


ROCK SOLID 
"The seven IC-735's used at P40V 

performed well. Their excellent 
dynamic ran e contributed to our 

champion!" 
9/ victory at P40 . The IC-735 is a true 

Dale Green VE7SV 

ICOM's IC-735 is the world's most popular 
HF transceiver for three simple reasons: 
Performance, Size and Reliability. With 
the highest performance, smallest size, and 
best customer satisfaction of any HF 
transceiver, the IC-735 is the undisputed 
champion for fixed, portable or mobile 
operations. 

Field Proven lOOW Transmitter \v~th  
101)' duth c! cle. l'roudly backrd h 
ICOM's full one-year ivarranty. 

105dB Dynamic Range Receiver 
inslutles  assba band tuninrr. IF notch. 
adjustabie noise blanker:Bnd seml or full 
cn' QSK. 

Conveniently Designed. Measures only 
3.i"l-l by 9.5'W by YD. Great for mobiling 
or portable operation! 

Optional AH-2 Automatic Tuning 
Mobile Antenno System covers 
3.5MHz-30hlHz. 

All HF Amateur Bands and Modes 
transmits all V.S. HF amateur bands. 
General coverage receiver. 

12 Tunable Memories operate and 
reprogram l ~ k e  12 separate VFO's. 
Supreme flexibility! 

/ 200 

A d d i h d  Options: SM-8 or SM-6 
desk mic, PS-55 AC p e r  su ply, AT-150 R automaticantenna tuner for aseoperation. 

KOM's K-735. . .the radio with the 
rock solid re u t a t m !  See it today at your 
local lCOM ! ealer. 

KOM Amer~ca Inc 
2380 11 6lh Avenue N E Bellevue WA 98004 
Customer Samce Hatltne (206) 454-7619 
31 50 Premier Dr~ve Sunp 126 lw~ng TX 73263 
1777 Phoen~x Parkway Bne 201 Ananla GA 30349 
'COM CANADA A D~vtson 01 ICOM America Inc 
3071 - 85 Road Unn 9 R~chmond 8 C V6X 2T4 
All dalm s w ~ h c a l ~ m s  s u t w  lo c h a w  vmnut mlce w obl~gatm All 
KOM radtm uqndKanHy rxcPerl FCC rrgulal m$ lwnn~nq wuous 
mlwonq " W R 9  

ICOM 
First in Communicat ions 



Choice Selection. 
Now you can have it all! 'We all the qualities you've come to depend on in : - : . ; (  fkd on thetimepmn 
our p m m a h l e  CTCSS tone equipment: Astonishing Accuracv Instant TS32. the industry standard for over a decade.  he T S - : ~ ~ P ~ ~ V S  .WU 

F'mgramming, Unequaled Reliability: and add full spectrum tone versatility the added wrsatility ofa custom, changeable memory haw. A low price 
multi-tone capability without diodes, a repmgmmmable man~ry.. . Ifi our new of 557.95 makes it an even .sweeter dcal. 
harvest of CTtI8 tone equipment \*-:(?I' F:~('OI)b:ll Based on the equally popular 

The choice is yours! If standard CTCSS EIA tones do not SS32 encoder. Available for CTCSS. or audihle hunt 
.suit your taste select any 32 tones of your liking h m  15.OHz to tones up to &!.W.OHz. Wce is $28.95. 

255.0Hz. And if you change your mind, no pmblem; the m e n  - 1  I :  Our 
ory can be changed in your shop with our HHP-1 pmgrammer. smallest encoder for handheld applications. Now ynu 
or at our factory for free. Your working tone is accessed by a can satisfy that cuctomer that needs to access mufti- 

simple DIP switch, so th& no fusing with counters or other ple repeater sites with a radio that has precious little 

test equipment. space imside. At $27.95, the price ic small t m  

Call today toll-fm and find out mort: about this fresh new flexi- 
1llIl'-I t l . \ \ 1 ) t ~ ~ ~ I ~ l ~  l ' U O ~ ~ l ~ : \ ~ 1 ~ 1 l ~ ~ U  For 

b i l i  in tone sgdling, and don't forget to ask about mulMone 
p-ming the 32 memory lncationc in any of 
our new pmgmmmable pnducts, includingour 

.witching without cumbersome diode networks or binary switches. SDlOOO h 7 h n e  Sequential dectder. The 
Itk all bmught to market by the people who inhDduce the fresh HHP-1 is hattery operated for field uw, and 

est ideas in tone signalling, and of course our customary same day will pmgram ANY 32 tones from 15.0 to 
shiiing and one year wananty apply 6550.OHz in .1Hz. increments. Price is 

$199.95. wlw 
1 1  

COMMUNICATIONS SPECIALISTS, INC. 
426 West 7aft Avenue Orange, CA 9266.S-4296 

1 -  - Local (n4) 99S3021 FAX (714) 974-3420 Entire U.S.A. 1-800-854-0547 
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One of Ham Radio's Unsung Heroes 

Most readers think of the staff at Ham Radio as editors, publishers, or staff members they may have met at 
Dayton or some other show. But it takes many more important people to complete the team that puts the maga- 
zine in your hands each month. 

One of our "unsung heroes" is planning to retire at the end of this month, after 17 years in our circulation 
department giving outstanding assistance to both the magazine and its readers. Therese Bourgault is second 
in length of service only to myself. 

Sue Shorrock, our circulation manager, has written a piece that not only pays tribute to "T", but also demon- 
strates the dedication that all of us at Ham Radio try to exhibit in bringing you the finest magazine that we can. 

W1NLB 

It seems like only yesterday that I started working with Therese Bourgault in the circulation department. Except 
that yesterday was in 1977. 

My first day, 12 years ago, was memorable. After introductions all around I remember thinking, "They aren't 
really going to leave me alone in the same room with this female storm trooper, are they?" 

But they did. Everyone else went back to work, and we were on our own. Because self-preservation is at the 
core of most human beings, I became an attentive student and a quick learner. 

The first lesson was that there is only one way of doing things - T's way. I also learned that her way was 
the right way. Some more rules: As our subscriber you are number one. You are all to be treated equally and 
fairly. Your orders are to be processed quickly and carefully. If there is a problem we find out what happened, 
why it happened, and then correct the matter to your satisfaction. 

Regardless of how busy or how frustrating things were, she always corltinued to do her work tirelessly. With 
time, humor, and our combined efforts to keep Ham Radio the best Amateur Radio magazine around, we became 
a good team and friends to boot. 

Therese has devoted nearly 17 years of her career to making sure that you get the best possible service. During 
these years there have been some significant changes. One thing that riever changed was her dedication to 
do the job and do it well. She has always been on your side. 

I'm really going to miss working with T; she's been a good friend. But then, she always said if we're ever in 
a pinch .... 

Sue Shorrock 
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Author update 
Dear HR 

This letter is to clarify some points in 
my article, "A Simple DC Amplifier for 
Your Meter," Ham Radio, June 1989, 
page 10. 

Figure 3 carries the note "Ground 
all unused pins of UI." The intent is to 
prevent feedback due to stray coupling 
with unused op amp units. In a letter 
I received from Robert A. Pease of the 
National Semiconductor Corporation, 
he agrees with grounding the unused 
input terminals, but recommends leav- 
ing the unused output terminals (num- 
bers 7,8 and 14) unconnected to save 
needless battery drain. I find that by 
disconnecting these terminals I save 
about 10 mA per terminal. 

The type of pilot light used in 
Figures 3 and 4 was not identified. I 
used light emitting diodes, and the 
series resistors RL are needed to limit 
the currents. Both should be 2.2 k. 
Resistor RL is shown incorrectly 
shorted out in Figure 4. 

Yardley Beers, WWF, 
Boulder, Colorado 

Fair share 
Dear HR 

I'm writing in regards to your editorial 
"Amateur Radio Licensing Fees - The 
'Non-Tax' Tax,'' (October 1989). 1 think 
you are too pessimistic in one respect, 
but not pessimistic enough in another. 

You are right - any "user fees" col- 
lected by the FCC have to, by law, go 
into the General Fund and do not 
accrue to the FCC itself. But any statute 
passed by Congress can be amended 
by Congress. In seeking such an 
amendment, ham radio operators 
would have important allies. The 
National Park Service, for example, 
would very much like to have user fees 
collected at park entrances to be used 
to support and maintain the parks. 

On the other hand, even if user fees 
collected by the FCC from Amateur 
Radio operators went directly into the 
FCC's budget, there is no assurance 
that the fees would be used for the 
benefit of Amateur Radio. The Com- 
mission has many other responsibilities 
and many other ways to spend money. 

I think you are right in saying that 
"Amateur Radio will derive little or no 
benefit if the monies simply go into the 
General Fund." But you're wrong in 
thinking that Amateur Radio would 
necessarily derive any benefit if the 
fees were paid to the FCC directly. 

Hugh Aitken, WlPN, 
Amherst, Massachusetts 

A "Taxing" decision 
Dear HR 

Your "Backscatter" in the October 
issue will probably cause severe 
"Reflections" - and it should! 

I was deeply upset after learning of 
the House Energy and Commerce 
Committee vote to levy fees for Ama- 
teur Radio licenses and several com- 
mercial ventures. 

This is to reduce the federal deficif? 
It's amazing that the esteemed com- 

mittee would resort to "taxing" a group 
of voluntary hobbyists that have been, 
ever since the beginnings of Amateur 
(experimental) Radio, a national 
resource of self-trained and skilled 
individuals. 

We have always been available, 
providing a public service without any 
compensation, in times of emergency 
- whether it be local, national, or inter- 

national. In addition, we provide our 
government with a source of trained 
individuals, should the need arise, for 
the defense of our country. This has 
been proven afew times in thiscentury. 

The lack of growth (and even a 
decline) in Amateur numbers that 
occurred In the sixties was not due to 
the fees imposed at that time, but 
because of a general deterioration 
of values that swayed a generation 
of youth. 

One has only to look back to a tlme 
when our country was in, and recover- 
ing from, an economic depression to 
see that the Amateur population was 
growing - although slowly at first. In 
those days of hardships, with more 
problems for our government than one 
could comprehend, an effective Com- 
mission was affordable and function- 
ing well for its task - without Amateur 
Radio fees. 

I can well understand the justification 
for fees on commercial interests in view 
of the fact that the profits obtained off- 
set the costs. 

In closing, I must express my disap- 
pointment in your willingness to accept 
this "tax" as stated in the article - 
even with your proposals. 

Alex Hellman, W20EQ, 
Woodhaven, New York 

Where's the 
missing band? 
Dear HR 

Just received my October Ham 
Radio and read with interest the review 
of the Kenwood TS-950s. I feel that 
they would do better if they included 
the 20-meter band (Oops!) in the 
engineering specs on page 29. 

Thanks for the article in any case! 
Robert A. Du Brul, WBORJR, 

Everton, Missouri 
Whoops, our error! The 20-meter band 
is 14.0 to 14.35 MHz. Ed. 

Do you have something you ti like to say? 
Address your comments to Dear HR, 
Ham Radio Magazine, Main Street, 
Greenville, NH 03055. Ed. 
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V'' "DX-citing. 
Compact high performance HF transceiver lual SSB IF f ~ l t e r ~ n q  

with general coverage receiver A bulk-rn SSB fllter IS standard When an 
ootlonal SSB fllter (YK-88s or YK-88SN) IS 

Kenwood's advanced digital know-how 
brings Amateurs world-wide "big-rig" 
performance i n  a compact package. We 
call it "Digital DX-citementn-that special 
feeling you get  every t ime you turn the 
power on! 

.I \ll Amateur bands 
General coverage recerver tunes hom 
100 kHz-30 MHz Easrly mod~fled for 
HF MARS operation 
t l ~ r e c t  keyboard entry of frequency 
AII modes b u ~ l t - l n  
USB. LSB. CW, AM, FM, and AFSK Mode 
select~on IS ver~f~ed In Morse Code 
\IS-1 voice synthesizer (optional) 

Superior recelvcr dynamic ranqe 
Kenwood DynaMix' h ~ g h  sensltlvlty dlrect 
mlxlng system ensures true 102 dB recelver 
dynamlc range (500 Hz bandwidth on 20m) 
100°o duty cycle transrn~tter 
Super efflcrent coollng permlts contlnuous 
key-down for per~ods exceeding one hour. 
RF ~nput power IS rated at 200 W PEP on 
SSB. 200 W DC on CW, AFSK, FM. and 110 
W DC AM (The PS-50 power supply 1s 
needed for contlnuous duty ) 
Built-in automatic antenna tuner 
(optional). Covers 80-10 meters. 
5 IF filter functions 
VOX. full or semi break-in CW 

Installed dual fllterlng IS provlded 
AMTOR cornpat~ble 
Adjustable d ~ a l  torque 
100 memory channels 
Frequency and mode may be stored In 
10 groups of 10 channels each Spl~t fre- 
quencles may be stored In 10 channels 
for repeater operat~on 
TU-8 CTCSS u n ~ t  (opt~onal )  - Superb ~ n t e r f e r e n c ~  reduc t~on  
IF sh~ft, tuneable notch f~lter, nolse blanker, 
all-mode squelch. RF attenuator, RIT/XIT, 
and opt~onal fllters flght QRM 
MC-43s UP/DOWN rnlc Included 
Computer Interface port 

Or~t~onal PcceclSorleS 
AT 440 Internal auto antenna tuner (80 rn - 10 rnl 88SN 2 4 kHz11 8 kHz SSR f~llers MC-60Al80185 
AT 250 external aulo tuner (160 - 10 rn) desk rn~crophones MC 55 (8P) mob~le micro 

*AT 130 compact mob~l? anlenna tuner (160 rn - phone HS 4151617 heddphones SP 41150150 

Kenwood 
takes you from 
HF to OSCAR! 

KENWOD 
10 rn) IF-232ClIC-10 level translator and rnodenl rnob~le speakers MA-5lVP-1 HF 5 band rnob~le KENWOOD U.S.A. CORPORAT~ON 
IC k ~ t  * PS-50 heavy duty power supply PS-4301 hel~cal anlenna and bumper mount TL-922A COMMUNICATIONS &TEST EQUIPMENT GROUP 
PS-3D DC power supply SP-430 exlernal 2 kw PEP l~near arnpl~l~*:r SM-220 stallon rnon~lor p , ~ ,  BOX 22745,2201 E, D~~~~~~~~ street 
speaker h4R-430 rnob~le rnount~ng bracket (no pan d~splay) VS-1 voice synlhes~zer 
*vK-88C188CN 500 Hz1270 Hz CWf~llers YK-88s- eTU.8 CTCSS lone unlf PG-2C extra DC cable Beach'CA 90801-5745 

KENWOOD ELECTRONICS CANADA INC. 
Complere servrce manuals are avarlable for all Kenwood rransce~vers and rnosl accesnor~es P.0. BOX 1075.959 Gana Court 
Spenrfrcarrons and prrces are sublecl ro change wrrhoc~r nofrce or obl~galron Misslssauga, Ontarlo, Canada L4T 4C2 



MF'J gives you all 9 digital modes 
and keeps on bringing you state-of-the-art advances 
. . . while others offer you some digital modes usinq 3 year 
old technology,-- 

I rn J MULTI MODE DATA CnNT 
MFJ- 1278 

$279'" @ @B ,So,i .., L 

No 3 year old technology at MFJ! 
Using the latest advances, MFJ brings 

you 9 exciting digital modes and keeps on 
bringing you state-of-the-art advances. 

You get tons of featureb other multi- 
modes just don't have. 

Only MFJ gives you all 9 modes 
Count 'em -- you get 9 fun modes -- 

Packet, AMTOR, RTTY, ASCII, CW, 
FAX. SSTV, Navtex and full fcatured 
Contest Memory Keyer. 

You can't get all 9 modes in uny other 
multi-mode at any pricc. Nobody gives 
you modes the MFJ-1278 doesn't have. 

The best modem you can get 
Extensive tests in Packet Rudio 

Magazine prove the modem used in the 
MFJ- 1278 copies HF packet more 
accurately than all other modems tested. 

The MFJ-1278 is the only multi-mode 
with a true DCD circuit for HF. This dra- 
matically reduces sensitivity to noise and 
dramatically increases completed QSOs. 

Exclusive Built in Printer Port 
Only the MFJ- 1278 has a dedicated 

printer port that lets you plug in your 
Epson or IBM compatible printer. 

You don't need to buy an optional $40 
cable just to plug in your printer. 

20 LED Recision Tuning Indicator 
MFJ's unequaled tuning indicator makes 

it really easy to work HF packet. Unlike 
others, you use it the same for all modes -- 
not different for each mode. Just tune your 
radio to center a single LED and yo~c're 
preriselv tuned in to within 10 t l z  -- and it 

MFJ Packet Radio 

MFJ-l270R w p r  clone of TAPR's 
TNC-2 givch you rnorc features than any 
other packet controller -- for $139.95 

You can double your fun by operating 
VHF and HF hecause you get high per 
formance switchable VHFIHF modems. 

You get the Easy MailTM Personal Mailbox 
with soh-partitioned memory so you and 
your ham huddies can leave messages for 
each other 24 hours a day. 

In MFJ's new WeFAX mode you can 
print full-fledged weather maps to screen o r  
printer and save to disk using an IBM 
compatible. C-641128 or M:tcintosh. 

A new KISS interface lets you run TCPIIP. 
They also come NET ROM compatible. 

You also get 32K RAM and a free 1 10 
VAC power supply (or use 12 VDC). 

For dependable HF packet tuning, the 

shows you which way to tune! 

New Easy MaiFf Personal Mailbox 
You get MFJ's new Easy MailT" Personal 

Mailbox with soft-partitioned memory so you 
and your ham buddies can leave messages 
for each other 24 hours a day. 

Multi-Gray Level FAXISSTV Modem 
You'll see tomorrow's news today whcn 

you copy outstanding FAX news photos with 
crisp clear details. MFJ-1278 is the only 
multi-mode with a built-in multi-gray lcvel 
modem. I t  lets you transmit crnd receive 
multi-gray level FAX1 SSTV pictures with 
an appropriate terminal program. 

each radio port, random code generator, 
lithium hattery backup, RS-232 and TTL 
serial ports. stcmrl~~rtl 850 Hz RTTY shift. 
socketed ICs. tune up command, peripheral 
110 port. automatic serial numbering, pro- 
grammable message memories, dual radio 
pons (ec1t.h HF or VHF), CW key paddle 
jack, spcaker jack that lets you monitor CW 
sidetonc, transmit and receive audio and 
packet connect hell. new fully intergrated in- 
struction manual with Fast Start1" section 
and more in a 9% x 9 %  x l '/z inch cahinet. 

Get on the air instantly 
Just plug it all in 

All you need is an MFJ-1278, your rig. 
Only MFJ can transmit FAX . . . 

Most packet stations can receive FAX 
Rut only the MFJ-1278 lets you rransmir 

FAX without internal modifications that 
disahle other modes. 

So now you can send your own pictures. 
maps and diagrams by FAX to stations 
throughout the world. 

Too had they can't send theirs to you 
. . . unless they disable other modes 

One FREE Upgrade! 
When you buy your MFJ-1278 today, you 

don't have to miss new mtdes and features 
that come out totnmorott: 

Why? Because your MFJ-1278 comes 
with a coupon gtwd for one free eprom 
upgrade exchange that'll add new features. 

Plus More . . . 
Plus you get . . . 32K RAM (not 16K). 

free AC power supply. Host mode that lets 
MFJ- 1278 serve as a KISS interface or 
dumb modem, fast throughput anti-collision 
technology, independent transmit level for 

MFJ Video Digitizer 

Create fasc~nating digltl/cd \nap\hot\ lo 
transmit with your MFJ-1278 ol trt~\~hitr,q 
you can point your camcorder at! 

The new MFJ- 1292 "Picture Perfect" 
Video Digitizer connects your video 
camera to your IBM compatible computer 
so you can capture digitized video 
snapshots on disks. 

You get an easy-to-install plug-in card 
for your computer. handy contrast and 
brightness control unit and complete 
software for only . . . $199.95. 

You can create your own QSL card from 
digitized snapshots by using drawing or 

MFJ-1274 gives you a high resolution 
tuning indicator -- and it's only $20 more. 

any computer and a terminal program. 
With an MFJ Starter Pack. $24.95. you 

just plug it all in. wire up your mic connec- 
tor and you're on the air. 

Order MFJ-1284 for IBM compatibles 
(inclucles Picture Passing): MFJ- 1287 for 
Macintosh: MFJ-1282 fbr C-64111-8; 
MFJ- 1283 (tape) for VIC-20. 

No Matter WhatTM Guarantee 
You get MFJ's full one year No Matter 

WhatTw Guarantee. 
That mean5 we will repair or replace your 

MFJ multi-mtde (at our option) no tnrrtrer 
~.hcrt happens to it  for a full year. 

Others give you a limited warranty. What 
do you do when rhey say, "Sorry. your 
limited warranty doesn't cover that?" 

Get 9 new wags of having fun 
Don't settle for 3 year old technology. 
Choose the only multi-mode that gives you 

the latest advances and all 9 modes. 
Get 9 new ways of having fun todqv! 

MFJ Packet Pictures 
Transmit and receive high resolution EGA 

and CGA color pictures via packet radio 
with new MFJ picture passing software. 

You can set up your own picture hulletin 
board and exchange pictures with others -- 
even if you're not there. 

MFJ-1288, $9.95, works with virtually 
any packet controller and IBM compatible 
computer. It's included free with MFJ-I284 
IBM starter pack and MFJ-1292 Digitizer. 

paint software to add graphics and lettering 
-- and you can transmit it with included MFJ 
picture passing software. 

You can use your digitized snapshots in 
any desk-top publishing program that uses 
the popular PCX format. MFJ-1292 lets you 
capture picturcs in VGA, EGA, CGA, Herc- 
ules or Raw Data formats. Get yours today. 

Nearest DealerIOrders: 800-647-1800 

MFJ 
MFJ ENTERPRISES, INC. 
Box 494, Miss. Stntc. MS 39762 
(h(ll) 313-5869; TEI,EX: 53 4540 
FAX: (601) 323-6.55 1: Include s lh .  

MFJ . . . making quality affombble 



INEXPENSIVE 
MULTI-MEGABAUD 
MICROWAVE DATA LINK 
By Glenn Elmore, NGGN, 550 Willowside Road, 
Santa Rosa, California 95401 and Kevin Rowett, 
NGRCE, 1134 Steeplechase Lane, Cupertino, 
California 95014 

w e'd like to tell you about some inexpensive 
antenna, radio, and computer interface hard- 
ware which allows communication of diaital data 

at rates up to 2 megabaud (1 megabaud = 1 mkon bits 
per second) on an Amateur Radio band. In addition to the 
data link, an analog voice channel is provided. It requires 
only an external microphone and speaker for simultaneous 
full duplex audio communication. The link operates In the 
10-GHz Amateur band and uses an inexpensive commercial 
parabolic antenna along with a Doppler radar transceiver 
module to provide medium range communications at low 
cost. We'll discuss modifications to surplus networking inter- 
face cards that let you use this high speed data in Amateur 
Radio service with IBM-style personal computers. 

The Amateur accustomed to conventional AX.25 packet 
operation might wonder why anyone would want to go to 
the trouble of building a digital radio approximately 1000 
times as fast as the 1200-baud systems prevalent on the 
VHF bands. Although many metropolitan areas are 
experiencing severe congestion on some of the packet 
channels, it's also true that many keyboard-to-keyboard 
QSOs are taking place. A great deal of traffic is also being 
handled on the worldwide bulletin board systems using 
today's equipment. The success of AX.25 packet radio has 
suggested the need for faster systems to improve current 
performance and has spawned some fundamentally new 
ideas for Amateur Radio. 

A whole spectrum of new user applications and the 
possibility of a nationwide or even worldwide digital 
Amateur network are two major areas made possible by 
faster hardware. 

New applications 
Packet has been regarded as a way for two stations' com- 

puters to communicate, allowing keyboard-to-keyboard 
QSOs, but the potential for far greater applications exists 
Almost any information which can be transmitted by analog 
means can also be transmitted digitally, making digital 
audio, facsimile, graphics, and even digital TV feasible on 
the Amateur bands once sufficient data speed is available. 
The concept of repeaters for a variety of modes is conceiv- 
able, when combined with the ability of each Amateur station 
to serve as a relay of data to and from other stations. 

Amateurs will also be able to share resources. A station with 
an interesting database will be able to make it available to 
others. On-line call directories, QSL information, and tech- 
nical data - not to mention computer programs and even 
the computers themselves - can be shared. It's possible 
for one Amateur to actually run programs and applications 
on someone else's ciomputer as though it were located in 
his own shack. Remote control of equipment and remote 
sensing are other possibilities. Remote digital control of 
repeaters or even complete stations, including audio or 
video uplinks and downlinks, can be supported. Conven- 
tional voice repeaters (analog) may be replaced by digital 
hardware for completely digital round tables. Since this data 
can be transmitted anywhere the network permits, there can 
be multistate, national, or even worldwide voice nets. If the 
data rate permits, all of these different applications could 
conceivably be going on at the same time! 

An Amateur Radio network 
The possibility of iln Amateur network is just as exciting 

as the variety of applications that high data ratescan support. 
To date, groups of Amateurs have used limited networks 
for traffic handling and sharing information among mem- 
bers. A high speed cligital network can provide these same 
services, as well as new applications, over very broad 
geographical areas on a full-time basis. A nationwide net- 
work capable of tra.nsmitting data quickly and with little 
delay could be beneficial to Amateur Radio public service 
and emergency operations. Data and resource sharing on 
a nationwide or worldwide network offers great potential 
in ushering the information age into Amateur Radio. The 
diversity of Amateur interests - DX, ragchewing, techni- 
cal, and public service - could all be greatly enhanced 
by such a network. A network might also entice a great 
many potential and computer literate candidates into get- 
ting their tickets. 

Goals 
The link we'll describe was designed to help further the 

applications and networking made possible by high speed 
data exchange. It was built as an initial step in providing 
a moderate speed digital Amateur network in northern 
California to be usecl with a fledgling TCPIIP radio network. 
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Systenl block diagram of the microwave high speed data link. 

This was necessary to support some of the applications 
prevtously described. It was also built to help advance 
Amateur use of the microwave spectrum. 

Fortunately, microwaves and high speed commmunica- 
tion f~ t  together very well. In fact, if the data rate is increased 
significantly it is absolutely necessary that wider and wider 
bands be used. As frequency is increased, antennas of 
reasonable physical size are better able to focus the trans- 
mitted beam without wasting signal in different directions. 
The Amateur microwave bands, through 24 GHz, offer the 
best available performance and cost for such communi- 
cation. In order to be widely useful our link needed 
several att.ributes: 

To be inexpensive - competitive with present 
TNCIradio combinations 
Moderate speed - significantly faster than current 
alternatives of 1200 to 56,000 baud 
Medium range - at least 20 miles to be effective 
To use readily available parts 
To be simple to build and maintain 
To be reliable - a variety of applications may depend 
upon it 

Problems 
In add~tion to the problem of building rad~o hardware 

which the average Amateur could feel comfortable install- 
ing and maintaining, there are problems with the dig~tal 
interface hardware portion of such a link. 

At these speeds the data is too fast for normal serial ports 
on most computers, for the internal bus operations of many 
computers, and for TNCs. Similarly, the software to process 
data at these speeds can no longer operate on a character- 
by-character basis. Any solution we developed for these 
problems also needed to work with commonly available 
hardware, most notably the IBM PC and its clones. 

Microwave hardware, propagation, and high speed data 
are new ground for many Amateurs. This means that any 
high speed link hardware needs to be relatively easy to 
work w~th. 

What we built 
Previous successes using 10-GHz Gunn diode oscillators 

as local oscillators and transceivers for narrowband weak 
signal work, brought to mind the possibility of using these 
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inexpensive units for higher speed digital data transmission. 
In addition to being inexpensive, these units - which are 
commonly used for motion detection (door openers and 
burglar alarms), speed measurement (police radar guns), 
and microwave receivers (radar detectors) - have all of the 
microwave circuitry self-contained. This is important 
because it makes the equipment more attractive to non- 
microwave users. The system block diagram in Figure 1 
shows the operating principles. 

The two ends of a link operate "split." One transceiver 
oscillator typically operates on 10,450 MHz while the other 
end is 105 MHz lower, on 10,345 MHz. The difference 
between the two transmitter frequencies corresponds to the 
receiver first IF frequency. The receiver first IF on each end 
is generated when the remotely transmitted signal (fre- 
quency modulated by the data to be transmitted) is mixed 
with the local transmitter. Each end uses its own transmitter 
as a receiver local oscillator, and each unit transmits con- 
tinuously. Therefore, each receiver sees the same IF. This 
is the same full duplex arrangement used for many years 
by Amateur microwave enthusiasts. The transmitters run 5 
to 10 mW of output power. The transmitter is frequency 
modulated as its bias supply is varied and the frequency- 
voltage dependency of the transceivers is used for tuning. 
This same technique was used previously to phase lock 
such oscillators! The 2-foot dish shown here has a gain of 
about 33 dB, or 2000 times at 10.5 GHz. When driven by 
the microwave transceiver, the effective radiated power 
(ERP) is about the same as that of a 10-watt 2-meter rad~o 
driving a quarter-wave whip. We selected 105 MHz for the 
receiver first IF, with provision for tuning 10 MHz to accom- 
modate differential frequency drift with time or temperature 
of the free-running microwave transceivers. Using an IF In 
this range also lets you do some simple troubleshooting 
and testing with commonly available commercial FM broad- 
cast receivers. No correction is necessary if both ends drift 
in the same direction because the IF doesn't change. Auto- 
matic Frequency Control (AFC), implemented by tuning the 
second LO nominally at 150 MHz, is provided to keep the 
receiver tuned correctly. This conversion produces the 
second IF at -the point where detection takes place at 
45 MHz in a Motorola MC13055 FSK receiver chlp. This 
chip is specified to operate at data rates up to 2 megabytes 
per second (Mbps), but has actually been used as high 
as 10 Mbps. 

Automatic frequency control circuits keep each receiver 
correctly tuned, even when the first IFdeviates from 105 MHz. 
A search oscillator is also provided to allow the receiver to 
"find" the incoming s~gnal when the link is first powered 
up, or if you lose signals temporarily. The searching is con- 
trolled by the Data Carrier Detect (DCD) circuitry. Once the 
signal IS found, the oscillator IS shut off and the AFC tunes 
the receiver correctly. Because the data is digital, an 
appropriate offset is introduced to the tuning depending 
on whether the data is a "0" or a "1." We added the audio 
channel as an afterthought. It provides for human communl- 
catlon, particularly while debugging the link and operating 
it with digital data the first time. An electret microphone 
produces the transmit audio signal. This is amplified and 
llmited by hiqh and low pass filters before modulatina the 
transmitter. ~Gvels were selected to provide only small devia- 
tion compared with that of the digital channel. This allows 
the audio channel to operate without significantly interfer- I ARE <:t~mmunicatit,n. 1.imited. 6 Roya~ Parad,. 



Mechanical layout of the 10-GHz dish feed and mounting system. 

ing or degrading the digital data. A volume control and 
speaker amplifier sufficient for driving headphones or a 
small speaker are provided on receive. 

An analog meter displays strength as carrier-to-noise 
(CIN) ratio or discr~minator output to aid when manual fre- 
quency control (MFC) is used. The MC13055 FSK receiver 
chip has a built-in logarithmic amplifier which can give a 
pretty accurate measure of CIN. A switch lets you select 
manual or automatic frequency control. 

The microwave transceiver, modulator, and receive 
preamplifier are mounted together in a box located at the 
prime focus of the parabolic antenna. A horn antenna was 
designed to illuminate the dish antenna efficiently so that 
near maximum gain could be obtained. The rest of the 
receiver, as well as circuits for the audio channel, are located 
in a separate enclosure. This lets you place the antenna 
and microwave hardware a considerable distance from the 
receiver for tower or mast mounting. 

We used Emitter Coupled Logic (ECL) for incoming and 

outgoing data. These are differential lines and can be used 
even when there is considerable line length - for example, 
when the microwave portion is high on a tower or the 
receiver is located some distance from the host computer. 
A standard 15-p~n connector is used as the interface to the 
radio hardware. Those familiar with Local Area Networks 
(LANs) may recognize this connector and pinout as identi- 
cal to that of a Media Access Unit (MAU), the device used 
to link a computer to a coaxial cable connecting a building 
or area wide network. You need just 12 volts DC at approxi- 
mately 350-mA data input and data output to operate all 
the radio link hardware. 

Antenna 
The antenna IS mounted to a mast with a rear mounting 

bracket. This plate is cut from sheet aluminum and folded 
to produce four "feet" which attach to the dish. Mount the 
plate to the mast with U clamps. For minor elevation steer- 
ing of the antenna, add two extra sets of nuts to the clamps. 
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With Pak~a i l~  
N ow AEA's popular PK-232 niulti-motle data controller has 

new features you've been asking fix ... ~ a k ~ a i l ' "  Mailbox 
with selectable third-p'arty tmftic. seven-c1iar;icter AMTOR 

(('CIK R.625) call identity, TDM (Time Division Multiplex) 
receiving for SWL's, and Prioritized Acknowledgement (ACK) 
p ro t t~o l  for improved packet performance. Compatible with 
;iImost every computer or asynchronous data temiinal. you can 
eri.ioy the full spectrum of amateur digital communications with 
AI<A's new PK-333MBX. 

All Operating Modes. The PK-232MBX includes all 
authorized am;iteur digit;il modes available today ... Morse. Baudot, 
ASCII. AMTORISITOR 476 and 625, Packet. WEFAX receive 
and transmit, its well as commercial standard NAVTEX 
;iutom;ited marine information services. 

Superior Modem. An eight-pole Chebyshev bandpass filter 
liniitcr- discriminator modem improves the signal-to-no~se ratio at 
the detector and virtually elimin~ites interference from adjacent 
signals. System performance has k e n  proven superior to that of 
P1.L modems designed for telephone line services. 

PakMail."' Pak~a i l " '  mailbox with selective control of third- 
party tral'fic is now a standard feature. Your friends can now 
leave you messages around the clock. Your local full-service 
RHS can ;iutomaticall y forward your messages directly to your 

m a PK-233MBX. 
WEFAX Transmission and Reception. AEA brought you 

, , , . -, , . .-.- - - .- the first multi-mode controller to send ant1 receive WEFAX 
(weather I';icsimile) charts. The PK-232MRX directly supports 
the widest range of printers on the market using the optioniil 
KS-23?/printer cable. 

Host Mode. Only AEA provides the type of full-featured Host 
Modc preferred by many professional programmers for efficient 

i control of the PK-233MBX. AEA's Host Mode programs include 
I PC-Pokcitt with FAX for the IBM PC's and compatible MS-DOS 
I computers. COM- Pakratt with FAX for the Commodore C-64 

and C- 17%. ant1 now MacRATT with FAX for the Apple Mac- 
! Intosh. 

I Two Radio Ports. Independent radio connedtion ports allow 
convenient. iriterctiungeahle al l-mode operation regardless of port 
selection. You can connect two VHF/UHF radios, an HF and a 
VHFIUHF radio. or two HF radios, selectable by a front-panel 
switch. 

Signal Analysis. The PK-232MBX's internal software features 
AfA ' s  exclusive SlAM (Signal Identification and Acquisition 
Mode). The PK-332MBX automatically iclentifies Baudot, 
ASCII, AMTOR/SITOR and TDM sicnals, then measures signal 
\peeti and pol;irity. A s~mple "OK" c6nim;ind autoniaticolly - 
switches the I'K-233MHX to the recogni~cd mode and starts the 
d;itn (lisplay. 

PakMail'" Upgrade Kit. The e;i\ily-in\tiilled h k ~ n i l " '  
upgr;itlc L I I  incluclcs a plug-~n hoard ;inti new sof'tware W"OMs, 
nntl i \  I'ully comp;itihle w i ~ h  all existing PK-232's. Please co~ltuct 
f';ictory li)r det;ii I \ .  

You Deserve The Original. AEA produced the first multi- 
motlc d;~t;i controller. 7'11e I'K-232 continue\ to he the st;ind;ird 
; I ~ ; I I ~ s ~  uliich ;ill other multi-mode controllers are judged: thc 
choice 01' critic;~l ;lni;lteurs. cornmcrc~;il services ;in11 government 
;tgencies. Don't settle ti)r less than the hest. 

AEA Brings You A Better Experience. 
Advanced Electronic Applications, Inc. 

2006-196th St. SW/P.O. BOX 2160 
Lynnwood, WA 98036 

206-775-7373 
Prices and specifications subject to change without notice or obligoion. 

Dealer inquiries invited. Copyright 1989. 
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Fixed, mobile or portable, ICOM's new IC-725 
delivers bandammanding performance. The 
easy-toaperate IC-725 reflects ICOMS world- 
renown excellence in circuit desim versatility 
and dependability. Your enjoyment is also gua- 
ranteed with ICOM's one full year warranty! 
SMAU SIZE, BIG PERFORMANCE! 
Exbaordinarv Mommce! Include;: 160 
through 10 &er opcratlon 100 warn output 

Shom~ave recepuon from 100kk. to 33MHz 
SSB, CW and AM modes (FM optional) 

Semltive 105db dynamic range receiver Low 
noiw DDS switching c kinelselectable RF preamp 
and attenuator Dual VFO's Selectable 
AGC Rugged full duty cycle finab. 

GLOBE-SPANWIMG OPERATION! 
Fd Feahmd Operation! 26 tunable memories 
wth Hand Stacking Repten which enable you 
to store a frequency, swtch bands, and return to 
the stored frequency lOHz digtal frequency 
dqlay Three tuning rates Three scan 
modes Highly effective Noise Blanker RIT 

Seml-QSK CW Optional narrow CW 
filter Built-in AH-3 controller IC-725 mea- 
sures only 9.0 x 3.7 x 9.4 inches (H, W, D). 
Optional AH-3 automatic and remote antenna 
tuner for mobile and mrtable operation. Plugs 

I i T i  ACi 

CWTWL CARLE i 

directly into the IC-725. Wide impedance 
matching range. Mating whip unit (AH2-9) 
bolt5 to auto's frame, works 8@ 10 m e m  

ICOM 
First inCommunications 
COM A m a  lnc ,2380-116111 AVP N E Belkue. WA Y W  
Custom* Sewice Hotline (206) 454.7619 
3150 Pims Dnve. Sule 126 Ihncj TX 7 5 0 6 3  1777 Phoenix Parkwar 
Su~le 201. Atlanta. GA 30349 
COM CANADA. A D~vis~on of COM A m a  InC., 
3071 - 85 Road. Unn 9 R~chmond. B C  V6X 274 Canada 
All nafed specilicams are sum1 K, change wthwl Mlce a oblgatgnm All cL?M 
radm sprbcanlly exceed FCC rcgulalms llmnlrq splrnxls em~sslons 7251288 



If You Want the Most Advanced TNC Today ... 
I n  26 countries around the world, tens of 

thousands of amateurs know that Kantronics 
is the leader in bringing tomorrow's technology 
to their stations today. They also know they will 
always be among the first to incorporate just- 
introduced features and modes with Kantronics 
software and firmware updates. 

And, they know that Kantronics is unique in its 
ability to seek out, develop and incorporate the 
most advanced features into each of five 
different TNC models before anyone else. 
Why? Because every program Kantronics 
writes, and every unit Kantronics designs and 
produces are born right here at the factory in 
the U.S.A. 

Meet Your Mailman 

I n  this age70f telco LANS, E-mail and FAX, 

PBBS is just one of the firsts Kantronics delivered 

connect. So save your computer and monitor 
life by turning them off when you are away, and 
never miss a beat on the airwaves. 

Version 2.85 KAMs have increased Packet 
cluster" compatibility, KA-NODE'- path pres- 
ervation, KA-NODE recognition of the "NET" 
nodes and H F  baud rates from 50 through 300! 
And there are three new mailbox commands: 
List Mine, Read Mine and Kill Mine. 

and Tomorrow ... 
Will the Real Dual-Port 
Please Stand Up? 

p a d  our lips. The KAM'" is the only true 
dual- port when it comes to packet. Your 

Personal Packet   ail box" is accessible from 
both H F  and VHF! Version 2.85 has dual-port 
compatibility with RLIJMBL boards and KISS 
mode for both ports. You can monitor H F  and 
VHF packet operations at the same time. 
Users can even gateway from H F  to VHF (or 
in reverse) through your KAM. 

Kantronics AII- ode'^ (KAM) has Packet, 
WEFAX, ARQ, FEC, RTTY and CW recep- 
tion. But we have five models to suit your par- 
ticular taste. Ask your dealer for the best 

you will know you have mail in your Personal choice toda y...and tomorrow. 
Packet   ail box'" when vour KAM "STA" LED 
is blinking. New firmware level 2.85 has also 
added a handy automatic mailbox user- 

KZ Kantronics 
R F  Data Comrnun~catlons Spectal~sts 

1202 E 23rd Street Lawrence. Kansas 66046 
(913) 842-7745 Packet Cluster" is the wpyrtghted software of Pavillion Software 

KAM'.. All-Mode". KA-NODE". and Personal Packel Mallbox'*. 
are lrademarks of Kantronlcs Company. InC. 



(continued from page 12) 
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Dlmensions of the feed support struts. 

This lets you adjust the spacing between the mast and plate. 
Less spacing on the top than on the bottom clamp points 
the dish upward; more spacing points it downward. 
Because the antenna has less than a 4-degree half-power 
beamwidth, you may need to make this adjustment - parti- 
cularly when the two ends of the link are at different elevations 
and not very far apart. 

The horn feed and microwave assembly attach to a plate 
and are held at the dish focal point by four 114-inch diameter 
struts made from soft aluminum rod. We found this material 
at a local home supply store. First cut the aluminum rod 
to length; then drill and tap it at each end. Use a tubing 
bender to shape the rod properly. Figures 2A, 26 and 3 
show the mounting bracket and feed support struts, respec- 
tively. 

Feed horn 

To construct the feedhorn, first cut the sides and flange 
from copper or bras:; shim stock as shown in Figure 4. 
Because the material is so thin, you may want to begin by 
tacking the whole assembly together using a medium sized 
soldering iron and cornplete your soldering after everything 
is in place. 

The feedlmicrowavc3 assembly is shown in Photo A. The 
mounting plate has a short section of waveguide at its center. 
The feedhorn and transceiver mount on opposjte sides and 
a small Bud box encloses the electronics. Make the 
waveguide section by milling (or drilling) and filing a 0.40 
by 0.90-inch rectangle in the plate. Great precision of con- 
struction for either the feed or the mounting plate isn't 
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Dimensions of the feed support struts. 

necessary to obtain good performance. Figure 5 shows the 
feed mounting plate. 

Microwave assembly 
Because the microwave transceiver is self-contained, the 

RF electronics aren't particularly critical or difficult to assem- 

Feedlmicrowave assembly. 

ble. The receive preamplifier is probably the only sensitive 
circuitry, and because this uses MMICs, short lead length 
and good grounding are the only prerequisites. If you use 
pc board material, you can make the entire board using 
a file and small hobby knife. Fifty-ohm transmission line IS 

used to connect to and from the MMICs. Try making this 
line by filing 0.005 to 0.010-inch slots 0.1 inch apart. The 
line can then be cut into short sections and the components 
soldered directly to it. Holes drilled in the board allow the 
MMlC packages to sit flush with the lines. Holes are also 
drilled for all component ground leads, and the leads are 
soldered on the top and bottom of the board. The regulator 
and modulator circuits aren't critical and the ECL IC may 
be "dead bug" mounted on top of the board. You can 
mount the board to the aluminum box with short spacers. 
Use a twisted pair made from hookup wire to connect to the 
mixer diode on the transceiver. Figure 6 shows an approxi- 
mateboard layout. (See Figure 7 for enclosure dimensions.) 

Receiver assembly 
Receiver assembly construction also isn't critical. See 

Figures 8A through 8C for details. Use ground plane as 
much as possible on the component side of the board and 
keep traces to the 45-MHz filter and discriminator reason- 
ably short. Otherwise, no special precautions need be 
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Dimensions for feedhorn construction. 

Microwave assemblylfeed mounting plate. 
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PreampllfierlTx modulator board component layout. 

taken. All ICs may be socketed for convenience. (PC layout 
or circuit boards may be available by press time. Contact 
the authors for further information. Ed.) 

Computer interface 
Wechose the IBM PC as the initial platform for developing 

and testing faster packet hardware. The IBM PC is gener- 
ally available and affordable, with sufficient capability and 
adaptability. The IBM PC is the defacto standard for people 
pursuing higher speed packet. The bus architecture is well 
known, and there are a large number of experts to consult 
should you encounter problems. 

The original system design called for standard off-the- 
shelf EthernetTM adapter cards. Normally Ethernet lets a 
number of computers intercommunicate within a local area 
at a data rate of 10 Mbps. N3EUA suggested we use the 
same widely available cards and the associated IEEE 802.3 
protocol with the adapter card clocks slowed to 1 Mbps. 
Using a standard Ethernet adapter gives you access to an 
existing range of networking software, including NetBiosIPC 
Network and TCPIIP implementations. It's an interface famil- 
iar to the general ham community, one that the advanced 
packeteer probably already knows and works with. 

Stock Ethernet cards can't be slowed from 10 to 1 Mbps 
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Dimensions of the box to house the microwave circuitry. 

without extensive reworking. The serial data interface portion 
of the cards must produce a clock rate within 0.001 percent 
of 10 Mbps to conform to the IEEE 802.3 specification. By 
the time we discovered this we had working "RF bit pumps," 
but found ourselves without a suitable digital interface. 

Several years ago IBM produced a digital communica- 
tions adapter known as the PCLANA or SYTEK 6120. This 
adapter was designed to communicate using FSK signals 
transmitted on a coaxial cable at a 1-Mbps rate. The card 
implemented Ethernet framing with a NetBios interface 
directly on the card. The card consists of a local pP (80186), 
an Ethernet chip (82586), custom 802.3 serial data inter- 
face, RAM, ROM, PC bus interface, and an RF modem. 
While the RF modem is interesting, it was unnecessary for 
this project and was disconnected. 

We discovered that this card had all the right pieces: 
1-Mbps Ethernet frames, defined PC interface, and because 
10-Mbps Ethernet was displacing these cards, good avail- 
ability on thesurplus market - sometimes just fortheasking. 

To use the PCLANA card, we needed to gain access to 
the TTL signals directly (before modulating the RF modem), 
build an adapter card onto the PCLANA for converting TTL 
to differential ECL, generate DCD, and route Transmit Data 
(TxD) and Receive Data (RxD). You'll need a software driver 
if you want something other than a NetBios interface. A 
schematic of the card is shown in the ISM PC Technical 
Reference Manual, "Options and Adapters" section. 

How the adapter card works 

A "daughter" adapter (Figure 9) is fitted to the PCLANA 
to take the l T L  TxD, RxD, DCD, and RTS. It produces a valid 
interface to the microwave RF modem, including power and 
differential ECL interface. 

The microwave rr~odem interface closely matches the 
IEEE 802.3 MAU which normally connects the digital inter- 
face to a coaxial cable. A MAU is also known as an Ether- 
net transceiver (XCL'R). We chose this interface because 
it allows long (120 foot) cable runs, good common mode 
noise immunity (0.6 volts), and a standard interface. 

TxD is converted to differential ECL levels with an open 
collector (OC) NAND gate and a resistor totem pole. This 
produces the right voltage level for one end of an MC10116 
differential line driver input. The other differential input is 
tied to the MClO11Ei Vbb. The output of the MC10116 is 
differential ECL. Because the ECL drivers are open ended, 
each line is pulled to ground with a 470-ohm resistor. The 
polarity of ECL lines to the pins of the DB15 connector is 
important. Switching these lines will result in a bit sense 
inversion. 

RxD is converted from differential ECL to TTL using the 
differential drive from an MC10116 biasing the base emitter 
junction of a 2N3908 PNP transistor. This drives a standard 
TTL NAND input. 

TxD is qualified by Ready to Send (RTS) from the 
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The schematic for preamplifier bias and modulation. 

PCLANA (Ulb). This is necessary because the SYTEK SIC 
doesn't clamp the TxD line to logical zero when RTS 
goes false. 

The SYTEK SIC interface chip is designed to work on a 
cable with multiple stations. It monitors the DCD line, and 
if it finds that it has been true too long, the SIC declares 
the cable jammed. Because the microwave RF modem pro- 
vides continuous DCD with or without data, we used a 
retriggerable one shot (U2a) connected to the incoming 
RxD signal to generate an appropriate noncontinuous DCD. 
On the first low-to-high transition, DCD will be asserted and 
the one shot will start timing. Each low-to-high transition in 
the incoming data will retr~gger the one shot and keep it 
from expiring. When data stops and the RxD line clamps 
to a low, the DCD will fall to a zero when the one shot 
expires. Because each end of the link expects to hear itself, 
the DCD is ORed with the local RTS (Ula). 

Building the interface adapter and 
PCLAN adapter modification 

so layout isn't important. (Contact the authors if you want 
a pc board layout.) 

The PCLANA modification can be simple or time con- 
suming, depending upon how elegant you want the finished 
project to be. The adapter daughter board must be 
mounted on the PCLANA. The best place to do this is over 
the long metal cover housing the actual RF modem. Decide 
on a place and prepare your mount. 

You might consider removing enough of the RF modem 
components to make room for the daughter adapter board. 
If you do, be aware that the RF modem reports to the 
onboard pP (80188) as to the validity of the -12 volt DC 
power line (for historical reasons). If you remove the RF 
modem without connecting this signal, the pP will report 
an error whenever you attempt any operation. Locate Q20 
and R121 on the left side of the pc board next to the lower 
left corner of the RF modem cover (if it's still installed). The 
left end of R121 is tied to the base of (220. Cut the trace 
to the right end (or unsolder R121) and reconnect it directly 
to -12 volts DC on the board (bus pin B7). 

