061 1 I 

December 6: The Unlvers~ty of Idaho ARC. W7UQ. will hold 
11s 2nd annual Alunlnl Reun~on on the Air, 20002. December 
6 to 04002 December 7 All Arilatr?tlrs, ebpecmlly U of I a lum~t~ ,  
are ~ n v ~ t r d  to part~clpate L~sterr for 'CQ Reun~orl" QSL jvaula 
ble by sendtng SASE vca callhaok address For rrlore ~nforrna 
tlon contact W7UQ 

November 9. In observance of Veter~n's week, rrlembers of 
the Hamfesters Rad~o Club, Ch~cago, w~ll operate from the Henes 
VA Hosp~tal's Robert K "Pappy" Wade, K9CDH Mernortal Ham 
Shack m!ng Hme's club call K9WFN 15002 l o  03002. 40. 20. 
2 meters FM and USE Send QSL. QSO number dnd 9x12 SASE 
wllh 39 cents postage to Hamfesters Rad~o Club, Inc , C h ~ c a ~  
yo, c i o  Robert K "Pappy" Wade Memorial Hani Shack BId 
8, Htnrs Veterarrs Admlri~strat~oti Hosp~lal. Hlnes. l l l~no~s 60141 

November 15. The Laurel, MD ARC wilt operate K3LDE from 
13002 to 23002 for the rurlltig o f  the Wdshlr~gton 
Internauonal Horse Race Setid QSL contacl nttmt~er and # I0  
SASE for cert~ftcatr: to. LARC. 1120 12th Street, Laorel. MD 
20707. 

W.E.C.A. (Westchester Emergency Cotnrnuti~cat~or~s Assocla~ 
tlonl lnltlates Equ~pnlent/"Elmrr" Banhs to help new hams get 
011 the a6r Marc: ~r~forlnat~orl wrltr. the. c I \ ! h  a t  PO flox 131. North 
Ti+rrytown. NY 10591 

AMATEUR RADIO RESOURCES 
DIRECTORY 1986-87 
Have a questlon that no one can answer????? Fred w~ l l  
The wh~te pages llst the folks who can answer any 
Amateur Rad~o related problems or quest~on you m~gh t  
have ARRL Directors Vlce D~rectors Assistants Adv~sory 
Committee members held voluriteers VEC Volunteer ex 
amlners all organ~zed geograph~cally by ARRL Dlv~s~on 
The Blue pages contaln a QST 10 year curnulatlve tndex 
QEX and Gateway b~bl~ographles TIS ~ n f o  and morel Every 
ham should have a copy of t h~s  book ~n the~r shack 
1986 

AR-FRO Softbound $9.95 

QRP HANDBOOK 
by Doug DeMaw W1FB 
The thr~ l l  of worklng a rare one uslng a QRP rad~o 1s hard to ex 
plaln It  can even be more thrllllng ~f the rad~o IS unsophlstlcat 
ed and homebrewed The QRP Handbook stays away from 
heavy techn~cal dlscusslons and formulas and glves you In a 
plaln easy to read format all the essenttals you need to bu~ ld  
your own QRP gear SIX chapters cover The essent~als of 
recelvlng the world of QRP transmitters QRP accessory gear 
QRP transcelvlng the QRP workshop and QRP operatlng An 
append~x glves suggested books magazlne artlcles and parts 
suppliers (r) 1986 86 pages 1st E d ~ t ~ o n  

IAR-QRP Sonbound $5 00 

THE RADIO AMATEUR'S MICROWAVE 
COMMUNICATIONS HANDBOOK 
by Dave lngram K4TWJ 
Explore Amateur Radto s last front~er Thls book IS the f~rst  to 
glve thls ever expanding area of Amateur communlcat~ons 
unlque treatment Covers communlcatlons equlpment for 1 2 
2 3 10 and 24 GHz networking and data packetlng concepts 
w ~ t h  spec~al attent~on to 24 GHz systems des~gn parameters. 
rf and env~ronmental cons~derat~ons, system des~gn for future 
growth and modlf~cat~on, projects and much more TVRO and 
MDS also covered 1985 184 pages 1st e d ~ t ~ o n  