Adapter card construction is straightforward and can be You need four signal lines to cbnnect the daughter card 
completed quickly with IC sockets, perfboard, and point- to the PCLANA. They are: TxD, RxD, DCD, and RTS. You 
to-point wiring. The entire circuit runs at baseband speed, also need three power lines: +5 volts, +12 volts, and GND. 
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You wouldn't buy a car from a dealer who offers only 
one model.. .so why buy an amplifier that way? 
Henry Radio offers the widest choice of amplifiers in the world. We design and produce 
amplifiers to fit different needs and different budgets. We feel we offer the best equip 
ment and there are a lot of amateurs who obviously agree. That's why we've sold over 
40,000 amplifiers during the last 25 years. If you plan to buy an amplifier, do yourself a 
big favor. . .call, write, FAX, or come in. But make sure you have our new information 
packet in your hands before you make a decision. You owe it to yourself. Read it 
through, compare the specs, compare prices, compare VALUE. 
And, of course, when you buy from Henry Radio you're buying factory direct 

Our present HF ampllfrer lrne ~ncludes the followrng models 
2KD STANDARD Slngle 3-5002 Desk SSB Amp 3K CLASSIC MKll Domesltc Console 
2KD CLASSIC Desk Model Llnear Ampl~f~er 3K CLASSIC MKll Export Console 
2K CLASSIC Console Ampl~ller 3K CLASSIC RF RF Deck only 
2K CLASSIC X Domesltc Console 5K CLASSIC Export Console 
2K CLASSIC X Export Console 5K CLASSIC RF RF Deck only 
2K CLASSIC X RF RF Deck only 3K PREMIER Console Amp wlth 160 meters d -- 3KD CLASSIC Slngle3CX1200A7 Desk Amp 3KD PREMIER Desk Amp with 160 meters 

Henry Radio. . . 
the amplifier specialists 

2050 S. BUNDY DR. LOS ANGELES, CA 90025 (21 3) 820-1 234 
Toll freeorder number: (800)877-7979 TELEX: 67-3625(Henradio) FAX(213)826-7790 
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You'll find the connection to ground underneath the screw 
holding the mounting bracket to the rear of the card. Postive 
5 volts DC is taken from a trace leading to edge connector 
A1 (component side of the card, on the r~ght). Positive 12 
volts DC is also taken from a trace leading from 69 (solder 
side of the card, on the left). This trace also "comes through" 
to the component side of the card and 1s easier to solder 
to. The current demand is low, so you can make contact 
by cleaning a portion of a wide trace, tinning it, and sol- 
dering to it. 

Make signal connections to the SYTEK SIC chip by bend- 
ing pins up out of the socket and soldering to them. Find 
IC U16 in the upper left of the board. It's designated SIC 
and is a wide 28-pin devlce. Pin 1 should have a red dot 
and be on the lower left. Remove the device carefully; you 
probably won't be able to find a replacement easily. Bend 
pins 12, 13, 17, and 18 up so they won't make contact with 
the socket when the IC is reinserted, and so you can solder 
to them. Reinsert the IC. Connect the daughter board signal 
leads directly to the exposed leads. Pin 12 is RxD, 13 is 
DCD, 17 is RTS, and 18 is TxD. It's a good idea to use shrink 
tubing on each lead. Be careful not to heat the device 
unnecessarily while soldering. 

With the daughter card mounted on the PCLANA and 
all seven interface lines hooked up, measure the resistance 
from the +5 and +12 lines to GND. Find the cause of any 
reading less than 700 ohms before installing the card in 
the PC. 

If everything checks out, install the board in a PC bus 
slot and power up the computer. If the microwave hardware 
isn't attached to the 15-pin daughter board connector, the 

PC will delay for about 15 to 45 seconds during the boot 
cycle. It may display an error 3015. 

To complete testing, install a similarly modified card in 
another PC, connect the microwave hardware, power up 
both computers, and check to see that both FSK receivers 
show DCD. It may be necessary to reboot the PC by select- 
ing ctl-alt-del after DCD has been established. When the 
PC IS booted, the PCLANA runs through a series of diag- 
nostics which include frame loopback. The loopback will 
fail if the microwave hardwaredoesn't have DCD. Depending 
on the PC, the PCLANA card will declare itself inoperative 
until you run diagnostics again. 

If you have a copy of the IBM PC network program, you 
can now start it on both machines and share disks. Play- 
ing with the network can provide lots of creative fun. With 
the link running to a fellow ham, you can access each 
other's hard disks. Suppose you just finished some nice 
graphics and you want to show them off, Instead of reach- 
ing for your An/ camera, bit dump the screen image to disk 
and do a DOS copy fie from your disk to your friend's. Your 
friend will be able to see your work in seconds. A driver 
is also available to provide packet interface support for Phil 
Karn's (KASQ) TCPIIP package for the PC. (Contact the 
authors for further information.) 

Tune-up and testing 
Unless you have a 10-GHz microwave s~gnal generator 

available, you should build these units as a pair - although 
two dishes aren't necessary for short range use or testing. 
You should build the microwave assembly and set the bias 
voltage from the three-terminal regulator to approximately 
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I-F FROM 
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6.3 volts before connecting to the transceiver. Verify that the 
deviation control can be set to give 0.25 to 0.5-volt variation 
when the ECL line receiver is toggled between states. Once 
the biases are correct, hook up the transceiver. Most trans- 
ceivers as shipped will be close to 10,525 MHz. With two 
transceiverlhorn assemblies pointed at each other and 
separated a few feet, hook a frequency counter or general 
coverage receiver to the preamplifier output. Leaving one 
unit's tuning unchanged, tune the second unit while 
monitoring the IF frequency with a counter or listening for 
it in a general coverage receiver. Turning the mechanical 
tuning screw further into the cavity will reduce frequency. 
As the unit is tuned 70 MHz (or more) lower, you should 
be able to read the difference in frequency with a counter. 
You should be able to "walk" the two units lower in fre- 
quency into the hamband using this technique and space 
them 105 MHz apart. If you get "lost" and don't know the 
absolute frequency, try using a local supermarket door 
opener as an approximate 10525-MHz reference. If a micro- 
wave frequency indicator is available, adjustment is trivial. 

Once the two ends are operating 105 MHz apart, you 
can align the receivers. Select MFC and midrange control 
setting, and use a counter or 2-meter receiver to monitor 
the VCO frequency. Set it to 148 to 150 MHz at midrange. 
You should be able to tune several MHz on either s~de of 
this center with the manual tuning control. You can use AFC 
to tune it even further once the other circuits are operating. 
Tune the VCO to 45 MHz above the previously measured 
frequency of the mrcrowave IF and adjust the 45-MHz band- 
pass coil for maximum CIN reading. It may be necessary 

to separate the units or use conductive foam material to 
keep the signal strength reading on scale. Once the receiver 
is peaked on a 45-MHz IF, tune the discriminator coil to 
center the detector oi~tput voltage on pin 10 or 11 of the 
MC13055. With the scuelch control set to maximum resis- 
tance of 5 k, a 0.35-volt change on pin 12 corresponds to 
10-dB change in signal strength. Keeping the receiver tuned 
to center with MFC, adjust the position and absorbers to 
produce about 10 dE3 of CIN. Then adjust the squelch 
control so the DCD light just ext~nguishes. Measure the 
squelch control resistance again and calibrate your CIN 
reading by calculating sensitivity: 

VIp12) = 0070 * Rsquelch 
Rsquelch = squelc:h resistance in kilohms. 

(1) 

V(p12) = voltage ct-ange at MC13055 pin 12 in volts for 
10-dB change in signal. 

Adjust the discriminator output sensitivity to give full scale 
on your meter as you use the MFC to tune across the 
incoming signal. Finally, verify that the search oscillator runs 
when you select AFC and that there's no incoming 105-MHz 
IF signal. This should appear as a sawtooth oscillation on 
the VCO tuning line. 

The audio channel should work without further adjust- 
ment. Some background noise may be audible even when 
signal strength is high due to the phase noise of the micro- 
wave oscillators, but the level shouldn't be objectionable. 

Use an osciIloscope~to verify data throughput and correct 
transmitter deviation setting. Monitor the discriminator out- 

Adapter board for the PCLANA card. 
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put with the scope and set the scope sensitivity to give full 
screen display as you use the MFC to tune through a sig- 
nal. When you reach this stage, the transmitter may be 
modulated with data and the deviation adjustment may be 
used to set the discriminator output to slightly less than full 
screen. It may be necessary to iterate with the bias setting to 
keep the transceiver bias centered on 6.25 volts. 

At this point, both the transmitter and receiver should be 
functioning properly and may be used for audio or digital 
communications. When units are separated by a great dis- 
tance, or signals are otherwise weak, it may be beneficial 
to monitor the audio channel as an ald to link adjustment. 
Audio commun~cation will be possible even when noise is 
causing excessive errors on a data channel. 

Performance, results, and 
remaining problems 

Getting data to flow on the bench led to a couple of 
surprises. While debugging the software drivers, we learned 
new elements of timing relationships. S~nce this is point to 
point, and the only start-up delay 1s software latency (no 
hardware TXDELAY), data frame ACKs arrived from the 
other end before we'd finished processing the send request. 
Pieces of software that were just fine at lower speeds had 
to be rethought and streamlined to achleve throughput. 

Aligning the microwave dishes requires some skill. If you 
haven't done this before, allow plenty of time for alignment, 
have solid mounts, and don't expect it to be like 2-meter 
work. Use the audio channel to llsten for receiver quieting 
and get a feel for the narrow beamwidth. Don't try to hand 
hold the antennas at both ends; both must be pointed cor- 
rectly before either end hears anything. It may be useful 
to use manual frequency control at first. If you can put one 
end of the link at a high elevation temporarily, you can power 
the other end from 12 volts DC in your car and drive around 
to see what microwave communication feels like. The exper- 
ience you gain doing this will help to make you a good 
judge of final locations for the digital link. Because these 
are low budget systems, line-of-sight transmission is prob- 
ably necessary for anything other than fairly short links. An 
exception would be if a good planar reflector were located 
close to one end and used as an efficient mirror. You can 
try this technique to keep the hardware at ground level using 
a mast or tower-mounted "billboard" reflector. This has 
environmental advantages for the hardware, too. 

Measurements indicate that the unit passes data with a 
low bit error rate (BER) down to signal strengths below 
15-dB CIN. It's important to use direct paths; severe distortion 
can occur when multiple paths exist between the ends of 
the link. Such multlpath conditions can cause link failure, 
even with very large C/N. This sensitivity should provide 
low error data transmission on a line-of-sight path of more 
than 40 miles with well-stirred air. In many locales, marine 
air layers and other causes of fading and ductlng may 
require shortening the path to guarantee high linkup time. 

With the link installed at two locations 13.5 miles apart 
in northern California, CIN measurements show that there 
is at least 10 to 15 dB more signal strength than the mini- 
mum necessary. This indicates that more than 40 miles 
should be possible w~th this hardware as shown. However, 
because longer paths are more likely to experience propa- 
gation anomalies and heavy rain could decrease signal 

strength temporarily, it's desirable to use slightly larger 
dishes for longer paths. The audio link has proved useful 
in system troubleshooting too. 

As with any ham project, there's certainly room for 
improvement. Because the original RF design was for a 
2-Mbaud link, you should be able to improve DX by opti- 
mizing the receiver detector bandwidth. If you operate with 
a mast, the equipment needs to be waterproofed for all- 
weather use. As an alternative, you could mount a coax 
waveguide adapter to the feedhorn and locate the micro- 
wave circuitry remotely in a more protected environment. 
Use low loss semi-rigid coax cable for connecting to the 
antenna if you do so. A suitable coax waveguide adapter 
was described in an earlier artrcle.2 

If you want to use them, almost any of the surplus radar 
detector, motion detector, or burglar alarm Gunn trans- 
ceiversshould work well. MIA-COM GunnplexersTM, although 
somewhat more expensive, will work too. They have built- 
in electronic tuning that permits modulating at higher rates 
for full 10-Mbaud data links or ATV uses. It should be 
possible to frequency modulate them by driving the elec- 
tronic tuning input from the ECL output, properly scaled 
and offset with a resistor network. 

The first prototype of this link was built using 24-GHz 
radar transceivers and metal lamp reflectors for antennas. 
This arrangement works very well. Because of the modular 
system design, you may substitue these microwave assem- 
blies for the 10-GHz ones described here without making 
any other adjustments. The higher gain available for a given 
dish antenna size at 24 GHz can actually provide better 
performance over some paths. 

You can use a larger antenna for greater DX or more 
difficult paths. If you use something other than a 0.5 FID 
reflector, you'll need to design a new feedhorn to produce 
maxlmum performance. Other diameters are available from 
the indicated supplier. 

Where to go from here 
Ham radio has often made use of surplus and obsolete 

gear. Many have deslgned and built their own equipment. 
This project is no exception. By the time you read this, there 
will be a PC card (designed primarily by K3MC) capable 
of two-channel, full-duplex 2.5-Mbps operation. You'll be 
able to split the channels into four half duplex if you wish. 
The card will have a V40 pP, RAM, and Zilog 85C30 SCC 
devlces, plus the usual glue logrc. Bit rate will be software 
selectable. The card will have enough capacity to run as 
an IP router, allowing the PC to perform other functions whlle 
continuing to provide network access. 

We are also working to build inexpensive 250 to 500-Kbaud 
900 and 1200-M Hz radios to give the individual user access 
to other hams and to a "backbone," using this higher speed 
microwave hardware. We hope to have afledgllng moderate 
speed network in place in northern California and Colorado 
by the time this article goes to press. As the hardware is put 
Into place, the platform for some really excrting applications 
and a whole new era of Amateur Radio becomes a reallty. 

The authors would like to thank WN61, N3EUA, K3MC, 
and NGTTO for their encouragement and perseverance 
during testing. We'd also like to thank our XYLs, Sharon 
and Lynn. 
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Suppliers 

Most of the components for this project should be availa- 
ble from: 

Digi-Key Corporation 
701 Brooks Avenue South 
Thief River Falls, Minnesota 56701, 0677 

The antennas are available from: 

The Antenna Center 
505 Oak Street 
Calumet, Michigan 49913 (906)337-5062 

The microwave transceivers shown are NEC ND751AAM, 
which may be available from: 

California Eastern Labs 
3260 Jay Street 
Santa Clara, California 95054 
(408)980-3500 

You should be able to substitute many other transceivers, 
like those made by MIA-COM or Solfan and various types 
available at flea markets. 

REFERENCES 
1 Glenn Elmore. N6GN. "Des~gn~ng A Stallon For The Mtcrowave Bands. Parts 1.3." Ham Radro 
Magaz~ne. February. June. and October 1988 
2 Glen Elmore. N6GN. ..Des!gn~ng A Slallon For The Microwave Bands, Part 2:' Ham Radro. 
June 1988, page 35.37 
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BARKER & WILI 
Qualtly Communicotin Produc 
At your D~str~buton write or call 
10 Canal Street, Bnstol PA 193 
(2151 788-5581 I""" 

in ATV...WGORG 

With our all in one box TC70-1, 70cm ATV Trans- 
ceiver, you can easily transmit and receive live action 
color and sound video just like broadcast TV. Use 
any home TV camera or VCR by plugging the com- 
posite video and audio into the front VHS 10 pin or 
rear phono jacks. Add 70cm antenna, coax, 13.8 Vdc 
and TV set and you are on the air ... it's that easy! 
TC70-1 has >1 watt p.e.p. with one xtal on 439.25, 434.0 
o i  $26.25 MHz & properly matcnes M~rage D15, U24, 
D l  00 amps for 15,50, or 70 watts. Hot GaAsfet downcon- 
verter varicap tunes whole 420-450 MHz band to your TV 
ch3. Shielded cabinet 7~7~2.5" .  Req. 13.8 VDC @ .5A 
Transmitters sold only to licensed amateurs, for legal purposes, 
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ULTRA LOW POWER 
FOUR-DIGIT 
SE UENCE TOUCH 8 TO E DECODER 

By Carl Lyster, WA4ADG, 4412 Damas Road, 
Knoxville, Tennessee 37921 

F or some time now Radio Shack has been selling a 
very useful Touch ToneTM decoder IC for about $12. 
The all-CMOS IC incorporates the following: on-chip 

preamp, bandpass filters, voltage regulators, clock gener- 
ators, and output decoders. All you need to decode a Touch 
Tone signal is a quartz crystal, a resistor and one capaci- 
tor, and 5 volts DC. The performance and reliability of this 
chip are amazing. By adding a few inexpensive shift 
registers and comparators, you can build a four-digit 
sequence decoder for less than $20. Figure 1 shows the 
pc board; Figure 2 is the schematic diagram. 

I've built several of these units and used them for appli- 
cations like repeater autopatch and control link decoders. 
The response time of thedecoder isveryfast (specs. =40 ms), 
much faster than you can move your finger from one button 
to another. The power consumption is an unbelievable 
6 mA at 5 volts DC. 

Hardware description 
AC-coupled audio enters the decoder on pin 9. To pre- 

vent faking, this level shouldn't exceed 1 volt p-p. Pins 11 
and 12 are connected to a "color-burst" 3.58 MHz crystal, 
also available from Radio Shack. In this circuit, the decoder 
is configured to detect all 16 standard Touch Tone digits 
and produce a hexadecimal output corresponding to the 
digit decoded. Pin 14 is the "valid digit" flag and goes high 
each time a digit is decoded. The rising edge of each valid 
digit flag pulse is used to clock the hex data from the 

decoder into a pair of CD4015 dual four-bit shift registers. 
The shift registers store the hex data for the last four digits 
detected. IC1 stores binary bits A and B of the hex code 
while IC2 stores bits C and D. The corresponding two bits 
of each shift register pos~tion go together to form four, four- 
bit hex digits. The DCBA data for each digit is sent to a 
CD4063 magnitude comparator chip. Each CD4063 corn- 
pares the binary number from the shift register to a binary 

Binary coding chart. 

D~git D C B A  

1 
(8) (4) (2) (1) 
0 0 0 1 

2 0 0 1 0 
3 0 0 1 1 
4 0 1 0 0 
5 0 1 0 1 
6 0 1 1 0 
7 0 1 1 1 
8 1 0 0 0 
9 1 0 0 1 
0 1 0 1 0 

1 0 1 1 
# 1 1 0 0 
A 1 1 0 1 
B 1 1 1 0 
C 1 1 1 1 
D 0 0 0 0  
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NEW SOFTWARE 
WASGFR COMMUNICATIONS ENGINEERING version 3.1 
by Lynn Gerig, WASGFR 
Interec7ttnq proqrdrn thdt will allow you to pred~ctcommunlcahons ranges based 
upon your statlons operat~onal capabll~t~es Useful frorp 3 5  MHz to 3 5  GHz 
Also ~ncludes helpful Sm~th chart program for any type of matching network 
Provldes impedance results In both tubular and hlgh resolut~on Sm~th  chart 
graph~cs Great value at a low prlce 

GFR-DOS (MS-DOS) $19.95 
IGFR-C64 (Commodore C-64) 519.95 

MICROSMITH Smith Chart Utility Program MS-DOS 
by Wes Hayward. W Z O l  
MtcroSm~tl~ ~j a worktnq Sm~th chart that has been opt~mlzed for Impedance 
rnatchlnq appllcat~ons The user can mod~fy all var~ables to meet s p ~ c ~ f l c  
matchtng qoal5 Includes a clear and conclse tutor~al that all levels of In 
terest will f~nd  helpful Complete text explanat~ons wlth graphs a ~ d  lull corn 
prehens~on of the materlal 

WH-MS (MS-DOS) $29.00 

WPGGE CONTEST PROGRAMS (MS-DOS) 
by Jack Schulh. WZGGE 
Great contest loggtng programs! WrlKen In machlne language for maxlmum 
flex~blllty and speed Compat~ble wlth most MS-DOS PCs Shows loq. coun- 
tries worked. all band score on screen Super fast dupe checklng Prlnts Out 
log checklist, and OSLs 

GGE-AR ARRL OX Contest (6000 OSO's per contest) $39.95 
GGE-WPX CO Pref~x Contest (5000 OSO's per band) 539.95 

CONTEST PROGRAMS (MS-DOS) 
by John Berg. KAlHYU and Cllnt W~se.  W1XN 
If you haven t yet done a contest w ~ t h  a computer you're mlsslng one of 
l~ fe  s true pleasures' No more dupe or log sheets strewn around your oper- 
atlng table Instantaneous scorlng eltmlnates hours of work at the end of the 
contest Prrnt out the dupe sheets and log. fill out the entry and mall to the 
contest committee The follow~ng contest logs are avatlable (ALL MS DOS) 

BW-OX ARRL OX Contest $39.95 
BW-WPX CO Preflx Contest 539.95 
BW-C6O CO 160 Contest S39 95 
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Low power Touch Tone decoder. 

C1,2,3 0.1pF 
c 4  o.01pF 
C5 10 fiF 
ICl, 2 C04015 
lC3.4.5.6 C04063 
IC7 276-1303 
R1 1 meg 
Crystal 272-1310 

ceramic or monolithic bypass 
ceramic 
16-volt electrolltic 
dual four-bit shift register 
or 74HC85 magnitude comparator 
Touch TonerM decoder (Radio Shack) 
l/4 watt 
color burst 3.58 MHz 
(Radio Shack) 
pull-down resistors 
eight-positlon dip switch 
(Radio Shack) 

number programmed by a dip switch for each correspond- 
ing digit position. When the two numbers are equal the 
CD4063 generates an "=" flag. As each successive 
CD4063 receives its correct digit from the shift register 
matching the programmed digit from the switches, the 
"=" flag is propagated to the next stage. When all four 
stages are equal, a high is generated on pin 6 of IC6. This 
is the final decoded output, and will remain high until 

another digit is detected and entered into the shift registers. 
The output can latch an external flip-flop or be connected 
to whatever logic you desire. 

The dip switches I chose contain eight switches per pack- 
age. This provides two digit positions per package. The 
DCBA pattern of the switches is equivalent to the more com- 
monly used method of presenting binary data as 8421. 
Regardless of how you consider the four-bit data, if a dip 
switch is closed, then that bit is equal to a binary 1, or high. 
If a switch is open, that bit is a 0, or low. The Touch Tone 
decoder has a slightly different hexadecimal output than 
is expected, but you can simply refer to the chart in Table 1 
for the bit pattern of each digit. 

After choosing the four-digit sequence you wish to 
decode, enter the hex data from the chart for the appropri- 
ate digit position. 

To save space, I used two single in-line 47-k resistor packs 
for the pull-down resistors on the dip switches. These packs 
each contain eight 47-k resistors all tied to a common pin. 
You can replace these packs with individual resistors if you 
wish. The 47-k value of the pull-down resistors is not criti- 
cal; however, a lower value far these resistors will result in 
a higher current draw from the 5-volt supply. 
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Affordable 10-Meter DXing 
A Sensational 
Holiday Gift 

Hams are working the world 
with this value-packed Realisticm 
transceiver and here's what 
they're saying about it: "Great 
audio . . : Sounds like a much 
bigger radio . . . Best mobile I've 
ever owned . . . Easy to install." 
Realistic HTX-100 is a compact 
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10M coverage in 10 kHz, 1 kHz or 

100 Hz steps 
and handy QSY 

from the mike 
or front panel. 

L "Make a Ham 
Happy! 
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Realistic 

HTX-100" 

HTX-100 has a 10-frequency 
memory, RIT, effective noise 
blanker, 25 or 5-watt output. It 
operates USB or semi break-in 
CW with sidetone. Packet com- 
patible? You bet, with 40 ms 
rxltx turnaround and standard 
8-pin connector. Only $259.95 

Quality Backed 
By Service 

Realistic HTX-100 is backed by 
a 1-Year Limited Warranty. The 
optional Tandy"' Service Plan ex- 
tends warrantv to five vears for 
just pennies amonth! see this 
tremendous gif? value now at one 
of the 7000 Radio Shack loca- 
tions, along with our quality 
Ham Radio accessories. 

Prices a ly at part~c~pating Radio Shack stores and deal. 
ers NO!! You must have a valld FCC Amateur Radio 
Llcensp lo legally transmll w~th lh~s lransce~ver 
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Joseph J. Car< K41PV 
the +4.9 to +5.1 volts range all of the 
time. The standard TTL DC power 
supply is voltage regulated. 

The logic levelsfor TTLare asfollows: 
HIGH (logical-1): +2.4 volts to 

+5 volts 
LOW (logical-0): 0 to +0.8 volts 

GETTING TO KNOW 
THE LOGIC 
FAMILIES, 
PART 1: TTL 
Of all the IC digital logic fam~lles that 
have been on the market over the past 
20 years or so, the transistor transistor 
logic (TTL, or T2L) is probably the most 
successful. TTL devices require more 

TTL output circuits 
The output circu~t for a TTL device 

forms a current sink. That is, the out- 
put will accept a current from a TTL 
input (a current source) and route ~t to 
ground. Figure 2 shows two popular 
forms of TTL output. In Figure 2A, a 
TTL inverter, you see a regular 'TTL out- 
put circuit consist~ng of Q3 and Q4. 
This is the approximate circuit in almost 
all TTL devices. Transistors Q3 and Q4 
are an identical pair, and form a "totem 
pole" circuit; Q4 is a current regulator 
and Q3 is the output switch. The serles 
diode CR2 prevents current flow in the 
wrong direction. When the output is 
HIGH, transistor Q3 is turned off, so 
the current from the next stage isn't 
able to find a path to ground. But when 
the output is LOW, the transistor IS 

biased hard on (it is in saturation), so 
the output terminal is grounded. 

Figure 28 is an "open 'collector" 
TTL output. There's nocurrent regulator 
in th~s circuit. That function is taken 
over by an external pull-up resistor (Rl). 
Depending upon the type of open col- 
lector TTL device, the V+ voltage can 
be either +5 volts, or anything up to 
either +15 or +30 volts. Open collector 
inverters can be used for interfacing to 
other logic families, other digital 
devices, or nondigital output devices 
(relays, LEDs, lamps). Most open col- 
lector devices are hex inverters. 

The TTL output is rated according 
to the number of standard (1.8 mA) TTL 
inputs it will drive. This number is called 
the fan-out of the device. Thus, a fan- 
out of ten (the usual number for stan- 
dard devices) means that it will drive 

current than CMOS, but also operate 
at much faster speeds. Although most 
TTL devices operate in the 18 to 25-MHz 
region, special types are available to 
speeds of 80 MHz. TTL devices are 
designated by type numbers in the 
74xx and 74xxx series (54xx and 54xxx 
devices are military grade TTL 
devices). For example, a 7402 is a 
quad two-input NOR gate and a 5402 
is its MIL-SPEC cousin. The principal 
difference between the 54 series and 
74 series is the temperature range. The 
74 series is commercial grade and is 
designed to operate over the range 0 to 
+70 degrees Celcius; the 54 series 
operates over -55 to +I25 degrees 
Celcius. 

Figure 1 shows the operating 
regions for logic levels and operating 
potentials for TTL. The DC power sup- 
ply must be +4.7 to +5.2 volts, and 
must be regulated. Although these 
"official" limits are well publlclzed, it 
Isn't recommended that you try to 
operate close to the edges of the 
range. For example. at +5.2 volts DC 
the reliability of the devices may be 
compromised. At the other end of the 
range, +4.7 volts, some complex func- 
tion devices may become flaky in their 
operation - especially in noisy 
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power TTL, high power TTL, Schottky 
TTL, and low power Schottky TTL. The 
type numbers for these devices are 
modified as follows: 

Typical 
~ O O O D  0 Series Type Numbers 

( 1  Regular TTL 74xxI74xxx 

Low power TTL 74Lxx174Lxxx 
0 1  High power TTL 74Hxx174Hxxx 

n o  Schottky TTL 74Sxx174Sxxx 
INPUT 0 ' a 2 41 a @  LOW power 

Schottky TTL 74LSxx174LSxxx 

The operating speeds of the various 
subfamilies are radically different from 
each other. Typically, the 74xx device 

JOOOD operates to 25 to 35 MHz (with some 
older samples being limited to 18 MHz); 
74Lxx operates to 3 MHz; 74Hxx oper- 
ates to 50 MHz; 74Sxx operates to 125 

A regular TTL output circuit consisting of Q3 and Q4. In this "totem-pole" circuit, Q3 is klHz; and the ~ ~ L S X X  device operates 
the ou t~u t  switch and Q4 is the current regulator. to 45 MHz. - 

TTL subfamilies The fan-out and fan-in requirements . - also differ between the families: 
I The overall class of devices called Output Input 

EXTERNAL 
PULL-UP 
RESISTOR 1"' 

OUTPUT 

OUTPUT 

TTL is divided into several subfamilies Series sinks ' ( m ~ )  sources (mA) 
that are tailored to specified types of 74xx 16 1.6 
applications by differences in operat- 74Lxx 3.6 0.18 
ing power, speed, and propagation 74Hxx 20 2.0 
delay. The ordinary TTL device is 74Sxx 20 2.0 
called regular TTL. It's typified by 74LSxx 8 0.4 
power consumptions of about 10 mW Table 1 is a chart showing how many 
per gate and operates to speeds in the of which kind of inputs each subfamily 
25 to 35-MHz region. Propagation drives. 

*NOT JUST +SVDC A ON SOME MODELS 
/APPLIES TO OUTPUT 
TERMINAL ONLY. REST 
OF PACKAGE OPERATES 
AT +SVDC) 

An "open collector" TTL output is shown 
here. Current regulation is provided by an 
external pull-up resistor. 

+CVOC 

------- --- 
T T L  IC No. 1 t 1 

I 
I 
I 

I----------- 
I TTL IC No. 2 
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up to ten standard TTL inputs. The 
standard TTL input represents a load, 
or fan-in, of one. 

Figure 3 shows the relationship 
between the TTL input and the related 
TTL output circuit of the previous 
stage. The input may be a single emitter, 
as in the case of an inverter, or a multi- 
ple emitter. The inputs shown are dual 
inputs as might be found on a 7400 
two-input NAND gate or 7402 two-input 
NOR gate. The TTL input is a current 
source and the TTL output is a current 
sink. It's important to keep these dis- 
tinctions in mind when attempting to 
interface TTL with non-TTL digital and 
other circuits. The relationship between TTL input and related TTL output circuitry is shown here. 

I 
I 

I 

I I 
I I 
I I 

I 

I! I 
I 
I 

4b 1 
; kL 
I 
I 
I 
I 

- - - - - - 
I 

- - - -J - L - - - - - - - - - - 
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I I 
I ICOM 
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! : 
I - I 
I I 
I Call Us For I 
I I 
I Great Prices & Great Service : 
I I 
I TOLL FREE ORDER LINE 1-800-344-3144 8 
# Cootme~a, u S 6 leras I 

I . .  I . . . ,  . m 
I I 
I 5707A M O ~ U ~  san ~ n ~ o n a ,  Texas 78238 (51zj 880 6110 I 
I FAX 1512) €47 8007 8 
I I 
b11111111111.1111111.1111111II 

I b 

LOGWRITEtm 
Brlng your slatton into lhc compuar age wtlh LODWRITE. 
the menu drwen, user Irlcndly lugging program wrllten hy Ed 
Troy I N G ~ V I  LOGWRITE u the pr fcct  acccrsorv lor the 
complete ham stallot, 11 snmpl~fne$ your operauan and gwes 
you the compelitive edge tn conlcsting and DX'lng LOGWRITE 
wurks wlth all IBM PC"$ and a,mpatlblcs. 

LOGWRITE's untquc rpllt screen lcaturc allows hrr s!mul- 
laneom hgglng and lcxr prwcsrzng. Lr8gglng lcalurcr mclmle. 

Instant call slgn or prefix search 
- Pr~nt. Edit, or Vlew records 
- Plenty of room for notes & addresses 
- Automatic r~meidate stamping 

Texl processor lealures ault>matlc word wrap, backspace o,r 
rcet, and arroll~ng 7 h n w  away your p n  and paper1 

To order your cop" o l  LOCWRITE, n,mplclc v ~ h  ~nrlrucla,n 
manual, lend 524.95 (Pa rcsldenls add 51 511 sales tar1 la: 

Aerospace C o n s u l t i n g  

P.0. B o x  536. B u c k i n g h a m .  PA 18912 

Or call (215) 345-7184 to order with VisaIMaster- 
card. (Please specify 3.5 or 5.25 inch floppy.) 

w # 

..... . . . . . . . . . . .  6526 $12 25 8362 (Den~se) $56.95 
........ 6567 ................ $15 95 8364 (Paula) $56.95 

............. ............... 6510 $10.95 8520A1 $17.95 
................... . . . . . . . . . . . .  6581 $1 1.50 8562 $22.50 

PLA ............ $1 1 95 68881 -RC16 ........... $79 95 

(16 MHz) .............. $ 
$24 95 1.3 K~ckstart ROM . 5 

-- -- 
DORE DIAGNOSTICIAN II 

I This chart shows different input and output requirements in the TTL device families. I 
This 
output 
74xx 
74Lxx 
74LS 
74 H 
74Sxx 

Will drive this many inputs 
74xx 74Lxx 74LSxx 74Hxx 74Sxx 

10 40 20 6 6 
2 10 10 1 1 
5 20 10 4 4 

12 40 40 10 10 
12 40 40 10 10 

The principal differences between 
certain of these famikes can be seen 
in Figure 4. In all three cases a 
two-input circuit is assumed. The stan- 
dard "regular" TTL input is shown in 
Figure 4A. The regular input consists 
of an NPN transistor with two emitter 
terminals. The Schottky TTL device is 
similar, except that a pair of Schottky 
diodes are shunted across the inputs 
(see Figure 48). Finally, in the LS 
series TTL a set of four Schottky 
diodes are used (see Figure 4C). In 
each input, one is in series with the input 
Iineand theother isshunted toground 

Tri-state logic 
Many TTL and CMOS digital devices 

are called "tri-state" logic devices. Nor- 
mal digital devices are two-state types. 
That is, they are binary in nature. This 
designation means that an output can 
be only HIGH or LOW - there's no in- 
between state. But a tri-state logic 
device has a third state in which the 
output terminal is effectively discon- 
nected from the output circuits. Figure 
5 shows an equivalent circuit for the 
tri-state device. Switch S1 represents 
the normal binary operation of any TTL 
device (in this case an "inverter"). 
When the input is LOW, the output is 
HIGH, so switch S1 is connected to the 
+5 volt source. Alternatively, when the 
input is HIGH, the output is LOW, so 
S1 is connected to ground. The tri-state 
condition is provided by switch S2. 
When the chip select (CS) line is LOW, 
then switch S2 is closed so the output 
is connected directly to the inverter out- 
put (the S1 pole). But when CS is 
HIGH, switch S2 is open, so the out- 
put terminal is connected to the output 

A standard TTL input. 

I 
+5VDC 
P 

I 01 

L 

SCHOTTKY 

A low power Schottky TTL input with both 
201 A Schottky TTL device input. series'and shunt schottky diodes. 
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that-draws 4 to 10 A from the +5 volt 
line, you might want to consider one 

/ / , . .,., , ^  I., . .. , 
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316 Drlrln 1 n ~ u l a l o r ~ S l 2 1 l m  STnmesr rwoer~ I lo ,7M 
A110 15 LIPS 5-H lor Pnch anlenn.3 

I: rpr t  I.! Manr<tmt 

VERY HIGH 
RESISTANCE RESISTANCE !I OUTPUT 

TERMINAL 

1 
I I 

4 4 
INPUT C E  

I OR COLLECT OLD RADIOS, YOU NEED ... I 

of two power supply schemes. In the 
first, you use a voltage regulator with 
a sense line. That type of DC power 
supply has a reference voltage sensing 
line connected at the point where you 
want the voltage to be +5 volts. The 
DC resistance of the power supply bus 
causes a voltage drop that can hurt the 
operation of the circuits. The second 
uses distributed regulation. In this 
scheme, the main DC power bus is +8 

( ANTIQUE RADIO CLASSIFIED 

volts. Each printed wiring board, or 
Equivalent circuit for a trl-state TTL device. several sections of the same board, 

has its own three-terminal IC voltage 
of the inverter through a very high a single 0.001-pF capacitor at regulator. The S-100 microcomputer 
resistance. This action has the effect of each TTL package, or (the original microcomputer) used this 
disconnecting the internal circuitry of a single 0.01 to 0.1-pF capacitor system. Each S-100 plug-in card had 
the device from the output terminal. Tri- every second or third device, or one to five 7805, LM-340T-05, LM- 
state logic devices are mainly used in every 3 inches - whichever is 340K-05, or LM-309 voltage regulators. 
computer and other digital applica- spaced closest. 
tions where several devices must share These capacitors are connected C O ~ C ~ U S ~ O ~  
a common bus or line. between the +5 volts DC terminal of Transistor transistor logic devices are 

the device and ground. The capacitors inexpensive and are, for the most part, Power supply decoup'ing should be located close to the device. well behaved in practical circuits. You 
There are several general rules for On large projects it's advisable to should be able to use them easily in both 

placing power supply bypassing capa- place a 50 to 200-pF capacitor at the published construction projects or 
citors in TTL circuits. One of two pro- power supply connection for the custom-designed projects of your own. 
tocols are generally used: printed wiring board, and 4.7 pF every 
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~solated output Battery or DC powered Full 
functlon lamb~c Keyer Adjustable speed and 

we~ght One Year Ace Systems Warranty 

- CALL TO ORDER - VISA - (81 4) 965-5937 
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Optimizing The QF-1A 
Audio Filter 
These small additions to the Autek 
QF-1A audio filter won't take an entire 
weekend, but you may f~nd  you want 
to spend some time play~ng with the 
settings (of the new controls and the 
existing ones) afterwards. 

Setting up the rig 
With the unmodified QF-1A filter in 

circuit but switched to OFF (BYPASS), 
experiment with the RF gain control of 
your rig while listening to a weak (just 
above the noise) SSB s~gnal. Concen- 
trate on finding the setting that gives 
you the best signal-to-noise ratio and 
intelligibility. This will not be the setting 

OUTPUT 
JACK 

BLACK: MODIFICATIONS 

I N  O U T  

Change to output. 

that gives the loudest signal. You may 
be surprised to find how far back you 
have to turn the RF gain - especially 
if you're an old-timer brought up on the 
"full RF gain for fone, retarded for CW" 
rule popular in the old days of AM and 
diode detectors. The rule for SSB and 
product detectors is, "If you can hear 

the background noise in the absence 
of a signal, a receivable signal will 
be audible above it." This applies 
especially if you have a lot of local 
manmade noise. 

After you've found the best place for 
the RF gain, adjust the AF gain to a 
comfortable listening level. (If you're 
using headphones, and the comfort- 
able audio level is near minimum AF 
control setting, you might consider 
putting a series resistor in the head- 
set plug.) 

Now switch on the QF-1A with the 
function switch on LOWPASS and all 
the other controls fully counterclock- 
wise. If  the audio is louder than it was 
before, you need the modificatior~ 
shown in Figure 1. (If it's not, you may 
still need it when you increase the 
filter gain by turning the selectivity 
control up.) 

The next test is done more easily on 
CW. With the filter switched OFF fincl 
a CW signal, or (preferably) a constant 
audio tone from a calibrator or WWV, 
and select a comfortable audio level. 
Switch on the filter, put the QF-1A func- 
tion switch at PEAK, the selectivity con- 
trol at half scale or more, and swing the 
frequency control above and below the 
peak frequency. Note the approximate 
width of the peak. There's no need to 
be precise; just get the feel of it. 

Reduce the setting of the AF gain on 
the rig and swing the frequency con- 
trol agaln. If ~t 's sharper than it was 
before, the output from the rig was 
overload~ng the filter and you need the 
modification shown in Figure 2. The 
back-to-back silicon diodes in Figure 
2 are included mainly to protect your 
ears from the sudden arrival of a huge 
signal or the Woodpecker. 

BLACK.  MODIFICATIONS 

Change to input 

The modifications 
It's conven~ent to run the QF-1A from 

one of the 12-volt accessory sockets of 
the rig if the supply line is 12 volts posl- 
tive (it only takes a fraction of a watt). 
Figure 3 shows a suitable point to 
make the connection. A silicon diode 
in series protects the filter if it's plugged 
into a 12-volt negative line accidentally. 
There's plenty of room on the back wall 
of the filter enclosure for the two new 
potentiometers and an RCA-type 
socket. Physically, the pots can be as 
small as you like and the value isn't crit- 
ical - somewhere between 50 and 
500 ohms is ideal. 

The 10-ohm resistor in Figure 1 
presents a reasonably low impedance 
load to the filter, even if you use high 
impedance headphones. 
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Adjusting the pots 
After you've completed the modifica- 

tions, turn both pots to maximum. The 
output should sound just as it did 
before. Make the CW test again. But 
after switching the filter on, reduce the 
input pot until the signal no longer 
saturates the filter. Then adjust the out- 
put pot until the audio level is about the 
same, whether the filter is ON or OFF. 

MODIFICATION 

B + 

+12 v~ l ts  dc from rig. Diode is to protect 
Q F l A  against accidental connection to -12 
volt supply. 

Adjusting the filter 
You may prefer to make adjustments 

based on your own methods. For what 
it's worth, this is what I do on SSB. (I 
find the rig itself copes pretty well most 
of the time on CW.) 

I set the function switch on LOW- 
PASS and the selectivity and frequency 
controls fully counterclockwise. Then, 
with a signal that has some noise on 
it I turn the frequency control until the 
high frequency components of the 
voice just begin to be attenuated. This 
usually results in a vast reduction of the 
noise. I leave the controls at this set- 
ting most of the time. I may, however, 
turn the frequency control a bit to the 
right on CW, "roofing" the noise some- 
where just above the CW tone. 

It often helps to adjust the AUX 
NOTCH control to about 10 o'clock on 
a particularly noisy SSB signal, leaving 
the selectivity control at minimum to 
give a broad notch. That's about it. The 
QF-1A is an excellent filter just the way 
it is, but adding these two controls lets 
you customize it to give optimum per- 
formance on your rig. 

Bob Eldridge, VE7BS 

FRANKLIN-BELLE PUBLISHERS 
Tile A n l e n ~  People Presenl: 

Here's a simple modification that lets 
you use your IC-32AT as a crossband 
repeater. All you need to do as far as 
the hardware is concerned is clip 
diode D912 on the logic unit. Once 
you've done this and reassembled the 
radio, use the keypad to place the 
radio into crossband repeat mode: 

Using The ICOM IC-32AT 
As A Crossband 
"Mini-Repeater " 

Push and hold the FUNCTION 
switch on the side of the radio. 
Push the [C] key. 
Push the [6] key. 
Push the [Dl key. 
Release the FUNCTION switch. 

To cancel the repeater function, enter 
the following on the keypad: 

Push and hold the FUNCTION 
switch on the side of the radio. 
Push the [Dl key. 
Push the [C] key. 
Release the FUNCTION switch. 

When the radio is in repeater mode, 
you'll note that it scans between the 
VHF and UHF frequencies last pro- 
grammed into the VFOs. The radio will 
continue to scan between these two 
frequencies until a signal breaks the 
squelch or you stop the scan manually. 
When the scanning has stopped, the 
transmit frequency will be displayed 
until the incoming signal terminates. 
If the incoming signal was in the VHFl 
VFO, it will be retransmitted automati- 
cally on the UHF/VFO, and vice versa. 

I think you'll find this feature useful 
if you're ever in an emergency situa- 
tion, or communicating with someone 
who has VHF or UHF capabilities only. 

Russell Dudley, KW50 

@MAGAZINES 
eantennex-A monthly magazine 

all about antennas. Read In 40 
countries. Second exciting year 
inpublication ...... .. ............. $15.97 

.BOOKS@ 
@Rules of the Antenna Game 

By Ted Hart, W5QJR ............ $6.95 
@Small High Efficiency Antennas 

By Ted Hart, W5QJR ........... $19.95 
@Electronics for the Radio Amateu~ 

By James Lee, W6VAT ....... $19.95 

@SOFTWARE (IBM). 
*Transmitting Loop Antenna 

CAD By Hartsoft ................. $17.75 
@Transmission Line Antenna 

CAD By Hartsoft ................. $17.75 
------------ 

TO ORDER-Send Check or MO plus 
$1.50 S&H per item (except magazine) 
Texas residents add 7.5% sales tax, TO 1 
FRANKLIN-BELLE PUBLISHERS 

4639 Corona, Suite 12 
Corpus Christi, TX 78411 

(512) 852-0446 

Conllnuuui: cover r ig r  

.2000Channel Memory 
1584 Scdn F r e q u e r ~ c ~ e s  
& 16 Search Groups 

rnenrs per second 
. ScanISearch s p e e d s  u p  tu 36 channels or incre 

. Bu~lr I" RS 2 3 2 c v m ~ u l e r  ~ n l e r l a c r  
25 Day Satlsfacr~on Guaranfoe Full Refund i f  not 

S I : ~  3l,"'Hx5. C W x i  ."D Wf 2Ib 1002 
S u p p l ~ e d  w ~ f h  AC & DC power cords  T e l e s c o p ~ c  

- -- E == - -- 

COMMUNICATIONS 
10101 E. 106thSt. Indpb., IN46256 

Toll Free 800-445-1111 

Ham Radio/December 1989 41 



JUNKBOX TRANSMITTER 
Short on cash but 
long on spare parts? 
This is the radio for you! 
By Charlie Tiemeyer; W3RMD, RD 2, Box 427-C, 
Chestertown, Maryland 21620 

any Amateurs wonder how they can pursue their 
hobby inexpensively. Some are fortunate enough 
to have a s~zable junkbox or an Elmer who's 

happy to contribute parts. Of course, there are probably 
plenty of old lV or radio sets around which contain the parts 
we need. 

Transmitter 
Figure 1 shows the schematic of my junkbox rlg. The 

oscillator is a 6AQ5 tube and the final amplifier a 6DQ6. 
I chose these tubes because I have quite a few on hand. 
Any tube that renders reasonable output will work. I sug- 
gest that you select a final amplifier tube that can handle 
the output voltage of the power transformer you intend to 
use. My transformer is a 730-volt center-tapped unit I built 
about 35 years ago for a homebrew AM modulator. You may 
have one that delivers higher voltage which will let you use 
a 6146 or 807 in the final, allow~ng more power output. 

Construction 
All components were mounted and installed on an alu- 

mlnum chassis, 13" x 7" x 2". 1 suggest you mount the 
components logically and keep all leads as short as possible 
when soldering. I salvaged my tunable oscillator cod and 
the ~nput and output variable capacitors of the pi-network 
final from a defunct Globe Chief transmitter. The tank coil 
was resurrected from a cannibalized Drake 2-NT transmitter, 
but any final coil from an old Globe Chief, DX-40, or DX-60 

appropriate crystals. You'll need to experiment. I also think 
~t'spossible to useone wiresize instead of the three indicated. 
Because I've listed a maximum of 35 turns of wire, you can 
use one longer 1" diameter coil form wlth taps at the 
appropriate bands. You'll need all 35 turns for 80 meters. 
For 40 meters, the tap would be up twelve turns. Twenty 
meters would be up from this tap at thlrteen turns, 15 meters 
at four turns, 10 meters up at one turn, and 15 and 10 meters 
would be space wound. 

The same arrangement used with the oscilator coil(s) 
applies for 12 meters on the final tank coil(s). Use a 1" coil 
form with 30 turns for 80 meters. For 40 meters, the tap 
would be up 13 turns. Twenty meters would be up from this 
tap at 11 turns, 15 meters up 2 turns, and 10 meters up 
1 turn and space wound. 

Because I operate this rig on 80 and 40 meters only, I 
use copper alligator clips to short wanted turns on both the 

80 meters, 35 turns no 22 enamel wlre close wound 
40 meters, 23 turns no 22 enamel wlre close wound 
20 meters 10 turns no 22 enamel wlre close wound 
15 meters 6 turns rio 18 enamel wlre space wound by wlre d~ameter 
10 meters. 5 turns no 16 enamel wlre space wound by wlre d~arneter 

and the final tank circuit. 
I prefer to operate 80 and 40 meters. If you want other 

bands, you'll need a switching arrangement to short circuit 
the unnecessary parts of the colls. I have used the 40-meter 
taps successfully to work 30 meters wlth 5-MHz crystals. 
Both oscillator and final tank colls are wound on 1" diameter 
forms (see Tables 1 and 2). 

Although I didn't try it, I think you could use 12 meters 
with elther the 15 or 10-meter band coil positions and the 

Flnal (tank) co~l(s) 
80 meters 30 turns no 14 16 or 18 enamel wlre close wound 
40 meters 17 turns no 14 16 or 18 enamel wlre close wound 
20 meters 6 tuns no 14 16 or 18 enamel wlre space wound 

by wlre d~ameter 
15 meters 4 turns no 14 16 or 18 enamel wlre double 

spaced by wrre d~ameter 
10 meters 3 turns no 14 16 or 18 enamel wlre double 

spaced t y  wlre d~ameter 
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1ZOV. 6OHz. DPDT RELAY. I F  DESIRED, FOR MUTING RECEIVER AND 
ANTENNA CHANGEOVER FROM RECEIVE TO TRANSMIT 

Schematic of the five-band junkbox transmitter. 

22-pF or 0 to 30-pF trlmmer c a p a c l t o ~  
100-pF dlsc ceramic capacltors or mica 
0.01-pF 1 kV* disc ceramlc or mica capacltors 
100-pF variable capacitor, broadcast type okay 
0.001 to 0.005-pF 1 kVk dlsc ceramic or mica capacitors 
350 to450-pFvarlable tunlngcapacitor, broadcast typeokay 
1200-pF variable tunlng capacltor (usually 3 gang k400 pF, 
each gang in parallel) 
80 or 100-pF 450-volt electrolytic capacitors in series 
47-k, 1/2 or 1-watt carbon reslstor 
27-k, 1/2 or 1-watt carbon resistor 
4-k, 10-watt wlre-wound resistor 
7.5-k, 10-watt wire-woundreslstor(may not need if 300 volts 
not exceeded) 
330-k, 1-watt carbon equalizing resistors (470 k okay) 
Any 80 or 40-meter crystal 

2.5-mH (1 mH okay) 125 to 150-mA RF chokes 
7 turns no. 20 wire space wound on 47-ohm, 1-watt car- 
bon resistor 
See text (any voltage from about 350 to 450 each side of 
center) 
Any choke lrom 5 to 10 H, 100 to 200 mA 
1000-PIV, 400-mA or more silicon diodes 
SPST toggle switch 
DPDT toggle switch (If relay Is used, otherwise same as S1) 
Open or closed-circuit phone jack tor key 
Coaxial receptacle, no. SO-239 
0 to 200-mA milliammeter for loading PA 
Relay for mutlng recelver and antenna changeover 
(o~t lona l )  

oscillator and final tank coils. If you can obtain these coils 
from old discarded transmitters, you'll find that the proper 
tap points for each basid are indented on the forms or may 
still have leads extending from them. If they aren't available, 
you'll need to follow the steps for winding your own. 

Recommended voltages and currents 
My rig has voltage:; and currents based on the power 

transformer I'm using. These are shown in Table 3. 1 don't 
know the transformers current rating, but I think that any 
reasonable unit capable of at least 150 mA (preferably 
around 200 mA) would be adequate. If you have a trans- 
former capable of 400 or 500-volts output, you might need 
to use a different power amplifier tube. You'll also need 
appropriate screen-dropping resistors for the final tube and 
for the plate and screen of the oscillator tube to avoid over- 
load. 

This rig uses choke input for better regulation, but you 
can use capacitor input and get more output voltage. My 
transformer is rated around 365-0-365 volts at choke input 
and resolves to 365 volts x 0.90, or approximately 328 volts. 
For capacitor input, 2165 volts x 1.2 = 438 volts output; 
for no load, 365 volts x 1.4 = 511 volts. However, I assume 
my transformer is 36!5-0-365 volts; hence I arrived at the 
data in Table 3 taker1 on both 40 and 80 meters. 
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Satellite TV is still full of the wonderment that 
made it so popular in the early '80s. The 
tinkerers are there, the programming is 
there, and never has the cost of becoming a 
dish owner been so low. 

So, how do you find out about this exciting 
entertainment? 

Through publications devoted specifically 
.to satellite TV, that's how! 

America's Weekly Guide To Satellite TV 

OnSat is unsurpassed for the most up-to- 
date listings of satellite programming. Dr. 
Dish, Mailbag, and the Transponder Service 
Watch are all geared to help you make the 
best use of your satellite TV system. A 
sample issue can be obtained for only $1. 

The Complete Monthly Guide To Satellite TV 

STV Guide contains over 300 pages of 
programming information, product reviews, 
home troubleshooting, and information 
about satellite TV. A sample issue can be 
obtained for only $2. 

Both OnSat and STV Guide contain listings 
for over 120 channels and Prime Time Grids 
for over 50 channels. Subscribe to either the 
weekly OnSat or the monthly STV Guide for 
only $48 per year. 

To start receiving the best in satellite TV 
guides and information, call toll-free 
(800) 234-0021. VISA Qnd Mastercard " 
accepted. 

I STV Guidetonsat 
PO Box 2384 Shelby, NC 281 51 -2384 

Tuneup 
Tun~ng up is simple. Put all three variable capacitors at 

maximum capacitance (plates fully meshed). Don't forget 
to use a dummy load to tune up before attaching an 
antenna. While listening to your receiver around your crys- 
tal frequency, close switch S2, depress the key, and quickly 
tune C4 for the loudest signal. Then tune C8 for mlnlmum 

I No load vollages. 470 volts choke Input I 
305 volls at 100 mA = 32 walls Input. 235 volts lo 6A05. 

200 volts to 6D06 screen 
300 volts al 125 mA - 38 watts Input. 230 volts lo 6A05. 

210 volts to 6D06 screen 
295 volts at 150 mA = 44 walls ~nput. 220 volls to 6A05. 

230 volts to 6D06 screen 

dip in plate current; this should be less than 100 mA. 
Increase C9 a little at a time, redipping C8 until you've 
loaded between 100 and 150 mA after each try. Actually, 
125 mA is best. Now you're ready to operate. 

Some closing thoughts 
There you have it. I'm still having fun with this l~ttle rig 

and getting excellent results and reports. I haven't tried my 
old Heathkit VF-1 VFO with ~t yet, but feel it would give me 
more versatility - assuming it works okay in place of my 
crystals. I have a "rock pile" accumulated through many 
years in Amateur radio; however. I prefer crystal control for 
the obvious stability. 

I th~nk you'll not only enjoy building and experimenting . . .  

with this rsig, but will have many enjoyable hours on the alr. 

WRITTEN TEST STUDY GUIDES 
All word for-word questions. rnult~plP cholces 
answers Choose Nov~ce. Techn~clan. General. 
Advanced or Extra Class Answer explanations 
supplledl 
54.95 Each version + $1.50 shipping. 
A l l  flve manuals: $22.95 postpald. 

HAM RADIO O&A MANUAL 
AN 1.932 questions. multiple cho~ces and answers 
found In every ham license exam. Novice through 
Extra Class. 
59.95 Shipped postpald. 

MORSE CODE TEST PREPARATION 
Set contains two 2-hr. cassette tapes 
Code Teacher. 0-5 WPM $9.95 
General Code. 3-15 WPM 59.95 
Extra Code. 12-21 WPM 59.95 
Plus $1.50 shlpplng per set. 
A l l  ManualslCode Tapes: 549.95 
New §Part 97 Ham Rules: S 2.95 

Order shipped same day received! 
Credlt card phone orders: 10 a.m - 2 p.m. 

W5YI MARKETING 
P.O. Box #565101 - Dallas, TX 75358 

Tel: (817) 461-6443 - 24 hours 

-- 
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PLUG INTO PACKET! 
Simple and Easy. Sol e Included. 
Here's the easiest packet radio yet, Unlike others, DRSl includes all 
you don't even have to buy a TNC the software you need. The THS 
to join the digital revolution. Just terminal package has split screen. 
let your PC do the work. Plug a file savelsend. binary file transfer. 
PC Packet Adapter into any ex- print, scroll, review and more. *C;, 
pansion slot and get on the air in 
minutes. just like an expert. And 
youll still be able to use the PCfor 

2400 BAUD 
other work! The complete VHF Many areas are upgrading their 

. system is only s139.95! packet nets to this higher speed. 
DRSI's M-24 modem for 2400 
baud connects simply with no Too* modifications to your rig and lets 

When you've mastered the basics. You operate both 1~~ and 2400 
use the PC*Packet Adapter for simultaneously with your present 
s~multaneous dual-band HF/  radio. Step UP to this new speed 

'- 3 
VHF, multiconnect, BBS. TCP/ for just $79.95. today! 
IP, DXerS Packetcluster, 2400 

L!!!!!!!!!!! 
TDP-I -- 

baud (and higher). Even use the or Write 2065 Range I 
Developer's Package to write your . complete Clearwater, FL 
own packet application. Product Catalog ORDERS: 1-800-999-0204 

EVERY ISSUE of 

I now available on microfiche! 

The entire run of Ham Radio Magazine 
(March, 1968 thru last year) is ready 
to ship to you in one, easy to use 
format. 

Our 24x microfiche is easy to read and 
very compact. We offer a hand held 
reader for $75, and a desk model for 
$200. Libraries have these readers. 

As a bonus, you will receive Ham 
Radio Horizons (3/77 thru 12180) free. 

Everything is included, front cover to 
back - ads too! 

Annual updates will be offered for $10. 

I Send $185 payment (visalmc 
accepted) to: 

BUCKMASTER PUBLISHING 
Route 3, Box 56 

Mlneral. Vlrglnla 231 17 
7031894-5n7 vlsalmc 8001282-5628 

ftwarc 

Call 
for 

toad 
, 34625 

ENJOY 
THE 

BEST 

-. 

Martin Towers And Hazer 
levercllmbagsln wlth ~ h ~ ~ t o w e ~ a n d e l e v e l o r  syslem MARTIN 
'OWERS are madeol alummum and specllbcally engnneered lor 
me wllh THE HAZER All bolledconstructlon,nowelds Easy to 
nslall hlnge base walk up erecllon nexl plumb wtlh levellng 
ml ls  ~n base Mounl antennas and rotor on  HAZER In vefllcal 
~ p n g h l p o s ~ ~ ~ o n  thanwlnchtolopollawerloroormaloperallng 
m s ~ l l o n  Guy wlres lasten l o  HAZER or above HAZER al l o p o l  
ower Safely lock system operates while rslalng or IowerlnQ 
'ierercen la11 Pholoabove shows HAZERmldway on lower 

SPECIAL tower package prlces Include everything bul  rotor and 
lnlenna M M-18 slum lower kl l  t o m ,  hlnged base, concrete 
'0011ng section. HAZER kit. Phillyslran guy wlres. lurnbuckles. 
~ a n h  screw anchors. 10' masl. lhrusl bearlng, tool kII, raled at 
15 sq I t  antenne load m 70 MPH. $1925.95 FOB Boonvblle 

M' M.13 alum lower, same pkg as above S1631.BS 
10' M.13alum tower. same phg elabove 1483.0 
Y)' M.13alum lower, same pkg as above 1294.25 
HAZER 2  lor Rohn 2 5 .  Hvy duly alum I 2  sq If wlnd Id 311.95 
HAZER3 lor Rohn 25-Sla alum Bsq 11 wlnd load 223.95 
HAZER d lor Rohn 2 5 .  Hvy Qalv all 16sq II wlnd load 291.95 

S.11.1acllon ~ u a n n l e e d .  Call loday and c h a w  to VIsl. 
MaslmrCard or mall chack or money order. 



PK-232 Multi-mode MW ... ri~rtkrrtg qua/it!g aflordable 

Data Controller ~ 1 1  MFJ Tuners Stocked! 

Now with PakMail function 

-SALE! $999 
MFJ-949D 300 Watt Tuner 

Hr~i l l - l r~  dttrnm!) load 
Nc.u~peak and A ~ ~ r r a g e  Llghled 2- 

FREESTANDING color Cross-Needle S WR/Watt meter 
Built-in antenna swirch. balun 
Covers 1.8-30 MHz 

All MFJ Packets Stocked! 
drlve accessories 

MFJ- 1278 Multi-mode 

mics, software. books and more! One 

simultaneous HFIVHF 

Personal Bulletin Board 
~rrYlASClllAMTORlCWlWeather Fax 
Programmable MARK and SPACE tones 
Terminal programs for PC compatibles 
and Commodore 
WEFAX programs for PC. Commodore, 
and Macintosh 

Contemporary design, qual~ly and a 

/ 178 
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100W GENERAL COVERAGE RECEIVE 
HF ALL BAND TRANSCEIVER 
Max~rnurn Operation F lex~b~l~ty  2 METER AND 440 MHz 

EXTRA-LARGE MULTl COLOR LCD 
HM14 TOUCH TONE MICROPHONE 

GREAT PRICE! CALL FOR PRICE 
A Models 25 WAlTS 

1 C 0 M H Models 100 WATTS 

LOW PRICE! 

lCOM IC-228AlH 
2 METFfq MOHILES 

100W GENERAL COVERAGE RECEIVER 

WALL IN STORE HOURS 

Bab k m m  WORJ ATLANTA GA 30340 OAKLAND CA W M ) ~  SALEM NH 0 3 m  PrestdenlIOwner 6ml ~ ~ ~ o r d  Hwy 
WOODBRIDGE, VA 22l91 VAN NUVS. CA 91411 

2210 L I V I ~  i o n  SI 225 hl droadway 14803 AIIII~ America Drln 6265 Sepulveda 81M 
4M) 263 0700 Jim Ratfefty N6RJ & ri) I Y - ~ ~ V  1800~444-W47 (7031 643 1063 1-8W 4 4 4 4 8 9  (8181 988 2212 

VP-Nar~onal rry. Mqr WIIIAGW ~ch.  Mgr W A W 8  Curtis. Mgr WB4KZL Ltnda. Mqf K R 4 N T  A l  Mgr KWRA 
sales M~~~~~~ DoravfIIr I rnl notlh of 1.285 IS-880 al 23rd Ave Ramp 28 nules north 01 Boston exn 1 1.93 Ex11 54 I 95 :ioulh l o  US AT 1 San Olego Fwy a! Wctory Blvd 



~'ve bought our replacement bi s before ... I IYJW I V U   AN BUY DIRECT FROM US, THE MANUFACTUREW 

CUSTOM MADE BATTERY 
PACKS & INSERTS 

5 10.8~ @I 500MAH Made to your specifications. 
Introductory Offer! 
KENWOOD INSERTS 
PB-21 - $ I  3 75. PB-25-$20.00, 
PB-26- $20 00 
ICOM INSERTS 

WI ALL YOUR COMk 
Mastercard and Vlsa 
cards accepted NYS 
res~dents add 8%0/0 r & W  BOCIATE sales tax. Add $3.50 
for postage and Parsons rd, Flushing, N.Y handling. 

JtiLU WlUE DlSTRlBu 1 unsnlPS AVAILABLE. PLEASE INQU 

i l n  U.S. & Canada dl1 I (800) 221-0732 IN NYS (7l8) 961-2103 Telex: 5106 '18) 461 -1978 

W C 

I Toll Free 
IRE. 

i0 16795 

- - 
6 FAX: (7 

TO OUTPERFORM 
..... OR YOUR MONEY BACK! 

90 TM xk~ ANTENN 

The 'Ham 10' ten rneterantenna ~sdeslgnedand manufactured byArnerlcan 
na. rnakersof the worldfarnousK4OAntenna. w ~ t h a  power handling 
tvof 1500 wattsanda band wldth of I 5 rnhz between2:l SWR points 

M 10- Is the perfect cornpllrnent to  all slngle-band ten meter rlgs. 
The stainless steel base of the 'HAM 10' 15 supplied with an 

adjustable trunk IIP mount ~ l s o  avallablp IS an optlonal adaptable 
heavy duty rnagnarnount. 

EXCLUSIVE CIIATURIS: 
@ HANDLES UPTO l!%O WATTS1 
@ METALPLAS CONSTRUCTION. 
@ 30" RUTATION OF BASE. 
@STAINLESS STEEL WHIPANDBASE. 
@ MOUNTS ANYWHERE ON ANY VEHICLE! 
@ FULWASSEMBLED WITH 18' Of  RC-58 COAX. 
@ CQMPUTER DESIGNED ISOLBTION CHAMBER. 

For A Free Brochure, Call: 
1-800-323-5608 

I \=!-=GI I N  IL. 1 800-942-8175 a w .... (0rWrlte)AMERlCAN ANTENNA 1500 EXECUTIVE DR. ELGIN. I160123 4 
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Q METERS 

Bv Keats A. Pullen, JI:, W3QOM, 
2807 Jerusalem ~ o a d ;  Kingsville, Maryland 21 087 

K eep your eyes open at the next hamfest you attend. 
You may see a Q meter at a good price (under 
$50). Once you know how to use it, you'll find it's 

one of the most useful test instruments to own. 
However, there's a problem with Q meters today. Units 

llke the Boonton type 160-A model 1 are full of antiquated 
tubes. The 160-A uses tubes with 2.5-volt filaments (types 
45 and 2A6, a dual diode triode with a grid lead on the 
top). The unit I picked up didn't respond to Q measure- 
ments, so I decided to replace these tubes with more mod- 
ern 6-volt types - like the 6Y6GT or 6AR6 in place of the 
45, or a 6J6 in place of the 2A6. Get spares, and test them 
to be sure they work! 

How does it work? 
Q is measured using a fundamental characteristic of 

series LC circuits. At resonance, the magnitude of the volt- 
age appearing across either reactance is equal to the volt- 
age induced in the circuit, multiplied by the "circurt" Q. 
Through careful test instrument design, the circuit Q IS 

essentially the same as the Q of the component under test. 
A brief description of the type 160-A Q meter is in order. 

The meter consists of two sections, an oscillator and a volt- 
meter. The oscillator uses a type 45 triode to provide the 
required RF current to the exciting circuit, which consists 
of a resistive ribbon with a value of 40 milliohms. The coil 
to be measured is connected from the ungrounded end 
of this resistance to the stator terminal of a built-in variable 
capacitor to provide the serles test circuit. This resistance 
must have enough current running through it to give about 
a 10-mV drop at the test frequency. The amount of RF cur- 
rent in the exciting resistor must be of sufficient magnltude 
that the resonant current due to the Q multiplication won't 
make a significant change in the resistor current. 

I selected the 6J6 tube, a dual diode triode unit, for its 
extremely high "mu" or amplification factor. A 12827 tri- 
ode has similar properties and adequate gm, but the 6J6 
can be made to work. Whatever tube you choose, it's used 
in a circuit called an "infin~te impedance" detector clrcult; 
it's biased nearly at cutoff, and the positive swing of the slg- 
nal causes the tube to draw current. The voltage change 
across the cathode resistance is measured by a simple 
DC voltmeter. 

Because of this, there's a frequency-range changlng 
switch and a tuning circuit on the left side of the instrument 
which selects the desired operating frequency (see Photo 

Front panel view of a 0 meter. 

A) The amplltude of the appl~ed current to the test clrcult 
IS set by the smaller meter and the two knobs to ~ts rlght 
The left knob IS the coarse adjustment the r~ght IS the flne 

The meter that tndlcates the value of Q measures the volt- 
age generated across the cathode reslstor of the lnflnlte 
Impedance detector The detector senses the RF voltage 
across the tuned clrcult, conslstrng of the a011 and the varl- 
able capac~tor whlch 1s calibrated from 30 to 450 pF Thls 
capacrtor IS just to the rrght of the Q measurtng meter The 
small knob below the meter 1s used for adjusting the zero 
settlng of the meter Thls settlng may be somewhat sensl- 
tlve to the level of current In the tuned clrcult, as the knobs 
that control the RF current act by varylng the output sup- 
ply voltage to the osc~llator tube The zero set should be 
done after the srgnal amplltude has been set rn the current 
meter 

The layout for the cod connectlons IS lndlcated by the 
blndlng posts on the top of the Instrument (see Ftgure 1) 
Theres one termlnal for ground one for the lnjectlon resls- 
tance, and two for the ungrounded end of the capacitor 
- whlch also connects to the grld of the detector tube I'll 
descrlbe the varlous ways to use these connectlons later 

The 4516Y6GT16AR6 tube operates as a power osc~llator 
and provldes up to 1 A of RF current to the measurement 
clrcutt Thls current level must be much hlgher than the clr- 
culatlng current that flows In the test clrcult at the hlghest 
posslble Q factor Thls current flows through a thermocou- 
ple, and perhaps some addltlonal reststance, In addltlon 
to the Inject~on resistance that excltes the tuned crrcult under 
test The thermocouple provldes metertng current to a panel 
meter that rndlcates the magnltude of current flow, thereby 
glvlng a multrpl~cat~ve factor for the Q readlng It's very 
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Binding post placement on the instrument. 

important that the thermocouple current be limited to a max- 
imum indicated value of 1 on the multiplier meter; too much 
current can easily burn out the thermocouple. The ther- 
mocouple is very delicate and can't tolerate any overshoot. 

The metering circuit uses only the triode section of the 
2A6. The diodes would load the circuit and keep it from 
operating properly. There's a small resistance in series with 
the filament in this arrangement to minimize the zero-bias 
grid current and make the unit work more effectively. Using 
the infinite impedance detector configuration further 
reduces the loading. In addition, the relation between the 
plate current and the bias is very nonlinear. This lets it sup- 
press the negative half cycle of the applied signal, and gives 
an output current that rises rapidly with the increase in 
applied signal. 

Don't be surprised if you haven't heard of the infinite 
impedance detector. I learned of its existance before World 
War II, and haven't seen any use of this unique circuit since 
- except for this Q meter application. The advantage of 
this detector is that it doesn't load a circuit that it's coupled 
to, and lets you measure the output voltage of the tuned 
circuit without degrading it, as would a diode. The "output" 
obtained with this detector is taken across a cathode resis- 
tor, and the circuit behaves like a cathode or an emitter fol- 
lower. I'll give more information about the process for set- 
ting the bias current level on this tube later. 

There are several different definitions of Q, but as long 
as the measured Q exceeds 10, the definitions are, for prac- 
tical purposes, more or less equivalent. A good discussion 
of Q appears on page 110 of the September 1988 issue 
of Ham Radio.1 It's usually defined as the ratio of the reac- 
tance of the capacitor, divided by the effective internal resis- 
tance of the overall tuned circuit. (This is usually greater than 
the DC resistance.) The best definition involves the ratio of 
the stored energy in the coil or the capacitor per cycle, 
divided by the dissipated energy per cycle. This may occur 
at a slightly different frequency, but gives essentially the 
same value of Q. 

Possibly useful changes 
If the unit is working reliably with the existing tubes (or 

tubes you bought at a hamfest) don't change anything, but 
do acquire tubes that you can use to modernize your meter 
at a later date. If the Q voltmeter doesn't seem to function 
reliably on RF (mine didn't), you may find my changes use- 
ful. Incidentally, the "AC hum" technique used to make a 

rough test of the detector circuit may not be a valid test for 
the unit's high frequency operation. The detector requires 
a 5-volt signal for full-scale deflection, but its operation at 
60 Hz indicates only that the circuit should be okay. Check 
to be sure that the lower "calibration" meter deflects upscale 
as the left knob to the right of the meter is turned slowly 
clockwise. When testing, always be sure to turn these 
knobs counterclockwise before turning the instrument on. 
Protect that thermocouple! 

A need to change to 6-volt tubes may be indicated if 
either tube is inoperative and you can't find spares. (You 
may not be able to test the original tubes with present-day 
tube testers.) If the lower meter fails to deflect on one or 
two ranges only, the problem is certainly an oscillator tube. 
If it doesn't deflect on any range, it could be either the tube 
or the thermocouple. Be careful: the thermocouple is inside 
the oscillator box, and is hard to get to. You may be able 
to get a hint of what's causing the problem by disconnect- 
ing the leads on the lower meter and measuring the resis- 
tance through the leads. (That will indicate continuity in the 
thermocouple itself.) If the thermocouple is burned out, 
there's a good possibility that the metering circuit to the 
meter is also open. 

I used a 6-volt, 2-A transformer like the one sold by Radio 
Shack for my new filament transformer. A center tap isn't 
necessary. One end of the filament winding connects to 
ground and the other goes in place of the ungrounded end 
of the 2.5-volt winding which is, of course, disconnected. 
These are on the tie-point strip near the variable capacitor. 

You must take apart the oscillator assembly to change 
the tube socket from four pin to octal - preferably a low 
loss socket. Move the heater leads from the larger pins on 
the four-prong socket to pins 2 and 7 on the octal socket 
(6Y6GT only). Ground the cathode, pin 8. Attach the grid 
connection to pin 5, the plate to pin 3. 

Pin 4 is now the screen grid lead. It must be bypassed 
to cathode at the socket, and brought out of the oscillator 
shield. (To minim~ze leakage, mount a small resistance just 
inside the shield at the point of exit. About 100 ohms should 
work.) Bypass the lead at the point of exit to keep RF from 
leaking out. A O.Ol-pF ceramic should be fine. You can back 
it up with a larger capacitor if you wish. This lead shouldn't 
be connected directly to the plate supply, but should have 
a resistor in series to the supply. I brought it out to a drop- 
ping resistance that connects to the center terminal of the 
large, high wattage potentiometer found just to the right of 
the lower meter: Start with a resistance of about 25,000 ohms 
and decrease it until the multiplier meter reads unity, with 
the potentiometers set near maximum clockwise setting. 
Adjust both the plate and screen voltages by these 
resistances. 

I replaced the 2A6 tube with a 6J6 tube. My old (1973) 
ARRL handbook lists the 2A6 and gives the basing con- 
nections, but it doesn't indicate the characteristics other- 
wise. My (older) RCA tube handbook implies that the tube 
IS essentially similar to the 6SQ7 (or 6Q7), and that it requires 
very little negative bias between cathode and grid to stop 
current flow. The 6J6 requires significantly more bias, and 
gave me some problems initially. Two Zener diodes and a 
few spare resistors straightened things out. A 6T8A is an 
another possibility. 

I put my 6J6 tube on a small metal "outrigger" that I 
could attach to the frame of the main variable capacitor. 
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A 100-meg resistor runs across the stator of the capacitor 
to its frame. I left ~t In the circuit connected to the grid. I 
put a capac~tor from the stator to the 6J6 gr~ds Thls blocks 
the detector's 60-Hz sens~t~v~ty I also put a small (51 ohm) 
res~stor between the two gr~ds to rnlnlmlze the posslbrl~ty 
of parasltlcs In the 6J6 

To l~mrt the plate voltage on the 6J6 to 100 volts, I added 
a gaseous voltage regulator (OA2) Thrs Improved the sta- 
blllty of the detector s~gn~frcantly when I corrected other 
problems Stabrlrzrng the plate voltage on the 6J6 stabrl~zes 
~ts operat~ng polnt because of the cathode degenerat~on 
In the lnfln~te Impedance detector 

I had to bras the cathode of the 6J6 to a polnt that would 
place ~t In the nonlrnear operattng reglon Thrs required 
about 5 volts of forward bras on the cathode The best way 
to get thls was by usrng a zener dlode The b~as po~nt varies 
from tube to tube, so check the b~as polnt of the tube you 
choose I made a l~ttle voltage dlvlder (see F~gure 2) to vary 
the cathode potentral, and adjusted the forward b~as unt~l 
there was only about 1110-volt b~as across the cathode resls 
tor - about 10,000 ohms Then I found a zener dlode w~th 
that forward drop at about 5 to 10 mA current and Inserted 
a reslstance to the 100 volts from the OA2 to draw that much 
current (see Figure 3) 

There are a number of h~gh  wattage power reslstors (at 
least 5 watts) beh~nd the rect~frer tube on the lower sub 
chass~s The lower ends of some of these res~stors are con- 
nected together, and are also connected to ground The 
smallest of these IS the cathode reslstor for the 2A6 I d ~ s  
connected the cathode resrstor s lower connection from its 
nerghbor and Installed the zener d~ode between the two, 
so the cathode res~stor had Its return end about 5 volts 
above ground As I ment~oned before, I attached a resls 
tance from the bottom lead of the cathode reslstor to the 
stabrl~zed 100 volts To assure proper operat~on, the zener 
d~ode current should be about 10 mA, and the qu~escent 
voltage across the cathode return resrstor shouldn t exceed 
0 1 volts 

I returned the cathode lead on the 6J6 to the cathode 
lead on the bottom of the 2A6 socket, prn 5 There are 
several bypasses on th~s polnt and also contlnu~ty to the 
top of the smaller of the power reslstors I bypassed th~s 
lead to ground on the 6J6 socket, and bypassed the plates 
to ground (The plates return to the 100 volts from the regu- 
lator, refer to Flgure 3) 

I rnstalled a 2-ohm power res~stor rn series w~th the 
ungrounded end of the 6J6's heater lead to reduce the 
heater voltage arid the emlssron energy of the electrons 
leavlng the cathode Th~s helps keep the Input Impedance 
of the g r~d  clrcult very h~gh Boonton had such a reslstance 
In the 2A6 frlament lead 

At thrs polnt, everythrng was work~ng well, but the zero 
polnt on the Q measuring rneter was changrng w~th the 
power sett~ng It turned out that the voltage regulat~on of 
the hrgh voltage supply was changlng w~th osc~llator load- 
Ing Once agaln, I solved my problem w~th a zener d~ode 
For best all-around operatron, two zener dlodes here may 
be better than one One d~ode connects from ground to 
the fourth t~e-po~nt from the f~lament ground (The reslstance 
between the two pornts should be taken out ) The second 
d~ode (perhaps about 7 volts) goes from ground to the 
"hlgh" end of the Q meter adjustrrlent poteritlometer With 
both ends stab~l~zed, the read~ng is no longer a funct~on 

Simple bias divider. 

INPUT 

OUT 

Bias setup for the 6J6. 

of power level in the oscillator. The problem was one of DC 
shift all along! 

Now, test your unlt wrth a coil from your junkbox. It should 
work w~th no problems. 

Using the Q meter 
The overall scope of these Instruments IS really qurte 

remarkable I'll touch on the more common appllcatlons 
Q meters can be used to measure the rnductance of a cod 
what ~ts Q may be at a des~red operat~ng frequency, and 
what capac~tance ~t should be used w~th For Instance, I 
may want to know ~f I can use a certarn cod, or I may want 
to make a cod for operation at a selected frequency I place 
the co~l between the low and h~gh  terminals and start 
searching - flrst In he nerghborhood of the deslred oper- 
atrng frequency Then I set the selected frequency wlth the 
range and tun~ng cclntrols on the left s~de of the Instrument, 
and tune the rlght hand capacitor over ~ts full range I may 
get a peak If so I read the capacrtance and see ~f it's close 
to what I want If I oon t get a peak. I have to start search 
rng If I thrnk the lncluctance may be too small, I move the 
range swrtch to a h~gher frequency range and repeat the 
process, readjusting the power settlng as necessary to pro- 
tect the thermocouple Once I get a peak, I can calculate 
the Inductance and read the Q at that frequency 

Perhaps I want to know the operatrng frequency of a corl 
w~th a given capac~tance The connectrons are the same, 
I set the capacltance and vary the frequency of the oscllla 
tor unt~l I flnd ~t Ttic?n I can go to a deslred frequency and 
measure its Q 
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There are reasons why I may not wlsh to measure a coil 
at its chosen operating frequency One of the most impor- 
tant ones is that the minimum capacitance on the tuning 
capacitor is only about 30 pF and the maximum is approx- 
imately 450 pF. My design may tell me I need over 1000 
pF, or less than 10, for example I then measure at a fre- 
quency that fits the range of the instrument 

A Q meter can also be used to measure inductance. Sim- 
ply find some set frequencies at whlch to make the meas- 
urements and make a cal~bratlon for the capacitor dial to 
read inductances. The calibration IS based on an assump- 
tion of an inductance that IS a multiple of 10 when the 
capacitor IS set at 450 pF. Set the frequency at one fre- 
quency first and then move to another, unt~l you find a res- 
onance on the meter Read the capacitance and select the 
correct inductance. 

You aren't l~mited to a top capacitance of 500 pF. You can 
parallel a silver-mica capacitor across the internal capaci- 
tor and continue as before. The equations you need are: 

L = l/((Zx nxJ)xC) = 1/(39.5xCxJ2) 
where (f2) is f squared and C is the total capacitance, 

(1 1 

f is frequency in cycles per second, 
L is inductance in henries, 
C is ca~acitance in farads. 
Note that if L is in microhenrles and C In microfarads, then 
f is in megacycles (MHz). 
XL. = 63xfxL (2) 

RrfS = 63xfxLlQ = XL/Q (3) 
Zfuned = 63xfxLxQ = QxXL (4) 
These numbers are all important, but you can learn more. 
Suppose you want to test a circuit using an untuned 

coupling link to drive the tuned circuit. In this case, you'd 
connect the untuned link from the low terminal to ground, 
and the tuned coil from the high terminal to ground. You 
can use this combination to test the combination circuit; 
it will give a test of effective Q (here the product of coup- 
ling and Q). Test a double-tuned circuit in a similar fashion. 
Use a fixed capacitor from the "high" end of the injection 
tuned circuit, and place the second coil from ground to high 
on the tuning capacitor. Adjust the tuning so both coils peak, 
vary your coupling as needed, and observe the behavior 
of the coupled circuit as the frequency changes. 

Why do you need the value of a tuned impedance? 
Amplifier stability is a function of voltage gain, not current 
gain. Beta and triode mu can't be used to find the voltage 
gain - only trar~sconductance can. The gain Kv is: 

Kv = gmxRL 
where RL is the tuned impedance. 

(5) 

Voltage galn must be limited to assure stable operailon; 
values under 10 are usually desirable. 

You say you don't normally know gm or transconductance 
for solid-state devices? That's not a problem. It's approxi- 
mately 3 9 x 1 ~  with a bipolar transistor, where Ic is the col- 
lector current. (q/kT has a value of 39!) The transconduc- 
tance has similar form with FETs and electron tubes, but 
needs an efficiency factor which I call kappa, that must be 
multiplied by 39 and the output current. This is particularly 
important with transmitters, where large blocks of power 
must be handled. 
Note that: 

q (charge on an electron) = 1.6~10-19 coulombs 
k (Boltzman constant) = 1.38~10-23 joules/Kelvin 
T (absolute temperature) = 296" 
You can measure kappa easily for any operating condi- 

tions you desire. Select an output current that is 213 of the 
desired operating current, and one that is 413 of the pres- 
ent operating current. Read the change in input voltage 
required to switch the output current from one value to the 
other with a voltn.~eter, and divide that voltage change into 
0.018, which is kTlq times the natural logarithm of 2. The 
resulting value of kappa varies slowly, so you're in buslness! 
Mult~ply this quotient by the value of output current In 
amperes and by 39 to get the device transconductance at 
that value of current. The product of this number and the 
load impedance gives the voltage gain. Incidentally, if you 
multiply the reciprocal of kappa by 3 you'll have a meas- 
ure of the maxirnum output supply voltage that can be 
applied to the device in quest~on. There are other ramifica- 
tions of this, too detailed to examine here. 

Once you get your Q meter running, you can have all 
kinds of fun building RF circuits, amplifiers, and filters. Have 
a good time! Oljl 
REFERENCES 
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Ham Radio 
Techniuues 

Bill Orr, WGSAI 

ANTENNAS, GFI, 
CAPACITORS. AND 

It was a so-so year for DX. The high 
MUF provided DX openings on 10 
meters (sometimes), but the irregular 
outbursts of the sun wiped out the HF 
bands for days at a time. The 6-meter 
DXers were happy because when the 
HF bands pooped out, often as not the 
6-meter band was open for long-haul 
DX. It was truly a mixed bag of pro- 
pagation for 1989. Let's hope Old 
Sol settles down and provides some 
good stable HFlDX conditions in the 
coming year! 

KOBIT's 40-meter 
"Death Ray" 

Pete, KBBIT, decided he would build 
a 40-meter Yagi the "right" way (see 
Photo A). The three-element monster 
is constructed on a 48-foot boom con- 
sisting of two 24-foot sections of 3-inch 
OD by 0.125-inch wall aluminum tub- 
ing. A 12-foot long sleeve connects 
them together and provides additional 
strength at the center of the boom. 
The spaclng between elements is 
18 feet, and the extra 6 feet on each 
end of the boom are used for side 
guys on the elements. 

The elements are made of 1.5-inch 
tubing telescoping to 1 inch, providing 
a mild taper ratio. Each element is 
guyed overhead to one 30-inch verti- 
cal post centered on the boom and is 
also guyed in the horizontal plane back 
to the boom on each side. This pro- 
vides a sagless element. The guys are 
made of Phillystran KevlarTM rope 
and are electrically transparent. Ele- 
ment dimensions are taken from the 
Radio Handbook.1 

Pete says, "This beam is not some- 
thing you can whip up in your garage, 
since a great deal of custom machine 
work and heli-arc welding has to be 
done for the special fittings. The effort 
wasworth it. Forty meters isa whole new 

problem. Here are some of the replies 
I've received: 

Ralph Dieter, KlRD, "I solved the GFI 
problem in my house by placing a ferrite 
tube (the equivalent of about 15 cores) 
on the neutral line to the GFI device. 
This appears to place enough imped- 
ance in the line to stop rectified signals 
from unbalancing the neutral circuit." 

Bob Paine, W7RX, "The GFI indica- 
tor operates on an imbalance of about 
5 mA between positive and neutral, 
and is very sensitive to RF. My cure 
was to place 0.003 PF, 1.6-kV (AC rated) 
ceramic capacitors from positive and 
neutral to ground. The capacitors are 
mounted in a two-wire plug inserted 
nto the GFI unit." 

Mike Schultz, KSBT, "The GFI unit is 
Jery susceptible to RF in the power 
ine. I use a center-fed dipole antenna, 

K0BIT1s 40-meter beam is built on a 48-foot 51 feet On a leg, fed with ladder line. 
boom. No element sag here! When I use it as a dipole, I don't 

encounter any trouble. But when I 
band with this beam. I can work Europe short the feedline together and use the 
consistently and can break through the antenna as an end-fed wire on 160 
East Coast on difficult contacts!" meters, the GFI DODS as soon as I 

WOSVM's 17-meter 
"Rabbit Ears" 

No b ~ g  beam for you? Well then, how 
about the "Rabbit Ears" antenna built 
by Jack, WBSVM. The design of the 
center-loaded V dipole is shown in Fig- 
ure 1. Jack cuts a half-wave copper (or 
aluminum) tubing dipole in half and 
mounts it as shown. This particular 
model is cut for the 17-meter band. A 
framework of 1 by 2-inch lumber holds 
the tubing in position. A tapped coil 
connects the dipole halves and a small 
link coil is adjusted to frequency with 
a dip oscillator. The final step is to 
apply power to the antenna and adjust 
the coil coupling and antenna tap for 
lowest SWR on the line. Jack adjusted 
his antenna at 18.120 kHz; it covers the 
narrow band nicely. 

GFI interference 
A while back I reported cases of 

Ground Fault Interrupter (GFI) interfer- 
ence and queried readers about this 

! ,  
Dress the kev." ' 

Mike's sol"tions include usina a 

WbSVM's "Rabbit Ears" antenna. Dimen- 
sions are for the 17-meter band. L1: 20 turns 
no. 12,2-112" diameter, 6 turns per inch. Alli- 
gator clip adjusts coil to resonance. L2: 5 
turns of hookup wire over the center of L1. 
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from excessive current 8 continuous shorted output (Internally Adjustable: 11-15 VDC) 
CROWBAR OVER VOLTAGE PROTECTION on all Models RIPPLE Less than 5mv peak to peak (full load 8 
mxcopt AS-3A. AS-4A. AS-51. low line) 
MAINTAIN REGULATION 8 LOW RIPPLE at low line input Alto avti itblc with 220 VAC inprt volta#c 

HEAVY DUTY HEAT SINK CHASSIS MOUNT FUSE 

- 
19" x 5'14 RACK MOUNT POWER SUPPLIES 

5 ' 4  X 19 X 8'4 

5'r x 19 x 12'2 
5':r X 19 X 12',7 

3 x 434 X 5Ia 
3 %  X 6',2 X 9 

342 X 6'9 x 7'4 
3% x 6l.7 X 9 

4 x 7v2 x 103p4 
4 x 7'12 x lo3:, 

4'2 X 8 X 9 
4 x 7'82 x'1034 

4 ' 7 x 8 ~ 9  

5 x 9 x 10'12 

Continrour 
(Amps) H x W x 0 Wt. (Ibs.1 

6 X 13% X 11 

35 5l.4 x 19 X 12j.2 
50 5'4 X 19 X 12'2 

4 x 7'7 x 10% 

'ICS-Intermittent Communication Service (50% Duty Cycle 5min. on 5 min. off) fl 174 



balanced antenna, using ground 
radials or counterpoise wires plus a 
good electrical ground connection for 
an end-fed antenna (or vertical), and 
avoiding expensive GFI breakers built 
into the panel. He recommends GFI 
receptacles with minimum wiring on 
their load side instead. 

Mike notes that those who live in 
trailer parks or marinas should experi- 
ment with different types of RF 
grounds or counterpoises. He also 
suggests you avoid a resonant length 
of extension cord to feed AC power to 
your vehicle or craft. 

  he 1-farad capacitor 
It's not hard to buy a 120,000-pF 

capacitor. (See any large distributor's 
catalog.) But how about a 1-F capaci- 
tor (1,000,000 rF)? There is one made 
by Nippon Electric that costs just a few 
dollars. My friend Joe, W811P, dropped 
one in the mail for me. This super 
capacitor can store enough charge to 
enable it to serve as a backup power 
source for memory and processor cir- 
cuits in computers. 

The construction of the super capac- 
itor is unusual, but quite simple. The 
charge is stored in layers of activated 
charcoal with a very large surface 
area. The layers are separated by a 
porous plastic film. The electrolyte is 
sulfuric acid. A single capacitor has a 
maximum breakdown voltage of about 
1.2, so units are stacked in series to 
provide higher working potentials. The 
capacitor isn't polarized. 

I don't know what to do with my 1-F 
capacitor, so I, keep it on the operat- 
ing desk to overawe the humble. 

All about electricity 
The no-code license scheme, which 

includes a beefed-up technical quiz, is 
on the horizon. It looks as if we should 
pay attention to electrical fundamen- 
tals. Gadgets like 1-F capacitors seem 
to indicate that life is getting 
complicated. Attention to fundamentals 
- that's the secret path to knowledge! 

Joe, K1 REC, pays plenty of attention. 
Here are his remarks, condensed from 
the May issue of World Radio magazine. 
Joeand I will be pleased if the following 
technical information helps some 
would-be Nov~ce achieve his license. 

Joe says, "I've been fiddl~ng w~th 
electricity for 50 years! I'd like to pass 
along some of my vast knowledge 
about this stuff. 

"Electr~city IS manufactured in power 

plants where it is fed into wires 
wrapped around large drums. Some 
electricity, like that used for lightning 
does not need to go through wires. 
This kind of electricity isn't manufac- 
tured, but just hangs around loose in 
the air. 

"Electricity makes a low humming 
noise. This noise may be pitched differ- 
ently for doorbells, telephones, etc. 

"Electricity must be grounded before 
it can function - except in airplanes, 
which have their own arrangements. 

'nlthough electricity doesn't leak out 
of an empty socket, you can stick your 
finger in it and tell that it's there. Elec- 
tricity is made out of two ingredients, 
positiveand negative. One travelsalong 
a wire covered with white plastic, the 
other along a wire covered with black 
plastic. The wires connect to a device 
called a plug, in which the ingredients 
are mixed to form electricity. 

"The electric switch contains a vise 
grip that squeezes the wire very hard 
so the electricity can't get through. 
Opening the switch releases the grip 
and lets the electricity flow. 

"Electricity goes into a light bulb 
where we can actually see it! It is 
enlarged many times by the curvature 
of the bulb, which acts as a magnify- 
ing glass. 

"Finally, electricity may be stored in 
boxes called batteries. In big batteries 
the electricity is shoveled in, while in 
small batteries it is packed in flat." 

This concludes Joe's "Lessons on 
Electricity," part 1; I'm sure we're all 
looking forward to part 2. 

All about vacuum 
tube logic 

No kidding. Folks are building high 
class stereo amplifiers with tubes! 
Amplifiers ranging from 45 to 500 watts 
are ava~lable. The itty-bitty ampl~fiers 
use 6CA7s or 6550s. Bigger jobs use 
6L6GCs or 807s. The number one 
amplifier uses a pair of class A carbon 
plate 845s. Wow! MUSIC lovers seem to 
be the major buyers. The manufacturer 
is: Vacuum Tube Logic, 4709 Brooks 
Street, Montclair, Cal~fornia 91763. Too 
bad the days of amplitude modulation 
are past - it sounds as if the 845 
amplifier would make a good modula- 
tor for a palr of 203As! 

The Measurements Corpor- 
ation dip meter 

The Measurements Corporation HF 

If 

BLACK DACRON@ POLYESTER 
ANTENNA ROPE 

UV-PROTECTED 
HIGH ABRASION RESISTANCE 
REQUIRES NO EXPENSIVE POTTING HEADS 
EASY TO TIE & UNTIE KNOTS 
EASY TO CUT WITH OUR HOT KNIFE 
SIZES: 3/32" 3/16" 5/16" 
SATISFIED CUSTOMERS DECLARE EXCEL- 
LENCE THROUGHOUT U.S.A. 

LET US INTRODUCE OUR DACRONL 
ROPE TO YOU SEND YOUR NAME AND 
ADDRESS AND WE'LL SEND YOU FREE 
SAMPLES OF EACH SIZE AND COMPLETE 
ORDERING INFORMATION. 

Dealer lnqu~r~es lnv~ted * .. -. . . , . , , . , a . , 
2472 EASTMAN AM BUILDING21 

synthetic MNTURA. CALIFORNIA 93003 
textiles,inc. (805) 658-7903 

\ 
. .  . .  .. - .... ....... 

J 

R-4C Enhancements 

Introducing MIX-4 ! 

Solid State 3rd Mixer Replacement 
'I'llr Snl111io11 11) IIIP OIIC I < c t l l i ~ i l ~ i l ~ ~  I'IIIIIIPIII n i l11  

1 1 1 ~  lIr:tht. SIIC~-~,III R-.l(. 

N,!r\s 1 ~ 1 . 1 -  IIII,~ILIIII\,~I 1 1 t 1 v -  11.n~. ~I,I<IIL~,I l<.J(. 
d>\\!l<,,. 1 0 7 ,  ,,.,It. I lllll~ll,ll,~ ll\lll,!. ~~l.l~~LIll1~. 
111i~ I~~?II~U~,~.\ .  .1m1 IU,I~~.I IIIIC l , ~ r i ,  )$I~I~OIII IIL.\%L.\~ 
Is(' I ~ ~ ~ , I I ~ I  ,,~ds~lttl~, I ,(,< I ( ,  ,!!~I,III in ,(!I$ I< 4 ( .  

1 1 1 1 1 ~ ~ ~ 1 1 t ~ ~ ~ ~ ~ l  h .411,1~,111 .#I '\'I I).I\IIIII 1 I.1111\~1111~111 

Sh~rwood Enginwing Inc. 
I?caX 5ot1111 0gclr11 S~r t .~ . t . ' l ) r l ~~ r r .  ('0 Xnlll l 

I;II,:\ -::-?:<- \ l~v~, l .n . i 11~1.n ' 1  \ h l  .; I' 31 

Sales, Service & Installations from: 
/),~~,<,l 1 ! , ~ ~ / ~ , ? ~ ~ / < ,  (w;,!. hY./ 

, 0 1 4 )  S:,v-<-i I I>,I$.. l # - l J \  h;#v..:.?-lt I ~ \ L~ ! I~ I I ~~  

1 1 I /J~ , I~~~I , I~T ,  h,;l I< 
(4121  ?:< (>;11: ')I (:If$) <.~l . -~I l l~ 

I 
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dip meter is a rare find at swap meets 
or flea markets. The device has an 
indicating meter and a compact power 
supply in a metal cabinet, plus a 
remote dip meter head. Seven plug-in 
coils cover the range from 2.5 to 
420 MHz. The advantage of this unit 
over the conventional Millen dip meter 
is its compact remote head, which will 
fit into areas too small to permit the use 
of the Millen device. You're lucky 
indeed if you can pick up the Meas- 
urements Corporation unit (as I did a 
year or so ago). 

One unfortunate aspect of the 
remote head is that the cable connect- 
ing it to the power supply is "hot," and 
moving the cable (or even the power 
supply) can affect the frequency of the 
tiny oscillator. The cure is to wrap the 
cable from the supply to the head 
through a ferrite core. I used one of the 
snap-apart cores, with six turns of the 
cable wound through it. That decoupled 
the RF head from the power supply, 
and provided more accurate readings 
that were less affected by the position 
of the user and the supply relative to 
the circuit being examined. 

It's possible to remove the knob, the 
front of the housing, and the dial in 
order to reach the variable capacitor. 
If your unit is like mine, the rear capaci- 
tor bearing iscaked with dried lubricant. 
Remove this with a small screwdriver 
or pin; then coat the bearing liberally 
with Lubriplatem or some other elec- 
trical grease. This will improve the sta- 
bility of the oscillator. 

Intermittent operation 
On occasion you'll find that the dip 

oscillator stops operating. That is, the 
meter reading gradually drops to zero, 
or even goes negative. Tapping the 
oscillator head usually starts things 
going again. In my case, this annoy- 
ing symptom was caused by poor con- 
nections in the plug-in coil. The coil 
wires are attached to the plugs by 
means of rivets, and electrical con- 
tinuity is achieved through the riveted 
connection. Clean the soldering lug 
inside the form and the plug arm on 
the outside and solder a very short 
jumper between them, making an 
electrical short across the rivet. 

After you've done these simple 

maintenance chores, your oscillator w~ll 
be as good as new. 

NEMAL ELECTRONICS 
+Complete Cable Assembly facilities MILST)-45208 
*Commercial Accounts welcome- Quantity pricing * Same day shipp' most orders 
*Factory authorized distributor for Alpha, Amphenol, Bolden, ~ings,?imes Fiber 

Call N E W  for computer cabk, CATV cable, Flat cable, semi-rigid cabk. telephone cable, 
crimping tools, D-sub connectors, heat shrhk, cable ties, high voltage connectors 

The Dead Band contests 

HARDLINE 50 OHM 
MA12 l / r  Aluminum Block Jecket ........................ 8918 
FLCl2 l / r  Cablewave con. copper blk /M ...... 1 69111 
FLC78 7/ff C a M e w ~  cm.copper blk lM ........ 25M 
N M l X c  N conn l/r con roppsr m/l 25 00 ............ 
NM78CC N Corm 7/ff con copper m/r ............ 54 00 

COAXIAL CABLES ( ~ e r  UJ 
r r m  BEIDEN 9613 very low 1- .......................... 55 
1102 R G B ~  BJ* shield 1~ 1- 719. :; ........ 
1110 RG6X 85% shield 8) ............................. 
f l m  RG213/V 8596 shield mil M V  ........ 39 
11U) RG214/V dbl S ~ ~ W I  rhld mil spec .................. 1 85 
1705 ffi142Bfl dM sihar sNd, tenon Ins ........... 1 50 
1310 RG217fl 50 dun ~m ww d~ s ~ d  ......... 98 
1450 RG174fl 50 dn, , 1 0 7  od mil spac .......... 14 

ROTOR CABLE4 CONDUCTOR 
821812 2-1Bga md 522ga .................................. 25 
B2162o 2-r8gs and 520ga ................................. 39 

Answers have been trickling in to the 
various little quizzes given in this 
column. Here are more "winners" who 
are heads up in quiz solving: 

The five-resistor black box: 
WDGDUD, WBHJI, KBAS, W5ECB, 
W2LYH, K3TX, N3GDE, WBBTCZ, 
W8MQW, W8FBH, WAGJTD, NSDEO, 
KA2ZGW, K3GCM, N2JHS, W3LOY, 
K3GCM. 

CONNECTORSMADE IN USA 
NE720 Type N phg I& 6.Mur 9913 ...................... $305 
NE723 Type N lack lot 6.ld.n 9911 .......................... 4.95 
f i . 2 ~  -MI PQSO ......................................... .W 
f i . 2 9 ~ ~  WJB ~rm IN/SI~W plat& 1.58 ...................... 
fi.25(Y\M Amphend M8-bnuls (burel) ................... 1 6 5  

............... ffi175,tG178 reducaf lot RG58/58 (specity) .22 
UGZIDS N plug ~w RG4211214 silrsr ...................... 635 - N lWk lo f i . 2 ~  &-re Irnm a 5 0  .................... 
f f i l ~ g 4  ~ 0 2 3 8  to N plug & * ~ ( a r ,  Irnm 8 5 0  ................. 
ffi255 ~ 0 2 3 8  to plug &.pcer, ......... 4 29 
~ 0 2 3 g ~ h . f  UHF chruls mt ncephcle&@~wd ........... 89 
UG88C BNC plug RG58, 223, 142 1 45 

GROUND STRAP-GROUND WIRE (per tt ) 
............................. GSJB 3/8 U m d  coppa bnM 40 
............................. GSIZ l / r  tjnoed copper b d d  50 

.............. cszw I - 1 , ~  hs.yr unnsd copper br.id 2 00 
........................... HWGB tlgr Inrul.ted sbnd.d  wln 39 

................. Awl4 149. sb& A n t e n ~  wlrs CCS 14 

The jar of transistors (419 transistors 
in the jar): 
W3DZH, WBHJI, K3TX, N3GDE, 
W8MQW, WAGJTD, NSDEO, K3GCM. 