IT-1594 Softbound $12.95 

GIL-A COLLECTION OF 
CLASSIC QST CARTOONS 
drawn by Phtl "Gil" Guildersleeve, WlCJD 
From the late 20 s through 1966 GII contributed over 
1500 draw~ngs and covers to QST Hams around the world 
recognize Jeeves the handy man who could handle lust 
about any project and can ~dent~ty  members of the~r clubs 
In GII s F~eld Day covers Fun read~ng for newcomers- 
nostalgia for old tlmers-great readlng for all1 1986 
110 pages 

IAR-GL Softbound $5.00 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Hadlo Austria 
Karln Ueber 

C lnada 

Posttach 2454 
S ~ n d  ordc rs 10 

D 7850 Loerrach 
Ham Radio Magarrne 

Wesl Germany 
Greenvllle NH 03048 USA 
Pr ces 8n Canadian tunds 

Ham Radlo Belgium 1 yr $41 85 2 yrs $74 25 

Stereohause 3 y r r  $99 90 

Brurrelresteenweg 418 
B 9218 Gent 
Belgium 

Ham Radm Italy 
Ham Radio Holland Vna Manla o I 5  
P051bu9 413 120134  no 
NL 7800 Ar Emmen Italy 
Holland 

Ham Radio Europe 
Box 2084 Ham Radln SwlIzerland 
S 194 02 Upplands Vasby Karln Uebrr 
Sweden Polllash 2454 

Ham Radlo France 
D 7850 Losrrach 
West Germany 

SM EleClron8r 
20 015 Aue des Clarlans 
F 89000 Auxerre 
France Ham Radio England 

Ham Radlo Germany 
c/o R S G 8 

Karln Ueber 
Alma House 

Po~tIach 2454 
Cr.mbarne Road 

D 7850 Loerrach 
Pollere Bar 

West Germany 
Herlr EN6 U W  
Enqtsnd 

RADIO HANDBOOK 23rd Edition 
by Bil l  Orr W6SAl 
Prom~sed lor itellvery In late October-we're no1 bell ing on it 
though. Your order wtll be shipped tmtned~ately upon rece~pt 
of Inventory from Howard Sarns 
Here are some of the h~ghl~ghts of this exc~ting new ed~ t~on  
New easy-to-use charts for Chebyshev and ellhptlc f~lter conf~g- 
uratlons, new data on power MOS-FETS, how to use state-of- 
the-art OP-AMPS, and home computer RTTY to name lust a 
few examples New projects Include GaAsFET preamps for 
902 ,dnd 1296 MHz, easy-to-bu~ld aud~o CW t~lter, Economy 
two 3-5002. 160 meter ampl~fler, multtband amp using two 
3CX800A7's, and a deluxe arnplif~er w ~ t h  the 3CX1200A7 tube 
New antenna projects Include e f f~c~en t  Marcon1 design for 160 
and 80 meters, computer generated dimensions for HF-Yag~s. 
and ;I 2 meter slot beam Also all the other lnformat~on you 
count on Bill Orr for1 You deserve the latest Rad~o Handbook 
Reserve your copy today 23 edlt~on 7 

I 22424 Hardbound $ZH& 
Pre-Publication SPECIAL $19.95 Save $5 

OFFER EXTENDED TO 
DECEMBER 15,1986. 

TROUBLESHOOTING AND REPAIR OF 
MICROPROCESSOR BASED EQUIPMENT 
by John Lenk 
Repa~r~ng microprocessors can be a n~ghtmare Th~s text 
prov~des a s ~ m p l ~ f ~ e d  and pract~cal approach to 
troubleshoot~ng uslng the author s wealth of experience and 
years of accumulated tr~cks of the trdde Bas~c approach 
IS prlmarlly tor worklng techn~clans and f~eld servlce en 
glneers Students w ~ l l  flnd 11 to be an excellent reference 
gu~de Some selected top~cs are test equlpment f l ~p  flop 
reglster gate and IC troubleshoottng and current flow 
analysis 1st e d ~ t ~ o n  1986 250 paqes 

122476 Sottbound $21.95 

UNDERSTANDING ADVANCED SOLID STATE 
ELECTRONICS 
The Integrated clrult has had a profound effect on all of 
our ltves Th~s new book covers all the malor benel~ts of IC 
technology for the exper~menter hobby~st and electronics 
techn~c~an Easy to understand and fully illustrated th~s  
book starts wtth a revlew of IC technology and log~c 
clrcults It also covers log~c cells and arrays mlcroproces 
sors, d ~ g ~ t a l  slgnal processing graphlcs and communlca 
tlons processors plus much more Also Includes a 
glossary complete Index and chaper revtew questions and 
self test 1st Fdltlon 1986 272 pages 

TI-UAS Softbound $14.95 

ARRL 1986-87 Repeater Directory 
F~ts In your sh~r t  pocket 3' /4"  x 5'/4" 
Over 10 000 l~stlngs from 28 MHz to 10 GHz 
Latest Info on all repeaters 

Also lncludes CTCSS (PL) tone chart VHFIUHF and Repeat 
er Advisory committee addresses speclal mode repeaters 
(packet and ATV) band plans repeater operatlng practices 
ARRL Frequency Coord~nators, and Spec~al Servlce Clubs 
I AR-AD86 Softbound $3.00 

DX-ING 
COMPUTER PROGRAMS 
by John Devoldere, ON4UN 
for Apple II, MS-DOS and Kaypro CPM Computers 

Brand new. Just released! 

Here's a collect~on of super programs wr~rten by ON4UN Just 
about every interest or need is covered Programs Include 
sunr~se/sunset, great circle d~rect~on and d~stance, grayline. 
SWR calcutat~on and iterat~on. RClRL calculat~on, parallel 
~mpedence. hortzontal antenna wave angles, lumped constant 
loaded verticals. design of capaclty hats for verticals, mutual 
impedence calculat~on, voltage along feed line Iterat~on, feed- 
lhne transformer, shunt Input and serles Input network Itera- 
tion, L network des~gn plus much more. Phew1 When you s ~ t  
down to use th~s,  you'll be amazed at what you have One of 
the best values In computer software available today. I 1986 

UN-Apple $19.95 
UN-MS $19.95 
UN-CPMIKaypro $19.95 

THE 1987 ARRL HANDBOOK 
FOR THE RADIO AMATEUR 
The latest edltlon of the Ham's b~ble has been updated w ~ t h  
plenty of excltlng new prolects, new theory and lnformat~on 
chapters and the latest ~n state-of-the art technology Check 
out these new features Passlve LC f~lter des~gn lnclud~ng stan- 
dard value capacitor tables, overvlew of 23cm FM fast scan tv 
nedtner sate...te baslcs a contplete rev,s,on of the rad~o Ire- 
Q - ~ ~ I C I P S  and ltdnsm~ss~otl sectloa (cnaptcr 22) dl10 satell tr 
c o ~ ~ i ~ i i . ~ n  cat,orts sccl or] (cnaprer 23 I Some o f  me exclllntl 
nci. uro ects arc a new r l F  eaa I m I, dl band atrlu 11 el LSI~IU 
the 8877 tube, a ded~cated CRT for Wefax image display and; 
new marker aenerator Drolect for aeneral ouroose use to name 
just a select iew Over 200 pages have been iev~sed an updat- 
ed Great reference book that should he tn everv Ham's shack 
Order your's today1 Over 1100 pages 1986 ' 

AR-HB87 Softbound $17.95 
AR-BE87 Hardbound $26.95 

(available ~n December) 

NEW CODE TAPES FROM AVC INNOVATIONS 
by John Karpicke N9AVC 
OSO TRAINER 
Thls tape has been des~gned to teach you to copy corn 
plete words Instead of letter by letter, slmply wlth a mlnl 
mum of effort and fuss Us~ng the standard QSO format 
beginners and old tlmers al~ke will flnd that the~r code 
speed will Improve drarnat~cally as they learn the secrets of 
word copylng For years, htgh speed pros have used thls 
trled and true method-learn the~r secrets and loin the fun! 
Two 60 m~nute tapes complete w ~ t h  lnstructlon sheet 

IAVC-OT $14.95 

OSO MASTER 
Takes you past the General class code requirement and 
heads you toward the Extra class tlcket Four th~rty mlnute 
programs cover 8. 10 12 and 14 wpm Two 60 rnlnute 
tapes wlth ~nstructlons 

AVC-OM $12.95 

QSO PRO 
One more lump and you've got your Extra1 These tapes 
are des~gned w ~ t h  that goal In m ~ n d  Maxlmrze your copy- 
Ing skllls w ~ t h  four programs that cover 16 18. 20 and 22 
wpm Two 60 mlnute tapes w ~ t h  lnstruct~ons 

AVC-OP $12.95 

Please enclose $3.50 to cover 
shipping and handling. 

ham radioAWaztm~ 
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Touch -Tone control" 
The ITC-32 Intelligent Touch-Tone Control Board 
is the onlv decoder with the Dower of a built-tn 
mlcrocomDuter Thal means max~m~zed capabll t ~ e s  
at a ComDetlttve or ce Features nclude 28 remotely 
controllable oulp'uts, sense and alarm inputs. and 
command acknowledgement In Morse code. Plus 
basic repeater and remote base control lunctions. 
bullt-ln. 