Price3 do not include shipping, $3 minihlum, VisaIMa~tercard $30 min, COD add $3.00 
CaN or mite Iw complete price list Nemalb new 40 pago CABLE AND CONNECTOR SELECTqN GUIDE is svulable 
.I m chvge w M  ordem of $54 or more, or at a cast 01 $4 wifh credil agwnst naai qvdfrying order. 

NEMAL ELECTRONICS, INC. U240 NE 14rh Ave. N. Miami, FL 33161 
(305) 893-3924 Telex 6975377 24hr FAX (305)895-8178 

I L 

The bridge of multiple resistors (1.579 
ohms): WDSFAQ, WB8WTS, W2TT, 
AA5AN, KB2WN, K4SE, W4EHU. 
The coax cable puzzle: WGSIV, W2TT. 
Congratulations, people! 

REFERENCES 
1 B~ll Orr WGSAI Rad~o Handbook 23rd ed~ t~on  1986 pages 
24 27 Ava~lable from the HAM RAOIO Bookstore for $2695 
plus $3 75 sh~pp~ng and handitng 

MulriBand Antenna 
10 thru 160 Meter 

Factory Wired & Tested L - Introductory Price - 1 
I $39.95 Plus $4 Shipping - 

I 1 
Authorized 
TenTec K4BWC 
Dealer 

ELECTRONICS 
4209 Live Oak Road 
Raleigh, NC 27604 

919-832-1025 

60 Ham Rad~o/Decernber 1989 



THE TWIN BANDER I 

. (11 11,' \ . (  O \ f I ' \ ( . l  1 : O l ) )  

5 -/x" (W) x 2" (H) x 8 'h" (D) . ~ll ( . l l  l ' O \ I l  1; 

45 watts on 2M and 35 watts on 70 cm. 
Approximatelv 5 watts low power. . f \ T I  \ ' / ) I  1) l:l ('1 11 11: 1; \ Y ( ; I  

( 130-169.995 MH;) on 2M. 144-147.995 MHz 
transm~t. 440-449.995 MHz on 70 cm. 
(transmit and rt~cei\~c) 
(Specifications guaranteed on amateur 
hands onlv. Modifiable for MARS/CAI' 
permits required) . 1 \ 1 1 1 1 ! \ \ 1 0 f 1 ~  

I<t,ceiving on both bands at the same time 
Scanning: intermix scan modes on both 
hands at the same time . \PI 1'1 Y 1 ) I  Y l  

Tht, volumr, squelch and control dial are 
~ndependentlv adjustable on both bands. 
You can store the following information on 
both bands at the same time. Prioritv 
tt~nction, choice of 37 encoding/decoding 
cub-tont- frequencirs,call channel, scan 
function (program, memorv channel, VFO 
or ~rnique opcn channel scan), memory skip, 
bcll function, + or - repeater shift. 

FULL FEATURES . I I l l  1  l l f l l ' l l  \ Cl, 'O\ \  I{ \ \ I ) O l ' f  1: \ / . l o \  

Transmit on one band while rccc~iving on the 
other band -- telephont, stvlc. 

\ 1 1 7 0 ! 1 \  Ili I <  \ \ I )  I \ (  I f  \ \ ( * I  1 1 :  \ 1 

When In the ABX funct~on 1s actlve, an . 
lncomlng s~gnal  on the sub-band wrll actrvate 
an automat~cexchange between the marn band 
and the sub-band 
l'l:l( l l < l l 3  

The VFO frequency 1s monltored for 5 seconds 
and then shlfts for one second to the selected 
pr~orrtv channel (In both bands at the same 
t ~ m e )  
l > l I  1 1  h l ' l  I I ~ 1 1 1 1  I 0 1 ' 1  I,' \ 1 lo\  
Operates odd offset operatron 

EASY TO OPERATE FUNCTION 

I \1,:1.1 I\fl?l 1: l l ! l !  l , l - l l l \ ~ ~ l l ~  ) \  ! c 1 )  
l I l < ! ' l  I )  

Visible in all cond.i&on_s, it indicates main and 
sub-band frequencies, frequency step, "on 

"call", "CTCSS", ",,R,", "RE", "-", " " 
, 

"s", " TYtone), tone frequency, "MUTE, 
"LOCK", "ABX", "P", "BUSY", "F', "S/RF 
meter", "REV" 
f l l i :  / f l \ t  ' lo \  lo!: l;o:!! I : \ \ ! ' <  

One MHz is increased or decreased per touch 
1 1 ,  1 \ I < !  I 1'11 1,' I \ ! )  \ ' \ I . !  t It \ \ ! '  

/<I 1'1 1 1 1  I; I:/ 1 1  !:\I I ! I \ (  f  11 ) \  One touch selection with pressing of twin key 

\? I  I I ' I I!\( 111 I \  One touch selection with pressing of band key 

Each memory channel can store 
frequencv, repeater offset, encode/decode 
frequency. 

1 \ ( . \ \ \ I \ ( >  ! f ~ ) l ) l  

I'rogram scan, memory scan, band scan and 
unique open channel scan (opposite to normal 
busv scan). Scan stops on a busy (or open 
channel) channel andthen resumes 

I t ,  h l  \ 111 f l l  l f l c  I,'( l l ' l J f ' \ '  

With memory channel and frequency change 
up/down buttons. 

approximatelv 5 sc.conds after stopping even 
i f  the signal 1s still present. ALINCO ELECTRONICS INC. 

I,'! 1'1 \ 1 1  1; (11 '1  1 :  \ [ l o \  
20705 S. WESTERN AVE.. SUITE 104 
TORRANCE, CALIFORNIA 90501 

The DR-570T can be used as a cross band 
repeater. Tel: (21 3) 61 8-861 6 . FAX: (21 3) 61 8-8758 
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Performance m''i 

FW. 1 dB 
Rwelw Renge N.F. Orln Comp. Dovlco 
Only (MHz) (dB) (dB) (dBm) Type Prlco 
P28VD 2 8 - 3 0  c1.1 15 0 DGFET 529.95 
P 5 0 V D  5 0 - 5 4  c 1.3 15 0 DGFET $29.95 
P W V D G  50 54 c O . 5  24 + 12 G a A s F E T  579.95 
P 1 4 4 V D  144-148 c1.5 15 0 DGFET $29.95 
P 1 4 4 V D A  1 4 4 - 1 4 8  c1.0 15 0 DGFET $ 3 7  95 
P 1 4 4 V D G  144.148 <0.5 24 + 12 GaAsFET $ 7 9  95 
P 9 7 0 V D  220.225 <1 8 1 5  0 DGFET S 2 9  95 --. . - ......... 
P 2 2 0 V D A  220-725 <1.2 15 0 DGFET $37.95 
P 2 2 0 V D G  220-225 c0.5 20 + 12 GaAsFET $ 7 9 9 5  
P 4 3 2 V D  420-450 ~ 1 . 8  15 -20 B~polar $32.95 
P 4 3 2 V D A  4 2 0 - 4 5 0  c1.1 17 -20 Bipolar $49.95 

P 4 3 2 V D G  4 2 0 - 4 5 0  <0.5 16 + I 2  G a A s F E T  $79.95 

Inllne (ti srrltchd) 
DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
DGFET 
D G F E T  

G a A s F E T  
B~polar 
Bipolar 

GaAsFET 

Ewry p..mpllfhf Ir pfmclrh rligmd on ARR'r Howldl Pd lmd HPB70A/HPWM rtrted-thwrl ndw H(lun 
meter. RX only pnem I l f ien are for rocolve r llcatlons only. Inllne preampllflna m rl rwltchod (tor ure 
wlth trenscelven) ancfhandle 25 watts t ranazter  power. Mount lnllne reampllflera between t l l n ~ c ~ l ~ e r  
and power ampllller for high power appllcellons. Other amateur, commemlefend s ampllllrn available 

In the 1.1000 MHz ranpe. a !Jc lude  $2 shl plnp In 

Rdvanced 
U.S. end Canada. Connecticut resldenta ad{ 7.K% 
sales tax. C.O.D. orders add $2. Alr mall to lomlgn couw 
trles add 10%. Order your A R R  R x  only or Inllne 

Receiver preampllller today and start hearlnp llke never beforel 

Research 
Box 1242 Burlington, CT 06013 203 582-9409 E9m 

I A T V  CONVERTERS l HF LINEAR AMPLIFIERS 1 
OISCOVER THE WORLD OF HLAMPLIFIERS .r MOTOROLA BULLETINS ~ ~ ~ ~ ~ ~ ~ 4 F J E P ' J E N C "  R w o u  

FAST SCAN TELEVISION I l l 9  05 
Ip HF Amfln2 O..rr,bd 

Buli.t<n. P T R 

AN711 300W 1160 70 €063 14OW # #I 65 
1130 05 

AN761 140W 1 0 3  I 5  EBl7A 3OOW 1130 10 HEAT SINK MATERIAL 
AN779L IOW I 1 3  79 ElllO46OOW 1441 15 
AN770H 30W I 9 3  10 AR305 3OOW 1313 51 Mods1 W W..l Smb(6 5.12.1 61 I 1 2  DO 

CHS-6 Copprr Spf..drr(b.6.1/4) I 1 1  00 

~ $ ~ s I o N , , c o , N v E R ; ~ ~ ; ~  POWER SPLlTTERs r* COMBINER' CHIP CAPS-K.-/ATC 
2-IOMHI METALCLAD MICA CAPS-Ulrko1S.m. .................... A T V l  110-150 G.AS-FET 14005  KII b00 W.ll PEP ?-Port 8 W.05 RF POWER TRANSISTORS ...................... A T V I  901-021 IG.AS-FET(:::::: I 5 0  05 KO( 1000 W.LI PEP 1 - P a .  170.95 MINILCIRCUIT MIXERS 

1100 W.tt PEP 4 - P m  ..................... 1 1 0 9 5  5 0 1 - 1  I SOOM,l ................. I 6.50 ............... AUDIO S W E L C H  CONTROL lor ATV 5BL -14  ;o- IOOOMz) I 7 05 
S i t  . . . . . . . . . . . . . . . . . . . . . . .  ..I 30 05 Ki t  2 W:;T 4F-450_M>Ml-PUlL LINEAR I I I m L L K U A ? m  

VK700-I0/4A RF Choke ........ I 1.10 
T R VHF AMPLIFIERS 56- 590- 6 5  In f...sl. B..d. ........ # . I 0  

j;5%.iModd 33lA ............... 1 7 0 0 5  K i t  KE867-PK (Kit 20.15 B~~.db.~d HF Tr.n.lo,m.r. 
75 Watt Model 175A ...................... # l l P P 5  Ki t  KER67-PCB (P 11.00 
b...l.hl. em L., I. .rmdlv .... a KERb7-I 1M.n~ S DO Add I I 50 lor .ho~pwm .nd h d l l n s .  

~ $ ~ S I O N 3 3 C 0 , N V E R ~ ~ ~ ~ 4  SPLITTERsr*COMBINERs CHIP CAPS-K.-/ATC 
2-IOMHI METALCLAD MICA CAPS-Ulrko1S.m. .................... A T V l  110-150 G.AS-FET 14005  KII b00 W.tt PEP ?-Port 8 W.05 RF POWER TRANSISTORS ...................... A T V I  901-021 IG.As-FET(:::::: I 5 0  05 KO( 1000 W.LI PEP I - P a .  170.95 MINILCIRCUIT MIXERS 

I I O O  W-., DFOA-0-  .......... 1 1 0 9 5  5 0 1 - 1  I SOOM,l ................. I 6.50 
5BL -14  ;o- IOOOMz) ............... I 7 05 

I 1" s, XI, r =d-PULL LINEAR * l ( ( l L L K ! X A ? m  f~p"l?iia"!-GG YM> ~ K ~ ~ o - I o / ~ A  R F  rho,. ........ I 1.10 
56- 590- 6 5  3R f...sl. 8s.d. ........ # . I 0  

1 7 0 0 5  K i l  KE867-PK (Kit 20.15 ~,~.db.~d HF T..~.IO.~.,. ......... 
75 Watt Model 175A ...................... # l l P P 5  Ki t  KER67-PCB (P 11.00 
b...l.hl. em L., I. .rmdlv .... a KERb7-I 1M.n~ S DO Add I I 50 lor .ho~pwm .nd h d l l n s .  

communication 
Inc. 

X m m .  Ohla 45385 ' (511) 416-1600 

t o sses l oamtn~mum Corvr,nrr 144 
Ihru 1296 M H r  th l r  scrwr<, I  V H F i  
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array ~n. t~ l I~ ! ,on.  A v a ~ t ~ b l ~  a81h 
N type c o n n ~ c l o l s  only, these - untta are uncondllconallr guaran. 
teed lor 2 ye815 

M O D E L  CONFIO .  PRICE 
14&?P I 2  DOnSl $5'1 00 
144 .4P  14 o o n s l  $61 00 
2 2 0 - 2 P  12 Pon51 9 5 3  00 
2 2 0 . 4 ~  14 pons )  $130 00 
4 3 0 - 2 P  12 POflSI S'>1 0 0  
4 3 0 - 4 P  14 POrlSl $59  00 
902 -2P  12 por ts)  IS1 00 
902 .4P  (4  por ts)  3.59 00 

1 2 9 8 - 2 P  I 2  ~ o r t s l  $57 00 
1298.4P 14 ports1 

5HImPINO NO1 INCLUDED 
$60 00 

STRIDSBERG ENGINEERING. CO. I 
P O  Box  7 9 7 3  Shreverror l  . L A  7 1  1 0 7  USA  

Phone  13181 Bf i5 .0523 I 

2% s p e a k e r  B a t t e r y  o r  DC powered Pos~tlve 
key~ng t o  30 volts r n a x  Un~que ' POWERILOGIC' 

LED One Year Ace Systems Warranty - - - CALL TO ORDER 
(81 4) 965-5937 -em adcf S* 

RD # 1 Box 83, W~lcox, PA 15870 

Authorized Ace Dealers: 1 I 
[ Barry Electronics KJI ~lectronlcsl 
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CALL FOR ORDERS 
1 (800) 231-3057 
1 (713) 520-7300 or 
1 (713) 520-0550 
FAX 1 (713) 358-0051 

New lcom lC 781 l r  t i l t  *.lnled 
Kenwood TH215A TH25AT Trade I O  * < , L ~ I  11Id HT 
TS440 SlAT Call 
New Kenwood TM 731A mobile Call 
ICOM 228HITTM 449 00 

TS 790A Superlor 2 Meler 70 cm H q 
1 2GHz Opl~on Ava~lable Call 
BW VS 300A 99 00 
Penla 61 46B 14 95 
Penla 577R 79 00 
Penla 3 5002 139 00 
lcom 765 2695 00 
Kenwood MC 60A + Hell HC 5 carlr~dge ~nst 150 00 
l ~ u m  IC 725 799 00 
NYE MB5A Tuner 569 00 
Alpha Della Transnrap HV 33 00 
CSI Prwate Patch V 489 00 

TEXAS ORDERS CALL COLLECT. 
ALL ITEMS ARE GUARANTEED 
OR SALES PRICE REFUNDED. 

Ampwe VHF UHF GaAsFET preamps Call 
831 SP PL259 S~lverdale (Amphenol) 1 5 0  
82 6 1 N Male (Amphenol) 3 50 
82 202 1006 N Male (9913) 350 
Double Female UHF 100  
UG 176 RG8X each 40 
Surplus Elbow PL259 SO239 each $1 
Recetv~nq lubes 50 90% olf llsl price Call 
STUPH 
RF Amp Melers $1 5 to $30 each 
25 pFIlOKV Doorknobcap 5 00 
Throat M~ke (new m ~ l  surplus) 5 00 
ANBH 1 600fl Headphonps (new mtl sorplus) 5 00 
New Demo Unlls lor Sale 
Kenwood R 5000 849 00 
GGTE Morse Tutor 18 00 

USED EOUIPMENT 
All equlpmenl used clean w~lh 90 day warranly and 30 
day lrtal Stx monlhsfull Iradeagalnsl new equtpmenl Sale 
prlce relunded 11 no1 satlslled 

(800) 231 3057 

POLICIES 
Mln~murn order $10 Oa Mastercard VISA or C 0 D All prices 

FOBHouslon exceplasrwted Pr~cessut~~llo~hanqew~lhoul 
rmllce llemssub~ecltopr~or sale Callanyt#melr 2hecklheslnlus 
ol your order Texas rescdmfs add sales lax All llenrs lull lac 
lory warranly plus Mad~son warranly 
Blrd and Belden products In stock. Call today. 

New Kenwood TS 950 SD Call 

Ameco PT 3 Pre Amp 99 00 
Larsen 2 rneler on glass 49 95 
Anleco 2M 518 Mag Mounl CO~II 25 00 

h ~ ~ ~ ~ u ~ ~ ~ l  l L j  I 10' 

V A ~  Gorclo~i Wlr)rlclrn WA2 
Bird 43 elemerils/slock 
Thousands ol pdlld melelS 
Belden 9913 8267 8214 Slock 
MICA Capac~lors 

Call lor lrade 
44 00 

Call 
3 95 up CALL 

Call 
Call 

- 

b b f t j &  
- - 7 r - fTM B 

A 

A 
Crystals for many Can we solve your 
applications r 3 - For specla1 purpose 

crystal problem? 

For over 40 years. ICM has 1' manufactured the flnest ~n crystals speclal holders. 
quartz crystals for every 1 speclal sizes call our crystal 
conceivable purpose sales department We w ~ l l  

be pleased to prov~de 

A wlde selection of holders 7" recommended data 

are available to f ~ t  most any 
requ~rement Our computer 
database contalns crystal 
parameters for thousands of 
equ~pment types 

International Crystal 
Need crystals for Manufacturing Co., I ~ c .  
communlcatlons, telemetry. 
~ndustr~al, or sclentlflc P O  BOX 26330 701  W Sher tdan  

a p p l t c a t 1 o n s 7  Let ICM'S O k l a h o m a  C I I ~  OK 73 126 0330 

sales department ass~st you P h n n e  14051 236 374 1 
Tplex 74; 147 

to determ~ne wh~ch type of F a c s ~ m ~ l e  14051 735 1904 
crvstal IS best for vou 
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AN AUDIO 
PATCH PANEL 
FOR THE MULTIMODE STATION 
By Lewis F: Mclntyre, KBGIC, 3711 Gayle Avene, 
Omaha. Nebraska 68123 

I began operating teletype six years ago and discov- 
ered quickly that switching from RTTY back to SSB 
could be a real nuisance. My rnic connectors weren't 

really made to stand up to frequent changes and the 
speaker connections on the back of my rig were inacces- 
sible. These problems became worse as I added VHF 
packet capability. 

A number of solutions have been proposed. However, 
most address only the RTTYJpacket problem and limit their 
solutions to a choice of two transceivers? 

My solution was a simple, but extremely useful, addition 
to my shack called an audio patch panel. This unit lets you 
connect any audio source to any audio load in the shack. 
It controls the HF and VHF keylines so the HF and VHF 
transceivers can be keyed by any of the available micro- 
phones, CW key, toggle switches, or computer PTT lines 
- depending on your operating mode. I also gained some 
new capabilities along the way. 

How it works 
The patch panel design is very basic. It's a simple switch 

matr~x made up of eight 12-pole rotary switches. You can 
find all the parts at Radio Shack; the total cost is about $30. 
The c~rcuit diagram for the switch matrix is shown in 
Figure 1. For simplicity, I've shown only four of the eight 
switches. Audio loads (mic jacks of the HF and VHF sets, 
speakers, inputs to modems and patches) are connected 
to the arms of the switches; audio sources (output of the 
HF and VHF sets, microphones, outputs of modems and 
patches) are connected to the contacts of the rotary 
switches. With this arrangement, only a single source can 
ever be connected to any load - although all eight loads 
can be connected to any source. This is Important because 
most sources don't like to be connected in parallel with 
others. 

All audio connections run through two 2x4 phono jack 
panels on the back of the unit. My unit is wjred with the 
sources on the top row and the loads on the bottom row. 
To accommodate standard connectors and reduce the 

number of wires in the shack, I've added five microphone 
four-pin jacks. The three mic jacks on the back accommo- 
date the HF and VHF mic lines, and the AEA PakRatt audio 
output; the two on the front accommodate both mics. These 
are connected internally in parallel with their correspond- 
ing phono jacks on the back. 

The speaker lines go through a normally closed stereo 
headphone jack, in series with the line to the phono jack. 
I used the right and left-most load jacks for the speakers. 
This way, I can use headphones without interrupting other 
accessories - like the PakRatt. 

Besides the audio switch matrix, two more rotaries (S9 
and S10) control the keylines (see Figure 2). Because my 
HF transceiver keys differently from the VHF transceiver, I 
use a double pole six-position rotary for keyl~ne switches. 
One pole is connected to mic PTT and the other to the CW 
key jack. Two positions on S9 and S10 connect to either 
side of an SPDT toggle, S11. This switch is useful for han- 
dllng VHF to HF relay operations. (More on that mode later) 

Two diodes, CRl and CR2, prevent the HF and VHF rigs 
from interacting when they are connected to the same key- 
line. Depending on your rig, it may be necessary to reverse 
their polarity or elirriinate them entirely. 

You may wish to review your station setup to see if you 
want to add or alter some of these '~customizing" features. 
I tried to keep the order of connections to the back panel 
as general as posslble so I could add or change equip- 
ment without having to rewire. 

Assembly 
This audio patch panel was built into a Radio Shack 

3" x 8" x 6" project box. The audio bundles run down 
both sides of the cabinet, left-side jacks to left-side switches 
and right-side jacks to right-side switches. 

Wiring the audio switch array is the most tedious part of 
the construction. Ust: short lengths of single conductor wire 
to connect each switch contact to its corresponding con- 
tact on all the other switches. You need to connect only nine 
contacts - eight loads and ground. When this is done, 
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NYE Takes the fear out of full power antenna tuners, 
and the guesswork out of PEP measurement 
with these two MUST SEE PRODUCTS!! 

M B -V-A RFM-003 

Dlscover thls durably bullt, feature packed MB-V-A Antenna Get correct easy to read measurements of PEP for SSB. 
tuner You'll flnd operatlng convenlences that make antenna AM, and Pulse along wlth full t~mecompletely automatic 
tun~ng a snap and value engineered to do the job over wlde SWR d~splay wlth thls unlque Power Monltor System 
operatlng ranges Compare quality, features and the NYE Two models to choose from The RFM-003 for 3KW 
VIKING TWO YEAR WARRANTY ~nd~ca t~on  and The RFM-005 for 5KW 

CHECK THE FEATURES: 
PI Network Low Pass PI Network tunlnq 1 8 30 MHz Heavy duty s~lver plated 
cont~rit~ouslv variable ~nductor w ~ t h  25 1 vernlpr dial 7000 volt variable 
capacitor and 10 OOOv swltch selected flxed capac~tors on output slde Tunes 
40 2000 ohms loads Good Harmon~c suppress~on' 

~ ~ t ~ ~ ~ t l ~  SWR ~~~d~ free meterinq of SWR NO reset or callhratlon needed 
power metpr-300 Or 3000 automatically switched lo 

read 2 5 recessed and back llqhled taut band meters 

Antenna Switch PUSH BUTTON antenna swltchlnq to (41 antennas (2 coax 
s~ngle wlre and twln lead) Coax bypassed on ilrst coax outpul We deslgned 
this swltch lo take the power R a t ~ d  a1 IOKV and 20 amps 

3 KW Balun Trifler wound tr~ple core torro~d glves halanced output to twln 
leeder from 200 lo 1000 ohms and unbalanced orilput down to 20 ohms 

Maxlmum Power Transfer Match your transmitter output lmpedence to almost 
any antenna system lor maxrmum power Iranslpr Amplif~ersonly run a1 lhp~r  
deslqned 0 when properly m a l r h ~ d  

~ o d e l 0 ~ t l m s '  MB IV-A1 lncludes all MB-V-A features less antenna sw~tch and 
balun MR IV A2 IS ~denl~cal to MR IV-A1 with the add~t~on of a trlple c o r ~  
balun 

18 MHz will not tune on some anl~nnas 

13)Modes- Peak Averaq~ and Peak and Hold w ~ t h  a unlquenon-dr~ftSample& 
s Hold Analoq menlory clrcu~l 

12) Ranges - Aritomat~cally sw~tched power scales to 5 KW 

filly Automatic SWR - Full lime meter displays ratios directly without drift 

Built In ALO - Prolpcl your a m p l ~ f ~ ~ r  tube ~nvestment wlth thls fast act~ng 
lockout 

Remote Cwplen - SIX feet remoles the lnterchanqeable callbraled couplers 

True RMS Conversion - H F coup l~rs  use forward biased full wave delect~on 

Rugged Construction - Heavy gauge aluminum construcl!on Top qual~ty glass 
~ p o x y  PCB This meter 1s btlilf to last 

Accuracy - Guaranteed to + 5"r F S 

Warranty - TWO FULL YEARS 

Added Features - Sw~tchable reverse power all mode meter~ng - Full status 
LED D~splay - Adjustable ALO IS sw~tchahle SWRIREFL power - Heavy 
duty Ntcad batter~es charqed by the app l l~d RF for the f~eld and a charqer 
IS supplied for fast charqlnq and backllqhllnq of the taut band meters for the 
ham shack 

OTHER NYE VIKING PRODUCTS 
Phone Patches - Electronic and Memory Kevers - Squeeze Keys - Straight Keys - Code 

Practice Sets - -LOW Pass F~lters - All Band Antennas and more. . . 
ASK FOR A FREE FULL LINE CATALOG. 

TO ORDER, CALL YOUR FAVORITE DEALER 
Amateur Electronic Supply C-Comm 
Ham Rad~o Outlet Ross D~stribut~ng 
Henry Rad~o Ouement Electron~cs 
Madrson Electronrcs LaCue Cornmun~cat~ons 
EGE Ham Stat~on 
R&L Electronics 
rf enterpr~ses In Europe: Kne~sner & Doering, 
Barry Electron~cs Braunschwe~g. W-Germany 

Wm. M. Nye Co. Inc. 
1614 130th Ave. N.E. 
Bellevue, WA 98005 
TEL: (206) 454-4524 
FAX: (206) 453-5704 
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V 

P T T  TO S l O  

Schematic of the audio switch matrix. 

tor to the left-hand audio source on the upper row of phono 
Cabinet 3x8x6-inch a,uminum (Radio Shack 270-274A) 

jacks on the rear chassis and the other conductor to the J I - J ~  2x4 phono lacks (Radio Shack 274-370) 
audio load jack directly below. Route this cable to the switch (Radio Shack 274-002) 

where the source will be connected. Solder the source l~ne J15-J17 one-conductor NO jack (Radio Shack 274-255A) 
two-conductor NC lack (Radlo Shack 274-250) 

to swltch position no. 1 and the load to the normally closed (Radio Shack 275-1385) 
contact to the stereo headset jack. Route a short length of (Radlo Shack 275-1386) 

single conductor cable from the jack to the switch contact. 
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Schematic of the HFIVHF keyline control. 

Do likewise on the other side of the box for the right-hand 
jacks. This completes the special speaker wiring. 

For the remaining pairs of source and load plugs, con- 
nect the two conductor cables from the plug pair to the 
switch rotor and contact points. Ground the shield at the 
phono plug block and at the ninth (ground) switch contact. 
Because all switch contacts are connected together, this 
accomplishes all the wiring for this source/load pair. The 
result is a single cable connected to each switch. When 
you've finished, check carefully for shorts and continuity, 
and then bundle the cable runs together with cable ties. 
Add the special connections to the modem, HF, VHF, and 
mic jacks. 

Wire the keylines when the audio wiring is complete. You 
can do this with single conductor cable; the process is fairly 
self-explanatory. After you've completed this step, check 
again for shorts and continuity. 

installed connectors. This cable is available with either 
double-ended phono, or phono to miniature phone plug 
connectors. I ran the cables together in bundles behind the 
station console. Avoid bundling them with antenna coaxial 
cable or power lines, however; that's asking for hum and 
RF problems! 

I used a small stereo amplifier (Radio Shack SA-10) 
between the speaker terminals on the patch and the 
speakers. This lets me keep volume at a comfortable level, 
independent of what level the various loads might want. 

The keylines require PTT connections to each transceiver. 
This is handled through the special mic connectors on the 
rear panel for HF and VHF transceivers. You may require 
connections to each rig's CW key. Some transceivers key 
CW separately from the mic PTT (mine did) and need this 
connection. Others key in parallel with mic PTT and won't 
need it. Check your rig to make sure. 

Wiring the station Using the patch panel 
I tied the following items together: HF transceiver, VHF 

transceiver, Heath SB-634 phone patch, AEA PK-232 digital 
data converter, and three speakers. I used to have a stereo 
tape recorder on the patch so I could record two channels. 
Because I added a third HF receiver and speaker, one 
channel (record and play) had to go. You also might want 
to add audio CW filters and VU meters. 

Use a good grade of audio cable to tie everything 
together. I purchased new cable in &foot lengths. It was 
surprisingly inexpensive, considering that it came with 

Each transceiver requires three switch selections: 
Connect an audio source to the transceiver's input. Do 
this by locating the switch corresponding to the trans- 
ceiver input and rotate it to one of eight sources. For 
my configuration that can be mic A or B, phone patch 
output, modem output, HF or VHF output. With this 
configuration it's impossible to connect two sources to 
the same load. 
Connect the transceiver's audio output to one or more 
loads. Do this by selecting a switch corresponding to 
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Dual Band Mord-abilitv! 

Dual Bander 
The TM-7OlA combines two radios 
into one compact package. You get 
25 watts on 2 meters and 70cm, 20 
memory channels, tone encoder 
built-in, multiple scanning, auto 
repeater offset selection on 2 meters, 
and a host of additional features! 
l 20 multt-funct~on memory channels. 

20 memory channels allow storage of fre- 
quency, repeater offset, CTCSS frequency, 
frequency step, and Tone OnIOff status, 
CTCSS and REV, prov~dlng qu~ck and easy 
access dur~ng mob~le operatlon 
l 25W on 2m and 70cm. 
l Selectable full duplex-cross band 

(Telephone style) operation. 
l Easy-to-operate front panel layout. 
l Multi-function DTMF mic. supplied. 

Controls are prov~ded on the microphone 
for CALL (Call Channel).VFO, MR (Memory 
Call or to change the memory channel) and 
a programmable funct~on key The program- 
mable key can be used to control one of the 
following funct~ons on the rad~o MHz T ALT, 
TONE. REV, BAND, or LOW power 
l Easy-to-operate illuminated keys. 

A functtonally des~gned control panel w~th 
lndlv~dually backllt keys Increases the con- 
venlence and ease of operat~on durlng 
n~ght-t~me use 

Specilical~ons and pncet sublecl lo change wrlhoul nobce 
Complete wrvlce manuals are avarlable lor all Kenwood rr 

l Optional full-function remote 
controller (RC-20). 
A full-function remoie controller using the 
Kenwood bus llne may be easily connected 
to the TMJOlA and mounted In any con- 
venient locat~on.The new controller is cap- 
able of operating all front panel funct~ons. 
l Built-in dual digital VFO's. 

a) Frequency step selection (5,10,15, 
20,12.5,25kHz) 

b) Programmable VFO 
The user friendly programmable VFOs allow 
the operator to select and program variable 
tuning ranges in 1 MHz band ~ncrements. 
l Programmable call channel function. 

The call channel key allows Instant recall of 
your most commonly used frequency data. 
l Programmable tone encoder built-in. 
aTone alert system-for true quiet 

monitoring. 
When activated th~s function will cause a 
dlstlnct beeper tone to be emitted from the 
transceiver for approximately 10 seconds to 
signal the presence of an lncomlng signal. 
l Easy-to-operate multi-mode scanning. 

a) VFO scan 
Band scan, Programmable band scan. 
b) Memory scan plus programmable 

memory channel lock-out 
c) Dual scan 

Dual call channel scan 
Dual memory scan 
Dual VFO scan 

d) Scan stop modes 
Time operated scan (TO) 
Carrier operated scan (CO) 

or obligation 
ansceivers and most accessories 

e) Scan direction 
f) Alert 

When the AL switch is depressed memory 
channel 1 is scanned for activity at approxl- 
mately 5 second intervals. 
l MHz switch. 

Lock function. 
l Repeater reverse switch. 

Optional Accessories 
l RC-20 Full-funct~on remote controller 
l RC-10 Multi-function remote controller 
l IF-20 Interface un~t handset l MC-44 Multi- 
funct~on hand mlc. *MC-44DM Multi-function 
hand mic. w~th auto-patch l MC-48B 16-key 
DTMF hand mlc. aMC-55 8-p~n mobile mc. 
l MC-60A/80/85 Desk-top mlcs. l MA-700 
Dual band (2m170cm) moblleantenna (mount 
not suppl~ed) aSP-41 Compact moblle 
speaker l SP-506 Mob~le speaker l PS-430 
Power supply l PS-50 Heavy-duty power 
supply l MB-201 Mobile mount l PG-2N 
Power cable l PG-36 DC line noise f~lter 
aPG-4H Interface connecting cable l PG-4.J 
Extens~on cable krt *TSU-6 CTCSS un~t 

KENWOOD U.S.A. CORPORATION 
COMMUNICATIONS &TEST EQUIPMENT GROUP 
P.O. BOX 22745.2201 E. Dominguez Street 
Long Beach, CA 90801-5745 
KENWOOD ELECTRONICS CANADA INC. 
PO. BOX 1075,959 Gana Court 
Misslssauga, Ontario, Canada L4T 4C2 



NEW ENGLAND'S FACTORY 
AUTHORIZED SALES & SERVICE 

FOR 

Alvo cir\pl~\lti,q flip poprikrt trc.ccJ\\orrcl\ trclc~ticd ro (ottiplctc~ tr HAM STATION . . 
ARRL PUBLICATIONS AEA PRODUCTS AMPHENOL 
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the load you wish to connect (speaker A or B, HF or 
VHF input, phone patch, or modem input). You may 
connect as many loads as you need, usually the 
speaker plus one more. 
Connect the transceiver's keyline to a keying source. 
This.can be mic A or B PTT, SW11 left, SWl1 right, 
modem PTT, or CW key. 

Results 
I expected numerous headaches with this arrangement 

- like crosstalk between the different lines, RF pickup, and 
60-Hz hum. To my amazement, I had only some minor RF 
pickup by the SA-10 amp while operating on 40 meters. You 
should have the same results if you use a good grade of 
audio cable to tie it all together and have a good ground 
at beth ends of the audio cables inside the box. 

I have used this unit for: 
HFIVHF relay. In this mode VHF out is connected to 
HF ~ n .  VHF In to HF out, HF keyline to the left side of 
the toggle S11, and VHF keyline to the right side of S11. 
When S11 is placed in the left-most posit~on, all signals 
received on VHF are relayed onto HF; when it's In the 
r~ght-most position, HF is relayed to VHF. This lets you 
use your station as an HFIVHF repeater under manual 
control. While this isn't as sophist~cated as some sys- 
tems described in other art~cles,z it does prov~de a 
powerful capability to link local VHF stations into long- 
haul HF circuits. 
VHF phone patch. Phone patches, like the Heathkit 
SB-634 that I use, are easy to place on line w~th HF 
equipment. However, I found that VHF patches are 
extremely useful as well. When the "Connie" operated 
off San Diego, I could easily raise my home QTH vla 
simplex frequencies or wide area repeaters in San 
Diego which didn't have autopatch. The audio quality 
is vastly superior to HF. 
RTTY and packet. My preferred mode is RTTY. I also 
do a lot of RTTY and FAX SWLing using a vintage Ham- 
marlund HQ-180. That unit l~ves on position 5 on my patch 
panel, and I can switch easily to that receiver when I need 
more frequencies than my ham-bands-only TS-830s can 
provide. Switching between two HF receivers and the 
VHF rig is a breeze with this patch panel. 

Future growth 
I have cons~dered expanding this unit beyond the eight 

switches, adding some internal VU meters, and moving the 
speaker amplifier into the unit. A bank of 1-of-10 (not BCD!) 
thumbwheel switches might make for a more compact 
panel. But this unit has worked so well as IS, that I haven't 
made the move to transfer these thoughts off the drawing 
board. 

Summary 
This audio patch panel has added to the flexibility of my 

multimode station enormously and has eliminated the rat's 
nest of different connectors to get all the equipment to work 
together. Why not make one of your own? It's inexpensive 
and easy to bu~ld. R 
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11,30~s 10 14 

I LOW BANC 

GREENVILLE. NH 03048 

(603) 878-1441 
FAX (603) 878-1951 

i~ / Please enclose $3.75 snipping handling 
I 
1 DX'ING COMPUTER PROGRAMS 

bv John Devoldere. ON4UN 
151 III~LI I'NI)I I I ~ I ~ ~ P ~ . !  , t r  III.P~ IS cmfed-lmm antennadeslgn and~~hmlrahon to g W m l  

o p r r ~ l  r l q  :,ruqranl\ Ao1pnt1.1 programs Include shunt and serles Input L network deslqn. 
trt~rlf Ilr Irnnc,lolnlrr \h-til nrlwrlc deslan SWR calculal~on, p l ~ s  11 moret General H.tm 
proqrams Include sunr~ce/sunsel 'circle distances grayllne vertlcal antenna des~gn 
proqram sunrlsp calendar plus 9, @$pst value ~ncomputersoMNare avatlabletoday 

1986 
UN Apple IWllc $39.95 sa. 

I UN MS (MS.DOS) $39 95 8%. 
I UN CPMlKaypm $39 95 sa. 
I UN C 128 (COMMODORE) 539 95 ea. 
I UN MAC (MACINTOSH) $49 95 

LOW BAND DX'ING 
by John Devoldere. ON4UN 
Now A v a ~ l a h l ~ t l  ht,n~w 2nd ed~t~onof thedeflnltlve bookon Law BandOX'lng Based 
upon p a r s  o l  pracl~cal on the alr experience learn the secretsol how ON4UN has been 
so successful on the low bands Extensive coverage IS glven to transmlt and recelve 
antennas w~th  clear conclse explanat~ons and plenty of ~llustrat~ons-d~poles Inverted 
V s  slopers phased arraysand Bweraqes-they realllnthlsbook Alsocovered propa- 
gatlon transm~ners receivers oprratlng, software and an extensive Low Band b ~ b -  
l~ography Golnq l o  be a best sellprl Get yours today 1987 2nd Ed~t~on 200 pages 

AR-UN Sofmound $9 95 

ON4UN PRACTICAL YAGl DESIGN (MS-DOS) 
by John Devoldere. ON4UN 
This comprehenslve Y a q ~  des~gn program IS based upon tested antennas, not fheo- 
retlcal un proven models Contalns 100d1fferent HF antennas, destgned, tested and 
opllm~zed by ON4UN Also conlalns a number of classlc deslgns by noted antenna 
experts W2W W6SAI andothers lncludesmechan~cal des~gnof elementsand of the 
rotatlng mast You can also add lo  the database your own des~gns Fully detalled 
Rrad me l ~ l e  IS deslgned to help the user q e l  rnaxlmum results from the program 

1989 
I ON-YAGI (MS-DOS) $69.95 

WIN AN ICOM 1275, 
I OR AEA FS430! I 

OR ONE OF 
SEVERAL OTHER PRIZES ! 

Your home video about any aspect 
of Ham Radio could win ! 

Enter the WWATSIATVQ 
Ham Video Contest. 

For rules and entry form send SASE to: 
WWATSIATVQ Video Contest 

1545 Lee Street, #73 
Des Plaines, lL 60018 

Entry deadline March 1, 1990. Enter today. 

Contest sponsored by Western Washington 
An/ Society and Amateur Television Quarterly 
Magazine. Winners announced at Dayton 1990. 



A NEW ADDITION 
FOR YOUR TNC 
By Joel Eschmann, KSMLD, 6964 Meadowdale 
Drive, Hartford, Wisconsin 53027 

ver the last few years I've become very active on 
packet. I have a number of TNCs and use them 
at home, at my summer place, and in my camper. 

I use a number of terminals and computers available to 
me and I find the big sore spot with many of them is the 
"connect bell." 

The bell is either too quiet or doesn't exist. When the 
packet equipment takes over after a connect, I want it to 
let me know someone is there so I can respond. I hope 
those of you with similar problems will find this article 
of interest. 

Most current TNCs have a connect light or indicator. To 
make use of this element of the TNC and the existing cir- 

NE555 Radio Shack 276-1723 
680-k 118 watt resistor 
470-k 118 watt resistor 
3300-ohm 118 watt resistor 
560-ohm 118 watt resistor 
I-@F capacitor 15 volt minimum 
O.Ol-pF capacltor 15 volt mlnlmum 
O.l-cF capacltor 15 volt minimum 
Alarm Radio Shack 273-066 
Relay 12-volt Radio Shack 275-248 
Diode IN4004 Radio Shack 276-1103 
NPN 2N3053 Radio Shack 276-2030 

pp -- 

Schematic of the connect buzzer circuit. 
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cuits, I've developed a very simple device which adds an 
accessory the TNC manufacturers forgot. The circuit is very 
basic and uses the popular 555 timer available from Radio 
Shack (which also carries a choice of bells, alarms, and 
breadboard items). 

As Figure 1 shows, the circuit can fit into the TNC. The 
bell, because of its size, is best mounted on the outside of 
the cabinet or in a separate box. You may want to provide 
a switch to select different bells at other locations. Exercise 
a little caution if you use bells not compatible with the one 
mentioned here; the current drain may be in excess of the 
capabilities of the 555 and could damage it. 

Circuit description 
Q 1  is a DC switch wh~ch controls the 555 timer (IC1). 

When voltage is present at the base of Q 1 ,  the transistor 
conducts and the voltage at the collector goes to zero. At 
the time of the connect, the internal circuits of the TNC 
cause current to flow in the CONNECT LED. The voltage 
at the base of Q1 goes to zero and the transistor turns off. 
This causes the collector voltage to rise to the supply volt- 
age. The supply voltage then applied to the 555 timer 
causes it to start, and also sounds the bell. After a time 
determined by R1, R2, and C1, the 555 timer times out and 
the bell stops. The 555 timer allows for a timed alert that's 
long enough to attract your attention. If you wish to change 
the timing, alter the values of R1, R2, and C1. Note that this 
circuit won't function if R2 is greater than one-half R1. The 
circuit has an automatic reset that triggers when the TNC 
disconnects and returns the c~rcuit to an off state. 

I've used the basic internal connect circuit from my 
AEA PK-88 for this ~llustration. This circuit may vary from 
manufacturer to manufacturer, but understanding the oper- 
ation of this optional circuit will enable you to install it in 
your TNC. 

I have found this circuit very useful and I hope you will 
too. Note: Making modifications to your TNC may void your 
warranty. Check with the TNC manufacturer: Ed. Q 
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Electronic Repair Center 
Sewicing 

Amateur Commercial Radio 
The most complete repair facility on 

the East Coast. 
Large parts inventory and factory 
authorized warranty service for 

Kenwood, lcom and Yaesu. 

SEND US YOUR PROBLEMS 
Servicing "Hams" for 30 years, no rig 

too old or new for us. 

YHG 
4033 B r o w n s v i l l e  Road 

T r e v o s e ,  Pa. 19047 
@ 11 5-357-1 400 @@ 

NEW BOOKS 
1990 EDITION- 

1990 RADIO AMATEUR CALLBOOKS 
NORTH AMERICAN EDITION 
Fully u dated and ed~teo to tnclude all the latest FCC and forelgn governmentcallslpns and addresses lor Hams ~n 
~ o r t h k n e n c a  Includes plenryot handy 11 erallng aldssuch as tlme chans OSL bureau addresses census lnfor 
mallonand much more Calls lrom mowy tanada lo Iroplcal Panama Now IS the tlme to buy anew Callbookwhen 
you I1 get the most use our ot your lnvest,nenl 1989 
I ICB.US90 So(moun0 W.% 
INTERNATIONAL EDITION 
0s-care a .er, mpotlanl par! o l o ~ ,  nODh A so,!< o!a*a!dr nc'o PQ Ineco.e~eoDxLC !PO. I P  WI I ?>a! on 
OlronlacloPlore tnehvarocan3e ssreo O t s o ~ r  dl nlefesl aodre*ser ale w ng aooedaa I 108 Hamr n the llSSR 
an0 otbe, counll ec Kn! e nno m?ansrcmp rle I s  d slarlano * 0s ~llrplr le~o0,s he 0 ~ g r ~ ~ . n g ~ ~ . s  nand) 
Operallng aids round out thls Super book value 1989 

ICE-F90 Softbound 529.95. 

BUY'EM BOTH SPECIAL 
Reg. $57.90 Only $52.95 SAVE $4.95 

Callbooks available early December. 
THE 1990 ARRL HANDBOOK 
Rwlsedanc uodatedwllh Ihelatesl~n A n ~ t e u l  technology nwIs Ihet lmetoorde~purvery  wr copy oltheworld 
lamwSARRL HANDBOOK Inaod~l~ooto~remg bedelmll~verelerence wtbmelor p u r  Hamshack thereare plenty 
01 P ~ O I ~ C ~ S  lor every Interest In Arndleur F.ad~o - lrom antennas lor every appllcatlan to the latest state a1 the al l  
pro(ec1s - YOU I1 Imd )I all 10 tne 1990HANOBOOK Over ItOD pages 1989 
l lARH890 tkd lou ld  522.95 

Available Early November 

MORE NEW BOOKS 
1990 EQUIPMENT BUYER'S GUIDE edited by voter O'Dell, WBZD, ca Magazine 
Here'sthelalestltst~ny ofequlpmenlava!labtelrornallofthedlHerentmanufacturers Fullolhand-to-havelnfor!rla- 
tlon, facts and tldblls Great relelence to have when you are shopping around tor a new IIQ >I989 
' JCO-EOP Sonbound $4 

PACKET RADIO is MADE EASY by ~ u c k  R O ~ O ~ S .  ~ 4 ~ m  
holrd CO Magannc '0 Jmn $1 1(4A81 eao @JSIPD 4 SleOOn n D  10 SCI .O a pacLet llanOP f n t d r l  ne. anOe~p6d ns 
d the %or* np5ol CaCrPl COmmLn cal ons G iesfu. ntelconnrcl on nsll.ct OnSIoI mOsl1ao!os comOLteIi an0 
MFJINCs Also ncl .deraqlor~a~,otpa~re l lcr~nranooel~n~l~mcIhalareve~)ureru l lad~f1e~~1s0tpacrct fn l~re~t  

1989 
I JMFJ-PRME Mb0uf ld $995 

SPACE ALMANAC by Tony ~urt is, WRXK 
Complete database almanac Is an unbel8tvable value1 955 pageslammed full 01 lust about every bll of lnlormat~on 
youcouldwanl lncludlng Spacestatloos shuttles unrnannedsatell~les rocketsandaSlronautslonarne(usla lew 
areascovered Alsolncludesplenty olrctf~rencetables charts maps dlagrams drawlogs photosandmuchmore 
35 + pages on Ham Rad~o In space 1989 

'JAS-&I Please enclose $375 sh~pp~ng B handl~ng 519.05 
HAM RADIO'S BOOKSTORE 
Greenville, NH 03048 
603-8781441 FAX (603) 878-1951 

WGSAI BOOKS 
by noted HR columnist Bill Orr, WGSAI. 

ALL ABOUT VERTlCAL ANTENNAS 
Theory, design, construction and operationarefully mveredforvertical antennas. Grounds 
and their Importance get extraemphasm. Construction datafor 25+ antennadesigns. 192 
pages el986 1st edition 

RP-VA Softbound 510.95 

THE RAMO AMATEUR ANTENNA HANDBOOK 
Covers all kinds of antennas Iran HF to VHF, horizontal to vertical. Compiled from yean 
of WGSAl's extensive writings. Great reference volume to have on hand. Chock full of 
proven antenna designs that work! 193 pages 01978 1st edition 

RP-AH Softbound $1 1.95 

INTERFERENCE HANDBOOK by WABFQG 
With homes rapidly filling with vulnerable electronic equipment, knowing how to solve 
interference problem Is a mst. WA6FQG has years of experienm and tells you 
everything you need to know to solve even the thorniest lnterftrenm pmblem. 0 1981 
1st editbn 

RP-IH Sdtbound S t  1.95 

THE RAMO HANDBOOK 23rd edition 
Great technical resourm lo have available in your Ham mbhop. Full d all klnds d 
projects, antennas and the best compilation of HF and VHF amplifiers in the Amateur 
Radio field. Includes new easy-to-use chans. graphs and tables. Best value in 
Amteur Radio today. 1200 pages 01986 23 edition 

22424 (Reg $29.95 S A M  $3) Hardbound 526.95 

Pkase enclose $3.75 shipping and handling 

HAM [XI 
RADIO Order today1 (603) 878-1441 

Greenvllle, N.H. 03048 or 'FAX' us (603 878-1951 



AND OTHER INTERFERENCE 
Finding the fingerprints 
of unknown signal sources 
By Richard R. Regent, KSGDF; 5003 South 26th 
Street, Milwaukee, Wisconsin 53221 

A kerchunker is a person who turns on a repeater's 
transmitter briefly without identifying himself. He will 
sometimes do this to see if he can reach a repeater 

from various locations, or at random times to ensure that 
the repeater and his transceiver are working. However, 
transmitting a signal without identifying is illegal. 

Kerchunkers are difficult to pin down because their trans- 
missions are short. A method for identifying momentary 
signals should make it easy to determine the origin of 
longer duration signals, ranging from accidental keyups to 
blatant jamming. 