Strengthen the foundation of your Touch-Tone 
remote control system. Don't senle for a 'dumb' 
decoder, when lor lust a linle more you can have 
the power of ACC working lor you! 

To order. use MaslerCard Vlsa or send 5275 plus 57 50 lor 
UPS all shlpplng. Calllorn!a lestdenls add sales lax Speclly a 
comnland cod!, prel\r (between 1 and I d~qrlsl, and a callslgn 
11 lot ,epeate! usc 1" nrdrl llle manual oolv lust send 510 00 

I crcc advanced 
computer 
controls. ~nc. I 

SSTV SOFTWARE 
Introducing A New Dimension 

In SSTV 

Gest V i d e o T o o l s  

-MS/DOS based advanced software 
package for 1200c Robot users. 

-Create/transmit your own high resolu- 
tion graphic Images. 

Ful l  yalnt Package Features:  
-65K on screen  co lo rs  o u t  o f  a range of 2 5 6 K  
-ICOM-based menus, mouse-drlven, easy  to 

learn, easy to use 
-Over 70 tunc t lons  
-Enlarge, reduce, save. load  v ldeo  I m a g e  a n d  

Image f ragments  
-Combine video Images, graphlcs a n d  t e x t  
-Full l m a g e  processing lnc lud lng  nolse reduc-  

t ion  f l l te rs  
-Save Images, llve o f f  a i r  
-Anlmat lon 
-Zoom 
-Full func t ion  r o b o t  c o n t r o l  th rough software 
-Auto I.D. 

Now available to amateur market 
Send check or money order. $599 

per system to: 

Torontel Technology 
Systems Ltd. 

174 Bellamy Rd. North 
Scarborough, Ontario 

Canada M 11 2 L 5  
416-292-9952 198 
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ADVERTISER'S INDEX AND READER SERVICE NUMBERS 
Listed below are Ihe  page number and reader service number for each company advertising in this Issue. To get more 
informallon o n  their advert~setl protlucls, use !ha hind in card lounr l  elsewhere in t h ~ s  issue, selecl the correct reader 
service number fromeltl ler thead o r  this lisfing. check o f f  the numbers, fill ~ r r  your nameandarldress. altm a postage 
stamp and return to us. We wil l promptly forward your request to the advertiser arrd your r,?q,#eslrd ,nformat~on 
should arrive shortly. 11 the card is missing. send all the pertlnent ~nformat,on o n  a separate shept of  pap?, to: h.lnl 
radro magarme. A m :  Reader Service. Grcenville. NH 03048. 
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154 - Advanced R~celver Resenrch 
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150 -Amaleul Wholnsale Eleclron~cs 

155 Amtdon Ansoc1a1c.s 

185 . AMSAT 

200 Anllque Eleclrontc Supply 

I60 - ARRL 

139 - AslronCarp 

152 - A~ot8c I h d ~ ~ l r # e s  

' Bane, 8 Wdbarnson 

- Berry Elactrrbn~cs 

I71 . BLIC~~~TIPI Publlshtnq 

194 - Buchmasl~r Publ1sh8ng 

148 . Burghatdl Amalrr~r Crnlrr 

Bullernti! Elartron~cs 

' Caddclt Cod Corp 

I 78 . coi+xlrll nynamlcs. tnc 

183 Cnmmuh~cal~on Concepls. Inc 

202 - Commu!l~cal~ons Speclal8sls 

166 CTM 

133 C#lshrrnlt Corp 

128 - Cushman Eleclron~cs Inc 

' Dtrk Sm~th Elrclron!cs 
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I26 Doppler Syslrms 

177 Down E ~ s t  M~crawav~ 
182 FriE In, 
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195 F,mr Ranlo Sa1r.s 
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' H,lm Radar, Maqazutc. 
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140 ICOM Attwrlca. lnr 
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145 - Nel Tech Labs Inc 

164 - Nemal Eleclrantcs 
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176 Pnc,llc Rlm Commun~cal8ons 

151 - Palornar Engnnrers 
206 Pllgrlm Vldon Products 

174 - Plpo Communratlons 

159 Prwrssor Concrpls 

179 Thp PX Sll.3ck 

157 OEP'S 

147 . Radro Amalcur Callh<mk 

156 Radlokll 

191 Raa(r15wr11ng 

190 Ramzry Elec~ron~cs. Inc 

180 . RF Ptaducts 

I88 . S Corn 

' Sppc.Com 

125 - Sperlrnn8rs 

107 Sll?clrum Inlernal~onnl 

I93 . Spl Ro Manulilclur~ng Inc 

130 - STVlOnSal 

175 S"lIr0nl~s 
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167 Telewavc lnr 

129 Texas Mnqnrltrs Corll 
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171 Vilrlan 
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127 W#~Comm Etrclront~s. Inc 

137 W~r l r l  T w h  Prmt r l s  

703 Yarsu Elri-lr<lncrsCa#p 

PRODUCT REVlEWlNEW PRODUCTS 

304 Aclvln~ ed C o n r p ~ ~ l , ~  Cn,xlrnl% 

372 Amrco P ~ ~ h l ~ s h ~ n q C o r ~ r  

317 Cnrnm~1n1rnl~nnrS~~~r1.1I1~1.i 

307 C<lmlc~.l Sysl+?rnb lrlr 
' H,>nt R.a~l4cs ~, 13nnk%Ior>, 

3111 Hoall~C~ln~l,.llly 
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313 Lars<-n Elrc Ironic,. 

301 Mrrdqs:KLM Comm~rne.tl~orrs 

319 Norlh Am?rlr;an Sun, Corp 
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l l v i ~ r  8 000 ~ ) l t l  L,ltlrc3 I Y i O  
0 5 200 MHz bandw~dth r/ 199 

19 dB qaln 
50 r j  ~n~output 
Increase senslt~vlty of receivers or 
counters 
Built, tested 8 ready-to-go 

ONLY 59.95 PPD 

(:i~t~i~),trt des1i111 pol kl, 

Measures frequency l ror i i  
MHz to w11hln 1 kHz 

Bu~lt-~n telescoptng 
antenna 

Uses 1 standard 
9 volt banery 
All units pre-tested and 
calibrated to 001% 

Protesslonal and dependalil~, ~ ~ c r f o r -  
mance at a low cosl 

ONLY $49.95 PPO 

m 

TUBES-2,000 TYPES 
DISCOUNT PRICES! 

New 10-pg wholesale calalog lor the rad~o 
~nIle~!or/hnbby!~1 Anllqlre, hard.lo-flnd and 
modern lubes Also Iranslormers. capacitors 
and parts lor tube equlpmenl. and books. etc 

Antique Electronic Supply 
688 W F~rst Street 
Tempe. AZ. 85281 

6021894-9503 

Port:tble radios can be a And because it  is inherently 
tradcul'l: In return for mobility resonant. the KDl4-HW can 
you get loss of pcrf'om~ance. also bc easily reniotcd with a 

Well now you can cut your length of corn. 
losses si ificantly All you Tic KD14's Ilcxiblc, easy- 
need is tE new  en UHF to-get-along-with radiating 
Kul,DUCKIEUu KD 14-HW element n~casurw a scant 12 
half-wave antennaqt's a inchcs. At the base is a 3% 
niouthf~tl but it'll do your ears inch inipcdancc transformer 
a lot ofgood. that gives added strengh. 

lkcause it's half-wavc, the 11e KD I4 half-wave sent3 
KD 14-IHW is fully rcsonant is  also available in a collapsa- 
despite the gax,ground ble 2-nicter version. 
plane porta les 'ire faced Cut your losses and 
with. Under ideal ground improve vour g i n  when I plane conditions, i t  delivers you operate with the new 

pcrfbm~ance equal to a full La~sen UHF KuLUUCKIE"" 
quarter-wave. And that's a KI) 14-H W, with no-nonsense 
powerful improvement over wctmntv. You can SLY i t  at 
most portable antennas! your favorite amateur deala. 

m *For units with BNC output. 