Warren Schall, KSIZV, told the Milwaukee Repeater Club 
about a technological tool that can identify kerchunkers on 
2-meter repeaters. The detective equipment consists of a 
Micro Control Specialties receiver (Model MR4), a 
Heathkits Model 4850 digital memory oscilloscope, and 
an IBM PC compatible computer. 

Receiver selection for this setup isn't critical. Most 
repeater receivers. have test connections for the points that 
have the two signals you need to track down kerchunkers 
- the discriminator and signal strength alignment. Some 
receivers have convenient external outputs with two BNC 
coaxial cable connections. 

The digital memory oscilloscope (DMO) turns your PC 
into a powerful dual trace 50-MHz digital storage oscillo- 
scope. Scope settings are controlled from the DM0 front 
panel and identified by LED indicators. Once you've fed 
the proper signals from the receiver into the DMO, and 
connected it to the computer via its RS-232 port, the signal- 
handling magic takes place. 

The computer monitor givesa visual display of the signals, 
taking the place of the old familiar bench scope display 
screen. You can display two channels on graphic 8 x 10 
division graticules to obtain readouts of voltage, time, and 
frequency automatically at any point on a waveform. Your 
computer should have at least 128K of RAM and a graphics 
card. This configuration of equipment can measure signals 

with timebases ranging from 20 seconds to 10 milliseconds 
per division; 50 milliseconds per division works well for 
studying kerchunkers. 

The DMO, set for one-shot triggering on a rising signal, 
is ready to capture and store data to memory. It stores an 
entire waveform as digital numbers, using 256 amplitude 
and time coordinates. A transmission a fraction of a sec- 
ond long gives you enough time to get a complete file on 
a kerchunkes 

A freeze display of the signal on the monitor shows the 
unidentified transmitter's fingerprint (see Figure 1). The sys- 
tem can eventually be programmed to match the signal 
from a kerchunker, or other unidentified source, with records 
in a database of characteristic waveforms of transmitters in 
the area. Warren explains, "Each transmitter has a charac- 
teristic set of parameters, sometimes called a signature." 

There are a few key factors to look for when analyzing 
waveform signatures: 

Initial transient waveforms. The momentary frequency 
changes a transmitter undergoes as it stabilizes after 
being turned on produce a unique blip on the monitor 
screen. The phase lock loop time constants used in most 
modern FM transmitters generate fairly similar signatures 
from a given unit each time it's keyed. 
Frequency calibration accuracy. The difference 
between the transceiver-transmit and the repeater- 
receive frequencies, in cycles per second, as indicated 
by the receiver discriminator output DC level. 
Frequency and amplitude of a Private Line (PL), 
subaudible tone, or an extraneous hum. The fre- 
quency of the subaudible tone can be found easily by 
expanding the waveform on the computer screen. Count 
the cycles in a given time period, or find the time period 
for a number of full cycles, and then take its reciprocal 
to get the freauency of the tone. The tone may match 
one of several used in the area, but could be off fre- 
quency enough or have such an unusual amplitude that 
it provides positive identification. 
Audio deviation level. This level is normally around 4.0 
to 5.5 kHz. 
Absolute strength of the signal. 
These are the five main factors of identification, but there 

are also a few special considerations. By monitoring the 
signal strength on the second limiter output of the receiver, 
it's sometimes possible to determine if the transmitter is 
mobile or fixed. This shows up as a wavering strength indi- 
cation. Even certain transmitters designed with turn-on 
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50 MILLISfCONDS PER DIVISION 

An example of a freeze display of a slgnal on the monltor showlng 
an unidentified transmitter's fingerprint. 

Y1: DC (normal) 
500 mvldiv 

Offset: +2.38 volts 

Y2: DC (normal) 
1.0 voits/div 

Offset: +3.24 volts 

Timebase: < - > 
50 msldiv 

M g  source: Y1 
Trig slope: (+) 
Trig level: +0.34 volt 
Trig mode: single manual trigger 
21im = 500 mV; 50 ms 
disc = 1.0 volt; 50 ms 
F5:Memory F6:Average F7:Exit to system FB:Next menu 

delays that may mask part of the lnltlal translent use differ- 
ent tlme delays'whlch glve clues for ldent~f~cat~on Agaln. 
t~me and waveform shapes reveal lnterestlng part~culars 

Var~ous un~ts of the same model transmitter may have 
slmllar waveforms; however, they can usually be dlstln- 
gushed from one another by analys~s of the~r signatures 
The detectwe work takes tlme. but once a s~gnal IS cap- 
tured ~t can be documented by unlque waveforms wh~ch 
are stored on floppy dlsk and prlnted out for later analysls 
or comparison With more refinement, you could apply th~s 
dlg~tal technology to the HF bands to track down jammlnq 
and lntcntlonal Interference For the t~me be~ng, however, 
the research cont~nues on VHF repeater frequencies 

The s~gnals for our club meetlng demonstrat~on traveled 
from the dlgltal scope to the computer wlth RS-232 cable, 
but slgnals could be transm~tted over packet rad~o to dls- 
tant monltorlng control operators Control commands could 
then arm or d~sarm the scope system and request wave- 
form data. a 
Note: This technology has the potential to identify many 
types of interference. Future uriits of Ihis sort may be mobile 
and used to track down CATV, power line, and other types 
of Interference. Ed. 

WEATHER 
SOFrnARE 

ACCU WEATHER FORECPSTER !r a menu drvvan pro 
gram that allows the user to tap onto Accu Weather's 
erlena~va computer~zed databau In add~tlon to Accu 

Weather's laecasts. you can (let hourly u M a l a  lrom Nat~onal Weather 
Serv~ce Off~ces nat~onw~ds 

Maps, graphs. ptcrures. cham and narrsttw deserlptlons are lust pan 
of what can be download& lo yollr M S  DOS romptiref To save 
telephone and hook up char- tell your compvler l#rst exactly what 
tnformatoon you want T b n  call ACCU WEATHER the computer w~l l  
download the ltles you want and sevp them to dvsk lnformat@on can be 
obtalned for the entlre Un~led Stales or a spec111c geograph~cal region 

Several d~fferent sewtees are ava~lable from ACCU WEATHFR Pr~ce 
varles w~th  the service and t~me of day that the computer IS accessed 
Add $3 50 lor sh~pp~ng and handltng 

i MC IBM 589 95 
I 1 MC MAC SR9 95 

Please enclose $3 75 sh~pp~ng 8 handl~ng 

HAM 
RADIO BOOKSrORE 3!!z 

GREENVILLE. NH 03048 603-878-1441 

Every month Monltorlng T~mes br~ngs 
everyth~ng you need to make the most 
of your general coverage transceiver: 
the latest information on international 
broadcasting schedules, frequency 
listings, international DX reports, 
propagation charts, and tipson how to 
hear the rare stations. Monitoring 
Times also keeps you up to date on 
government, military, police and fire 
networks, as well as tips on monitor- 
ing everything from air-to-ground and 
sh~p-to-shore signals to radioteletype, 
facsimile and space communications. 

ORDER YOUR SUBSCRIP- 
TION TODAY before another Issue 
goes by. In the U.S.. 1 year, $18; 
foreign and Canada, 1 year, 526. For 
a sample issue, send $2 (foreign, send 
5 IRCs). For MCIVISA orders (515 
minimum), call 1-704-837-9200. 

MON~TOR~NG TIMES 
) t , l l l  i l ! l / i l ~ l l ~ l / l l / l ~ ~ l ~  \t l l f l ff . .  

1,l~I.l-y l l l l l l l ~ l l ,  

P.O. Box 98 A 
Brasstown, N.C. 28902 



Protect your valuable communica- 
tions equipment against destruc- 
tive lightning-induced surge 
voltages that occur on the control 
lines to your rotor control and 
remote antenna switch boxes. 
Straightforward installation - no 
soldering. 

Protects up t o  eight 16 AWC wire 
control line cables . . . covers the most 
commonly used rotor and remote switch 
models. Requires no modification to  
control boxes. 

Utilizes eight NEMP-rated high surge 
current field-replaceable gas tube Arc- 
Plug' cartridges. Each line is individually 
protected. 

@. High quality C-1O/FR4 glass epoxy 
prlnted clrcult board construct~on. Your 
control line connects directly to special 
industrial grade PC mount connectors 
for best low Inductance discharge 
performance. Computer designed. No 
soldering required. 

Equally effective for modem/phone 
line protection. The low capacitance gas 
tube Arc-Plug cartridges accommodate 
high baud data transmission and greatly 
outperform competit~ve MOV models. 

Model CLP Control Line Transi-Trap 
Protector . . . . . . . . . . . . . . . . $49.95 
Also check out our line of time-proven 
Transi-Trap coax cable surge protectors. 
At your Alpha Delta Dealer. Or order 
direct in U.S.: add $3.00 for postage 
and handling. Mastercard and VISA 
accepted. Ohio residents add Sales Tax. 
Exports quoted. 

P 0 Box 571 L ~ r i l c r v ~ l l c  Ohlir 454'10 9 1 5 1  i~ d j 5  4 ". 
current solutions to current problems 

I GET A HIHII'S EYE VIEW' I 
I l ' r o ~ n  Ciraf-I r,th II ' and your I H \ l  f'C I 

SUGARLAND AO- 13 + 1989 FEB 19 06:55: 14 

5-1000 MHz PREAMPLIFIERS 
NF G P(l dB) $ 

WLA2OM' 2dB 15dB WBm 73 
W l A 2 l M  3 13 8 57 
WU22M 4 11 12 61 
WlA23M 4 22 12 87 
WLA24M 3 23 18 109 
WlA25M 5 11 20 82 
WLA26M 6 21 24 199 

Add S4 lor SLH. 'BW 1-500 MHz 

WllAM TECHNOLOGY, DIV of 

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

(315) 769-8334 

1 LON 32.40 LJ 
HGT 33296 k m  
RNG 37512 k m  

MODEL 
SG-100F 

MADE IN 5429.95 
USA delivered 

Covers 100 MHz to 199.999 MHz in 
1 kHz steps with thumbwheel dial 
Accuracy + / -  1 part per 10 million at all 
frequencies Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate External FM 
input accepts tones or voice Spurs and 
noise at least 60 dB below carrier Out- 
put adjustable from 5-500 mV at 50 Ohms 

Operates on 12 Vdc @ '12 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. 

FRO 145.81271 
DOP -294 Hz 
DRF 4 Hzm 

VANGUARD LABS 
19623 Jsrnalca Ave., Hollls, NY 11423 
Phone: (718) 468-2720 Mon. lhru Thu. 

RZIII 1 0 2 . 0 ~  11 
SQUINT 18.6 
6 86 

T 
E snap 
1' 

choke 0 
ELIMINATE;S R1: INTERFERENCE IN: T V  sets, 
Radios, HI-14, I'A syslcms, Telcphoncs. VCKs Test 
equipment, Bur Irr and Fire alarms. Modems. ~ohilors. 
Cornpucrs, ~ a s i o  and 1.V stations, etc. 
EASY TO USE: fits over and snaps onlo small, tar c and 
rihhon cahlcs. No necd to rewire wnncdors. d iquc.  
splt~ Icnitc corc design fits up to RGHU coaxcablcs. 
WORKS IN 'COMMON MODE', fillers current in- 
d u d  in 111c braid c ~ f  \hicldcd wbles and ground wirw.! 

Spelal k n i l e  material elTccUvc 0 5  - 200 MHz. 
DOES NOTVOID EQUlPhlENTWARXANn 

Awiluhlr rom .our lleulrr 
or order kclJ?wm: 

computeradio 
Box ZX2, P~nc Rrwk, NJ 07058 

$12.99 
Tel: (B1) 27-0712 
Send prrsw~ul  check wilh order, w mhi11 surl~e dub' First 
Class. 30-day nrirnvy back wnnunfy. Olrunrrrv clirr.r.~mlr. 



-- I DC to 40MHz ' ' Dual Channel 
DC lo 100MHz 
Dual Channel 

' CRT Readout 

lOns Rise Time 

Top quality scopes at a very reasonable price. Contains all deslred features Two 1x. lox probes, diagrams and manual Two year guarantee. 

PRICE BREAKTHRU I True RMS 4% Multlmeter with Dlgltal Capacitance Meter Dlgltal LCR Meter 
on Auto Rang~ng DMMs Capacltance and 

Translslor Tester CM-1550 7 LC-1800 
M-7000 - $55 CM-1500A $58.95 $125 

.05O/0 DC Accuracy !,: Reads Volts, Ohms, 
9 Ranges 

"v .lpf-20 OOOufd : 
. l %  Resistance L - Current, Capac~tors, Caps l p t  2M)u 

Counter . . 2 Trans~stors and Zero control ' Res 01 20M 
and deluxe case m7- D~odes w ~ t h  case "'- L- 

wlth case 
MDM-1181 

- . $27.95 Bench DMMS SOLDERING STATION Solderless Breadboards AC Clamp-On 

z'z MDM-,182 
Tampsraturs Controlkd .-, - Current Adapte 
d SL-30 9430 

$99 
1.100 p1nsSl5 

3 1R LC0 Dbplay 9434 ST-265 
27 Fund~ons 2.170 plnsS25 

Auo /Manual Ranges 9436 
Aud~ble Cont~nulty M-3500 M.4500 ~ O O F  ~ O O F  

-DalaHo!d(MDM 1182) 3 ~ 2  d ~ g l t  $125 4 > :  dlglt $175 t/ Grounded t ~ p  Works w ~ t h  
05% accy overheat vrotact 9436 SHOWN 

coded posts 
1 %Accuracy (MDM-1181) 1 % ~ L L Y  - mosl DMM 

Wlde Band Signal Generators 3111 Dlglt Probe Type D M M  Function Generator Decade Blox 
SG-9000 $129 - M-1900 - BIOX . . . - 6961 0 or 

RF Freq 100K-4YIMHz ...,.- -- g- 5 :** #so0 -0 : ,: : 0: #9620 . $39 
1L -- AM Modulat~on of 1 KHz s28.95 !c->a. , . 518 .95  

Varlable RF output X9610 Res~stor  lox - - 
Convenient one hand operat~on with batteries PfwIdes sine squ wave 47 ohm lo 1M 6 1M)K PO1 

SO.9506 with Dlgltrl Display Measures DCV ACV Ohms and case tram IHZ to IMHZ a620 Capac~tor 81ox 
and 1SOMiiz bullt.ln Fmg Ctr $249 Audible contlnu~ty check Data hold AM or FM capablllty 47pt to lOMFD 

Dlgltal Triple Power Supply XP-765 Quad Power Supply XP-580 10Mhz XT 100% I B M @  Compatlble 

- $249 $59.95 MODEL PC1 000 
I--: - - ,--. 
) ' 0 @ 4  m-m- &a*. 0-20V at 1A 2-20V at 2A 

'9- w oe.- -m 0-20V at 1A 
- 

12V at 1A 
$595 

- 5V at 5A 5v at 3~ 5 Year  
Fully regulated and Fully Regulated. Short clrcult prolected wlth 

2 L I~ I I  Cont . 3 Separate suppl~es short circuit protected Warranty 
XP-660 wlth Analog Meters 5175 XP-575 wlthout maten $39.95 , 

\Z\> --*-3 
Four-Functlon Frequency Counters GF-8016 Functlon Generator - - 1 5 0 ~  Power supply 

r) - -  - - Wkh F ~ ~ ~ .  counter 5/1OMH2 Molherboard 256K RAM " *- 

F-100 120MH 8 Expans~on Slots Expandable to 640K 

S179 $ 249 Math Compressor Slots Monochrome Monitor 
Monographic Video Card 
Parallel Prlnter Port 



Garth Stonehocker, K0RY W 

DXlNG FROM 
WINTER 
ANOMALIES 
Winter is the enhanced DX season 
because it usually has higher signal 
strengths and lower thunderstorm noise 
than the summer. This is particularly 
true on the lower bands. The anomally 
of this ordinarily Improved wintertime 
signal is the five to SIX day period of 
20 to 40-dB weaker signals (more like 
summertime) through the mid-to-high 
latitude paths which provide our com- 
munication links to European, Asian, 
and Japanese Amateurs. I've discussed 
the reasons for this anomally in pre- 
vious December columns; it affects 
those latitudes in 90-degree incre- 
ments of longitude. The longitudes 
directly opposite (180 degrees) each 
other have higher than normal winter 
signals. Those longitudes in between 
(90 degrees), but again across from 
each other, have lower than normal 
winter signals. During the five to six 
days (or longer) of the anomalous 
absorption event, the areas rotate in 
unison 30 degrees (two time zones) 
per day. At the same time, they 
decrease from 65 at day zero to 30 
degrees latitude (ending) in the five 
days of rotation of 7 degrees latitude 
per day. 

To take advantage of the decreased 
absorption providing the strong DX 
signals on east, west, and transpolar 
paths, check WWV at 18 minutes after 
the hour, WWVH at 45 minutes after the 
hour, or the bulletin board to keep track 
of the da~lygeomagnet~c Avalue during 
the winter (mainly January). When you 
hear anA value of 15 or higher, continue 
to listen daily until a STRATWARM and 
its location is given. Next, consult your 
maps to find the 90-degree position 
between the location given for the 
STRATWARM and its 180-degree com- 

panion. Coordinate your beam bear- 
ings and the DX path control point!; 
(1200 miles from the QTHs "on" the 
great circle) with the areas of lower 
absorption on both, or at least one, 
end of the path. If that area isn't r~ght 
for your DX at this time, you can fore- 
cast - at shifts of 30 degrees of longi- 
tude to the west and 7 degrees lower 
latitude per day - when better condi- 
tions will prevail. 

The occurrence of higher wintertime 
maximum usable frequencies (MUFs) 
is another geophysical winter effect 
that seems like an anomaly. While the 
D, E, and lower F regions have larger 
electron densities in summer, the daily 
maximum density of the F-region 
(which usually sets the day's MUF) 
peaks during the winter. This peak isn't 
as broad (measured by hours of the 
day) as it is in the summer, but it'!; 
narrower and higher. You have to be 
right there when the band opens (on 
10 meters, for example) to catch these 
few hours. This same effect makes the 
one long hop transequatorial propaga- 
tion (TE) possible in the evenings. But 
again, you must be watching and jump 
on fast. Remember, a raised geomag- 
netic A level increases the probability 
of TE openings. 

Last-minute forecast 
The first, second, and last weeks of 

December should have excellerit 
higher frequency (10 to 30 meter) DX 
band openings. Look for both long 
skip and extra DX transequatorial 
openings from high MUF build-up dur- 
ing the day and evenings. Some short 
skip sporadic E openings might even 
help your DX. The lower bands should 

be best the second and third weeks of 
the month. 

The Geminids meteor shower, which 
peaks on December 13th and 14th, will 
provide rates of 60 to 70 per hour. Opti- 
cal observations may be difficult or 
impossible to make during periods of 
poor December weather, so determine 
the actual numbers by radio reception. 
A smaller version of the shower will 
occur on December 22nd. The full 
moon appears on the 12th, lunar peri- 
gee is on the 10th. Winter solstice IS on 
December 21st at 2100 UTC. 

Band-by-band summary 
Ten, 12, 15, and 17 meters will be 

open from morning until early evening 
most days to most areas of the world. 
The higher band openings will be 
shorter and occur closer to local noon. 
Transequatorial propagation on the 
higher bands will probably occur 
toward evening, during times of high 
solar flux and disturbed geomagnetic 
field conditions. 

You may find 20, 30, and 40 meters 
useful almost 24 hours a day. Skip 
distances and signal strengths may 
decrease durlng midday on days coin- 
ciding with these higher solar flux 
values. Expect good nighttime DX, 
except after days of high MUF con- 
ditions and during geomagnetic distur- 
bances. Look for DX from unusual 
locations on eastern, northern, and 
western paths during this time. The 
usable distance on the lower bands 
should be somewhat lessthan 20 in the 
daytime and greater than on 80 at night. 

Eighty and 160 meters will exh~bit 
short skip propagation during daylight 
hours and lengthen for DX at dusk. 
These bands follow the darkness 
regions opening to the east just before 
your sunset, swinging more to the 
south around midnight, and ending up 
in the Pacific areas an hour or so 
before dawn. 
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EUROPE 

S. AFRICA U l L n 0 0 0 0 0 0 0 0 0 0 0 0 0 o o O u u V V U ~  

CARIBBEAN w r r ~ ~ ~ ~ ~ w w w r r k k k k k k - - r 4  

S,AMERICA 0 0  0 0  0 0  0 0  0 0 0  0 N U  u V u U V 3-l Ln Ln u 

w w w k k k ~  w  w  7EI 
ANTARCTICA O O O O O O O O O O N L ~ O  u u u u u : t 5  C N  

w w W w w w w w r r w w b b b k k k k A -  
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WWZEALAND 0 0 0 0 0 0 N Ln V  Cn Ul L n O  O O V U U W d % L n  
V) 

OCEANIA 
r r r r w r r r r w r r b ~ b b b k  + - + + - P  

AUSTRALIA 
0 0 0 0 N ~ V L n ~ N N V 0 0 0 0 0 V  V d q b L n O  * 
V L J L J L J L J  W W W L J L J L J ~ L C )  W C I ) W W L J V V  

t 
JAPAN U L n L n V 0 0 0 0 0  0 0 0 0 0 0 0 0  0 0 3 3 3 3 0  * 
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Holiday Gift Ideas 
HAM SHOP BY MAIL 

fkm RAD10 OR PHONE 
SAVE TIME & MONEY 

1990 EDITIONS ,-i 
1990 RADIO AMATEUR CALLBOOKS 

NORTH AMERICAN EDITION 
Fully updalcd dna Pd'led lo Include all the latest FCC and 
lorelgn governmcnl calls!gns and addresses lor Hams In Noah 
Amer~ca Includes plenty of handy operallng ads such as tlme 
charts OSL bureau addresses census lnlormallon and much 
more Calls lrom snowy Canada to lroplcal Panama Now IS the 
llme to buy a new Callbwk when you II gel Ihe most use oul 01 
your Investment 1989 

CB-US90 Sollbwnd S 27.95 

INTERNATIONAL EOlTlON 
OSLs drr d very importan1 par1 01 our hobby All Sorts 01 
awards tnclud~ng the coveled DXCC require conllrmal~on 01 
conlacl belore the award can be issued 01 specnl lnleresl ad- 
dresses are belng added dally lor Hams In the USSR and olher 
countries Whlle In no means cmplete II s a stan and WIII be 
ol Tremendous help In gelltng OSLs Handy operaltng ads 
round oul l h~s  super bwk value 1989 

CB-F90 Sotlbwnd S29.95 

BUY 'EM BOTH 
Reg. $57.90 Only $52 C4.95 

THE 1990 ARRL HANDBOOK 
Rev~sea and upanled w~th Ine k'rst In Amateur technology. now 
1s the lame lo order your very own coDy ol Ihe world lamous 
ARRL HANDBOOK In addtl~on lo belnq the de l~n~ l~ve  relerence 
volume lor your Ham Shack there are plenlv ol prolecls lor 
every lnlerest on Amaleur Radio - lrom anlennas lor every ap- 
plocatlon 10 Ihe lales! slate ot !hean prolecrs - you II ttnd 11 all 
In lhe 1990 HANDBOOK Over 1100 pages 198'1 

AR-HE90 Hardbound S22.95 

UHF COMPENOUM ~ o t r .  162 and 364 
Edksd by K. Wslner, DJ9HO 
Both Volumes Now AvaUabb 
Here are ~ w o  01 t uropr s most popular books 01 VHFlUHF 
operal~on Chock lull of pracllcal lesled deslgns and the latest 
In technology Sublects Covered Include nolch t~llers, anten- 
nas. 1-1 preamps, lransmlt and recelve converters, power 
amplll~ers and much, much morel These books are already 
besl sellers In Europe. VHF'ers everywhere are orderlng theirs 
today Gel yours now1 

KW-UHF 'c 1988 .Vd. 1 6 2  SDtmands29.95 
KW-UHF3 @ 1989 Vd. 3 6 4 wnd $29.95 

NEWNES Radb Amateur 
and Listener's Pocket Book 
by Steven Money. G3FZX 
Unlque : ollccl~on 01 uselul inlomaI'm 
and nl IeCh ltsrener Full ot hard-10-1 
codes sy"lb0ls lormulae. lreguencu 
packel and SSTV Handy "pockel b 
eatllon. 1 60 pages 

CRC-RA 

n far Ihe Radb Amalsur 
lnd lnformat~on Includes 
!s. In addlllon lo AMTOR 
oak" slze '? 1987 1 SI 

Hardbound 119.95 

WIRELESS ANTENNA HISTORY 
A vsrtiul design primer 
by Wansr SchS.  K300F 
Slam w~lh d well wrlrtcn hlslory 01 radm's beglnnlngs Nlne 
chaplers cwer rada lrom the l~ rs l  ploneers Ihrwgh the begln- 
nlngs 01 rad~o astronmy The venlcal prlmer 1s a m p l e l e  set. 
Iton on how lo deslgn butld and oplomlze a venlcal anlenna Full 
of explanal~ons and handy hlnls not found elsewhere 1988 
1st ednan. 140 p a w  

GL-OOF SdmandS16.95 

ANTENNA IMPEDANCE MATCHING 
by ARRL 
Clne ol Ihe most comprehensive books ever wrlnen on the use ol 
Smllh chans In solvlng Impedance matchlng problems Wrlnen 
lor the advanced Amaleur lechnlclan or englneerlng proles 
s~onal 224 pages lull 01 helplul lnlormat~on and solullons lo 
IrIcky matchlnq problems 1989 
! AR-IMP Hardbwnd S14.95 

NEW SOFTWARE 
WA9GFR COMMUNICATIONS ENGINEERING W2GGE CONTEST PROGRAMS ( m s - w q  
Vmmn 3 1 by Lynn Gang. WA9GFR by Jack SchMz. W2CCE 
lnleresllng program lhal will allow you 10 predlcl mmunlca-  Creal conlesl ogg~ng programs1 Wrmen In machine language 
Irons ranges based upon your slatlon s operaIlona1 capabllllles lor maxlmum llex~btl~ty and sped  Compal~ble with most MS 
Usetul lrom 3 5 MHz lo 3 5 GHz Also Includes helplul Smolh W S  PCs Shows log counlrles worked all band score on 
chart program tor any type ol malchlng nelwork Prwldes Im screen Super last dupe Checktng Prtnls out log. check~~st. 
pedance results In both tabular and h~gh resolullon Smllh chart and OSLs 
graphlcs Great value at a low prlce I IGGE-CO CO WW Conhat (8QOO OSO'r pw band; S39.95 

GFR-WS (MS-DOS) S19 95 L IGGE-AR ARRL DX Contest (6DW OSD's pnconlat )  $39 95 
GFR.C64 (Commodm C-64) $19 95 i ICCE-WPX Prsllr Contes1(5000 OSO spar band) $39 95 

MICROSMITH Smith Chart Unlw Program (MS.WSI ARIES-1 fw Kantronics KAM 6 AEA PK-232 (MS-DOS) 
by Wes Hayward. W7ZOI by Thorn Ashton. NV21 
MtcroSm~lh IS a worklnq Smllh than lhat has been OPtlmlZed ~ n t s  lully lealured program acts as a controller lor your cam 
lor tmpedance malchlnq appll~all0nS The user Can modify all puler compatlble radlo mull1 mode lermlnal unll and MS-DOS 
variables lo meet specltlc malchlng goals Includes a clear and computer In tact th~s program does so much. 11 IS hard to lul. 
concise tutor~al lhal all levels of Interest will 11nd helptul Com ly descr~bl  II WIII log and dupe check tor y w  It pr~nts OSL 
pbte tea explana~lons w~ th  graphs ald full comprehensmn of cards Automa!l(ally Inserts dale, ltme frequency, and mode 
Ihe malertal Works w ~ l h  a mouse or lunct~on keys Will do log searches and 

WH-MS (MS-DOS) s29.00 much morel nard lo descr~be but extremely useful program 
PACKET PICTURE TRANSFER PROGRAM (MS-WS) ARIES (MS-DOS Computers) $89 95 
tram MFJ ANODE Circuit Analysis Program (MS-DOS) 
Th~s new pmgram 1s des~gned to allow yw to pass pictures lo  by Howard Wslnsteln, K3HW 
packel slattons anywhere Written lo be compallble w~ th  all 
mullt funcllon TNCs Wtll convert most Ofher lotmaned 