I r 201 The Amateur's Professional'- 
See your favorite amateur dealer or write for a free amateur catalog. 

lN(lc,A I ,t?,, 8 ,  1 8 c , , , > , ,  ,. I,, 1 \ < , 1 \  N f z,O!l>Avf, P <  I l i , $ s  ! / ,XJ  V,4r<< % # , l v v r  V$?VtHfsl>t! , 'tl l ,  ' - 7  < ?I?? 

IN CANAl I i i  I .~!%.ltl~,iv 1 . ~ r s . w  t I'.< l r n r ~ i i  ., I x t l  l d c l  Wv-1 6118 Avr, V.IIII IIIIVVI t I  ( VClY 1K3 1,114 H I ?  R 5 1 i  

1nr3$.1 N. & , , I  1 4 i ) n .  ANIIK,,I II~I(:KI~ . AI+I HI GIsTrnf I )  ~RADIMARKS(~F I ~ f i ' i t ~  FI CCIR(?NICS INC 
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A fresh idea! 
Our new crop of  tone equipment i s  the Sreshc\t thing growing in the cncoder/decocIer 
held today. All tones are instantly programmnhle hv \elling a dip switch; no counter 
i s  required. Frequency accuracy i s  astonishing : . I  117 over all temperature eutrcmes. 
hlultiple tone frequency operation i s  a snap \ince the clip \witcli nlay be remoted. 
Our TS-32 encoder/decoder niay be programmed fq)r any of  the 32 CTC'SS tones. 
The SS-32 encode only model may he programmed for ;rll32 CTC'SS tones plus 
19 hurst tones, 8 touch-tones. and 5 test tones.And, o f  course, there's no 
need to niention our one day delivery and one year irnrrantv. 

p-*COMMUNICATIONS SPFCIALISTS 
-120 \ \ < , I  1;1Il : \ \c l iu~ . .  O~;III$C. ( ;111Iorn1;1 Y 2 0 6 7  
( b 0 0 )  S5J-O~47~( ' : i l i Io r1 i i ; t :  (714) Y 9 X - 3 0 2 1  

[--I p 7 1 0  202 
---1 SS-32 529.95, 1's-32 $59.95 



IVII ;~ffordal)lc r:~dios in one- that's A 
pacnks our host HT know-how irito 
onc cnnlpiict dcsign. At a price 
that's in stclp wit11 voor ham 

i 
with ;I powcrfill 5 watts i)n both 
2 ~not r r s  ; i ~ ~ d  -140 MHz.  

Work thc hnntls quickly 
arid ct;~silv with a wtlalth of 

c J ~ ~ n ~ p  1)etwern the srparate 
\'HF and IIFIF \'FO rtlgist~rs. Pn 

frrclr~rnc*!; and ton;lrnc-ode/dcc.ode 
infor~natinn. (Four mrniorirs 
rrt;~in nlpeatt>r shift data). 

Scan thcl rnt>mon. channels. 
t l l t l  rntiro hantl, or a hand seg- 
menl. And nltllrll to ariv special \ 
frtlrl~~rncy wit 11 t h r  priorit; feat,u~ 

['st1 link r~~nr; i tc~rs  I)v nroaram. 
wing TN o n  o h  I ) ; I I I ~  RY on I 

i ~ n c ~ t  11rlr. 
('onsrrvr p o w t ~  with the bat- 

tory s:lvrr. I t  lots you monitor silrntly 1 
\r.l~ilo tlra~iing nc~gl~gihlr c4urrt>nt. 

And mr;lsorcl your 1);ttt~ry 1 ~ ~ ~ ~ 1  
, with th r  digital h a l t ~ r y  voltmeter. 

Thtbre.h cvtm ;I "[,OM Hattcry" LED. 
Firinll!; your c~prration is 

rc~rrndrrl o ~ ~ t  w ~ t h  f(1iitort~s like I'OX 
capi~bility A onr touch rrpcilter 
rcvclnr sw~tch.  An L(:Drpndout with 
ill~~rn~niitiori lamp. A higt~llow power 
switch. lirmotc cAonipllttlr c.ontrol 

I rapat~ility. An nptioni~l ClTCSS mod- 
ultl. And Yarsu:~ f ~ ~ l l  lint. nf optinnal 

/ accc~ssoric~s. 
So s t ( y  111) vo11r operating c?p;i- 

hilitv nou with thc logic,;~l c~lro~c~r. in 
HT opc'rat ion. 

Ya'ncso's drral-hand FT'ZBSR. 

Yaesn USA 
17210 E(i\\tir[lq l l t ~ ~ ~ c l ,  ('tnrrilox, (?A !Jniol 

( 213) 404 2700 
Cclstorntar Service: (2l:l) .III.I .IX%l 
Parts: (?I:{) 4114 - I%l i  
Yaesu Cincinnati Service Center 
!Ill70 ( ; I I I ~  I'iirk l)rivt*, 1fii111il!t111, Of1 451111 
( 51:{) 87.1 .:~lllO 



Hear it All! 

~ i g h  performance receiver 
THE high performance receiver is 
here from the leader in communica- 
tions technology-the Kenwood 
R-5000. This all-band, all mode 
receiver has superior interference 
reduction circuits, and has been 
designed with the highest perform- 
ance standards in mind. Listen 
to foreign music, news, and com- 
mentary. Tune in local police, fire, 
aircraft, weather, and other public 
service channels with the VC-20 
VHF converter. All 
and more is yours 
R-5000 receiver! 

this excitement 
with a Kenwood 

Covers 100 kHz-30 MHz in 30 
bands, with additional coverage 
from 108-174 MHz (with VC-20 
converter installed). 
Superior dynamic range. Exclusive 
Keriwnotl DynnM~x'" system ensures 
an honest 107 dB dynnm~r: range 
(14 MHz. 500 H7 b;~ndw~dtti. 50 kHi  
spaclny ) 

e I!.)',) ; : - , t . ;  - , w r y  : : ; - , 3 , , , . ,  . .. ',i , I* .  , , , # , , j , , ,  

I I < ~ L I ~ ' I I ~  y, , ~ r i t ~ ! r i r ~ ,~  '~I,I~:[.~IoII. 
Voice synthesizer option. 
Computer control option. 
Extrern~?ly stable, dual digital 
VFOs. Accurate to 510 pprn over a 
W I ~ ?  terr~pf?rature range. 
Kenwood's superb interference 
reduction. Opt~onal lrlters further 
enhance st?let:t~v~ty Dual nolse 
blankers hullt-ln. 
Direct keyboard frequency entry. 

R-2000 .. ., I , .  , . , .., 8 . . . I 

_ . .  . :  .. . . , ,  . . I . , , . .  I .  . .  . , .  I . .  

, .... I . . , .  . . . . ,  
1 .  . ..' . '  .. 1 .  . . , ... 

I : . ,  ? , , .  . .. . 

Versatile progra innlng, 
wlth center-stop tllntnr, 
Cho~ce of either h ~ g h  or low 
impedance antenna connections. 
Kenwood non-volatile operating 
system. I-~thlum battery backs up 
meniorles; ;dl funct~ons remaln Intact 
even alter l l th~um cell explres. 
Power supply. built-in. Optional 
DCK-2 allows DC operation. 
Selectable AGC. RF attenuator. 
record and headphone jacks, dual 
24-hour clocks with timer, muting 
terminals. 120/220/240 VAC 
operation. 

Optional Accessories: 

*VC-PO VHF ronverfcr fur 108-174 MHz 
nper:jl~on Y K  iiHA 1 6 k H r  AM hlter 

YK-8RS 7.1 kt-I; SSB Itllr!r YK-eRSN 1.8 
kH7 n;lrrnw :;\fi I~l lr~r YK-88C 500 Hz CW 
~ I I I P ~  YK 8hC'I.l ; '7li  H/ rinrrdw f l l f ~ t  

DCI< ? I)C prlwer rablc. HS-5. HS-6. 
H5- 7 l i r ; t r l [ ~ t i  n?:, MD 430 rnoblle bracket 

SP 4.10 + , x f l ~ r ~ i ; ~ l  !;~~fv~kt,r VS-1 volce 
syrIltic~,i/~~r IF :'.'+?C/IC 10 cornrluler 
1r1t~rl:ii il 

Morr  ~nforni;l'inn on the R-5000 and 
R-2000 I:; nv;~~lrtble Irorn Author~zed 
Kenwootl Drxrlrrs 

TRIO-KENWOOD COMMUNICATIONS 
1 1 1 1  Vl.1 '.'/.IIII~,I .I l~.l I 
~ , , I ~ I I ~ I , , ~ ,  I ,III, j ~ , !  s ~ ~ ~ . 7 , ~ ~ o  
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