ANO[lE allows you lo crede and compuler test a number 01 dll. 

~~~1~~ ~~~~~~~~~~ lrt & ~ ~ ~ ~ ~ ~ ~ ~ ~ a $ ' ~ ~ ~  ~ ~ ~ ~ a ~ ~ c ~ ~ ~ ~ ~ ~ ~ s ' r ~ N ~ p ~ o ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~  
In Ihe mosl expenswe electronocs englneertng CADICAM pro. 

disk m n g  end MFJ program 'Wutred "Ih grams The abtllly to computer des~gn and model clrcutts WIII 
ZMFJ-PIX lntmductoq Spaclll (MS-DOS) slmpllty deslgn~ng prolects and allow you lo maxlmlze pertor. 
CONTEST PROGRAMS (MS-DOS) mance Greal tool lor en!amens and eleclron~c hobbvts~s al~ke 
by John Berg. KAIHYU and Clint Wie. W1XN HW-ANODE (MS-DOS)- S39.95 
I' you naven I ycl done a conlest w~lh a Computer you re mas. 
Ing one of llte s Ifue pleasures' No more dupe or log sheets 
strewn around your operaltng lable Instantaneous scorlng 
el~mtnales hours 01 work al the end ot Ihe conlest Prlnt out !he 
dupe sheels and log 1111 out the entry and mall lo the contest 
commlnee The lollowlng conlesl logs are available (ALL MS-DOS)' 

BW-OX ARRL OX CMWI 79.95 
C BW-CO CO WW CO-t 19.95 
L BW-WF'XCO Prsllr Contnt 19.95 
CBW-AW ARRL 1W Conlss I9 95 
LBW-C6O CO 1 W  Conlsal 19 95 
OBW-A10 A m l a t  $39 95 RRL 10 Mslsr CI 

ON4UN PRACTICAL YAGl DESIGN (MS-DOS) 
by John Oevoldsrs. ON4UN 
Thls comprPh~,nslve Yag~ destgn program 1s based upon tested 
anlrnnas no1 lheorellcal un-provsn models. Conlalns 100 011- 
lerenl HF antennas, designed, tested and oplimlzed by ON4UN 
Also conlalns a numb~r ol class~c des~gns by noted anlenna ex. 
pens WZPV W6SAI dnd dlhers Includes mechanical deslgn of 
elemems and ol Ihe rotating mast Fully delalled 'Read me ' 
llle 1s descgned to help the use! @ rnax9mum results lrom the 
program c) 1989 

ON-YAOI (MS-DOS) 169.95 

NEW BOOKS 
PACKET RI E EASY by BDdr Ropsn. K4ABl 
Noled CO Maya~lll. LVIUIIIIIIS~, K4ABT leads you slep by step 
how 10 set up a packer slallon Flrsl dellnes and Pxplalns all 
Ihe worklngs 01 packel rommunlcatms G w s  you lnlercon 
necllon lnslrucllons lor must radlos, campulers and MFJ TNCs 
Also lncludes a glossary 01 packer lerms and del~nol~ons lhal are 
very uselul lo all levels 01 packrl lnleresl I989 
CMFJ-PRME SoN~wnd S9 95 

SPACE ALMANAC by T o y  Cvth.  K3RXK 
L J  : v!e oalabase almanac IS an unbelievable value1 955 
paqer lammed lu 1 01 !us1 abOul every b ~ t  01 ~nlormallon you 
could wanl ~ncludlng space slal~ons shulrles unmanned 
sa1eilIles rKkelS and aslronauts lo name lusl a lew areas 
covered Also includes plenly ol relerence tables charts maps 
d~agrams drawlngs pholos and much more 35 + pages on 
Ham Rad~o In space 1989 

AS-SA S19 95 

1990 EQUIPMENT BUYER'S GUIDE 
edrtad by Pstar 0 Dell. WBZO CO M a g a z l ~  
Herr s me lalest lhsllng 01 egulpmenl ava~lable tram all 01 the 
dtlferent manulaclurers Full ol handy lo have ~nlormal~on 
tacls and l ldb~ls Greal relerence lo have when you are shopp 
ong around lor a new rlq 1989 

CO-EOP Sallbanld 14 95 

FCC RULE BOOK 
More than the FCC pan 97 ruks and regubl~ons It presents 
delalled explanal~ons 01 FCC rules and IS wrltten In an easy lo 
rmd conversal~onal style You gel the lnslder S vlew 01 Ihe 
FCC You also gel a broad overvlew ot how tnternal~onal rela- 
l~ons ~mpact your hobby Every U S amaleur should have a 
copy ol lhls lalesl FCC Rules and Regulat~ons In lhelr Ham 
shack c 1989 Blh Edlllon 
I AR-RB So(tbwnd S9 00 

PASSPORT TO WORLDBAND RADIO 1990 EdMn 
Brand new and luliy revtsed. SWL's everywhere wJ1 wanl a 
copy lor rhelr Ilbrary Expanded 10 416 pages. the boak now 
lncludes a blgger and beller buyer's gulde, an InleNlew wllh 
James M~hener ,  an exclttng real l~ fe drama 01 one SWL's 
escape lrom Iran plus much more Also includes all Ihe IaleSl 
broadcast schedules t r m  counlrles around the world You're 
up-to.date 11 you have a copy 01 lhls new Dook by your radto 
416 pages 'c 1989 
: 'IBS-R0190 S o l t b ~ ~ d  S14.95 

THE ARRL ELECTRONICS om Book 
by Doug OsMaw. WlFB 
Have you ever lound yoursell searching lor the converslon laclor 
between meters and leel, the dlameler of 30 AWG wlre or any 
olher obscure lac17 It II drlve you nuts1 The ARRL s new DATA 
BOOK was wrlllen w ~ l h  the ham In mlnd Noted aulhor DeMaw 
glves you Ihe knell1 ot hls years ol experlence In th~s handy 
relerence manual Fully updaled. chcck~lull ol the lalesl l n l w  
mallon every ham needs a1 lhe~r llngerl~ps Usetul for all 
Amateurs. RF engineers. lechnlclans and npertmemers 

1989 2nd Edlr~on 
AR-DB So(lbandS11.95 

HINTS AND KINKS for the Radb Amateur 
odrtsd by KBCH 1 AK7M 
Thts IS the Iwelllh coilecllon 01 Ideas taken tram OST's most 
popular column Hlnls and Klnks Other s hands on experlence 
can save you hours w~ lh  suggestions on how lo 'build a Wner 
mouselrap Includes Ideas on slallon accessories, operallng. 
CW, compulers, anlennas. shop secrets and much more1 Great 
new ed~l~onl 1989 12th edl11on 
AR-HK Sollbwnd $4.95 



1989 ANTENNA BUYER'S GUIDE 
eddsd by Psler O'Osll. WB2D. CO Magazlm 
Look~ng lor Ine lalesl In anlennas? I1 s all here In the CO 
Anle.lna Buyer s gulde Crammed lull 01 arllcles prcducl Inlor 
mallon and a who s who secllon ltstlng all 01 the anlenna 
manulaclurers and lmporlers Gel your s now and gel lo work 
on your 1989 antenna prolecls belore -wlnler comest 

1989 
Z CO-ANT Softbound S3 95 

GOLDEN CLASSICS OF YESTERYEAR 
A cdlacNon of Rlgs, ckcuilr and k q r  tram Amabur Radb's 
pas1 by Oaw Ingram. K4TWJ 
lngram s new bwk  helps you recaplure Ihe fun and excllemenl 
01 Amaleur Radto s pas1 In lhls spec~al collecllon 01 !ales rtgs 
and clrcults Push-pull TNT lransmltlers, one tube Harlleys. 
and antennas lhat bllnk wllh your CW are part 01 Ihls lun-lo- 
read book Beginners will llnd lhls book lasctnatlng readtng - 
old tlmers wtll reltve lhetr pas1 and gel back lo  the tools ol 
Amateur Rad~o c 1989 60 pages 1st Ed~ l~on  
. MFJ-GCY Sotlbaund $9 95 

OSCAR - Satslits Rarkw 
by Dave Ingram. K4TWJ 
Thls anlhology ol anlcles lrom CO IS lul l  01 ~mportant-to-have 
OSCAR ~nformalton Also Includes uplo-dale addlt~ons and late 
breaklng news tram the satell~te world Wrlnen In lngram s 
Slralght forward easyloread style, thts book wtll get you up 
and runnlng w ~ t h  the mtnlmum ol hassle Includes OSCAR 

qulck slarl help deslgned to gel you on OSCAR loday 
@ 1989 1st edttlon. 44 pages 
,JMFJ-OSR Sotlbwfld S7.95 

PRACTICAL ANTENNA DESIGN and analysis 
by Robe11 Havlland W4MB 
32 Or~g~nal anrennd programs for AMlGA COMMODORE 
C 641128 A P P L E  11 and MS DOS Cornpulers 
Includes deslgn and analysls lor d~poles verttcals loops hellx 
horn dlsh Yagl and dlskcone antennas lo name lust a few Pro 
grams are wrlllen lor ease ol use and max~mum ullllly Not lhwry  
needed lo  use lhese programs Also lncludes a modllled Copy ot 
Ihe orlgtnal publ~c domatn MlNlNEC analysls program Book In 
cludes hlnls lor program use descrlptlon of l~m~lal lons program 
loglc and BASIC lhsllng 1989 

RH-AMIGA. RH-CM1127, RH-APPLE, RH-MSDOS S39 95 
RH-PA0 Softbound b w k  139 95 
: RH-SO Program and b w k  (saw 59 951 169 95 

PACKET USER'S NOTEBOOK 
by Buck Rogers K4ABT 
Tn~s new book has been pul logether by CO s Packet edttor and 
packer ploneer Buck Rogers K4ABT Wrlnen wrlh the begtn 
ner In mlnd Ihe Packel Nolebwk ts fully 01 handy l ~ p s  hlnls 
and suggesllons on how lo  gel the mosl out 01 your packel 
syslem lncludes a brlel hlslory a how lo  gel slarled secllon 
standards llow control and ~nformatton on radlo lo TNC lo com 
puler lnterconnectlons lor lust about every radlo Good book to 
have on every packeleer s desk 1989 I s l  edlllon 132 
pages 

CO-PKT Solbound S9 95 

ARRL LICENSE MANUAL 
N ARRL stan 
ARRL Ltcense Manuals are keyed to the latest Exam Wrlnen In 
easy to-read conversattonal slyle lhal enhances underslandlng 
wtrhoul scarlng the sludenl away All technical sublet1 areas 
are explained In clear Iermlnology and wllh plenty ol IlluSlra- 
lions d~agrams and schemal~cs Each book has the offlclal 
ARRL mull~ple chotce quesllon Pool w ~ l h  answers and a key lo  
the Exam syllabus lor relerence to olher sludy appltcatlons 
These are the sludy guldes lo  have Lalesl edtt~ons sh~pped 
[ IAR-T Tmh Sonbound 16.00 
1 i AR-G General Softbound $6 OD 
[JAR-AG Advanced Sonbound 15 00 
C 1 AR-EG Extra Sollbound $8 00 

HAM RADIO LOG BOOKS 
Room lor over 2100 OSO - Ihal's over twlce as many as the 
olher log bwk  For conlesters, each page conlalns 30 OSO's 
lor easy counls You also gel Ihe latesl uplo-dale frequency 
spectrum chart. ITU callslgn lhsl and ARRL OXCC llsl Splral 
bound lo  lay llal on your desk 
L HR-LB Spbalbwnd 12.95 
L3 HR-3LB Spschl b lw3  prlcs Save Gel3 onor 16.95 

HAM RADIO BOOKS 
OHR-IN2 HAM NOTEBOOK VOL. 2 $4.95 
CHR-HPM HIRAM PERCY MAXIM U . 9 5  
OHR-SSB SINGLE SIDEBAND $4.95 
CIHR-RA RADIO ANGLES $2.95 

BEST SELLERS 
RAOlO HANDBOOK 23rd Edition 
by Bill Orr W6SAl 
Here are some of the htghl~ghls 01 t h~s  excttlng edlllon New 
Easy lo read charls for Chebyshev and elltpllc filler conftgura 
!Ions new dala on power MOS FETS how la use stale of Ihe 
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INTRODUCTION TO 

PART 2 
Astable (free running) 
multivibrator circuits 
By Joseph J. Car( K41PVj PO. 8. 1099, Falls Church, 
Virginia 22041 -0099 

T he circuits discussed in part 1 of this threepart series 
were aperiodic, meaning that an output pulse occurs 
just once in response to an input stimulus or trigger. 

Such circuits are said to be monostable because thev wos- 
sess only one stable state. An astable multivibrator (AMv) 
is free running. The output of the AMV is a periodic 
pulse or wave tra~n. In a periodic signal, the wave repeats 
itself indefinitely until the circuit is either turned off or other- 
wise inhibited. 

Astable multivibrators are oscillators. Waveforms available 
from the AMV include square, triangle, and sawtooth waves. 
Sine waves are also available from oscillator circuits. But 
because those circuits operate d~fferently from the others, 
I won't discuss them here. 

The nonsinusoldal AMV circuits will produce square, tri- 
angle, or sawtooth waves. When they are used as a clock 
to drive a very short duration monostable multivibrator 
(MMV), a pulse generator results. I'll begin my discussion 
of AMV circults with square waves because the square wave 
generator is the most basic form of AMV. 

Square wave generators 
Figure 1A shows a square wave. Each time interval of 

the wave is quasi-stable, so you may conclude that the 
square wave generator has no stable states (is astable). 
The waveform snaps back and forth between -V and +V, 
dwelling on each level a duration of time (ta or tb). The 
period, T is: 

T = fa + rh 
Where: 

(1 

T is the period of the square wave (tl to t3) 
ta is the interval t l  to t2 
tb is the interval t2 to t3 

The frequency cf oscillation (F) IS the reciprocal of T 

The ideal square wave is both base line and time line 
symmetrical. That means that I + VI = 1 - VI and ta = tb. 
Undertimelinesymmetryta = tb = t, SOT = 2tandf = 112t. 

Representation of a typical square wave. 
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Bar graph depicting the Fourier series spectrum of a true square wave. 

A simple square wave generator circuit using an op amp. 

All continous mathematical functions (including voltage 
functions of time) can be constructed from a fundamental 
frequency sine wave (9 added to a series of sine and cosine 
harmonics (2f. 3f, 4f, ... , nf). The mathematical expression 
of which harmonics are present, and their respectwe ampli- 
tudes and phase relat~onships, is called the Fourier series 
or Fourier spectrum of the waveform. The Fourier series 
is usually depicted as a bar graph spectrum as shown In 
Figure 1 B. 

In the ideal symmetrical square wave, the Fourier spec- 
trum (Figure 16) consists of the fundamental frequency (f) 
plus the odd order harmonics (3f, 5f. 7f, and so on). Further- 
more, the harmonics are in phase with the fundamental. 
Theoretically, an infinite number of odd number harmon~cs 
are present in the ideal square wave. However, In practi- 
cal square waves, the "ideal" is considered satisfied with 
harmon~cs to about 999f. That ideal is almost never reached 
due to the normal bandwidth limitations of the circuit. The 
rise t~me of the square waves is an indicator of harmonic 
content. The faster the rise time, the higher the number of 
harmonics. 

Timing chart for the circuit in Figure 2A. 

The circuit for an operational amplifier square wave 
generator is shown in Figure 2A. The basic circuit is simi- 
lar to the simple voltage comparator and the MMV. Llke 
the MMV, AMV operation depends upon the relationship 
between V(- in) and V(+ in). In the circuit of Figure 2A the 
voltage applied to the noninverting input (V(+ in)) is deter- 
mined by a reslstor voltage div~der, R2 and R3. This volt- 
age is called V1 in Figure 2A and is: 



or when Vo is saturated: - a m .  

VI = 
Vsat R-7 

R2 + R3 

Because R31(R2+R3) is always a fraction, V1 < Vsat, and 
V1' is of the same polarity as Vsat. 

The voltage applied to the inverting input V(-in) is the 
voltage across capacitor C1; i.e., V(C1). This voltage IS 

created when C1 charges under the influence of current 
I, whlch is a function of Vo and the time constant of RIC1. 
Figure 28  shows the timing operation of the circuit. 

At turn-on, VC1 = 0 volts and Vo = +Vsat, so V1 = +V1 
= B(+Vsat). Because VCl < V1, the op amp sees a nega- 
tive differential input voltage, so the output remains at +Vsat. 
,During this time, however, VC1 is charging towards +Vsat 
at a rate of: p -, 

When VC1 reaches +V1, the op amp sees VC1 = V1, so 
Vid = 0. The output now snaps from +Vsat to -Vsat (time 
t2 in Figure 28). The capacitor now begins to discharge 
from +V1 towards zero, and then recharges towards -Vsat. 
When it reaches -V1, the inputs are zero once again, so 
the output snaps to +Vsat. The output snaps back and forth 
continuously between -Vsat and +Vsat, producing a 
square wave output signal. 

Using Equation 4 from part 1, the time constant required 
to charge from an initial voltage VC1 to an end voltage VC2 
in time t is defined by: 

"' 1 v - V(C1) J 
In Figure 6A the RC time constant is RlC1. From Figure 

6B it's apparent that VCI = -BVsat, VC2 = +BVsat, and 
V = Vsat for interval ta. To calculate the period T 

or rearranging Equation 7: - 
-T = 2RICI bt 

Vsar - BVsar 
Vsat - f-Bsar) 

I + B  T = 2 W 0 1  [-I 
I - R  

Because B = R31(R2+R3): 
#- 

V,, of a 741 op amp square wave generator superimposed on V,. 

v, = +v. 
which reduces to: 

r . - I  

Equation 12 defines the frequency of oscillation for any 
combination of R1, R2, R3, and C1. In the special case R2 
= R3, B = 0.5 SO: 

r 1 

The circuit in Figure 2A produces time line symmetrical 
square waves (ta = tb). Photo A shows the output square 
wave superimposed on Vc for a 741 op amp square wave 
generator. If time line asymmetrical square waves are 
required, then you'll need a circuit like Figure 3 or 4. The 
circuit In Figure 3 uses a potentiometer (R4) and a fixed 
resistor (R5) to establish a varlable duty cycle asymmetry. 
The circuit is similar to Figure 2A, but an offset circuit 
(R41R5) has been added. The assumptions are that R5 = 
R1, and R4 < < R1. If Va is the potentiometer output volt- 
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V, = 0 volts. v, = -v. 

ourr 
FACTOR 

- T +v R 5  z R 1  
R I < < R l  

A circuit for generating asymmetrical square waves with a variable 
duty cycle. 

age, C1 charges at a rate of (R112)Cl towards a potential 
of Va + Vsat. However, after output transition the capacitor 
discharges at the same (R112)CI rate towards Va - Vsat. 
The two interval times are therefore different; ta and tb are 
no longer equal. Photos B, C, and D show three extremes 
of Va. They are: Va = +V (Photo El), Va = 0 (Photo C), 
and Va = -V (Photo D). These traces represent very long. 
equal, and very short duty cycles, respectively. 

The circuit of Figure 4 also produces asymmetrical 
square waves, but the duty cycle is fixed instead of varia- 
ble. Once again, the basic circurt is like Figure 2A, but wrth 
added components. In Figure 4 the RC trmrng network IS 

altered so the resistors are different 03 each swing of the 
output signal. During ta. Va = +Vsat, so diode CRl is for- 
ward biased and CR2 is reverse biased. For this interval: 

r 1 

tn = (RIA) (CI) LIT (16) 

During the alternate half cycle (tb), the output voltage Vo 
is at -Vsat, so CR1 is reverse biased and CR2 is forward 
biased. During this interval RIB is the timing resistor, while 
RIA is effectively out of the circuit. The timing equation is: 

F - 

I I 

Using back-to-back zener diodes to clean up the square wave 
Another asymmetrical wave producer with a fixed duty cycle. generator output. 
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Sine to square wave circuit. 
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the total period. T, is ta + tb, so: 

T = (RIA) (CI) L ~ I  [I + %I+ 
,, I ,  h [ I  + +] (18) 

Collecting terms: 

T ,= (RIA + RIB) (Cl) Ln [ I  + 1 (19) 

Equation 19 defines the oscillation frequency of the cir- 
cuit In Figure 4. Photos E and F show the effects of two 
values of the RlAIR1B ratio. In Photo E the ratio RlAIRlB 
= 10:l; in Photo F RIAIRlB = 2.6:1. 

Graphical representation of the waveforms. 
Output voltage limiting waveforms are shown in Figure 6B. The circuit is an oper- 

The standard op amp MMV or AMV circuit sometimes ational amplifier connected as a comparator. Because the 
produces a relatively sloppy square output wave. You can op amp has no negatlve feedback path, the gain is very 
clean up the signal by adding a pair of back-to-back zener hlgh (Avol). In typical op amps. galns of 20.000 to 2,000,000 
diodes (Figure 5) across the output. For each polarity the are found. Thus, a voltage difference across the input termi- 
output signal sees one forward biased and one reverse nalsof only a few millivolts will saturate the output. From 
biased zener diode. On the positive swing, the output volt- thls behavior you can understand the operation of the 
age is clamped at [VZl + 0.71 volts. The 0.7-volts factor circuit, and the waveform in Figure 6B. 
represents the normal junction potential across the forward The input waveform is a sine wave. Because the noninvert- 
biased diode CR2. The situation reverses on negative ing input is grounded (Figure 6A), the output of the op amp 
swings of the output signal. The output signal is clamped is zero only when the input slgnal voltage IS also zero. When 
to [-(VZ2 + 0.7)] volts. the sine wave is positive, the output signal will be at -Vo; 

when the sine wave is negative, the output signal will be Square waves from sine waves at +Vo. The output signal will be a square wave at the sine 
Figure 6 shows a method for converting sine waves to wave frequency, with a peak-to-peak amplitude of 

square waves. The circuit is shown in Figure 6A, while the [(+Vo)-(-Vo)] . 0 

I 
I + v  

* 
- v 

OUTPUT 0 

A 
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KDUB p 8. Feb 85 
Comments, DJOTWOEBAK p 8, Nov 85 

matching and 
tuning 
Broadband RF transformers 

K2LB p 75. Jan 86 
Designing trap antennas: a new 

approach 
WAlF p 60 Aug 87 

Elmer's n0ebook:antenna tuner 
WlSL p 83, Apr 88 

Elmer's notebook: antenna tuner 
WISL p 102, May 88 

Gamma matching, basic 
WBQIKN p 29, Jan 85 

Gamma matching programs for the 
C-641128 
NQCAO p 87. May 87 

Ham Radio techniques:"radio ground" 
on 160 meters 
WGSAI p 53, Mar 88 

Ham Radio Techniques: The Gamma 
Match An Update 
W6SAI p 56, Aug 89 

Ham Radio Techniques: Interesting 
Antenna Fed Systems 

W6SAI p 39, Oct 89 
Ham radio techniques:Antenna Matching 

Systems 
W6SAI p 54 Nov 89 

Impedance Matching Transformers and 
Ladder Line 
KZ3K p 49, May 89 

Improving operation with the MFJ 989 
transmatch (Weekender) 
W4RNL p 24. Nov 88 
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Comments. W5XW p 12. Apr 85 
L-Match, A Useful Tool for Improving 

Your SWR 
W3VT p 29, Feb 89 

Phased arrays, feeding: en alternative 
method 
KB81 p 58, May 85 
Short circuit p 74. Jul 85 

Pi network equations 
K4MT p 109. Oct 88 

Practii l ly speaking: impedance 
matchlng 
K4lPV p 27, Aug 88 

Pract i i ly  Speaking: Parts for Antenna 
Tuners and Linears..Plus a Correction 

K41PV p 83. Jan 89 
Remote tuner for 75meter mobiles 

(weekender) 
K9MLD p 36. Oct 88 

Simple 75-ohm Hardline to 50-ohm 
Match 
K9EYY p 63. Jun 89 

VHFNHF Antennas 
NH6N p 84 Jul 89 

towers and 
rotators 
Antenna tower, fixed, tilt-over conversion 

PAOSE p 125, May 85 
Automatic Rotor Brake Delay, The 

Weekender: 
WAlSPl p 89, Aug 89 

AUTOTRAK, a slmple rotor interface 
board for the C-64, VIC-20 and a p  
plicable to other popular computers 
K7NH p 10, Dec 87 

Ham notebook: simple tower guards 
KIWH p 39, Sept 88 

Ham Notebook: Crank-up Tower Cable 
Guides 
A Bechelor p 54, Feb 89 

Turning that big array 
VE3AIA p 10. Jun 86 

transmission lines 
Artificial Transmission lines 

W B L  p21. Jul86 
Elmer'3 notebook: transmission lines 

WlSL p 90, Mar 88 
General purpose line tra~formers 

W8lOJ P 94, A u ~  86 
Ham Radlo Techniques: A Balun for 
10 Meters 

W8SAl p 103, Jan 89 
Ham Radio Techniques: Coax Revisited 

W8SAl p 21, Jun 89 
Impedance Matching Transformers 

and Ladder Line 
KZ3K p 49 May 89 

Measuring tranamisslon line parameters 
OE2APMIM3K p 22, Sept 88 

Novel Method for Measuring Cable At- 
tenuation 
OEZAPM p 65. May 89 

Open-wire line for 2 meters 
N4UH p 94. Jan 87 

Practically speaking: transmission ines 
and their typical AC responses 
K41PV p 34, Sept 88 

Practically speaklng: standing waves-a 
review 
K4lPV p 85, Oct 88 

Real coax: impedance and phase rela- 
tionships 
K2BT p 8, Apr 87 
Short circuit p 91. July 87 

RF transmlssion cable, microwave appli- 
cations 
K3HW p 106, May 85 

Solving transm~ssion line problems on 
your Commodore 64 
KXZB  p 74. May 86 
Short circuit p 87. Jul 86 

VHFIUHF World-transmission lines 
WIJR p 83, Oct 85 
Comments W9ICZ p 9. Apr 88 

VHFIUHF World 
WlJR p 85, Dec 85 

AUDIO 
Advanced CW processor 

W6NRW p 25. Dec 86 
An lmproved AGC Circuit 

W8WFH p 72, Sept 69 
Aud~o Filter design, computer-aided 

KEPJ D 15, Oct 85 
Aural vco provides relative metering 

K l  WH p 97. Jan 87 

Build a QSO "beeper" 
KF6CU p 38, Jan 88 

Code practice oscillator (weekender) 
N2DCH p 65, Oct 88 

Converting mobile mkrophones for 
handheld VHF transceivers 
K D W .  WB3JCC p 79, Mar 86 

Extended-range VU meter 
WB6JNN p 59. Sep 86 

Ham Notebook: Mobile HT AudiiThe 
Near Unimate Solution 
WPXP P 68. Aug 89 

Improving the audio on the ICOM IC-27 
KD8KZ p61, Feb86 

Modifying microphones 
VE7CBhV6 p 81, Jan 87 

Multiband Speech Processor 
KL71SA p 32, Apr 89 

Passive audio finer design, part 2: 
highpass and bandpass fillers 
Niewiadomski. S p41, Oct85 
Comments. W3NQN p 8, N w  85 

Passive audio filler design: pan 3 
Stefan Niewiadomski p 29, Jan 86 

Phone patches, bullding and using 
N6ARE p 34, Oct 85 

Power speaker enhences mobile 
operation 
K lWH p 83. Jan 88 

Processor for code tapes 
W4ULD p61, Sept88 

Sight and souud CW 
W6NRW p 10, Jan 88 

Solo-16 Acoustic CW Speaker:The 
Weekender. 
K l  BQT p 12, Mar 89 

Understanding telephones 
N6ARE p 39, Sep 85 
Comments, KD7WL p 9, Apr 86 

COMMERCIAL 
EQUIPMENT 
An lmprwed AGC Circuit 

WBWFH p 72, Sept 89 
An Exclusive Look At Kenwood's 

TS95OS 
NXIG p 28 Oct 89 

Annunc~ator bell for the Kantronics KPC-2 
K lWH p 22. A u ~  86 

C.64 and GLB PK-1 interface circuit 
W2EHD p 87, Mar 87 

CAT control system for the Yaesu 
FT-757GX 
SMeCPl p 26, N w  87 

Computer control of ICOM R-71, 271. 
471, and 751 radios 
NG8Q p 47. Apr 86 

Extendina receive coverage for the IC-02 
and IC%~ 
WB6GTM p 77. Jul 86 
Comments: WB6GTM p 6, May 87 

Ham Radio Techniques: "white noise" 
revisited 
W6SAI p 79. Oct 67 

ICOM's newest transceiver 
N l  ACH p 17. Mar 88 

lmproved gain distribution for the Yaesu 
FT-726R 
K l  WH p 53. July 87 
CommenM: Kudos for Kantronics 
WB3EXR p 6, June 87 

lmprovlng the audio on the ICOM IC-27 
KD8KZ p 29. Jan 86 

Modifying the Trio-Kenwood TS-930s 
WB9BXT P 67, Apr 86 

Modifying the YmSU FT-301 for 30ITIeter 
coverage 
AFSQ p 42, Mar 86 

More fixes for the lC22S VHF radio 
VE6ZS p91, Oct 88 

More optional notes on the TS930S 
W6FR p 23. Apr 88 

Practically speaking: now that the war- 
ranty has expired 
K41PV P 67, %P 85 
Comments, W50JM p 8, N w  85 

RDF. An lmproved 
KOOV p 67. July 87 

Simple E.735 lo C-64 interface 
N71CW p 39. Mar 87 

Simple modifications and adjustments 
for the TS-930s 
W6FR p 19, Apr 87 

Technology of commerclal televlsion part 
2: hardware 
KL7AJ p 54. Jan 88 

Thumbwheel frequency selector for the 
Yaesu FT-757GX 
KA9SNF p 33. Nov 87 

TR-250012600 2-channel programming 
(HN) 
K9MLD p 128. Oct 65 

TS-930s headset audio, increased un- 
distorted (HN) 
WBFR p 128. Oct 85 

Using an RTTY terminal unit with the 
Heathkit HD4040 TNC 
AA8V p 59. Aug 86 

COMPUTER- 
AIDED DESIGN 
Bandpess fllter design, interdiiital. 

computer-a~ded 
NNH, Monemzadeh p 12, Jan 85 
Shwt circuit p 117, Jun 85 

Computer-aided design of long VHF 
Yagi antennas 
VK4ZF p 28. May 86 

Design a netune amplifier with your per- 
sonal computer 
W H O  P 8, Sep 87 

Oesignlng Yagis with the Commodore 64 
NOCAO p 107, Jan 86 

Diagnostic serial data latch 
KA9SNF p 56, Apr 88 

Direct currents reduce core permeability 
K5BVM p 58. Jul 86 
Short circuit P 87, Jul 86 

Elmer's nolebook: modems and RS-232 
WlSL p 1 13, Oct 88 

Gamma matching programs for the 
C-641128 
NOCAO p 87. May 87 

Ham notebook: rebuild your C-64 key- 
board with C-16 parts 
AF8B p 74, Feb 88 

Linear design by computer 
W4MB p 37, Feb 87 

Low-cost pc board layout software 
Freeman. Eva p 8. Oct 87 

Remote repeater pmgramming using a 
computer and 8 telephone 
KD9BC p 89. Mar 86 

RF filters. Build narrowband 
WB4EHS p 10. Mar 86 
Shwt circuit p 36, Jun 86 

S&ing transm~ssion line problems on 
your Commodore 64 
KXZB  p 74. May 86 

Topdown filler design 
VE5FP p 41, Jan 87 

VHF Yagi CAD on the C-64 
W4PFZ p 74, May 86 
Comments: Yagi des~gn program 
W6NBI p 6. May 87 

Yagis, designing with the Commodore 
64 
WA3EKL p 59. Jun 85 

CONSTRUCTION 
TECHNIQUES 
Advanced CW processor 

W6NRW p 25, Dec 86 
An NE802-based QRP Transceiver for 

20meter CW 
K l  BOT p 9, Jan 89 

An R r rY  Converter 
Wl  VO p 78, Jun 89 

Analog Panel Meters 
W6WTU p 39 Apr 89 

An Audio Patch Panel for the Multimode 
Stallon 
KB61C p 65 Dec 89 

A New Addition lor Your TNC 
K9MLD p 72 Dec 89 

Automatic Rotor Brake Delay 
WAISPI p 89 Aug 89 

Battery charger. NEd, constant current. 
a pulsed 
K2MWV p 67, Aug 85 

Build narrowband RF filters. Comments 
WBoEHS p 9. Sep 86 

Bulkhead connector (HN) 
KXZB  p 78, Apr 85 
Short clrcult p 74. Jut 85 

Carpet samples in the harn shack 
K lWH p 82. Sep 87 

Code practlce oscillator 
N2DCH p 65, Oct 88 

Collector Matching Networks 
KZW p 34. Jan 89 

Common-po~nt Grounding Lightning Pro- 
tection for Repeaters 
K lWH p 24 Jul 89 

Construction techniques using PVC pipe 
to make antennas 
W20QI p 98. Sept 88 

Design an amplifier around the 
3CX1200A7 
W7DHD p 33. Dec 87 

Digi-Keyer 
AB4DP p 68. Oct 89 

DTMF tone signaling circuit 
WV6A p 42. Sept 88 

Dummy load, DC 
W4MLE p 91, Apr 85 

Elevation indicator, inexpensive 
W5JTL p 67. Jun 85 

Elmer's notebook: the myterious "a" 
WlSL p 110, Sepl 88 

Eln~er's Notebook: Transistors and How 
They Work 
W ~ S L  p 62, Jan 89 

Elmer's Notebook: FETs-The Other Tran- 
sistors 
Wl  SL p 104 Feb 89 

Elmer's Notebook: Vdtage-variable 
Capacitors 
WlSL p 100Apr89 

Elmer's Notebook: Visual Aids-Liquid 
Crystal Displays 
WlSL p 81 Aug 89 

Elmer's Notebook: Simple Instruments 
RF Output Monitor 

Wt SL p 91 Nov 89 
Extend Your DVM's Measurement Capa- 

bilities 
N6YC p 72 Ocl 89 

Five-band Junkbox Transmitter 
W3RMD p 42 Dec 89 

Get the most from your NiCds 
(Weekender) 
K30F p 86, Dec 88 

Ham notes: Waterproofing fittings 
W4MLE p 101, Nov 86 

Homebrew Neutralizing Capacitor 
N4LC p 38 May 89 

Homebrew tuning dial 
N2DCH p 75. Dec 88 

Homebrewing equipment from parts to 
metal work 
W7KBE p 26, Mar 68 

Keeping an Eye on Your Sideband PEP 
GW4NAH p 17 Sept 89 

Llnear tuning with War Surplus 
Capacitor 
N2DCH p 40 Jun 89 

Low-cost pc board laywt sohare 
Freeman, Eva p 8. Oct 87 

Make a homebrew sheet metal brake for 
chassis construction projects 
WBBIH p 43, Jun 86 

Motorized Agitator for Your Printed Cir- 
cuit Boards 
K30F p 68 Jun 89 

NE5205 wideband amplifier 
Gruchalla p30,Sep86 
Short circuit p 72. Jan 87 

New uses for old tuners 
W6WTU p 25 Jan 86 

Passive audio filter design, part 1: de- 
velopment and analysis 
Niewiadomski. S p 17, Sep 85 

PEP Wanmeter 
WAlSPl p 76 Oct 89 

Practically speaking: Keep it cool 
K4lPV p 75, Apr 86 

Practically speaking: parts sources 
K41PV p 78. Nov 86 

Practically speaking: grounding and 
shielding, pt 1 
K41PV p 47. Apr 87 

Practically speaking: grounding and 
shielding, pt 2 
K41PV p 81. May 87 
Comments: grounding and shielding 
KABDKT p 6. Aug 87 

Practically speaking: drift and shift 
K4IPV p 75. Jan 88 

Practically speaking: noise, signals and 
amplifiers 
K4IPV p 77. Feb 88 

Practically speaking: feedback 
K41PV p 80, May 88 

Practically speaking: "ferriting" out the 
problem 
K4IPV p 72. Jun 88 

Practically speaking: nowideal linear IC 
amplifiers typical problems and how to 
solve them 
K41PV p 72, Jul 88 

Practically speaking: Overview of op 
amps-pan 1 
K41PV p 100, Nov 88 

Practically speaking: Overview of op 
amps-part 2 
K4IPV p 83, Dec 88 

Practically Speaking: Light Metal and 
Other Topics 
K41PV p 23, Apr 89 

Precision hlgh-voltage dc regulator 
AG6K p 75. Aug 68 

Protect Your Amateur St@ from 
Lightning 
KY9L " p 25, Sept 69 

Remote baselsimplex phone patch con- 
troller 
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AA4NX and KK4LA p 54. Aug 88 
Remote Control Switching System 

VKZWD p 62 Oct 89 
Remote Dr~verIController for a 

Two-antenna System 
NH6N p 79 Apr 89 

Rewinding transformers wilh CAD 
W8 WTU p 74, Mar 87 

RF filters. Build narrowband 
WB4EHS p 10, Mar 86 
Short clrcult p 36, Jun 86 

Silverplating, safe, sensible 
K9EYY p 29, Feb 85 

Simple DC Amplifier for Your Meter 
WQJF p 10, Jun 89 

Simple Infrared Detector. A (HN) 
KIZJH p 27. Jun 89 

Simple low-cost comb generator frequen- 
cy calibrator 
Martin. Larry p 78, Jul 88 

Simple receivers from complex ICs 
W6VEH p 10. Nov 88 

Structural evaluation of Yagi elements 
K51U p 29. Dec 86 

The Guerr~ report- pc boards 
W6MGI p 109. Sep 86 

Transmit Control for Mobile Operation 
G4CLF p 24 Nov 89 

Tuning indicator for RTTY and packet 
radlo 
WOHZR p 65, Sept 88 

Two In one, trace doubler lor CRO, and 
square wave and pulse generator (HN) 
Tseng Liao p 26. Dec 88 

2-meter monltor 
WA3ENK p 64. Jul 88 

Ultra Low Power Four-digit Sequence 
Touch Tone Decoder 
WA4ADG p 30 Dec 89 

Understanding and using 723 Voltage 
Regulators 
K30F p 42, Mar 89 

Universal analog breadboard. A 
Gruchella, M p 85. Jun 86 

Variable Gain 160-Meter Preamp 
KD9SV p 46, Oct 89 

Wideband Frequecy Analyzer 
AA4FB p 9 Nov 89 

ZX-8lITS1000 controller: new use for old 
cornpulers 
N9NB p 31. Dec 86 

DIGITAL 
TECHNIQUES 
A New Add~tion for your TNC 

K9MLD p 72 Dec 89 
Add a digltal readout to the "poor man's 

spectrum analyzer" 
WAPPZO p 84. Sept 88 

Amateur FSK: A spectral analysis 
WA6NCX p 42 Dec 86 

AMTOR. AX25, and HERMES: a perfor- 
mance analysis of three systems 
W9JD p 63, Dec 85 
Comments. G3PLX p 9. May 86 

Annunciator bell for the Kantronics 
KPC-2 
K lWH p 22, Aug 86 

Artificial Intelligence Applications 
In Amaleur Radio 

NUlN p 30, Oct 89 
Audlo filter design, computer-aided 

KE2J p 15, Oct 85 
AUTOTRAK, simple rotor Interface board 

for the C-64. VIC-20 and applicable to 
other popular computers 
K7NH p 10. Dec 87 

Build a QSO "beeper" 
KFGCU p 38. Jan 88 

Buildlng a Digital Filler 
NB9K p 9. Apr 89 

CAT control system for the Yaesu 
FT-757GX 
SMGCPI p 26. Nov 87 

Commodore 64. $700 printer (HN) 
W2QLI p 86, Aug 85 

Computer control of ICOM 13-71, 271. 
471, and 751 radios 
NG6Q p 47. Apr 86 
Comments. Continuous phase tones 
G3VMR p 6, Aug 87 

Decoding data signals 
WB4GCS p 60, Dec 86 

Deluxe loglc probe 
M Wilde p74. Jan 87 

Digi-Keyer 
AB4DP p 68 Oct 89 

Digital can do more, Comments 
KAUFO p 9, Mar 86 

Digital clock, build a fail-safe 
K l  MC p 54, Oct 85 

Digital frequency readout using the Com- 
mcdore 64 
W3NNL p 83. Nov 85 

Digital HF radio: a sampling of tech- 
niques 
KA2WEUIDJZLR p 19. Apr 85 
Short circull p 121. May 85 

Direct synthesis VFO 
W7SX p 10. Sept 88 

DTMF controller for repeaters 
WB4FXD p 47. Sep 85 

DTMF tone signaling circuit 
WV6A p 42. Sept 88 

DTMF Group Call Decoder 
AA4NX p 53, Mar 89 

Electro-Braille Transducers and their Ap- 
plication 
14MK p 59. Mar 89 

Elmer's notebook: An introducllon to d ip  
ital communications 
WlSL p92. Jul 87 

Elmer's notebook: An introduction to 
AMTOR 
WlSL p 101. Sept 87 

Elmer's notebook- packet radlo 
WISL p 100. Oct 87 

Findlng the Source of Computer- 
generated interference 
K8TM p 30. Sept 89 

$40 Digltal Volce Storage ID'er 
WA4ADG p 10, Feb 89 

Frequency synthesis up lo 2 GHz 
WA6DYW p 22. Apr 88 

Get on SSTV-with the C-64 
12CAB and IPAED, edited by K9EI 

p 43, Oct 86 
Short Clrcu~t p 97, Oct 87 

Going D~gital 
NH6N p 20, Jan 89 

Improving the WB3CEH programmable 
callslgn identifier (hn) 
KL7XO p 82, Sept 87 

Comments: Packet board update 
VE3LNY p6. Jan 67 

Packet radio, automatic frequency and 
deviation tester 
WB2OSZ p 41, Dec 85 

Packet radio primer 
WAlFHB p 30, Dec 85 

Packet radio TNC for the IBM PC 
VE3LNY p 10. Aug 86 

Practically speaking: using the digital 
frequency counter-some pitfalls 
K41PV p 47. Apr 88 

Practically Speaking. Getting to know 
the Logic Families-pt 1: TTL 
K41PV p 34 Dec 89 

RAM Drive for Packet Rad~o 
AD10 p 44, Dec 87 

Run RTTY on your Tlmex 
NU4V p 110. Apr 85 

Run R I N  on your VIC-20 
W5TRS p 120. Apr 85 

Satellite tracker, digitally-controlled 
KA8OBL p 102, Sep 85 

Simple PROM Programmer. A 
WV6A p 81, Mar 89 

Spread spectrum and digital communlca- 
tion techniques: a prlmer 
N9NB p 13. Dec 85 

Station Conlrol Node Expand Your Ver- 
satility with SCN 
WAOWT p 23. Mar 89 

The Guerr~ report 
WGMGI p 124. Jan 86 

The Guerr~ report 
W6MGI P 125. Apr 86 

Thumbwheel frequency selector for the 
Yaesu FT-757GX 
KA9SNF p 33. Nov 87 

True frequency digital readout for the 
HW-101 A 
NU4F p 8, Jan 87 
Short circuit: p 41, Aug 87 

220-MHz 9600-Baud Data Radio System 
for Packet 
WZDUC p 67, Feb 89 

Two-Loop 10-Hz Step 40-70 MHz Syn- 
theslzer 
PY1 LLBC Mathias p 24 Jan 89 

Ultra Low Power Four-digit Sequence 
Touch Tone Decoder 
WA4ADG p 30 Dec 89 

Using an RTTY terminal unit with the 
Heathkit HD 4040 TNC 
AA8V p 59. Aug 86 

FEATURES 
AND FICTION 
Automatic Packet Beacon Tracker 
and Monitor 

W4GBB p 66 Aug 89 

Backscatter: Glasnost and Amateur Radio 
NIACH p 4 Feb 89 

Backscatter: No-Code Revisited 
NlACH p 4 Mar 89 

Backscatter: No-Code Survey Results 
NlACH p 4 ,lun 89 

Backscatter: The More Thlngs Change. 
NlACH p 4 Jul 89 

Backscaller: Ode to the Death of F'RB-3 
N l  ACH P 4 Aug 

Backscatter. More cause for Thought 
NXlG p 4 Sept 89 

Backscatter. Amateur Radio Licensing 
Fees 
NXlG p 6 Oct 89 

Backscatter. Juxtaposition of Tech- 
nologies 
NXlG p 4 Nov 89 

Electromagnellc jargoo generalor, state- 
of-the-art 
N6TX p 75. Apr 85 

Ham radlo technlques: Ever work ;I W10 
W6SAI p 43. Feb 87 
Short c~rcutt p 50. .4pr 87 

Ham radlo techniques: Xing~ang 
Provlnce the last frontler 
W6SAI p 55. 9pr 87 

Ham Radlo technlques. the year was 
1923 
W6SAl p 89. .Jan 88 

Ham Radio techn~ques "the greatest lit- 
tle magazlne In the world" 
W6SAI p 68. Feb 88 

Ham Radio Techniques. The "Invention 
of Radio" 
W6SAI p 17 Mar 89 

One hundred years of electrlc waves 
KR6A p 22. Aug 88 

Radlo addlctlon. case hlslory of an en- 
thusiast 
W7SX p 52. Jan 88 

Reflections: Returning the spectrum to 
chaos. courtesy of the FCC (General 
docket 87-389) 
WWUV p 6, Feb 88 

Reflections: Novice enhancement and 
the future of amateur radlo 
W9JUV p 6, Jun 88 

Writing Ihe Technical Article 
K41PV p 43 Jan 89 

FILTERS 
Automatically switched half-octave fllters: 

part I 
WBUZO and Watkins, Lee R. p 10 
Feb 88 

Automat~callv sw~tched half-octave fllters: 
part 2 
WBUZO and Watkins. Lee R. p 29 
Mar 88 

Building A Digital Station 
NB9K p 9 Apr 89 

Ham Radio Techn~ques: "Son of Wood- 
pecker" 
W6SAI p 18 Feb 89 

Optimizing the OF-1A Audlo F~lter 
VE7BS p 38 Dec 89 

Simple VHFIUHF Multiple Quarter.wave 
Fllters 
WA3EWT p 37 Sept 87 

Top-down fllter des~gn 
VE5FP p 41. Jan 87 

FM AND 
REPEATERS 
DTMF controller lor repeaters 

WB4FXD p 47, Sep 85 
FM repeater separation 20 kHz. Yes. 15 

kHz. NO 
WD5IBS p 12, Aug 85 

Improved repeaterltransm~tter noise per- 
formance (HN) 
K lWH P 104. Apr 86 

Remote repeater programming uslng a 
computer and a telephone 
KD9BC p 89, Mar 86 

Repeater, hlgh-tech: designing arid 
buildlng an FM translator 
WA6CAY p 82. Feb 85 

Tone burst generator for European 
repeaters. A 
WAIEEC p 80. Jul 86 

ZIA connection. a multi-state 2-meter 
repeater link 
K5XY p 30. Oct 86 

HAZARDS 
AC line transienl protection 

N6JH p 59, Apr 86 

Common-point Grounding: Lightning Pro- 
tection for Repeaters 
K l  WH p 24 Jul 89 

Protect Your Amateur Station from 
Lightning 
KY9L p 25 Sept 89 

INTEGRATED 
CIRCUITS 
Low-pass Alter, integrated circuit 

WBPKTG p 59. Jan 85 
Practically Speaking: Getting to Know 

the 
Logic Families-pt 1 TTL 
K4lPV p 34 Dec 89 

The Guerri Report: superchips come of 
age 
W6MGI p 126. Feb 85 

The Guerr~ report: 
W6MGI p 124. Jan 86 

The Guerri report: micr~chlps 
W6MGI p 109, Jul 86 

KEYING AND 
CONTROL 
Call scgn identiller. programmable 

WB3CEH p 33. Feb 85 
lmprovlng the WB3CEH programmable 

call slgn identifier 
KL7XO p 82, Sep 87 

Macros and VHF beacons transmit rnes- 
sages automatically 
K9EI p51, Jul85 

Morse Code tutor 
N3SE p 45. Jun 85 

Remotely controlled stations: a look at a 
successful remote base 
WA6EJO p 48. Sep 86 

MEASURE- 
MENTS AND 
TEST 
EQUIPMENT 
Add a digital readout to the "poor man's 

spectrum analyzer" 
WA2PZO p 84. Sept 88 

An i-1 sweep generator 
W2ZUC p 101. Jan 87 

An rf voltmeter 
G4COL p 65. Nov 87 

Build this simple L C  checker 
W5FG p 19. Dec 88 

Calibrating series-resistance capacitance 
bridges (HN) 
Caron p 27, Dec 88 

Continuity tester, simple 
WD6GMB p 130, Sep 85 

Deluxe logic probe, A 
M Wilde p 74, Jan 87 

Detailed look at probes 
Martin, and Davis p 75. Sep 85 

Detector, logarithmic, wideband 
PAOCXIDJQSA p 75. Jul 85 

Dual wattmeter. 50-500 MHz 
WB4EHS p 67, Jul 85 

Elmer's notebook: power measurements 
W1SL p 100. Jan 88 

Elmer's notebook: standing wave ratio- 
what does it mean? 
WlSL p 98, Feb 88 

Elmer's Notebook: Visual Aids- 
Oscilloscopes 
WlSL p 92 Jun 89 

Elmer's Notebook- Test Equipment-Easy 
and Useful 
WlSL p 86 Oct 89 

Elmer's Notebook: Simple 
Instruments RF Outpul Monitor 
W l  SL p 91 Nov 89 

Extend Your DVMs Measurement Capa- 
bililies 
N6YC p 72 0ct 89 

Extended-range VU meter 
WB6JNN p 59, Sep 86 

Field strength meter. sensitive 
K4KI p 51, Jan 85 

Frequency calibration using 60 kHz 
WWVO 
W4ZPS p 45, Mar 88 
Short circuit p 128. Apr 85 

Frequency and level standard 
PAWX p 10. Jan 86 
Comments, WABLLY p 9. Jun 86 



Ham radio techniques: time and frequen- 
cy station WWVS 
W6SAI p37, Jun 87 

High-Impedance Rotary Step Attenuator 
N2DCH p 24 Feb 89 

IF sweep generator, compact 
PAOCXIDJOSA p 35. Jun 85 

lntroduction to Waveform Generators-pt 1 
K41PV p 62 Sept 89 

lntroduction to Waveform Generators-pt 2 
K4IPV p 82 Dec 89 

Keeping an Eye on Your 
Sideband PEP-The Weekender 

GW4NAH p 17 Sept 89 
Low-cost spectrum analyzer with Kilo- 

buck features 
W4UCH p 82, Sep 86 

Microfarad Counter,The 
PAOCX p 85 May 89 

Multi-featured function generator 
WA7IRY p 9 Apr 88 

NBS time and frequency survey 
NBS p 45, Jun 87 

Novel Methods for Measur~ng Cable 
Anenuat~on 

OE2APM p 65 May 89 
Ode to older oscilloscopes 

KR6A p 69, Jan 88 
PEP Wattmeter 

WAlSPl p 76 Oct 89 
Practically speaking 

K41PV p 79, Dec 85 
Practically speaking: using the right mul- 

timeter 
K41PV p 95, Jun 86 

Practically speaking: using the mul- 
timeter 
K4IPV p 43. Jul 86 

Practlcally speaking: using antenna 
noise bridge 
K41PV p 69, May 86 

Practically speaking: function generator 
circuits-part 2 
K4lPV p 89, Jan 87 

Practically speaking: testing diodes 
K4IPV p 65, Feb 87 

Practically speaking: building "the poor 
man's spectrum analyzer" 
K41PV p 99, Mar 87 

Practically speaking: build your own 
time-domain reflectometer 
K41PV p 69, Jun 87 

Practically speaking: revisiting "the poor 
man's spectrum analyzer" 
K41PV p 49. Sep 87 

Practically speaking: troubleshooting dc 
power supplies with an oscilloscope 
K4IPV p 57, Oct 87 

Practically speaking: using voltage com- 
parators 
K4IPV p 49, Nov 87 

Practically speaking: generating low i-f 
frequencies 
K41PV p 49, Dec 87 

Practically speaking: using the digital 
frequency counter-some pitfalls 
K41PVO- p 47, Apr 88 

Practically Speaking: Antenna System 
Instruments 
K41PV p 82, Feb 89 

Practically Speaking: RF Wanmeters and 
Antenna VSWR Meters 
K4IPV p 75 Mar 89 

Practically Speaking: More Digitally Gener- 
ated Sawtooth Plus Triangle Waves 
K4lPV p 78 Jul 89 

Practically Speaking: Test Equipment 
for Digital Electronics 
K4IPV p 78 Nov 89 

Q Meters 
W3QOM p 49 Dec 89 

Sensitive LF or HF field-strength meter 
KlRGO p 67, Sep 86 

Sensitive RF Voltmeter. The Weekender: 
N2DCH p 62 Jul 89 

Simple DC Amplifier for Your Meter 
WWF p 10 Jun 89 

Simple low-cost comb generator trequen- 
cy calibrator 
Martin, Larry p 78 Jul 88 

Test DBMS for diode leakage 
WB6BIH p 86, Jun 87 

Transistor Lead Identification 
with a DVM 

KOGSS p 62 Oct 89 

Two in one: Trace doubler for CRO, and 
square wave and pulse generator (HN) 
Tseng Liao p 26, Dec 88 

Two-tone signal generator 
YB9ATAIWA7AQN p 25, Feb 86 
Short circuit p 45, Apr 86 
Short circuit p 36, Jun 86 

23 GHz prescaler 
N6JH p 21, Jan 87 

Understanding noise figure 
Gruchalla. M p 89, Apr 87 

VHF noise bridge, a 
OE2APMlAA3K p 10, Jul 86 

SWR bridges 
KZLB p 37, Mar 86 

Wideband Frequency Analyzer 
AA4FB p 9 Nov 89 

Widerange RF power meter 
KABOBL p 24, Apr 86 

Versatile TransistorllDiode Tester 
W5JQE 8 W2YM p 30 Aug 89 

MISCEL- 
LANEOUS 
TECHNICAL 
Amateur FSK: A spectral analysis 

WA6NCX p 42, Dec 86 
An Audio Patch Panel for 

The Multimode Station 
KB6IC p 65 Dec 89 

An Inexpensive VFO for the 
Yaesu FT-102 
VE3RF p 62 Nov 89 

Broadband amplifier-attenuator 
W7SX p 59, Jul 86 

Build a 1.1000 MHz amplifier using 
MAR-4 MMlCs 
WB6BlH p 33, Jul87 

Build a QSO "beeper" 
KF6CU p 38, Jan 88 

Buylng topo maps, Comments: 
K3SKE p 9, Dec 86 

Can I patent it? 
K 2 U  p 8, Mar 87 
Comments: changing fundamental 
constants of science 
W4SXK p 6. Oct 87 

Communicating on 474,083 GHz (light 
wave communications) 
WA6EJO p 10, Dec 86 

Control By Tones 
ZLPSX p 42 Nov 89 

Decibel, defining the 
Gruchalla, M p51, Feb85 

Elmer's notebook: The mysterious "Q" 
WlSL p 1 10, Sept 88 

Function Generator: circuits from your 
signal generator-part 1 
K4IPV p 67. Dec 86 

Ham Radio techniques 
W6SAI p 75, Jan 85 

Ham Radio techniques 
W6SAI p 59. Feb 85 

Ham Radio techniques 
W6SAI p 83. Mar 85 

Ham Radio techniques: electron-hole 
theory exposed as fraud 
W6SAI p 67. Apr 85 

Ham Radio techniques 
W6SAl p 66, May 85 

Ham Radio techniques 
W6SAI p51, Jon85 

Ham Radio techniques 
W6SAI p 59. Jul 85 

Ham Radio techniques 
W6SAI p 90, Aug 85 

Ham Radio techniques: I have seen the 
future and it works 
W6SAi p 91. Sep 85 

Ham Radio techniques 
W6SAl p 75. Oct 85 

Ham Radio techniques 
W6SAI p 67. Nov 85 

Ham Radio techniques: 9CXX revisited 
W8SAl p 83, Dec 87 

Ham Radio techniques: line wltage and 
power tube life 
W6SAl p 60, Jul 88 

Ham Radio techniques: the joys of NI 
or, were you on the air last night? 
W6S AI p 70. Aug 88 

Ham Radio Techniques: Antennas, GFI 
Capacitors and Fundamentals 
W8SAI p 57 Dec 89 

Harmonics, Trapping stubborn 
NlRC p 99, Jan 86 

Identifying Kerchunkers and 
Other Interference 
K9GDF p 74 Dec 89 

intermittent reception due to lightning 
(HN) 
W2YW p 39. Sept 88 

lntroduction to Waveform Generators 
K41PV p 82 Dec 89 

Lightning location and detection 
W l  CW p 25, Sep 87 

Low-pass filter, integrated circuit 
WBPKTG p 59, Jan 85 

Mobile theft deterrent: The Weekender 

W6WTU pel ,  Feb 67 
Modifying the Trio-Kenwood TS930S 

WB9BXT p 67, Apr 86 
Monolithic RF amplifiers 

N6JH p 22, Mar 86 
NE6205 wideband RF amplifier 

Gruchalla, Michael p 30, Sep 86 
Short circuit: p 72, Jan 87 

New uses for old tuners 
W8WTU p 25. Jan 88 

Phase modulator, PLL (HN) 
VE3FHM p 117, Jun85 

Power speaker enhances mobile opera- 
tion (weekender) 
KlZJH p 83, Jan 88 

Practically speaking: repairing flood 
damage 
K41PV p 95. Oct 85 

Practically speaking: interminents, pt 1 
K4IPV p 75. Nov 85 

Practically speaking: intermittents, pt 2 
K41PV p 79. Dec 85 

Practically speaking: battery problems. 
Pt 1 
K4lPV p 62, Jul 87 

Practically speaking: feedback 
K4IPV p 60, May 88 

Practlcally speaking: Overview of op 
amps-part I 
K4IPV p 100, Nov 88 

Practically speaking: overview of op 
amps-part 2 
K4lPV p 83, Dec 88 

Quartz crystal resonators 
Boddaert, Peter p 85. Feb 86 

Remedy for RFI (comment) 
K6WX p 9, Jul 88 

RFI filters. Bulld narrowband 
WB4EHS p 10, Mar 86 
Short circuit p 36. Jun 86 
Short circuit p 145. Mar 85 

The Guerri report 
W6MGI p 124, Jan 85 

The Guerri report: superchips come of 
age 
W6MGI p 126, Feb 85 

The Guerri report 
W6MGI p 158. Mar 85 

The Guerri report 
W6MGI p 157, Apr 85 

The Guerri report: a busy signal from 
space 
W6MGI p 165, May 85 

The Guerri report predicting equipment 
failure 
W6MGI p 125, Jun 85 

The Guerri report 
W6MGI p 124. Jul 85 

The Guerri report 
W6MGI p 124. Aug 85 

The Guerri report: RF power supplies 
achieve high efficiency 
W6MGI p 157, Sep 85 

The Guerri report: RF effects the good 
and the bad 
W6MGI p 142. Oct 85 

The Guerri report 
W6MGI p 140, Nov 85 

Twotone signal generator 
Y ~ ~ A T A J W A ~ A O N  p 25, Feb 86 
Short circuit p 45. Apr 86 
Short circuit p 36, Jun 86 
Comments: "Using the Spectrum 
Monitor" 
KI6DW p 9. Nov 86 

Uslng CAD to rewind transformers 
W6WTU p 83, Dec 86 

Using ICOM IC-32AT As a 
Crossband Mini-Repeater 
KW50 p 41 Dec 89 

Using spreadsheet programs 
AD1 B p 95. Dec 86 

Very sensitive LF or HF field-strength 
meter 
KlRGO p 67. Sep 88 

VHF noise bridge 
OE2APMIAA3K p 10, JUI e6 

VSWR bridges 
K2LB p 37, Mar 86 

Widerange RF power meter 
KA80BL p 24. Apr 86 

NOVICE 
READING 
Cheers from down under, Comments: 

VK4QA p 9, Dec 86 
Elmer's Notebook: Simple 

Instruments RF Output Monitor 
WlSL p 91 Nov 89 

Elmer's notebook: novice enhancement 
WlSL p 95, Jun 87 
Short circuit p 95. Aug 87 

Elmer's notebook: 220 MHz 
WlSL p 91, Aug 87 

Elmer's notebook:an introduction to 
AMTOR 
WlSL p 101. Sep 87 

Elmer's notebook. packet radio 
WlSL p 100, Oct 87 

Five-band Junkbox Transmitter 
W3RMD p 42 Dec 89 

HAM Radio Techniques:MacGyver of the 
30s 
W6SAI p 59 Dec 86 

Ham Radio Techniques: Antennas. GFI 
Capacitors and ~"ndamentals 
W6SAI p 57 Dec 89 

lntroduction to Waveform Generators 
K41PV p 82 Dec 89 

Morse code computer tutor 
N3SE p 45. Jun 85 

New band privileges for Novice opera- 
tors (letter) 
KAODOE p 15, Sep 85 
Comments, W3YBF p 9, Jan 86 
Comments, KDOEV p 9, Jan 86 
Comments. WD5H p 9, Jun 86 

Novice privileges (letter) 
WB9IVR p 9, Oct 85 

Practically speaking 
K41PV p 79, Dec 85 

Practically Speaking: Test Equipment 
for Digital Electronics 
K41PV p 76 Nov 89 

Practically Speaking: Getting to Know 
the Logic Families-pt 1: TTL 
K41PV p 34 Dec 89 

Radiotelegraph codes: there's not just one 
KR6A p 82, Sept 88 

Reflections: Novice enhancement and 
the 220 MHz band 
WSJUV p 4. Apr 87 

OPERATING 
Buying topo maps, Comments: 

K3SKE p 9, Dec 86 
Carrier complaint (comment) 

WDOP p 9, Jul 88 
Carrier-operated CW reception limiter 

W6NRW p 113, Sep 85 
Comments: DARC awards information 
K l  RH p 6. Jul 67 

Elmer's notebook: 220 MHz 
WlSL p91, Aug87 
Short circuit p95, Aug 87 

Elmer's notebook: an introduction lo 
AMTOR 
WlSL p 101, Ssp 87 

Elmer's notebook: packet radio 
WISL p 100, Oct 87 

Elmer's notebook: "0" signals 
WlSL p 95, Jun 88 

Field Day-prepardedness or party time? 
(Backscatter) 
W9JUV and NlACH p 6, Sept 88 

Generation gap in Amateur Radio 
(comment) 
N3CCW p 94, Aug 88 

Ham bands under siege (Backscatter) 
NlACH p 4. Oct 88 

Ham Radio Techniques: Phasing SSB 
System..Born Again! 

W6S AI p 67, Jan 88 
Ham Radio Techniques: Quad falling apart7 

W6SAI p 65, Feb 86 
Ham Radio Techniques:More on the 

G5RV Antenna 
W6SAl p 63, Mar 86 

Ham Radio Techniques: Surface-wave 
OTH Radar More QRM 
W6SAI p 42. Apr 86 

Ham Radio Techniques: The Greatest 
Contest Ever Staged 
W8SAl p 39. May 86 

Ham Readio Techniques: Wrangle Over 
Wrengell (Island) 

W6SAI p 30. Jun 86 
Ham Radio Techniques: Summer Miscel- 

lany (Antennas) 
W6SAI p 66. Jul 86 

Ham Radio Techniques: 50th Ann~ver- 
sary of Tube that Changed Everyth~ng 
W6SAl p 43. Aug 86 

Ham Radio Techniques: Grounded-grid 
Amplifier 
W6SAI p 42. Sep 86 

Ham Radio Techniques: Grounded-grid 
Amplifier-pt 2 
W6SAl p 38. Oct 86 

Ham Radio Techniques: Super-cathode 
Driven Amplifier 
W6SAl p 73. Nov 86 

Ham Radio Techniques: MacGyver of 
the 30s 
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W6SAI p 59, Dec 86 
Ham Radio techniques: BYOAA revisited 

W6SAI p 53, Aug 67 
Ham Radio techniques: a new country 

for you 
W6SAI p41, Nov87 

Ham Radio techniques: the joys of TVI 
or, were you on the alr last night? 
W6SAI p 70. Aug 88 

Ham Radio techniques: The radio boys 
in the Pacific, 
or, working DX for Uncle Sam 
W6SAI p 26. Nov 88 

INUS system (comment) 
XEt MD p 9, Jan 88 

Legal usefulness of Amateur Radio 
(comment) 
WA7AON p 9. Aug 88 

Locator field list 
SM5AGM p 74. Jul 87 

Locator field list 
SM5AGM p 89, Ocl 87 

Market survey of amateurs a good Idea 
(comment) 
WlFB p 9, p 94 Aug 88 

More information needed (comment) 
W3QOM p 9. Sept 88 

Potenllal danger (Backscatter) 
NIACH p 4. Nov 88 

Re-discovering ham radlo (comment) 
KClJG p 9, Aug 88 

Service not hobby (letter) 
W5VSR p 8. Aug, 85 

VHFlUHF world. operating a VHFIUHF 
micro-wave station 
WlJR p 38. Jul 87 
Short circuit p 97. Oct 87 

VHFIUHF World: Loose ends 
WlJR p 53, Sept 88 

OSCILLATORS 
Better frequency stab~l~ty for the Drake 

TR7 
HB9ABO p 21, Aug 87 

Direct synthesis VFO 
W7SX p 10, Sept 88 

Elmer's Notebook: Oscillators 
WlSL p 44 May 69 

Frequency synthes~s up to 2 GHz 
WA6DYW p 33. Apr 88 

High-stabil~ty BFO for receiver appli- 
cations 
KlZJH p 26. Jun 65 

lntroduct~on to Waveform Generators-pt 1 
K41PV p 62 Sept 89 

Local oscillators, h~gh stability tor micro- 
wave receivers and other applications 
WB3JZO p 29. Nov 85 

Low-nolse phase-locked UHF VFO part 
1: the noise problem 
WA9HUV p 33. Jul 86 
Short circuit. Low-noise UHF VFO 
WA9HUV p 9. Dec 86 

Low-noise phase-locked UHF VCO part 
2: construction and testing 
WA9HUV p 25, Aug 86 

Oscillator, voltage controlled. uses cer- 
amic resonators 
KPBLA p 16. Jun 65 
Short C~rcuit p 27. Aug 85 

Practically speaking drift and shin 
K41PV p 75. Jan 88 

Practically Speaking: More Digitally Gener- 
ated Sawtooth Plus Triangle Waves 
K4lPV p 78 Jul 89 

Universal osc~llalor circuit 
VE6RF p 38. Apr 86 

VC0.1800-2600 MHz 
WODTV D 21. Jul 85 

PACKET 
Amateur packet radlo networking 
and protocols, part 1 

KR3T p 33. Feb 88 
Amateur packet radio networking and 

protocols, part 2 
KR3T p 56, Mar 68 

Amateur packet rad~o networking and 
protocols. part 3 
KR3T p41. Apr88 

C-64 and GLB PK-1 interface c~rcui 
WPEHD p 87. Mar 87 
Comments: packet board 
update p 6. Jan 87 

Automat~c Packet Beacon Tracker and 
Monitor (HN) 
W4GBB p 66 Aug 89 

Elmer's notebook. packet radio 
W l  SL p 100, Oct 87 

Elmer's Notebook: Packet Radio for the 
First Timer 
WISL p 96 Mar 89 

Exploring packet radio with KISS 
WABBXN p 9, Oct 88 

Formatted display of packet using KISS 
WABBXN p 51, Dec 86 

4800 baud modem for VHFIUHF packet 
radio 
VE3DNL7VE3DNM.VE3DVV 8 
VE3LNY p 10, Aug 88 

New Addition for Your TNC 
K9MLD p 72 Dec 69 

Packetimer for the PK-1 
W2EHDlexWBKGN p 93, Mar 67 

Packet radio conference bridge 
WD5HJP p 24, Apr 87 

Packet radlo PSK modem for 
JAS-IIFO-12 
G3RUH p 8. Feb 87 

RAM drive for packet radio 
AD1 B p 44, Dec 87 

Station Control Node Expand Your Ver- 
satilitywith SCN 
WAORJT p 23 Mar 89 

TEXNET packet-switching network-pt 1 
system definit~on and design 
WBSPUC 8 N5EG p 29, Mar 67 

TEXNET packet-switching network-pt 2 
hardware deslgn 
WB5PUC 8 N5EG p29, Apr 87 

TEXNET packet-switching network-pt 3 
software overview 
WB5PUC & NBEG p53, Jun 87 

Transmit Timer for the KPC-2, The 
Weekender 
KlZJH p 94 Feb 89 

220-MHz 9600-Baud Data 
Radio System for Packet 
W2DUC P 67 Feb 89 

Using macros with packet (HN) 
AD1 B p 82, Oct 88 

Video Monitor for Packet Demonstra- 
tions, A Big 
WAIFHB p 27 Jun 89 

POWER 
SUPPLIES 
An easy-to-build NiCd pulse charger 

(weekender) 
AG6K p 18, Sept 68 

Battery-backed master power system 
K9ES p 17,Jan88 

Battery charger. N IC~,  constant current, 
a pulsed 
KPMWU p 67. Aug 85 

Banery storage (comment) 
W5JHJ p 6. May 86 

Get the most from your NiCds 
(Weekender) 
K30F p 88, Dec 88 

Low-voltage power supplies, designing 
W4MLE p 46, Mar 85 
Short Circuit p 121, May 85 

Precision high-voltage dc regulator 
AG6K p 75, Aug 88 

Practically speaking. bench power 
supply 
K41PV p 55, Mar 86 

Practically speaking: battery problems 
Pt 1 
K41PV p 62, July 87 

Practically speaking: battery problems 
Pt 2 
K4lPV p 73. Aug 87 

Pulse width modulated dc-to-dc converters 
W3CZ p 65, Ocl 87 

Regulated screen grid power supply, A 
AG6K p 51, Jun 86 

Storing lead-acid batteries (comment) 
N50P p 9, Sept 86 

Batteries on concrete (comment) 
N50P p 101, Sept 88 

Temperature control, automatic 
WB5lRl p 75, Jun 85 

The Guerri report: RF power supplies 
achieve high eff~c~ency 
W6MGI p 157. Sep 85 

Transformers, wind your own Inexpensively 
W4GDW p 96, Jun 85 

Understanding and Using 723 Voltage 
Regulators 
K30F p 42 Mar 89 

Variable Voltage Regulator. The 
Weekender 
K3HW p 20 Jul 89 

PROPAGATION 
Achieve polarization diversty through 

variable power splitting 
W3NGJ p 10. Feb 86 

DX forecaster:lonosphere Matching 
KORYW p 92. Jan 85 

DX Forecaster:More on Ionosphere 
Matching 
KORYW p 75. Feb 85 
Short circuit p 117, Jun 85 

DX Forecaster: Vernal Equinox DX 
KORYW p 120 Mar 85 

DX Forecaster: Sunspot cycle views 
KQRYW p 84, Apr 85 

DX Forecaster: What's this Sporadic E? 
KORYW p 79, May 85 

DX Forecaster: Sporadic E Propagation 
KORYW p 102, Jun 85 

DX Forecaster: Summert~me DX 
KORYW p 100. Jul 85 

DX Forecaster. Signal Levels During 
Summer Months 
KORYW p 100, Aug 85 

DX Forecaster: Equinoctial DX Propaga- 
tion Brings Change 
KORYW p 122. Sep 85 

DX Forecaster: Sunspot Cycle Update 
KORYW p 105, Oct 85 

DX Forecaster. Winter DX Season 
KORYW p 92 Nov 85 

DX Forecaster MUF Forecasting 
KORYW p 98 Dec 85 

DX Forecasler MUF Patterns and 
Trends 
KORYW p 1 12, Jan 86 

DX Forecaster: Sunspots and MLJFs 
KORYW p 78, Feb 86 

OX Foreaster: Springtime ORN 
KORYW p 97. Mar 86 

DX Forecaster. 1985 Review 
KORYW p 99. Apr 86 

DX Forecaster: Sporadic-E Propagation 
KORYW p 118. May 86 

DX Forecaster: Sporad~c-E DX 
KQRYW p 101. Jun 86 

DX Forecaster: A Geomagnet~c 
Ionosphere Disturbance 
KORYW p 91. Jul 86 

DX Forecasler: Summer Propagation 
KORYW p 90, Aug 86 

DX Forecaster: Equinox Season DX 
KORYW p 98, Sep 86 

DX Forecaster: Antenna-to-Ionosphere 
Path Match 
KORYW p 92, Oct 86 

DX Forecasler: Sunspot Minimum 
KORYW p 64. Nov 86 
Short circuit: HORANT program, 

p 92, Oct 66 
p 9, Nov 66 

p 84. Dec 86 
DX forecaster: W~nter anomalou!; ab- 

sorption 
KORYW p 101, Dec 86 

DX forecaster DX propagation 
KORYW p 108, Jan 87 
Comment- HORANT for CP/M 
K4GIO p ti. Feb 87 

DX IorecasterMore DX propagation tips 
KORYW p 88, Feb 87 
DX forecaster. Equinox problems 
KORYW p 106, Mar 87 
DX forecaster. A spring DX solution 
KQRYW p 97, Apr 87 
DX forecaster' 1986 propagallon revnew 
KORYW p 105. May 87 
DX forecaster. Sporadic-E season 
KORYW p 66. Jun 67 
DX forecaster: Summer thunderstorm 

nolse 
KORYW p78, Jul 87 
DX forecaster: Summertime DX 
KORYW p 82. Aug 67 
DX torecaster: More sporadic-E 
KQRYW p 85. Sep 87 
DX forecasler Equinox season OX 

KORYW p 85, Oct 87 
DX forecaster: Winter DX 

KORYW p 57. Nov 87 
DX torecaster: DXing via the winter 

anomaly 
KORYW p 91, Oct 87 
Comments: Low band DXing 
W0Sll p 6, Apr 87 

Dx forecaster Solar cycle update 
KORYW p 96, Jan 88 

DX forecasler: transequatorial DX update 
KORYW p 90. Feb 86 

DX forecaster: the ultimate ant~pode DX 
KORYW p 78. Mar 88 

DX forecaster: DX signal quality 
KORYW p 80, Apr 86 

DX forecaster: 1987 propagallon 
summary 
KORYW p 92, May 86 

DX forecaster:Sporadic E season-1988 
KORYW p 68, Jun 88 

DX forecaster. Summer thunderstorm 
nome 

KORYW p 83, Jul 88 
DX forecaster: summer signal levels 

KORYW p 88. Aug 88 
DX forecaster: high sunspot propagation 

problems-part 1 
KORYW p 104, Sept 88 

DX forecaster: high sunspot propagation 
problems-part 2 
KORYW p 96, Oct 86 

DX forecaster. Winter DX season 
KORYW p 106, Nov 88 

DX forecaster: Winter DX anomolies 
KORYW p 110, Dec 88 

DX Forecaster. Belter DXing in 1989 
KORYW p 96 Jan 89 

DX Forecaster: More New Cycle 22 DX 
KORYW P 91 Feb 89 

DX Forecaster- Equlnox DX Conditions 
KORYW p 102 Mar 89 

DX Forecaster: Spring Thunderstorm 
Noise 
KORYW p I lOApr  89 

DX Forecaster: 1988 Propagatlon 
Summary 
KORYW p 109 May 69 

DX Forecaster- Sporadic-E Basics tor 
1989 
KORYW p 6 8  Jun 89 

DX Forecas1er:Know Sporadic-E Skip 
KORYW p 96 Jul 89 

OX Forecaster DXlng During the Sum- 
mer ORN Season 
KORYW p 96 Aug 89 

DX Forecaster: Equinox Season DXing 
KORYW p 96 Sept 89 

DX Forecaster: More on Equinox Propa- 
gation 
KORYW p 96 Oct 89 

DX Forecaster: Winter DX Season 
KORYW p 96 NOV 89 

OX Forecaster: DXing From Winter 
Anomalies 
KORYW p 78 Dec 89 

Elmer's notebook: propagation basics 
WlSL p 81, Aug 88 

EME link calculator program 
KE6ZE p 9, Feb 86 
Comments. KCBOH p 70, Apr 66 

Ham Radio techniques: Dx is getting 
better and better! Here's why! 
W6SAI p 28, Apr 86 

Ham Radio techniques: On our way up! 
W6SAI p 26. Sept 88 

Ham Radio techniques: New Zealand, 
Maui, and the solar cycle 
W6SAI p 22, Dec 88 

Ham Radlo Techniques: Have You Met 
SID? 
W6SAI p 31. Jul 69 

HF ground wave propagation 
WA9GFR p 81, May 86 

How to plot great circles on your favorite 
map 
W4BW p 81. Aug 86 

L-band ground wave propagation 
program 
WA9GFR and Joseph R Hennel 

p 103, Jan 86 
Comment. WA9GFR p 9. Apr 66 

Moon coordinates, determ~n~na bas~c 
WPWD p-38, Jan 8s 

Pathfinder-part two 
K3FR p 47. Oct 88 

Radio astronomy and the search tor ex- 
tra terrestrial intelligence 
WB3JZO p 10, Mar 85 

Return to the 360-degree propagation 
prediction 
N4UH p 41. Oct 67 

Solar activlty and the earth's mag. 
netosphere 
KR7L p 8. Aug 87 

Solar outages, predicting 
VE7ABK p 75, Mar 85 

Sporadic E and 50-MHz transatlantic 
propagation during 1987 
G3NAO p 10, Jul 88 

360-degree MlNlMUF propagation 
prediction 
N4UH p 25, Feb 87 

VHFIUHF World: propagation update 
WlJR p 86, Jul 65 

VHFIUHF World 
WlJR p 85. Dec 85 

VHFIUHF world: meteor scatter com- 
mun~calions 
WlJR p 68, Jun 86 
Short circuit p 87. Jul 86 

VHFIUHF world: pW and mm-wave 
propagation: part 2 
W1JR p 69, Aug 86 

VHFIUHF world: propagation update-part 2 
WlJR p 39. Jun 88 

VHFIUHF world. propagation update-part 3 
WlJR p 38, Jul 88 

Ham Rad~o/Decernber 1989 91 



RECEIVERS 
AND 
CONVERTERS 

general 
CB to 10-meter conversions, scanner 

WZFMY, KB2GA p 96, Nov 85 
Compact 75-meter monoband tran- 

sceiver 
KIBQT p 13, Nov 85 
Short circuit p 66, Jan 66 

Digital frequency readout using the Com- 
modore 64 
W3NNL p 63, Nov 65 

Elmer's notebook: receiver buzzwords 
WlSL p 100, Nov 87 

Extending receive coverage for the IC-02 
and IC-04 
WB6GTM p 77, Jul 66 

External product detector improves 
receiver performance 
W6GB p 107. Nov 65 

Famous Equipment of Yesteryear 
K4KJ p 43 Nov 69 

Frequency calibration using 60 kHz WWVB 
W4ZPS p 45, Mar 88 

Ham radio techniques: "white noise" 
technology bites back 
W6SAI p 55. Jan 87 

Ham radio techniques: "white noise" 
rev~sited 
W6S AI p 79. Oct 87 

High dynamic range mixing with the Si 8901 
KB6QJ p 11. Mar 88 

High-stability BFO for receiver applica- 
tions 
KlZJH p 28, Jun 85 

Linear Tuning with a War 
Surplus Capacitor 
NZDCH p 4 0  Jun 89 

Low-noise Design Primer 
WB4EHS p 60 Nov 89 

Mixer frequencies, graphical selection 
WZHVN p 41, Jun 85 

Noise, understanding and handling 
DJZLR p 10, Nov 86 

Optimizing the OF-1A Audio Filter 
VE7BS p 38 Dec 89 

Receiver input temperature (letter) 
WAGJTD p 13, Apr 65 

Receiver tuning mechanism selection 
PYPPEIC p 31, Nov 86 

Receiver, 10 through 80-meter home 
brew 
NIBFV p 40. Nov 85 

S-meter, a calibrated 
W7SX p 23, Jan 66 
Short circuit p 45. Apr 86 

Ten-Tec Argosy, Upgrade 
WB3JZO p 36, Nov 86 

True frequency digital readout for the 
HW-101 
NU4F p 8, Jan 87 
Short circuit p 41, Aug 67 

TS-930s headset audio, increase 
undistorted (HN) 
W6FR p 128, Oct 85 
Short circuit p 103, Jan 85 

Two-Loop 10 Hz Step 40-70 MHz 
Synthesizer 
PYI LLBC Mathias p 24 Jan 89 

VHFIUHF world: broadband amplifiers in 
receiver design 
WIJR p91. Nov66 

VHFIUHF World: low-noise receiver 
update part 1 
WlJR p 77, Nov 67 

Bener frequency stability for the Drake TR7 
HB9ABO p 21, Aug 87 

Card File station for 40 Meters, 
The Weekender 
W6XM p 56 Sept 89 

CAT control system for the Yaesu 
FT-757CX 

SM6CPI p 26, Nov 87 
Compact 20-meter CW receiver, A 

K l  BOT pl 8, Jun 87 
Short circuit. p 6, Jul 87 
Short circull. p 81, Sep 87 

Converter Tunes 4 to 16 MHz with 
No Bandswltch 
W5FG p 26 May 89 

Designing a state-of-the-art receiver 
KAPWEUIDJPLR p l l g .  NOv 87 

Dis~tal HF radio: a samDl~na of tech- . - 
niques 
KAZWEUIDJPLR p 19, Apr 85 
Short circuit D 121. Mav 85 

Frequency calibrat~on using 60 kHz ' 
WWVB 
W4ZPS p 45. Mar 68 

HF superhet. 20-meter 
N3ECZ p 65, Nov 86 

High dynamic range mlxing with the Si 
6901 
KB6QJ p 11, Mar86 

Pepperdyne receiver 
W601F p 33. Nov 86 

Receiver, Pocket-portable SSB 
WB6BIH p 55, Nov 66 

Simple direct conversion receiver 
WA3ENK p 9, Dec 88 

Simple receivers from complex ICs 
W6VEH p 10, Nov 88 

Solid-state 75A-4 receiver 
KF7M p 67. Nov 88 

Thumbwheel frequency selector for the 
Yaesu FT-757-GX 
KA9SNF p 33, Nov 87 

Tomorrow's receivers: what will the next 
20 years bring 
W7SX p 8. Nov 67 

80-meter receiver, slmple 
WB2EAV p 25, Nov 86 

Variable Galn 160-meter Preamp 
KD9SV p 46 Oct 89 

vhf 
Extendma receive coveraoe for the IC-02 

and icy04 
WB6GTM p 77. Jul 86 

Modular transmit and recelve converters 
for 902 MHz 
N6JH p 17, Mar 87 

2-Meter Converter with Q Multiplter 
WASHUV p 33 Nov 89 

VHFIUHF World: low noise receiver up- 
date-part 1 
WlJR p 77, Nov 87 

VHFIUHF World: low noise receiver 
update-part 2 
WlJR p 72, Dec 87 

RTTY 
An RTTY Converter 

WlUO p 76 Jun 89 
Run RTTY on your Tlmex 

NU4V p 110, Apr 65 
Run RTTY on your VIC-20 

W5TRS p 120, Apr 85 
Tuning indicator for RTTY and packet 

radio 
WOHZR p 65, Sept 88 

SATELLITES 
Demodulator, telemetry, PSK, for 
OSCAR 10 

G3RUH p 50, Apr 85 
Elevation indicator, inexpensive 

W5JTL p 67, Jun 85 
lntroducina satellite communications 

G3ZCZ - plO, Apr 66 
Packet radio PSK modem for JAS-11FO-12 

G3RUH p 8, Feb 87 
Satellite tracker, digitally-controlled 

KA8OBL p 102, Sep 85 
The Guerri report communication 

satellites 
W6MGI p 109, Oct 86 

The Guerri reoort: communication 
satellites 
W6MGI p 108, Jun 86 
Comments: update on ACSSB 
level-one 
adapter, project OSCAR (Oct 86) 
WBGJNN p 9. Nov 86 

CONDUCTORS 
Collector Matching Nelworks 

KZSJ p 34 Jan 89 
Elmer's Notebook:FETs-The Other Tran- 

slstors 
WlSL p 104 Feb 89 

Elmer's Notebook. Visual Aids-Light 
Emitting Diodes 
WlSL p 56 Jul 89 

Elmer's Notebook:Visual Aids-Liquid 
Crystal Displays 
WlSL p 81 Aug 89 

High dynamic range mixing with the Si 
6901 
KB6QJ p 11, Mar 88 

Practically speaking: solid state rectifiers 
K41PV p51, Aug86 

Practically speaking: substituting 
transistors-part 1 
K41PV p 92, Sep 86 

Practically speaking: substituting 
transistors-part 2 
K41PV p 66. Oct 86 

Practically speaking: non-ideal linear IC 
amplifiers typical problen~s and how to 
solve them 
K41PV p 72, Jul 86 

Simple Infrared Detector. A (HN) 
KIWH p 27 Jun 89 

Solid-state Switching The Midland 
13-509, 
The Weekender: 
VEPHOT p 17 Jun69 

The Guerri report: super speed semlcon- 
duclors 
W6MGI p 109. Oct 86 

Transistor lead Identification 
With a DVM 
KOGSS p 62 Oct 69 

Understanding and Using 723 
Voltage Regulators 
K30F p 42 Mar 89 

Versatile TransistorlDiode 1-ester 
W5JE and W2YM p 30 Aug 89 

VHFIUHF world: the ubiquitous diode 
W l  JR p51. Feb87 

VHFIUHF WORLD: The ubiquitous diode 
part 2 
WlJR p 55, Mar 87 

SINGLE 
SIDEBAND 
ACSSB: a level-one adaptel 

WBGJNN pl0,  Oct 66 
Adjusting SSB amplifiers 

AG6K p 33. Sep 85 
Elmer's notebook: power measurements 

WlSL 11 100, Jan 88 
Elmer's notebook: SSB basics- 

generating the signal 
WlSL p 117, Nov 88 

Elmer's notebook: SSB basics-receiving 
the slgnal 
WlSL CI 117, Dec 66 

Linear amplifier. HF solid-state kilowatt, 
mobile 
WA7SPR p 67, Feb 85 

Weaver modulat~on. 2-meter transmitter 
N l COX p 12. Jul 85 

SOFTWARE 
Artificial Intelligence Application in 

Amateur Radio 
NUIN p 30 Oct 89 

BASIC program analyzes simple ladder 
networks 
W3NQN p 32. Aug 67 
Short circuit p 97, Oct 67 

Design a no-tune amplifier with your per- 
sonal computer 
W7DHD p6, Sep 87 

Design program for the grounded-grid 
3-5002 
W7DHD p 8, Jun 68 

EME link calculator prograrn 
KE6ZE p 70. Feb 66 
Comments. KC8OH p 9, Apr 66 

Get on SSTV-with the C-64 
l2CAB and IPAED, edited by K9EI 

p 43. Oct 86 
Great clrcle computations using LOTUS 

1-2-3 
ADIB p 31, Sept 88 

L-band ground wave propagation 
program 
WA9GRF and Joseph R Hennel 

p 103. Jan 86 
Morse code teaching tools for the C-64 

and 128 
KBBCS p 35, Jan 88 

Pathfinder: improved MlNlMUF program 
K3FR p 26. May 88 

Pathfinder-pert 2 
K3FR p 47, Ocl 88 

PV-4 on Your Commodore, The 
WA3EKL p 64 Oct 89 

Uslng macros with packet 
AD16 p 62. Oct 88 

Uslng spreadsheet programs for amateur 
radio projects 
AD1 B p 95, Dec 66 

TELEVISION 
A tour through an NTSC TV station-part 

1 (historical aspects) 
KL7AJ p 57, Dec 67 

Clean A N  the Modern Way 
WA1 IAO p 32 Jan 89 

Get on S S N  with the C-64 
K9EI p 43, Oct 86 
Short Circu~t p 97, Oct 87 

Helium Balloon ATV Launched 
Over Indiana 
WB8ELK p 72 Jun 69 

Remarks on television series (comment) 
KB9FO p 6, May 88 

Technology of commercial television-part 2: 
hardware 
KL7AJ p 54, Jan 88 

TRANSMITTERS 
AND POWER 
SUPPLIES 

general 
Adjusting SSB amplifiers 

AG6K p 33, Sep 85 
Aural vco provides relative metering 

KIWH p 97. Jan 67 
Collector Matching Networks 

KZW p 34 Jan 89 
Des~gn a no-tune amplifier with your per- 

sonal computer 
W7DHD p8, Sep 87 

Grounded-grid amplifier parasitics 
AG6K p 31. Apr 86 
Comment, NJOG p 9, Jul 86 
Comment. W2YW p 6, Jul 66 

Ham radio techniques: super cathode 
driven amplifier 
W6SAI p 73, Nov 66 

Ham radio techniques: "white noise" 
technology bites back 
W6SAI p 55, Jan 67 

Ham radio techniques: "white noise" 
revisited 
W6SAI p 79, Oct 87 

Homebrew Neutralizing Capacitor 
N4LC p 38 May 69 

Linear Tuning with a War 
Surplus Capacitor 
NZDCH p 40 Jun 89 

MC1496, improved carrier suppression 

(HN) 
KIZJH p 78, Apr 85 
Short circuit p 74, Jul 85 

MMlC multiplier chains for the 902 MHz 
band 
NGJH p 72. Feb 67 
Short circuit p 64. May 67 

Practically speaking: noise, signals and 
amplifiers 
K41PV p 77, Feb 88 

Practically Speaking: Parts for Antenna 
Tuners and Linears ... Plus a Correction 
K41PV p 83 Jan 89 

QSK Modlficatlon for the Trio-Kenwood 
TL-922 Amplifier 
AG6K p 35 Mar 69 

RF switching, high power with pin 
diodes 
KNBZ p 82. Jan 65 

Three-tube 4CX250B linear amplifier 
YUIAW p 63, Apr 87 

True frequency digital readout for the 
HW-I01 
NU4F p 8. Jan 87 
Short circuit p 41, Aug 87 

Two-Loop 10-Hz Step 40-70 MHz Syn- 
thesizer 
PYl LL and C Mathias p 24 Jan 89 

h f 
Amplifier, 3CX1200A7 10 to 80 meter 

K8RA p 75, Aug 85 
An NE602-based QRP Transceiver 

for 20-meter CW 
KlBQT p 9 Jan 89 

Better frequency stability for the Drake 
TR7 
HB9ABO p 21, Aug 67 

Card File Stallon for 40 Meters, 
The Weekender: 
W6XM p 56 Sept 89 

CAT control system for the Yaesu 
FT-757GX 
SMGCPI p 26, Nov 87 

Compact 75-meter monoband tran- 
sceiver 
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INTRODUCING OUR NEW 
COMPUTER-CONTROLLED 

REP-200 REPEATER 
1 If you niwayr; '7oilgf.t n co?nni!;er-con!rolled 

repeater had to be expensive, LOCK AGAIN! You 
I could easily spend this much just for a controller. 

As always, Hamtronics strives to Ive superb performance at I modest cost! In thls case, a premf!um repeater with versatile 
I ,  computer control, auto atch, and many dtmf control features at -- - 

less than many charge t r  a bare-bones repeater! A(3CF_Ss3R!eS 
We don't skimp on rf modules, either! Check the features on R144 Receiver, tor instance. GaAs FET frontend, helical 

resonators, shar crystal filters, hysteresls squelch. 
We compietef!y re-thought the whole idea of what a repeater 

should be, to give the best features at the lowest cost. 

MINIATURE 

PREAMP 

I 
I 

! 

. . - . . . - - -- - 

ONLY $7!Tr1t ,  $99 wlrcd tcstccf 

4-d~gil control code for each funct~on, plus extra 4-digit owner password. . Owner can inhibit autopatch or repeater, enable ellher open. or closed.access 
for repeater or autopatch, and enable toll calls, reverse patch, kerchunk filter, 
s~te alarm, aux rcvr, and other options, includlrry two auxiliary external circuns. . The message, command codes, and owner-speclfied default 
tors for cor and cwid trmers and tones are burned rnto the eprom at the factory. 7 r'-:' rOUCH-TONE DEC9DER'COrl- --. . Cw speed and tone, courtesy beep and tail timers, and courtesy beep type can T I  'PLLr I 4  i I Full 16 digits, with toll-call 
all be changed at any tlme by owner-password-protected dtmf commands. 1: rekirictor, programmable. Can turn 5 I HELICAL RESONATOR . Many built-in diagnostic 8 testing functions uslng mlcroprocessor. 1 functions onloff. Great for selective call- , 
Color coded led's indicate status of all major functions. Ing, tool ............................................. $79 ' PREAMPS 

Preamps with 3 or 4 section helical . Welded partitions for exclter. pa, recelver, and controller. PEM nuts for covers. ' resonators reduce lntermod & cross- . 3.112 ~ncti alumlnum rack panel, finished In eggshell white and black. 

7 1 band interference in cr~t~cal appl~catiom. 
Auxiliary receiver input for mdependent control or cross linking repeatem. : , MODEL HRA.(.), 19 $94 ,,hf, 

Them a n  many other Ieatorer, loo numemvr lo memion. Regved calrlog for fun detalh 'Sp?ctly rur,,i~g rarrge 147 150. 150162. 
161 114. 213 7.73. 420 450,450 470  

L -------- 
HIGH PERFORMANCE XMTRS & 
PCVRS FOR REPEATERS, AF 2s 

D161KAL LINKS, 'ELEMETRY, ETC. ' AP-  AUTO PATCH c:! ~ s e w i t h  above , 
; for repeater autopatch. Reverse patch ' 
, 8 phone line remote control are std . $79 1 - -_  FM EXCITERS: kits 

$99, wM $169. 2W contin- AP-2 SIr.IPLEX AUTOPATCH 11n : 
uous duty. TCXO 8 Hal I nn:rl , * Use with above for simplex I 
oven options availabler operation using a transceiver ........... $39 
FCC fype accepted for 

RECEIVING 
corn'/ uhf & h i  bands. 1 CONVERTERS . TA5l for 10M. 6M. 2M. Low noise converters to receive vhf and , 

150-1 74, 220MHz. uhf bands on a 10M receiver. Choice 
• TA451 for uhf. , of I tR with case 8 BNC lacks, kit with pcb . TA901 for 902-928MHz, I only, or wll unit In a case. Other models 

0 SW out (wit ony. $169). available for other rnlout ranges 8 atv. 
VHF & UHF AMPLIFIERS. Request catalog for complete listings. 

I For fm, ssb atv. Output VHF input ranges avail: 136-138. 
from IOM~ tb IOOW. Several 8 144-146. 145-147. 146-148. 2 2 0 - a .  

FMAECEIVERS:kits$139,wM$189. - R144IR220 FM RECEIVERS for 2M. 
150-174 or 22OMHz. GaAs FETfront 
end. 0.1 5uV sensitivity! Both crystal & 
ceramic ~f filters plus helical 
resonator front end for exceptional 
selectivtty: >IMMB at t l2kHz (best 
ava~lable anywhere!) Flutter-proof 9609 BAUD DIGITAL RF LINKS. Low- 
hysteresis squelch: afc tracks dr~ft. cost packet networkmg system. TR AN SM ITI N G 

. ~ 4 5 1  UHF FM RCVR, similar to I consM~ng of new MO-96 Modem and 
above ' specia/venlons of our or 450 mtiz CO WVE QTER S 
R901 902-928MHz FM RCVR. I FM Transrn~ners and Receivers. Inter- 1 XV2 for vhf end XV4 for uhf. Models to 
Tr~ple-conversion, GaAs FET front end. face directly with most TNC's. Fast, convert 10M ssb, cw, fm, etc. to 6M. 2M. . R76 ECONOMY FM RCVR for 10M. 6M. 2M. 220MHz, w/o helical res. or 
afc. Klts $129 . Weather satelllle & AM alrcrafl r c m  also available. 1 

d~ode-switched PA's output 15 or 50W. , 220. 432. 435. and for atv. 1W output 
Call lor more ~nfo on the right system lor I Kit only $79. PA's up to 45W ava~lable. 
your app,ication! , Request catalog for complete list~ngs. 

0- -. - 



ANTENNA SOFTWARE 
New Releases 

MN 2.00 analyzes lree space antennas 2 3 tlmes laster 
than belore, w~th twlceas many analyslsseqments avail- 
able New plontng features enhance pattern shape and 
deta~l Bener plot pnntouls Analyze almost any antenna 
made of mre or tublng. tn lree space or over reahstlcalk 
modeled earth Compute lorward galn. FIB, beamwtdth. 
s~dPlobes.current tmpedance. SWR take onangle and 
panerns Computeth~ lnteracl~on amonq several nearby 
antennas MN lncludes lhbranes ol antenna and plot files. 
a f ~ l e  ed~tor, and exlenswe documentallon $75 

YO 2.00 features a powedul newga~n-FIB-SWR tradeoff 
mecharilsm. optlmlzat~on across a lrequency band con- 
trol 01 all s~delobes, and lull EGA color Better des~gns. 
nlcer plots YO optlrnlzes Yag~ des~gns by automat~cally 
adlusllng element kngths & spaangs for mnxlmum for 
wardgaln, maxlrnum F B, and mfnlmum SWR YO sex. 
tremely lasl, and can compute several tnal des~qns per 
second YO Includes models lorgamma. T, halrpln, and 
beta matches, element lapenng, mounting plates, and 
frequency xa l~nq  A Yaq~ I~brary, f~ le  ed~tor, and exten 
slve documenlal~on are included $90 

Upgrade from prewous verslons lor $50 & $60 Add 6% 
lor Calltornra & lore~gn orders For IBM-PC 

Send check or ~nternalronal money order to 
Bnan Beezley. K6STI. 507-1/2 Taylor. Vfsta. CA 92084 

I Amplifier Repair 
Alpha - Amcritron - AMP - Henry 
Dcntron - Hcathkit - TenTec - Etc. 

I k 35 Years Experience as the - 
I Service Manager with a - 

[ maior manufacturer 1 
Authorized 

T e n  Dealer .4,, Bv 1 
ELECTRONICS 

4209 Live Oak Road 
Raleigh, NC 2 7 t i  

91 9-832-1 025 

-HI-PERFORMANCE DIPOLES- 
-. - L- 2 ! -!- , me % 

. ' J ' " 

~nmnnar Inn# -r' Cvahlm n r u m w d  I,, mu, cent., 9r.q m  or^ nrlu hv ot 
ccn,.< an,, a,"" ,..* hanp I. ~"""nn, " "",l,I,",.l ""ll ,,,p*c ,",pn(l Ol"?,Y 

'or.-<, 4.11 crm1m~v nn,a*.*. nrrc lwrr - .  lsqrd rnrnr mvrn nlltn d l r w w r  lwrqn 
P#..,,w"~ ?85..,. kt<, ,? , c> 1, , s t ,  

MPD.5. 10.40 m151OM ~.9..(0"".~.d)WUsI'long S I W o d  
MPD 1 rn 4 W  ma. prlan.nc.dlpo*. OV l m g  I61 n'M6ppd 
"PO 3. I 4 0  W 4OU hl prtorm.nc.dlpob 1 I 1  1- 
ssoa. ~soso~orn 15 ~ou~p.c...~.,d~po~. m g  

S ~ V P ~  
s n 5 d  

sso 5. 0040 m I 5  ,OM spar. s.rnd,pol. SPWIV L 41'1105 I+ slospcxi 
SSD 4. 10 40 m ISM .par. ....# dapnl. .prilv L 16' S ~ Y  M' s WOM 
' 9  b.nd. r l lh  r r d r  matchi7  r . n p  lunu - ~ 

SASE 101 E.I.IoQu. 01 30 d1poI.s .lopl.. and srm..Nq.  an1.nn.S 

wetnn anTrnnrs 
31=-3v4-3414 101 393 MI. C.05C~C1, IL.OO¶b 

fl 142 

f o r ~ ~ a r t r n e ~ ,  Motel, A l t u  A Port.l ld~ I 5 ,  

Small . 5 mple Fas t  . Vcrsa4 Ir . I *e4 . . 
C Q ~  Idcwlh l~~Oecaalowhrlekcjl~w8 3 1 1 '  d-rp l lPm mkq h30L.s I w ad Yltlm cw In! 8W81141(tn ~ n y b h e l e  

Stsinwl lnamc basrnd Wmm hathy S~NICXP 
honzontdi vwlmi cr t m t  In, '11) 

~ h a m r r e ~ ~ d ~ n m h r t a r t  
Wo* all bands 4C-10 wl  s 1 9 9 s  80-meter r6 q5 

a 15 Indoor antenna ' -11  Add-on 

Antennl~s Itrest ~i , drr~? rr. rrNHT.bJ7'25  
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MOVING? 
Let circulation know 
60 days in advance. 

Ham Radio 
Greenvdle. NH 03048-0498 
603-878-1441 

WRITE FOR 

FREE 
BOOK 

CATALOG 

Ham Radio's Bookstore 
Greenville, NH 03048 

Foreign Subscription Agents 
for Ham Radio Magaz~ne 

Ham Rad~o France 
SM tleclron~c 
20 bls Ave des Clar~ons 
F 89000 Auxerre 
France 

Ham Rad~o Canada 
C A R  F 
P 0 Box 356 
K~nqston. ON 
Canada K7L 4W2 
Prlces In Canadlan lunds 
1 yr $38 00. 2 yrs $67 00 
3 yrs $90 00 

Ham Rad~o Japan 
Katsum~ Electron~c Co . L I ~  
77 5 Ikqamj 
4 Chome Ota-Ku 
Tokyo Telephone 146. (03) Japan 7532405 

Ham Rad~o England 
c/o R S G B 

Lambda House 
Cranborne Road 
Potters Bar 
Herts EN6 3JW 
F nqland 



1- AL~W- C$ Kantronics MFJ cCmapt/ MIRACE/KLM TE SYSTEMS 

HF Equipment LIat Jun'r 
IC.781 Super Deluxe HF Rip 55895.00 ca l l s  
lc.765 ~ e w ,  Loaded with Features 3,149.00 Call S 
lC.735 Gen. Cvg Xcvr 1099 00 Call S 
IC.751A Gen. ~ v g .  Xcvr 1699 00 Call s 
lC.725 New Ultra-Compact X C V ~  9.49 00 Call S 
IC.575A 10mffim Xcvr 1399 00 Call S 
lC.726 HFl50 MHz All Mode 1299 00 Call S 
Rua lven  
IC-R9000 100 kHzlo 1999.8 MHz 
1C.R7000 25.1300 +MHz Rcvr : ; 

999 00 Call IC.R7lA 100 kHz-30MHzRcvr 
VHF 
IC.228AIH New 25145~ Mobiles 509.1539. Call S 
IC.275AIH Y)llM)w All Mode Base 1299.11399. Call S 
IC-26AIH 25145~. FM Mobiles 469.1499. Call S 
IC.2GAT. New 7w HT 429.95 Call S 
IC-2SAT Micro Sired HT 439 00 Call S 
IG901 New Remote Mount Moblle 1199.00 Calls 
UHF 
IC-475A'H 2W5w All Modes 1399.11599. Call S 
lCd6A FM Mobile25w 509 00 Call S 
IC-4SAT Micro Sized HT 449 00 Call S 
ICdGAT. New 6w HT 449.95 Call S 
IC44AT FM HT 1  IC-32AT Dual Band Handheld 

739 rX) Call IC-3210 Dual Band Moblle 
IC.2500A FM. 44011.2 GHz Mobile 999 00 Calls 

699 00 Calls IC.2400 1441440 FM 

220 MHz 449,99 Call IC.3SAT MicroSized HT 
IC.375A A1l.Mod.a. 25w. Base Sta. 1399.00 Call S 
IC.36A 25w FM Xcvr 489 00 Call S 
1.2GHz 
IC-12GAT Super HT 529.95 Call S 

BARGAIN BOX KENWOOD 
ted Quantities) 

TM-3530A, 220 MHz, FM 
i'/ I \\\ I List $499. Sale $349.95 

CUSTOMER CARD 

IC-28H, 2M Mobile 

H F E q u m 8  Ll" Jun" 

lf+%SD New mg1t.l P ~ O C W ~  HF $4399.85 Call t 
TS.94OSIAT Gen. Cvg Xcvr $2499.95 Calls 
TS-UOSIATGen. CVQ Xcvr 1449.95 Calls 
TS.14OS Compact. Gsn. Cvg XCV~ 949.95 Calls 
TSdBOS HF Plus 8m Xcvr 1149 95 Call $ 
TL.922A HF Amp 1749 95 Calls 

FA% kHz40 MHz 
R.2000 150 kHz.30 MHz l :  
RZ-1 Compact Scannlng Recv. 599.95 calls 
VHF 
TS.7llA All Mode Baw25w 1058.85 Call s 
TR.751A All Mode Moblle 25w 669.95 Call S 
TM-231A Mobile 50w FM 459.95 Calls 
TH-215A. 2m HT Has It All 399.95 Call S 
TH-25AT 5w Pocket HT NEW 369.95 Call S 
TM-731A 2m170cm. FM. Moblle 749.95 Call S 
TM821 2m1220, FM. Mobile 729 95 Call S 
TM-7OlA 25w. 2m1440 Mobile 599.95 Calls 
TH.75A 2ml7Ocm HT TBA Call S 

E:l 1. All Mode B w  25. 1,285,85 Call 
TRgSlA 25w SSBIFM 771,95 Call 
TMd3lA Compact FM 35w Moblle 469.95 Call S 
TH.45AT5w Pockel HT NEW 
TH.55 AT 1.2 GHz HT 2 :  1 ;  
TM.531ACompact 1.2GHz Moblle 569 95 Call S 

220 MHZ 
TM.3530A FM 220 MHz25w 519.85 Calf S 
TM.321A Compact 25w Moblla 469.95 Call S 
TH-315A Full Fealured 2 5w HT 419.95 Call S 

"ONLINE" U.S. CALL DIRECTORY 

Hamcall service gives you  all hams vla 
your computer 8 modem. Updated each 
month1 On ly  $29.95 per year. U n l ~ m ~ t e d  
use  - you pay for phone call. 

BUCKMASTER PUBLISHING 
R o u t e  3. B o x  56 

Mineral. Virg in ia 231 17 
7031894-5777 v isa lmc 8001282-5628 

. . . - . - - - 
HF Equlpnnnt L l r t  Jun'a 
FT-747 GX New Economlcal 
performer S889.00 Call S 
FT.757 GX II Gen. Cvg Xcvr 128000 Calls 
FT.7674 Band New 2299.00 Call s 
FL.7000 15m.lB(hn Sotld State Amp 2279 00 Call S 
R-1- 
FAG-8800 150kHz .30 MHz 7M.00 Call S 
FRG-960060.905 MHz 80800 Call S 

%ll New 2m "Loaded" HT 408.00 Call S 
FT-212RH New2m. 45w Moblle 499 00 Call S 
FT.290R All Mode Portable 610.00 Call S 
FT-23 R T l  Mlnl HT 351 00 Call S 
FT.33RITT 220 MHz HT 373 00 Calls 
FT.73RITT 70cm HT 355.00 Call S 
UHF 
FT.712RH, 70cm. 35w Mobile 538.00 Call S 
FT.811 70cm built.ln DTMF HT 410.00 Call S 
FT.7BO Rlll70cm125w Moblle 661.00 Call S 
VHFIUHF Full Duplex 
FT.738R. New All Mode. 2ml70cm 2025.00 Call S 
FEX.736.506m. low Module 294.00 Calls 
FEX.736.220 220 MHz. 25w Module 322.00 Call S 
FEX.736.1 2 1.2GHz. low Module 56900 Call S 
FTB90R MKII. 6m. All Mode, p o ~ .  752.00 Call S 

FT.47M)RH. 2mlUO Moblle 996 00 Calls 
FT-470 Compact 2m170cm Mobile 576.00 Call S z",Tt::: 6m110w Mobile 49700 Call S 

FTR 2410 21-17 Repealen 1154.00 Calls 
FTR.5410 70cm Repeaters 1154.00 Call S 
Rotatom 
G.400RC Ilghtlmed. duty 11 sq. it. 242.00 Call S 
G-BWSDX med.lhvy. duty 20 sq. ft. 300.00 Call S 
G-BWS samelGBOOSDX wlo presets 322.00 Call S 

Sale $399.95 SPECIAL 
IC-228H, 2M Mobile OVERSTOCK -I List $539. SALE PRICE 

Sale $41 9.95 CALL! 7 IC-2AT $249.95 TS-440s CALL 
IC-2400,2Ml440 FM TS-140s FOR 
1C-2500A, 44011.2 GHz 
C A I  I F n R  C A I  E D R I P S  

TM-231A SALE PRICE 

FT-4700RH, 2M1440 
List $996.00 

CALL FOR SALE PRICE 

SEW! 
The clrstlc "Antcnnr n lb l t "  

now In a lhnrnuphly.revlsrd, much-cnlrrgcd 
cdlt lnn 

ANTENNAS 
2nd editlon 

by John Kraus, WRJK 
Ohln  State I'nlvcrslty 

Coven both theory and I$ apphcatlons lo p a c t ~ c a l  

systems. W ~ t h  design formulas, tables and refer- 

ences. Over 1000 111usVahOns. 

'Modern, complete, a classic'. Mcmave Journal. 
91 7 pages, hardcover. $51.95 

Add $2.50 per book for sh~pping and handling U.S., 
$5.00 elsewhere. 

CYGSUS-QUASAR BOOKS 
P.O. Ilnx ]IS, P w d l ,  Ohlo 43063 

Tcl. 614--24671195 

ITOWERS TELESCOPING Cnhw up 
GUYED SlhCK Up 

by ALUMA TILT-OVERS 

Easy lo ~nslnll Low Procn Crank.ups lo 100 led 

Over 3 6  lypts alumlmm kwan n(@-IpaCult 48 rn 
deslgmd ~ n d  mmulwturtd-mlle lor Ir(8lls 

1 140 
EXCtllENT FDA 

c,... V)  

40 
Cnnk UI AMATEUA COMMUNICATIONS IT 

SPECIAL 
UI Seclton 50 fI 

ALUMA TOWER CO. 
BOX 2806HA 

YERO BEACH F1 37961.2108 
14011 561 3473 H1 407.567 3432 
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(continued from page 92) 

K1 BQT p 13, Nov 85 
Convert a $25 CB HT for 6 meters 

K IWH p 79, Aug 87 
Design an amplifier around the 

3CX1200A7 
W7DHD p 33, Dec 87 

Five-band Junkbox Transmitter 
W3RMD p 42 Dec 89 

Ham n0tebook:curing FT-IO12D key 
clicks 
N5RM p 74, Feb 88 

Ham radio techniques: 160-meter 
equipment 
W6SAI p 77. Mar 87 

High dynamic range mixing with the Si 
8901 
KB70J p 11, Mar88 

Llnear amplifier, HF, solid-state kilowatt, 
mobile 
WA7SPR p 67. Feb 85 

Thumbwheel frequency selector for the 
Yaesu FT-757GC 
KA9SNF p 33, Nov 87 

TS-440 Interlace for keying linears with 
high voltage biasing (HN) 
W 6 W U  p 98. Nov 88 

Vacuum tube amplifier, design a toroidal 
tank circuit for 
W6YUY p 29. Aug 85 
Short circuit p 66, Jan 86 

TROUBLE- 
SHOOTING 
GLA-1000 amplifier, stop blowing finals 

G4CFY. G3ROG p 59, Aug 85 
Grounded-grid amplifier parasltics 

AG6K p 31. Apr86 
Comment, NJ0G p 9, Jul 86 
Comment, W2YW p 6. Jul 86 

Praclically speaking: coax veloclty factor 
K41PV p 78. Nov 86 

Practically speaking: using the mul- 
timeter 
K41PV p 43, Jul 86 

Practically speaking: using the right mul- 
tlmeter 
K41PV p 95. Jun 86 

Practically speaking 
K4IPV p 35, Feb 86 

Practically speaking 
K4IPV p 59. Jan 86 

TVI problem, solving a difficult (HN) 
W2YW p 152. Sep 85 

VHF AND UHF 
general 
ATV power amplifier, fast-scan 

WBdZJP p 67. Mar 85 
Bandpass filter design, interdigital, 

computer-aided 
NWH. Monemzadeh p 12, Jan 65 
Short circuit p 117, Jun 85 

Bicycle mobile 
NH6N p 38. Sept 88 

Convening mobile microphones for 
hand-held VHF transceiver 
KDBKZ and WBXJCC p 79. Mar 86 

Designing a microwave ampl~fier 
Domansk~, S p 30. Sep 87 

Dual wattmeter, 50-500 Hz 
WB4EHS p 67. Jul85 

Duplexer, six cavlty, home-brewed 
K9EYY p 12. Feb 85 

EME llnk calculator program 
KE6ZE p 70, Feb 86 

Elevation indicator, inexpensive 
W5JTL p 87. Jun 85 

Elmer's notebook: 220 MHz 
WtSL p91. Aug 87 

Elmer's notebook: 1200 MHz band 
WlSL p 11 3. Dec 87 

50-MHz RF Br~dge 
GBCJM p 53 Jul89 

Gel on 6 meters the inexpensive way 
KBIKJ p 91, Mar 85 

Homebrew Oiplexer (HN) 
G8MWR p 30 Sept 89 

L-band ground wave propagation 
program 
WA9GFR and Joseph R Hennel 

p 103, Jan 86 
Local oscillators, high stability for micro- 

wave receivers and other applications 
WBUZO p 29, Nov 85 

Low Cost Bettery Pack for Your Ken- 
wood TH-25AT Handheld 
KE6WF D 40 Nov 89 

Micros and VHF beacons transmit mes- 
sages automatically 
K9EI p 51, Jul 85 

MMlC multiplier chains for the 902 MHz 
band 
NWH p 72. Feb 87 

Modular transmit and receive converters 
for 902 MHz 
NWH p 17. Mar 87 

Monolithic RF ampliflers 
NWH p 22, Mar 86 

Moon coordinates, determlnlng basic 
W2WD p 38. Jan 85 

Novice enhancement and the 220 MHz 
band, Reflections: 
WSJUV p 4, Apr 87 

Practically speaking: parametric am- 
plifiers 
K41PV p 65, Mar 86 

Remote basels~mplex phone patch con- 
troller 
AA4NX & KK4LA p 54. Aug 88 

RF transmiss~on cable, microwave appli- 
cations 
K3HW p 106, May 85 

Silverplating, safe, sensible 
K9EYY p 29, Feb 85 

Slmple VHFIUHF multiple quarter-wave 
fllters 
WA3EWT p 37. Sep 87 

Solid-state Switching The Midland 
13-509. 
The Weekender 
VEHOT p 17 Jun 89 

Sporadic E and 50-MHz transatlantic 
propagation during 1987 
G3NAQ p 10, Jul 88 

The Guerr~ report: mm waves, part 1 
W6MGI p 109. Feb 86 

The Guerr~ report: mm waves, part 2 
W6MGI p 117. Mar 86 

The Guerri report: fiber optics 
W6MGI P 141. May 86 

Trade off power for antenna gain at VHF 
WASGFR. Hennel p 32. Jul 85 
Comment. WA9GFR p 9, Apr 86 

23 GHz prescaler 
NGJH p 21, Jan 87 

VHF ampliflers, carrier-operated relay 
WBUCC. KD8KZ p 45. Apr 85 

VHF noise bridge 
OEPAPMlAA3K p 10. Jul 86 

VHF signal generation, harmonic mixer 
KlZJH p 40. Mar 85 
Short circuit p 121, May 85 

VHFIUHF world: microwave bands 
WIJR p 44. Jan 86 

VHFIUHF world: high power arnpl~fiers: 
part 1 
WtJR p 97. Jan 85 

VHFIUHF world: high Dower amolifiers: - .  
part 2 
WlJR p 38. Feb 85 

VHFIUHF world: keeplng VHFlUHFers 
up-to-date 
WlJR p 126, Mar 85 

VHFIUHF world: protecting equipment 
WlJR p 83. Jun 85 

VHFIUHF world: propagation update 
WlJR p 86. Jul 85 

VHFIUHF world, designing and buildlng 
loop Yagis 
WlJR p 56, Sep 65 

VHFIUHF world transmlsslon llnes 
WlJR p 83, Oct 85 
Comment, W9ICZ p 9. Apr 86 

VHFIUHF world 
WlJR p 54. Nov 85 

VHFIUHF world 
WlJR p 85, Dec 85 

VHFlUHF world: pw and mm-wave 
propagation, part 2 
WlJR p 89, Aug 86 

VHFIUHF world: meleor scatler commu- 
nlcatlons 
WtJR p 68. Jun 86 
Short clrcult p 87, Jul 66 

VHFIUHF world: microwave bands 
WlJR p 44, Jan 88 

VHFIUHF world: 33 cm-our newest band 
WtJR p 83. Apr 86 
Short clrcuit (p 87. July 86) 

p 9, Aug 86 
VHFIUHF world: rf connectors, part 1 

WlJR p 77. Sep 86 
VHFIUHF world: rf connectors, part 2 

WlJR p 59. Oct 86 
VHFIUHF world. microwave and 

m~llimeter-wave update 
WlJR p 63, Jan 87 

VHFIUHF world: 33 cm updale 
WlJR p 74. Apr 87 
Short circuit p 81, Sep 87 

VHFIUHF world: microwave portable 
operation 

WlJR p 75. Jun 87 
Short circuit P 81, Sep 87 

VHFIUHF world: minimum requirements 
for 2-meter EMEpt 2 
WlJR p 65, Sep 87 

VHFIUHF world: Operating a VHFIUHF 
microwave Station 
WlJR p 38. Jul 87 
Short circuit p 81, Sep 87 
Shod circuit p 97. &I87 

VHFIUHF world: minimum requirements 
for 2-meter EME-pt 1 
WlJR p39, Aug 87 
Comments, W7WRO p 9, Dec 87 

VHFIUHF World: impedance matc:hlng 
techniques 
WlJR p 27. Oct 87 

VHFIUHF world: loose ends 
WlJR p 82, Feb 88 

VHFNHF world: power splitters and 
summers 
WtJR p 80. May 88 

VHFlUHF world,: IMD and splatter 
WlJR p 71, Oct 88 

VHFIUHF World: DX Aecords on 50 
MHz and Above 
WlJR p 48 Jan 89 

VHFIUHF World: DX Records on 50 
MHz and Above-pt 2 
WIJR p 42 Feb 89 

23 GHz prescaler 
N6JH p 21, Jan 87 

antennas 
Antenna insulators. PTFE VHF 

W5JTL p 98. Oct 85 
Cheap and dirty &-meter beam 

W5UOJ p 513, Jul 88 
Convert an lnexpenslve CB mag-mount 

antenna into a superb 2-met6 wh~p 
K7DBA D 52, Oct 86 

Colagi antenna. The 
VE3BFM p 61, May 86 

Computer-aided design of long VHF 
Yagi antennas 
VK4ZF p 28, May 86 

Cylindrical feedhorns revisited 
WA9HU p 20, Feb 88 

Direction-find~ng tool, the fox box 
KIZJH p 25, Oct 85 

Ham notebook: ?-meter halo antenna 
NR5A p 63. May 87 

High-performance Yagis for 432 MHz 
KlFO p 8, Jul 87 
Comments: KLM balun 
Scott. W P 6. Sep 87 
Short clrcuit p 97. Oct 87 

Long 2-meter coll~nears a simple way to 
achieve gain (HN) 
WB3AYW p 95, May 86 

Open-wire line for 2-meters 
N4UH p 94. Jan 87 
Short circuit p 54, Jan 86 

VHFIUHF world: stacking antennas, part I 
WlJR p 129, Apr 85 

VHFIUHF world: stacking antennas, part 2 
WlJR p 95, May 65 

VHFIUHF world 
WlJR p 85, Dec 85 

VHF Yagi CAD on the C-64 
W4PFZ p 70. Sep 86 

VHFIUHF world: Yagl facts and fallac~es 
WlJR p 103. May 86 

VHFIUHF world: reflector antennas, part 1 
WlJR p 51. Feb 86 
Short circuit p 45, Apr 86 

VHFIUHF world: reflector antennas, part 2 
WlJR p 68. Mar 86 

Yagi, a highqain 7 W m  
WIJR p 75. Dec 86 
Short circuit P 68, Feb 87 

VHFIUHF world: Optimized 2- and 
6-meter Yag~ 
WlJR p92. May 87 
Short circuit p 26. Jun 87 
Short circuit p 49, Jul 87 
Short circuit p 41, Aug 87 
Short circuit p 81 Sep 87 

Yagi t igon reflector. Optimizing 
WB3BGU p 84. Jan 86 

2-meter beam, portable 
KB5QJ p 113. Ocl 85 

6-meter kilowatt ampllfier 
KX0O p 50, Jul 86 

receivers and 
converters 

Easy Monitor Receiver for 2 Meters 
WA5SNZ p 28 Apr 89 

435-MHz Low-noise GaAsFET Pream- 
plifier 

WA2FTK and 
KtJUL p 9 Jul 89 

High Performance 2-Oeter Transverter 
WB4EHS p 68 Jul 89 

Local oscillators, high stability for micro- 
wave receivers and other applications 
W83JZO p 29, Nov 85 

3456-MHz Linear Transverter 
WAXJUF p 68 Jan 89 

TR-250012600 2-channel programming 
(HN) 
K9MLD p 128. Oct 85 

2-Meter Converter with Q Multiplier 
WA9HUV p 33 Nov 89 

220-MHz 9600-Baud Data Radio 
System for Packet 
W2DUC p 67 Feb 89 

UHF GaAsFET Doubler. The 
Weekender: 
WA9HUV p 65 Apr 89 

VHFIUHF world 
WlJR p 54. NOV 85 

VHFIUHF World. low noise update, part 2 
WlJR p 72. Dec 87 

Yaesu's latest VHFIUHF receiver, add 
general coverage 
W6MGI p 67, Oct 85 
Short circuit p 97. Oct 87 

2-meter monitor 
WA3ENK p 64. Jul 88 

220-MHz 9600-Baud Data Radlo 
System for Packet 
W2DUC p 67 Feb 89 

1296-MHz low noise amplifier 
(Weekender) 
WA9HUV p 60, Nov 88 

transmitters 

Amplifier. 432-MHz, 1500.watt 
W2GN p 40, Jul 85 

Heathkit Seneca As A 2-meter FM Am- 
pllfier 
W3NNL p 8 Mar 89 

Low-no~se phase-locked UHF VCO part 
1: the noise problem 
WA9HUV p 33, Jul 86 
Short circuit p 9, Dec 86 

Low-noise phase-locked UHF VCO part 
2: construction and testlng 
WA9HUV p 25. Aug 86 

Simple Signal Source for 903 MHz. 
The Weekender: 
NGJH p 88 Jan 89 

Temperature control, automatic 
WB5lRl p 75. Jun 85 

TR-250012600 2-channel programming 
(HN) 
K9MLD p 128, Oct 85 

VCO. 1800-2600 MHz 
WQDTV p 21, Jul 85 

VHFIUHF world: medium power am- 
plifiers 
WIJR p 39. Aug 85 

Weaver modulation. 2-meter transmitter 
NlCOX p 12. Jul85 

X-band beacons 
WA6EJO p 29. Jan 87 

microwave 
techniques 
Des~gning a station 
for the microwave bands: part 1 

N6GN p 41. Feb 88 
Designing a station for the mlcrowave 

bands: pan 2 
N6GN p 19 Jun 88 
Short circuit: p 35. Oct 88 

Des~gning a station for the mlcrowave 
bands: part 3 
N6GN p 17. a t 8 8  

Inexpensive Multi-megabaud M~crowave 
Data Link 
N6GN p 9 Dec 89 

Radial llne stub design 
NlBEP p 65. Feb 88 

VHFIUHF world: microwave components 
and terminology-part 1 
WtJR p 71, Mar 88 

VHFIUHF world: microwave components 
and terminology-part 2 
WlJR p 67, Apr 88 

Waveguide Flange Drilling Gu~de 
WA4WDL D 53 Jul 89 
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Tom McMullen, WlSL 

EXPLORING 
MAGNETISM 
In last month's column I mentioned an 
experiment using bell wire, a compass, 
and a battery in connection with mag- 
netic fields. It occurred to me later that 
perhaps some of you had never per- 
formed this experiment, or had never 
heard of it. It's sometimes good to go 
back to basics and look at the princi- 
ples that make our world of electronics 
possible. 

The equipment 
The equipment Iigt for th~sexperiment 

isn't very long, and the cost lnvolved 
is small. If you're a good scrounger or 
pack rat, you may not need to spend 
a cent. 

You'll need some wire - about 5 or 
6 feet of bell wire will do. (Bell wire is 
sometimes used to wire up door bells, 
hence its name.) If you buy it, you'll 
probably have to purchase a roll of 25 
or 30 feet. You might have better luck 
in a hardware or electrical store than 
at an electronics shop. Bell wire is solid 
copper covered wlth insulation. If you 
can't find bell wire, use solid copper 
wire of approximately 20 or 22 gauge, 
with either an enamel coating or plas- 
tic insulation. (Twenty-gauge wire is 
approximately the same diameter as the 
lead in a common mechanical pencil.) 

Next, you'll need a power source. A 
C-size flashlight cell will do nicely. Be 
sure ~t 's fresh - thls experiment soaks 
up current quickly. You can use an 
alkaline, carbon zinc, or mercury cell. 

CAUTION: Do not use NiCd cells or 
any storage battery! The high current 
capacity of these batteries will cause 
the wire to overheat quickly and may 
cause burns. 

The last item on the list is a compass. 
Any simple, inexpensive compass, like 

the wlre along the side away from the 
battery. This stiff wire sometimes tends 
to flop around a bit, so use a couple 
of pieces of tape to hold it down. 

If you have a battery holder that the 
C cell will slip into, use it. Otherwise, 
you'll have to hold a wire on one end 
of the cell. Touch the other end of the 
wire to the positive cap of the cell while 
you watch the compass. It should swing 
quickly to a right angle from the wire. 
Don't hold the wire on the cell any 
longer than necessary to see what the 
compass does. 

What did that? 
When vou completed the clrcuit 

from one kna of the cell to the other, 
a heavy current started f,owlng through 

, the wlre. Current flow (electron move- 

c NO. 2 0  OR 2 2  G A .  WIRE 

The basic experiment requires a C cell, a 
piece of wire, and a compass. Tape the wire 
in place to hold it still, and place a small com- 
passon top of the wire or beside it. Be sure 
the wire is placed North and South as shown. 

those used by Scouts or sold by camp- 
ing outfitters, should work. 

After you've collected all the parts, 
clear a space on a wood (not metal) 
work surface and try some experiments. 

Cut off about 2 feet of wire, and bare 
the ends for approximately half an 
inch. I f  you have enamel insulated wire, 
you'll need a bit of sandpaper to clean 
the insulation off. 

Place the wire on the table in an oval 
or rectangle, as shown in Figure 1. 
Place the compass either under or over 

ment) creates a magnetic field and the 
lines of magnetic force go around the 
wire. The compass needle aligns with 
them, just as ~t does with the earth's 
magnetic field. 

Try it again; but this time reverse the 
battery. Which way did the compass 
point? This demonstrates another rule. 
If you reverse the direction of electron 
flow, the magnetic field also reverses. 
Move the compass away from the wire 
a little bit at a time, and note how far 
away it is before the field doesn't affect 
it. Make a note of the distance; I'll refer 
to it later on. 

Now let's see what happens when 
the wire IS coiled up, with several turns 
next to each other. Use a 114-inch 
wooden dowel or stick as a form. Wind 
20 or so turns of wire on the dowel, 
maklng the turns close to each other. 
Place thls coil on the table, and tape 
the wires down as before. Put the com- 
pass r~ght next to the coil, perhaps on 
top of ~ t .  (see Figure 2). Touch the wires 
to the cells and watch the compass. 
Which way did it point? It seems to 
point along the coil, right? Look closely 
at the coil. If the compass is polntlng 
along the coil, then it's also point~ng at 
right angles to each individual wire in 
thecoil. Perhapsit moved more quickly 
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@ COMPASS 

ON WOOD 
DOWEL 

"C" CELL 

-- - 

Wind the wire into a coil around a wooden 
dowel and place the compass beside it or 
on top of it. Note the position of the N and 
S markings and the coil for this experiment. 

I (-Cz-zJ-\ ON 1/4 " IRON 1 bLF "C" CELL J 
Replace the wooden dowel with an iron bolt 
and note how much stronger the field is. You 
may have to move the compass more than a 
foot away before the field no longer affectsit. 

this time than it did with the single wire 
you started with. This tells you that the 
magnetic field is stronger. How can this 
be? The current capability of the C cell 
is still the same, so the answer must be 
that the lines of force are more concen- 
trated by the wires being so close 
together. 

Next, put some metal in the field and 
see what it will do. Replace the 
wooden dowel with a 114-inch bolt, (see 
Figure 3). A plain, hardware store soft 
iron bolt will do (don't use hardened 
steel). Tape the wires in place, with the 
compass beside the coil, and touch 
the wires to the battery. That compass 
snapped around smartly, didn't it? 
Move the compass near one end of 
the bolt and try again. The compass 
is telling you that the bolt is a magnet. 
(Even a soft iron bolt will stay magne- 
tized to some extent after the current 
stops flowing in the coil, so the com- 

pass will still point toward the bolt.) 
Move the compass away again, and 

see how far the field makes it move. 
Compare this with the results of the first 
experiment. Not only is the field more 
intense near the coil, but it affects the 
compass from farther away. Iron or 
steel concentrates and intensifies the 
magnetic field. This is one principle 
that makes electric motors, loud- 
speakers, power transformers, and 
hundreds of other devices work. 

Another experiment comes to mind, 
but we'll have to cheat a bit on the 
equipment list. The compass isn't fast 
enough to show what will happen. I'll 
explain why in a moment. 

Instead of using the compass as an 
indicator, get an LED. A plain LED 
without any resistor in the base will do 
the trick. Wind a layer of wire on top 
of the previous winding. If you had 20 
turns on the first winding, make this 
second one twice as large - 40 turns. 
Remove the insulation from the ends 
of the wire and connect the LED to the 
bare ends. Clip lead connections are 
fine; there's no need to solder them on. 

Tape the wires down to hold things 
steady, and touch the wires to the bat- 
tery. Watch the LED closely; note 
whether it flashes when you touch the 
wire, or when you remove the wire from 
the battery. Reverse the connections to 
the LED and try again. What happened 
this time? Which flash was brighter? 
Why didn't the LED stay on? Here's 
what's going on. This is a very crude 
transformer (see Figure4). The original 
winding is the primary; the extra wind- 
ing you added is thesecondary. The bolt 
serves as the core of the transformer to 
concentrate the magnetic field. 

Current flows when you touch the 
wires to the battery, generating a mag- 
netic field. This magnetic field cuts 
across the secondary wires, causing 
a current flow in that circuit. 

The LED is a diode which conducts 
in only one direction. Depending on 
the way it was connected in the circuit, 
it may have flashed when you touched 
the wire to the battery, or when you 
removed the wire. When you reverse 
the diode connections, the effect is the 
opposite of the first try. If you have two 
LEDs, you can connect them both in 
the circuit in parallel, but with opposite 
polarity. One will flash when you touch 
the wires, the other when you remove 
the wires. 

A magnetic field induces current 
flow in wires only when it's moving 

across the wire (or when the wire is 
rnoving through the field). Because the 
power source is DC, the field builds up 
and then stabilizes, so you'll see the 
L.ED flash while the field is building up. 
There's no current flow in the secon- 
dary after the field stabilizes, so the 
!.ED isn't on. When you remove the 
vvire from the battery, the field col- 
lapses because there's no electron flow 
to silstain it. As it collapses, it cuts 

OPTIONAL 
SECOND LED 
f SEE TEXT) 

A simple transformer is made by placing 
another winding on top of the first one. 
The second winding has more turns than 
the first one. You can use one or two LEDs, 
as explained in the text. 

across the secondary wires again. This 
creates current flow, and the diode will 
flash (if its polarity is right). By using 
two LEDs, you can demonstrate that 
the current flows in one direction as the 
field builds up and the other direction 
when the field collapses. The rule that's 
confirmed here is that the direction of 
current flow depends upon the direc- 
tion of movement of the magnetic field 
relative to the wire. 

Now, why is the flash br~ghter when 
the wire is removed from the battery? 
It's a matter of stored energy. The cur- 
rent flow is sustaining the magnetic 
field as long as the wire is connected 
to the battery. This is energy being 
L J S ~ ~  to keep the field in place, so you 
can say that some energy is stored in 
the magnetic field. It's a bit like press- 
ing against a strong spring. As long as 
you're pushing against the spring, 
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short circuit 
Art Correction 

In the October issue the DPDT switches at the top of 
Figure 1 on page 47 of KD9SV's article "Variable Gain 
160-Meter Preamp" were shown incorrectly. They should 
have appeared as shown in the corrected drawing below. . 

ROTATABLE DIPOLES 
EITHER 12 & 17 METER OR 
10 & 15 METER ANTENNAS 

New trapdeslgn for high strength and power handling capability Elements made 
of 6061-T6 aluminium for high strength Rotates wtth a small TV rotater 

Full legal power 'NTROOUmRY 1824D 25' elements 
2128D 22 4' elements 

Shlppln~l 
.PF 1 * WHICH MODEL 

m SV PRODUCTS - - KD9SV . 
4100 Fahlstng Road Woodburn. IN 46797 

H 202 219-632-4642 

JAPAN RADIO 

The Japan Radio NRD-525 combines the h~gti pcrforrnance JRC 
is known for, with a full complement of advancrd features Noted 
reviewer Larry Magne says, " the '525 1s as close to the optrmum 
shortwave I~stener's recerver as 1s m enstence unquesrronably 
the best overall shortwave listener's receiver on the market today " 
Contact us for full details $1 179.95 (+$I  2 UPS) 

HAM CATALOG SWL CATALOG SCAN CATALOG 
This 48 page catalog 52 pages of every This brand newcata- 
covers all major lines thing that is new for log offers the latest in 
of ham gear includ- the SWL, including scanners, wideband 
ing Kenwood, Icom, receivers, anten- radios, antennas 
Yaesu. AEA, Alinco, nas, R r n  & FAX de- and accessories 
MFJ and Kantronics coders, books and Bearcat. Regency, 
With pr~cesl accessories Icom, Yaesu, etc 
$1 Postpaid $1 Postpaid $1 Postpaid 

~;;l;;~~;;n~; 

astssmt? 7942 V/s/t 
our large showroom 
east of Columbus, 
Ohro 

30th ANNUAL 

TROPICAL HAMBOREE 
AMATEUR RADIO & COMPUTER SHOW 

t FEBRUARY 3-4,1990 
YOUTH FAIR EXPO CENTER 

200 + EXHIBIT BOOTHS 1,000 INDOOR SWAP TABLES 
300 CAMPSITES WITH HOOK-UPS FREE PARKING 15,000 VEHICLES 

PROGRAMS & ACTIVITIES FOR EVERYONE 
-- .- 

FRIDAY SPECIAL!!! 
ATTORNEY C,L,E. SEMINAR 

Conducted by ARRL Legal Strategy Committee 

Registration: 55.00 Advance - 56.00 Door. Valid Both Days (Advance deadline Jan. 26) 
Swap Tables: 520.00 each + Registration. Power: $1 0.00 per User 

Campsites: 3 Days (Fri., Sat., Sun.) $40.00 (Thurs. by  Special Arrangement) 
Headquarters Hotel: Miami Airport Hilton - $78.00 Single, Double 
Alternate Hotel: Airport Lakes Holiday Inn - $55.00 Single, Double 

WRITE TODAY Send to: Chairman, Evelyn Gauzens, W4WYR 
FOR DETAILED BROCHURE 2780 N.W. 3rd St., Miami, FL 33125 
& RESERVATION FORMS Tel.: (305) 642-41 39 
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MASSACHUSETTS 
TEL-COM. INC 
675 Great Road. Rte. 119 
Littleton. MA 01460 
(508) 486-3400 
(508) 486-3040 
The Ham Store of New England 
You Can Rely On 

MISSOURI 
MISSOURI RADIO CENTER 
102 NW Bus~ness Park Lane 
Kansas Clty, MO 64150 
(800) 821-7323 
miss our^: (816) 741-8118 
ICOM, Kenwood, Yaesu 
Same day service, low prices. 

NEVADA 
AMATEUR ELECTRONIC SUPPLY 
1072 N. Rancho Drive 
Las Vegas. NV 89106 
(702) 647-3114 
Dale Porray "Squeak." AD7K 
Outs~de Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 

NEW HAMPSHIRE 
RIVENOELL ELECTRONICS 
8 Londonderry Road 
Derry. N. H. 03038 
(603) 434-5371 
Hours Mon -Sat. 10-5; Thurs. 10-7 
Closed SunlHol~days 

NEW JERSEY 
ABARIS SYSTEMS 
276 Oriental Place 
Lyndhurst. NJ 07071 
(201) 939-0015 
Don WB2GPU 
ARRL, Astat~c, Astron, B&W, Belden, 
Bencher, Hustler, Kenwood, Larsen. RF 
Concepts. Tonna and much, much more! 
Tues.-Frl. 10AM-7 30PM 
Thurs. 10AM-9:OOPM 
Sat. 10AM-4:OOPM 
VisalMC 

KJI ELECTRONICS 
66 Skytop Road 
Cedar Grove, NJ 07009 
(201) 239-4389 
Gene K2KJI 
Maryann K2RVH 
Distributor of: KLM, M~rage, ICOM, Larsen. 
Lunar, Astron Wholesale - retail. 

Ham Radio's guide to help you 
find your local Amateur Radio 
Dealer 

CALIFORNIA 
A-TECH ELECTRONICS 
1033 Hollywod Way 
Burbank, CA 91505 
(818) 845-9203 
New Ham Store and Ready to Make a 
Deal! 

JUN'S ELECTRONICS 
3919 Sepulveda Blvd. 
Culver City, CA 90230 
(213) 390-8003 
(800) 882-1343 Trades 
Habla Espanol 

COLORADO 
ALLIED APPLIANCE & RADIO 
4253 South Broadway 
Englewood, CO 80110 
(303) 761-7305 
1 (800) 321-7305 (Orders only) 
Rocky Mts AmateurIShortwave Specialists, 
Ten-Tec, Yaesu, JRC-NRD. Sony , MFJ, 
KLM, and other fine gear. New and used. 
VisalMC. Antennas, books, discount prlces 
tool 

COLORADO COMM CENTER 
525 East 70th Ave. 
Su~te One West 
Denver, CO 80229 
(303) 288-7373 
(800) 227-7373 
Stock~ng all major llnes 
Kenwood Yaesu, Encomm, ICOM 

CONNECTICUT 
HATRY ELECTRONICS 
500 Ledyard St. (South) 
Hartford. CT 06114 
(203) 527-1861 
Call today. Friendly one-stop shopp~ng 
at pnces you can afford. 

DELAWARE 
AMATEUR & ADVANCED 
COMMUNICATIONS 
3208 Concord Pike 
Wilmington, DE 19803 
(302) 478-2757 
Delaware's Friendlrest Ham Store. 

DELAWARE AMATEUR SUPPLY 
71 Meadow Road 
New Castle, DE 19720 
(302) 328-7728 
(800) 441 -7008 
Icom, Ten-Tec. M~crolog, Yaesu, Kenwood, 
Santec, KDK. and more. One mile off 1-95, 
no sales tax. 

FLORIDA 
AMATEUR ELECTRONIC SUPPLY 
1898 Drew Street 
Clearwater, FL 33575 
(813) 461-4267 
Clearwater Branch 
Wesl Coast's only full servlce 
Amateur Radio Store 
Hours Mom-Fri. 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) 327-1917 
Hours Mon.-Fri. 9-5:30. Sat 9-3 

HAWAII 
HONOLULU ELECTRONICS 
819 Keeaumoku Street 
Honolulu, HI 96814 
(808) 949-5564 
Kenwood, ICOM, Yaesu, Hy-Gain, Cush- 
craft, AEA, KLM, Tri-Ex Towers. Fluke, 
Belden, Astron, etc. 

IDAHO 
ROSS DISTRIBUTING COMPANY 
78 South State Street 
PO Box 234 
Preston, ID 83263 
(208) 852-0830 
Mon. 9-2, Tues.-Fri. 9-6, Sat. 9-2 
Stock All Malor Brands 
Over 7000 Ham Related Items on Hand 

ILLlNOlS 
ERICKSON COMMUNICATIONS, INC. 
5456 N. M~lwaukee Avenue 
Chicago, lL 60630 
(312) 631-5181 
Hours. Mon. - Frl. 9-5 30. Sat 9-3 

INDIANA 
THE HAM STATION 
220 N. Fulton Avenue 
Evansville, IN 47710 
(800) 523-7731 
(812) 422-0231 
ICOM, Yeasu, Ten-Tec, Cushcraft, Hy-Gain, 
AEA & others. 

MARYLAND 
MARYLAND RADIO CENTER 
8576 Laureldale Dr~ve 
Laurel, MD 20707 
(301) 725-1212 
(800) 447-7489 
Kenwood, ICOM, Ten-Tec, Kantronics. Full 
Service dealec 
Mom-Fri. 10-8, Sat. 9-5 
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IBM PC or compatible Send and recetve rnages 
n up to 10 shades of gray dependlng upon your 
graph~cs card and p'nnter 

Demodulator Modulator 75 Page knuel 
Software Tutonal Cassette 

Ham trmcenrer PC wlth 640K Pardlel Port 
Graph~cs Card Tape Recorder Send ort 

~ b r ~ c r n ~ w m a t s :  8 12.17,2334,3648 Rsec 

NEW YORK 
BARRY.ELECTRONICS 
512 Broadway 
New York. NY 10012 
(212) 925-7000 
New York Clty's Largest Full Service Ham 
and Commercial Rad~o Store. 

VHF COMMUNICATIONS 
280 Tiffany Avenue 
Jamestown. NY 14701 
(716) 664-6345 
Open 8.00 AM till 5:30 PM 
Evenings. Saturday and Sunday by appotnl 
ment. Western New York's f~nest Amateur 
dealer. Featuring ICOM "The World System." 

OHIO 
AMATEUR ELECTRONIC SUPPLY 
28940 Euclld Avenue 
W~ckcl~ffe. OH 44092 (Cleveland Area) 
(216) 585.7388 
Ohlo Wats: 1 (800) 362-0290 
Outs~de Ohlo. 1 (800) 321-3594 
Hours Mom-Frt 9-5.30. Sat 9-3 

DEBCO ELECTRONICS. INC. 
3931 Edwards Road 
Clnclnnat~. OHlO 45209 
(513) 531-4499 
Mon -Sat. 10AM-9PM. Sun.12Noon-6PM 
We buy and sell all types of electron~c parts 

R-7000 Widespon Ponadoptor 

Panadaptor especially designed 
for the R-7000 receiver. For use 
with a standard scope. Variable 
span width from 1 to 10 Mhz. 
Uncover unknown elusive signals. 
Complete with all cables, & 90 day 
warranty. $349.95 Shipped. Pa. 
res. add 6%. 

GTI Electronics 
RD 1 BOX 272 

Lehighton, Pa. 18235 
7 1 7-386-4032 

UNIVERSAL AMATEUR RADIO. INC. 
1280 Aida Dr~ve 
Reynoldsburg (Columbus). OH 

43068 
(614) 866-4267 
Featurtng Kenwood, Yaesu. Icom. 
and otherflne geaK Factory author- . 
ized sales and serv~ce. Shortwave 
spectal~sts. Near 1-270 and alrport. 

PENNSYLVANIA 
HAMTRONICS. 
DIV. of Trevose Electron~cs 
4033 Brownsvllle Road 
Trevose, PA 19047 
(215) 357-1400 
Same Locatton for over 30 Years 

TEXAS 

K COMM dba THE HAM STORE 
5707A Mobud 
San Antonlo. TX 78238 
(512) 680-61 10 
(800) 344-3144 
Stocklng all major llnes San Antonto's Ham 
Store. Great Pr~ces - Great Servlce. Factory 
author~zed sales and servlce. 
Hours: Mon.-Frl. 10-6, Sat. 9-3 

4 
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MADISON ELECTRONICS SUPPLY 
3621 Fann~n 
Houston. TX 77004 
(713) 520-7300 
Chr~stmasw NowV 

MISSION COMMUNICATIONS 
11903 Aleif Clod~ne 
Su~te 500 (Corner Harw~n & Ktrkwood) 
Houston. Texas 77082 
(713) 879-7764 
Now In Southwest Houston-full l~ne of 
equipment. All the essent~als and extras for 
the "ham." 

WISCONSIN 
AMATEUR ELECTRONIC SUPPLY 
4R2R W Fond du Lac Avenue 
Milwaukee. W153216 
(414) 442-4200 
WISC Wats: 1 (800) 242-5195 
Outs~de Wlsc: 1 (800) 558.0411 
Mon -Frl. 9-5-30. Sat. 9-3 

Dealers: 
YOU SHOULD BE HERE TOO! 
Contact Ham Radio now for 
complete details. 

THE MULTIPLE RECEIVER SOLUTION 

4 Channel Signal-to-Noise Voter 
f xpandahlv 11) I? 111 1r111t.l hy .111\1 Ad1llna Lard% 
Conllnuou\ Vollnq 

LED Indsalnr? o l  COR and Vnlpd 4qnatt 
Brrrlt m Catrhralnr 
Remole Valrd Ind~( ator, P ~ r i n ~ d  0111 

4 '  7 x 60011t1Ir S~drd  Gold Platrd 44 Pln Cald 
Remotr D~rahle In()ul? 
MORE 

Bu~lt, tested and calibrated with manual 

$350.00 
Telephone lnlerlace now available 
For nlore ~nlormal~on call or wrlle 

DOUG HALL ELECTRONICS 
Voter Department 

815 E .  Hudson Street 
Columbus. Ohio 43211 

(614) 261-8871 



"NEW DUAL & TRI BAND SUPER 
"LINEAR" ANTENNAS 

NEW! ULTRA COMPACT '!'!FA"' 
SWRIPOWER METERS 

(M 200 144-150 MHz w (M-300 200-250 MHz 
2 (M-400 420-460 MHz 

(M-420 140-460 MHz 1275 @ N Grove St 
04-900 850-950 MHz Anaheim, (A 92806 
(M-1200 1250-1350 MHz (714) 630.4541 

DEALERS lN9UlRlES WELCOME FAX (714) 630-7024 

f 

Read All About Your 
Favorite Modes Of 

Digital Communications! 
* Submcribe Today! * 
Digital Digest 
4063 N. Goldenrod Road 
Winter Park, FL 32792 

Per Year 
U.S. s22 00 Elsewhere $160° 

Parablp 8 ,  11 . 1 . , !< IS  D.,lr Check or. M 0 R I . f e ~ r ~ d  
w & 

# 
I; 

Ar/\ 'c~rlc~~f Trc/~rloloc~l~ 

1 - 

? 

- - - - I - *  t f  w t  

F n m  fi PORTABLE PACKET Use ferr~te beads to keep RF out of your w ~ r r n ~  me qr,de! CON7 POLLER TV, stereo, telephone, etc KII ~ncludes one 

NOW YOU CAN HAVE YOUR PACKET. .. AND TRAVEL TOO! 
" O p ~ n  Squelch" DCD clrcultry for faster, more rel~able per- 

formance * Compact sue * Attaches to your belt, handle- O N L ~  
talkle or handheldcomputer * Rugged construction w~ th  superb 
RF sh~eld~no (no b~ rd~es  ln "our rad~o) Standard battery pack I Oder-rfy "Ow 521995 h t lmlorChrfrtmad 
prov~des over 12 hours of operation Advanced Personal Mall F ~ , ,  conrp~elu ,,,lo 8 spec,lr~atoons 
Box & KISS mode Included 32 k-bytes of RAM Complete Ca,/ 18131 874-2980 TO Order Calf 
w ~ t h  belt cl~p. cables. battery pack 8 charger. comprehens~ve Toil Frn: 1-800-223-311 1 
manual 30 day money-back 1 One year warranty parts & labor I Malor Credrl i srds Acce~red' -------------------------.------------. 

I PacComm 3652 West Cypress Street Tampa. Florida 33607 I 
I 

Please send HandiPacket More Information FREE Catalog , 
n 
r Name - Call I 

I 
I' Address Ph# - -- I 
fl 
(1 State - ZIP Card# -- Exp Date I 

I 

MONEY BACK GUARANTEE! Add S4 00 shfppmg handl~ng per order FL resfdents add 6Oo sales tax i ' Malor Credfl Card gfve number expfralron and sfgnatore FAX 813-872-8696 
I,-,,,,,,,,,,---------I------------------- 
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dozen beads, one dozen lorolds ' / z"  to 
11/4 " diameter, three "spllt beads" and our 
helpful RFI tlp sheet. Everything needed 
to f ix most RFI problems. $15 + $3 ship 
ping U.S. and Canada. 7Oh in CA. 

Free catalog and RFI tip sheet on request. 

C 

1989 U.S. CALL DIRECTORY \ 
(on microfiche) 

Call Directov - by calls~gn .................... $8 
Name Index - by last name ................... $8 
Geograph~c lndex - by slatelcity ....... .... $8 

All three - $20 
$3 shipp~ng per order 

BUCKMASTER PUBLISHING 
Route 3, Box 56 

Mlneral, Virginia 231 17 
7031894-5777 visalmc 8001282-5628 

C 



KDSKW QSLs. Globe. Eagle. Tower, and State Outline 
designs. $91100, $151300. 53311000. Shipping Included. 
Guaranteed correct! Free samples. Shell Printing, Box 508, 

bled and tested unlt, order 450-AST, 
5'799.95 plus $6.50 slh. Calif residents add 6% sales tax. For- 
elgn orders add 15% for ship ing A & A Engineering, 2521 
W. Lapalma, #K, Anaheim. db 9 i80 l .  1714) 952-2114. Rockton. IL 61072 . . - 
IMRA lnternatlonal Misslon Radio Association helos mission- HALLICRAFTERS RECEIVERS 1947-1956 models $25-$75 

Have lots of test equipment for trade or sale. Need Yaesu 
FT2700RH mobile, Motorola Molon 70 base station, CE-3test 
set K6KZT. (805)528-3181 

NEW UNIDEN SCANNER. 100 channels 25-512 MHz Mobile 
unlt wlall extras. Also handheld unit. M.K. 201-991-9280. 

arles Equ~pment loaned Weekday net. 14 280 MHZ. I ~ P M  
Eastern Nlne hundred Amateurs In 40 countries Rev Tnomas 
Sable. S J . Un~verslty of Scranton. Scranton. PA 18510 

ANALOG AND RF CONSULTING for the San Francisco Bay 
area. Commercial and military circuits and systems. James 
Long, Ph.D., NWB (408) 733-8329. 

FOR SALE: One Kenwood Transcetver (brand new) model 
T W S  equlpped wilh auto tuner and voice synthesizer. Paid 
over $1600.00. Will take best offer. Have other interest. 
Ed Summerill. W9HVZ. 

FOR SALE: Ten-Tec Paragon line, complete with mike, power 
supply, antenna tuner and volce synthesizer. KL7BT. A.C 
Perry. Box 871643, Wasilla. Alaska 99687. Phone (907) 
376-4854. 

- 

RTTY JOURNAL published 10 tlmes per year lor those 
interested in digital communicat~ons. Read about RTTY. 
AMTOR, MOS'S. PACKET, RTTY OX and Contesting. Plus 

RTTY JOURNAL-Now in our 36th year. Read about RTTY. 
AMTOR, PACKET. MSO'S, RTTY CONTESTING, RTTY DX 
and much more. Year's subscription to RTTY JOURNAL 
$10 00, foreign slightly hlgher. Order from: RlTY JOURNAL, 
9085 La Casita Ave., Fountain Valley. CA 92708 

technical articles concerning the digital modes. $12.50 per 
vear (forelan hiaher). RTTY JOURNAL. 9065 La Casita Ave. 

CUSTOM MADE EMBROIDERED PATCHES. Any size, 
shape, colors. Five patch minimum. Free sample, prices and 
order~ng informallon HElN SPECIALTIES. Inc., 7960 SW 
Manltou Trall, Glen Arbor. MI 49636. (616) 334-4385. 

- 
IBM-PC RTTYICW. New CompRtty II is the complete 
RTTYICW program for IBM-PC's and compatibles Now wilh 
larger buffers, better support for packet units, patures, much 
more Virtually any speed ASCII. BAUDOT, CW. Text entry 
via built-in screen editor! Adjustable spllt screen display. 
lnstand modelspeed change. Hardcopy, diskcopy, break-in 
buffer, select calling, text flle transfer, customizable full screen 
log!$$, 24 programmable 1000 character messages. Ideal 
for A ' sand  traffic handling. Requires 256k PC or AT com- 
patible, serial port. RS-232C TU. $65. Send call letters (includ- 
ing MARS) with order. David A. Rice, KCZHO. 144 N. Putt 
Corners Rd, New Paltz, NY 12561. 

WANTED: MX-2995 dual trace plug-in preamplifier for 
OS-117 oscilloscope. Must be in good working condillon. C.A. 
Carhoun. Call collect (508) 486-8454 weekends. 

RUBBER STAMPS: 3 lines $5.00 PPD. Send check or MO 
tct G.L. Pierce, 5521 Blrkdale Way. San Diego. CA 92117. 
SASE brings information. 

ELECTRON TUBES: Receiving, transmitting, microwave ... all 
types available. Large stock. Next day delivery, most cases. 
DAILY ELECTRONICS, PO Box 5029, Compton, CA 90224. 
(21 3) 774-1255 

FLEA MARKET 
RATES Noncommerc~a l  ads 100 oer word. 

commercia l  a d s  600 per word  b ~ t h ' ~ a ~ a b l e  
in advance. No cash discounts or  agency com- 
missions allowed. 

HAMFESTS Sponsored b y  non-profit or-  
gan iza t~ons  receive o n e  f ree Flea Market  a d  
(subject to  our e d i t ~ n g )  on a space available 
basis only. Repeat insertions of  hamfest  ads  
pay  the  non-commercia l  rate. 

COPY N o  special layout or  arrangements 
available. Mater ia l  should b e  typewritten or  
clearly pr inted (not all capitals) a n d  must In- 
c lude  full n a m e  a n d  address. W e  reserve the  
r ~ g h l  to reject unsuitable copy. Ham Radio can- 
not  check each advertiser a n d  thus cannot b e  
held responsible for c la ims made. L iab~ l i t y  for 
correctness of  materlal l imi ted to  corrected a d  
i n  next  available issue. 

DEADLINE 15th of second preceding 
month.  

SEND MATERIAL TO: Flea Market ,  H a m  
Radio.  Greenvil le. N. H. 03048. 

BEGINNER'S RADIO CLEARINGHOUSE. On a space avail. 
able basis, we are going to offer you. OUR SUBSCRIBER, 
free of charge, a chance to find a home for your used equip- 
ment with a new Ham. Please send us a short description of 
what you want to sell along with price, name, address and 
phone number. We'll run it once in a special sectlon of the 
classified ads under the heading of BEGINNER'S RADIO 
CLEARINGHOUSE. Please limlt your ad to 20 words or less. 

RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 
Walter. 2697 Nickel, San Pablo. CA 94806. 

COMING EVENTS 
Activities - "Places to go . . ." 

INDIANA: December 31. South Bend. Hamfest Swap & Shop, 
December 31, last day of 1989 BEFORE New Year's Day at 
CENTURY CENTER downtown on U.S. 33 ONEWAY North 
between Trustcorp Bank Building and river. Four lane high- 
ways to door from all directions. Tables: $515 ft. Round: 
$1518~2.5 rectangular: $2018 tt. Wall locations. Over half acre 
on carpeted floor. Electric NO charge- Brin long cord Talk 
11, 52, 39, 09. 94. 145.29. Call 219.2335387. write Wayne 
Werts, KSIXU, 1889 Riverside Drive, South Bend, IN 46616. 

WISCONSIN: January 13 The 18th annual Midwinter Swap- 
fest sponsored b the West All15 Radio Amateur Club 
~ a i k e s h a  County Expo Center Forum. 8 AM to 3 PM. ~dmis:  
sion S2ladvance: 531door. Amateur exams. Great food. For 
tlckets or information SASE to WARAC Swapfest, PO Box 
1072. Milwaukee. WI 53201 

LET THE GOVERNMENT FINANCE your small busmess. 
Grantslloans to $500.000. Free recorded message: 707- 
448-0270. (KH51. . , - 
ICOM KENWOOD & YAESU OWNERS: Informative separate 
~ewsietters 10th year. USA bulk ($10.50) F.C. ($12.50) 
Canada ($13.00). Elsewhere ($14.00 & $18.00). Free catalog. 
Send 45-cent SASE, International RadioComputers. Inc., 751 
South Macedo Blvd. Port St. Lucie. FL 34963. Tel (407) 
879-6868. 

MORSE TERMINAL for Radio Shack Color Computers with 
interface cables $42.95. Free Catalog. Dynamic Electronics. 
POB 896, Harlselle, AL 35640. (205) 773-2758. 

OPERATING EVENTS 
"Things to do . . ." -- 

WIRE ANTENNAS and accessories. Antennas from $10 
Coffee cups, callsign plaques. SASE for list. W8EV Products, 
205 W. Flrst St. Arcanum. Ohio 45304. 

- 
December 20: The Prov~dence. Rhode Island. Radlo Associ- 
ation. WlOP will ooerate from 0000-O5WZ On 1.825 mcw to 
&ibr&;is' 70thriin&ersary: A r b b c y c l e  AC note will 
slmulale the sperk signal from the PRA in 1919. For a com- 
mernaratlve certificate SASE to PRA. WlOP, 1 Ludlow Street, 

BEAT THE COLD1 Melbourne. FL QTH: 4:2:2 (3100 sqlft) 
house. 1.6 + acres. 220V wired shack with coax races built 
in. RHONl25 pad, workshop, pool, sprinkler system, in the 
country no restrictions, many tall pines and oaks, easy com- 
mute to Cape Canaveral, close to fishinglbeacheslshopping. 
SAE for details and ~hotos.  $209,000. NODHl4. 

Johnston. RI 02919 

December 30-January 1: The Relay Repeater ARC wlll 
operate KE6PE 16002-0400Z each day, to  commemorate 
the 101th annlversarv of the Tournament of Roses. 101 

NYE-VIKING stra~ght key wloase $10 1990 North Amer.can 
Callbooks $24 75 postpala D Helse. AA6EE. 16832 Whorl- 
wlnd. Ramona. CA 92065 (619) 789-3674 eves DIGITAL AUTOMATIC DISPLAYS. An Radio. Be specific. 

Large 45 cent SASE. GRAND  SYSTEM^, POB 2171, Blaine, 
WA 98230. 

years of the Rose Paisde and 76 years of the Rose Bowl 
Game. Sugg Freq: 14.260.21.335 and 26.450 NovlceITech. 
For cartlfkate sand QSL and 9x12 SASE to Relay Repeater 
Club, PO Box 81, Arcsdla, CA 91008-5019. 

- 
WAVETEK TECHNICIAN NEEDED. If you have experience 
with the 3001 Signal Generator, I need help repairing mlne. 
Dan Marshall, K5UN,  8240 Mpack Expy, #395, Austin, 
TX 78759. (512) 343-6262. 

SLEP SPECIALS: Mllltary USM-207 frequency counter, solid 
state. range 0-500 MHz. e~ght d~glt readout. hlgh sta01lfty crys. 
la1 oven osc~llator, lab aualltv $185 00. H P W A  stgnal gener- 

YOUTH LINK NET. Open to all Hams under age 18. Salur- 
days at 2000 UTC, 28.425 MHz. For more information con- 
tact Net Control. George Manning. WB5NMH. 602 Glendale 
St. Burkburnett. TX 76354. 

ator 50 kHz to 65 MHz; calibrated output, ideal for Amateur 
repair $295.00, military HP USM-281A oscilloscope (180A) 
solid state 50 MHz, dual channel, with 1801A, 1821A, plu ins, 
portable $295.00. mll!tary TS-5lOA Slgnal enerator 10 &HZ 
thru 420 MHz. callbraled outout. MIJversion HP608D 

FREE 1989-90 Florlda two meter repeater directories are cur- 
ranttv beino distributed bv the Hernando Countv Amateur - 

HAM SOFTWARE IBMlCompatibles 10 disks $26.95. 
MCNISAIDiscover. N5ABV EAPCOIH, Keller, TX 76248-0014. 
(81 7) 498-4242. 1-800-869-7206. 

riadlb i i s l  ~ i B r i & ~ v i ; .  ~i Ask ior  one at i n y  ott~c~al 
Florlda Welcome Center or SASE to Repeater Directory. Her- 
nand0 County ARA, POB 1721, Broo6sv1lle. FL 34605-1721 

$165 O;;HP~~~A mlcroivaie sl&ai generator 1 6 GHz thru 
4 2 GHz $275 00, mllltar ME 28DIU VTVM wlth probes, fre- 
quency response 2 O ~ ~ i t o  7b0 MHz $65 00. have quantity. 
all lab callbratedlguaranteed VlSAlMC or check add shl 
pln wrltelphone Blll slep: 704-524-7519, S ~ E P  E L E ~ .  
T R ~ N I C S  COMPANY. Htghway 441 Otto. NC 28763 

- 

LICENSE EXAMS: Middlesex Amateur Radio Society (MARS) 
has scheduled the followin exams: December 12- Un~ted 
Methodist Church, 381 ~ a i n  L e t .  Portland. CT. 6:45t09 I'M. 
To pre-re ister call Ed Kerns. KN9Y (203) 342-3400. Walk!ns 
allowed. Qhe Middlesex ARS meets every Tuesday evenlng 
at 7 PM at the United Methodist Church. All are welcome. 

WANTED: Old, unique and foreign bugs. Smiley White, PO 
Box 5150. Fredericksburg. VA 22403. (703) 3750996. 

FOR SALE: Due to health must sell Amateur and Broadcast 
radios, books, magazines, tubes and miscellaneous parts. Tel- 
etype machines and more. Appreciate a Ion 45 cent SASE 
K4UJZ. Russ Olmsted. 608 W. Thompsontane. Murfrees- 
boro. TN 371 29 

- - 

AVANTEK ATF10135, $12.00, MMIC's, P.C. board, SASE: 
WA3IAC. 7148 Montague St, Philadelphia, PA 19135 - 
"HAMLOG" COMPUTER PROGRAM. Full features, 17 mod- 
ules Auto-logs. 7-band WASIDXCC Apple $19.95. IBM. 
CPIM. KAYPRO, Tandy. C128 $24.95 HR-KAIAWH. POB 
2015. Peabody, MA 01960. 

LAUREL ARC montnly (except December) Amateur exam ses- 
%Ions for all llcense classes No fee ts charged Prereglslratlon 
IS reqblred Call (301) 725-1212. Maryland Radlo Center 8576 WANTED: Schematlc. Regency HR-212. Will pay for copy- 

ing. KB4LBK. 3247 Lynmoulh St. Memphis. TN 381 18. Laureldale Drive. Laurel. MD 20707. 
FREE Ham Gospel Tracts. SASE, Steve Forst, N3FTT. 5133 
Gramercy, Clifton Heights, PA 19018. 

WANTED: Ham equipment and other property The Radio 
Club of Junior High School 22 NYC. Inc. is a nonprofit organi- 
zatlon, granted 501(C) (3) status by the IRS, incorporated with 
the goal of using the theme of Ham Radio to further and 
enhance the education of young people nationwide. Your pro- 
perty donation or financial support would be greatly 
appreciated and acknowledged with a recelpt for your tax 
deduct~ble contribution. All of the "22 Crew" want to wish our 
friends and supporters worldwide the very best Hollday Sea- 
son ever. "Education thru Commun~catlon" celebrates 11s 
tenth anniversary thanks to you. Please write us at: PO Box 
1052. New York. NY 10002. Round the clock hotline: (516) 
674-4072. 

NORTH COAST ARC 1989 LICENSE EXAMS. 12:30 PM, 
Saturdays December 9. N. Olmsted Community Cabin. S of 
Lora~n on W. Park. Nov~ce thru Extra. Walkins allowed. Talk 
in 145.29 repeater. For information Dan Sarama, KBBA. 15591 
Rademaker Blvd. Brookpark. Ohio 44142. 267-5083 or PaU- 
line Wells. KABFOE. Rlck Wells. K8SCI. 777-94801779-8999. 

AMATEUR RADIO CLASSES: For those people interested 
In obtaining a Novice (basic level) Ham license or upgrading 
to TechJGeneral, the Chelsea Civil Defense, in cooperation 
with QRA Rad~o Club, will sponsor Amateur Radio Commu- 
nicatlons classes evenlngs at Chelsea High School starting 
MARCH 7. 1989. For more information write Frank Masuccl. 
KlBPN, 136 Grove Street, Chelsea. MA 02150. Please 
enclose your telephone number. 

- . -  
- 

450 MHz SPECTRUM ANALYZER. Adapted from Nov 85 QST 
article by Al Heifrick, KPBLA. Features: Three digit LED cen- 
ter frequency digital readout. 12 position calibrated Scan 
Width 1 kHz to 50 MHz, switchable bandwidth; Wide 5 300 
kHz   arrow 5 10 kHz. Use your low frequency scope for the 
dis<lay portion. Switchable 10 kHz v~deo filter. Varlable IF 
anenuator. LOG output calibrated in 10 db steps. For com- 
plete kit. order #45&KIT $459.95 plus $4.50 slh. For assem- 

THE MlT UHF REPEATER ASSOCIATION and the MIT Radio 
Society offer monthly HAM EXAMS. All classes Novice to 
Extra. Wednesday, DECEMBER 20.7 PM, MIT Room 1-150, 
77 Mass Avenue Cambrid e MA. Reservations requested 
2 days in advanci. ~on tac tbdn  Hoffmann at 617) 484-2098. 
Exam fee $4.50. Brin a copy of your current license (if any). 
two forms of icture 8 ,  and a completed form 610 availab' 
from the FCC! in Ouincy. MA (617) 770-4023. 

FOR SALE: ICOM at 500 automatic antenna tuner. Used once. 
Price $350 Don Turner, 3764 Nightingale Dr. Cincinnati. OH 
45227 . -- 

- 

POLICEIFIREFIGHTER HAMS. Please send your call, name. 
address, rank, department name for inclusion in special 
roster, available early 1990. Capt. Bob Blakeslee, N21HO. 
1-112 Macomber Avenue. Binghamton. NY 13901 
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Dependable Service 
The Right Price.. . Everytime 

VAESU 
~- 3 

uniden. V) 
W 
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HFIVHFIUHF 
E! 

FT.767GX BASE STATION Built-in Automatic Antenna z 
3 

Add Optional 6m, 2m 8 Tuner and Power Supply 
70cm Modules 99 Memories 100 W Output Mobile 10 MeterTransce~ver 

Dual VFO's 160-10MIGeneral Coverage SSBIAMIFMICW 
Receiver 25 Watts PEP 

V) 
Full CW Break-in I- 

* Lots More Features Band Stacking Registers New FM Offsets 8 PL & W - 0 

KENWOOD IC-725 lCOM NEW ULTRA COMPACT 
HF TRANSCEIVER 

FT-736R VHF UHF BASESTATION 

SSB, CW. FM on 2 Meters 
and 70 cm 
Optional 50 MHz. 220 MHzor 
1.2 GHz 
25Watts Output on  2 Meters. 
220 and 70 c m  
10 Watts Output on 6 Meters 
and l .2GHz 100 Memories 

Complete Term~nal U n ~ t  for . 
Morse. Baudot. ASCII. AMTOR 

NOW l/2 PRICE 
CLOSEOUT SPECIAL 

ONLY 5169. DELIVERED 
Software Available 

Call Now-Don't Delay 

USBILSBICW. AM Recelve 
Opt~onal Module for AM 
Transrn~t and FM TXIRX 
160-10M Operation 100 W Outpul 
Receive 30 kHz to 33 MHz 

2 6  Mernorles with Band 
Stacking Registers 

TS-140s AFFORDABLE DX.lng! 

HF Transceiver With 
General Coverage Receiver 
Ail HF Amateur Bands 
100 W output 
Compact. Lots of Features 

0 
ICOM 
IC-2GAT 
IC4GAT 

2 Meter 8 440 
Handheld5 
IC-2GAT 
RX 13&174 MHz 
TX 140-150 MHz 
7 Watts 
IC-4GAT 
440-450 MHz 
6 Watts 

TM-231A 
2 METER FM MOBILE KT.Series Mono-Band Radios 

10.15.20.30-40-80M MODELS 
M Watts Output 
20 Multi-Funct~on Memories 
Selectable CTCSS Tone Built-in . Operate 4 Mobile Rigs with Optional 
lF.20 Interface and RC.20 Controller 

SAVE BIG $$ 
Best Price and Complete Selection 

Call Today! 

MFS SALE MFJ 0 
ICOM 

p~ 

KENWOOD 
TH-25AT 

POCKET.StZED 
AND POWERFUL 

A U W  
SUPER SALE LARGEST STOCK OF ALL 

YOUR MFJ FAVORITE 
ACCESSORIES 

CALL TODAY FOR 
BEST PRICE 

IC-32AT 
SUPER DUALBAND 
FM HANDHELD 

I Frequency Cover- 
age: 141.1-63 MHz 
(Rx), 144-148 MHz 
(Tx) 
Front Panel DTMF 
Pad 
5 Watts Output 
14 Memories 
TH-45AT Available 
for 440 MHz 

5 Watts on  Both Band: 
Receive 138-174 MHz 

440-450 MHz 
Stores Standard and 

i I $449.00 Delivered 

25W. 21 Memories. Dual VFO's 
At an Unbeatable Prlce! 

Extrasavings on the MFJ-1278 
Multi-Mode Datacontroller ( Odd Offsets 

I I I 

I - 6pm Mc 
In Misso 

)n.-Fri. 9 
uri Call- 

Sat. 
5118 

ty, MO 64 all Toll FI I 102 N.W. Busil 
Send SASE For usea L 

r Lane K 
1st - 

AlWA 
- 

HUSTL 
MOST ORDERS SHIPPED SAME DAY 7 

1 ICC 



OPTOELECTRONICS 

You have counted on OPTOELECTRONICS And more and more of you are counting on 
Hand Held Frequency Counters to be the us, technicians, engineers, law enforcement 
best quality, to be affordable and reliable. officers, private investigators, two-way radio 
We have been there for you with Frequency operators, scanner hobbyists, and amateur 
Counters tha! are compact and ultra sensitive. radio operators, just to name a few. 

All counters have 8 diglt red .28" LED displays. Aluminum cabinet IS 3.9" H x 3.5" x 1". Internal Ni-Cad batteries 
provrde 2-5 hour portable operation with continuous operation from AC line chargerlpower supply supplied. Model 
CCB uses a 9 volt alkallne battery. One year parts and labor guarantee. A full line of probes, antennas, and accessorles 
is ava~lable. Orders to U.S. and Canada add 5% to total ($2 min, $10 max). Florlda residents, add 6% sales tax. 
COD fee $3. Foreign orders add 150/0. MasterCard and VlSA accepted. 

Hand Held Series Frequency Counters and Instruments , 

Orders to U.S. and Canada add 5% to total ($2 mrn, $10 max). Florida residents. add 6% sales tax. COD fee $3 
Foreign orders add 15%. MasterCard and VlSA accepted. 

OPTOELECTRONICS INC. 
5821 N.E. 14th Avenue Fort Lauderdale, Florida 33334 

1-800-327-5912 FL (305) 771-2050 FAX (305) 771 -2052 H 126 

ACCURACY ALL HAVE +I- 1 PPM TCXO TIME BASE. 

CCA 
10 MHz 
550 MHz 
Security 

$299 

NA 
< .5 mv 
< 1 mv 
N A 
NA 
NA . 

MODEL 
RANGE: FROM 

TO 
APPLICATIONS 

PRICE 
SENSITIVITY 
1 KHz 
100 MHz 
450 MHz 
850 MHz 
1.3 GHz 
2.2 GHz , 

CCB 
10 MHz 
1.8 GHz 
Security 

$99 

NA 
< 5mv 
< 5 mv 
< 5mv 
< 10 mv 
< 30 mv 

1300HIA 
1 MHz 
1.3 GHz 
RF 

$1 69 

NA 
< 1 mv 
< 5mv 
< 20 mv 
< 100mv 
NA 

221 0 
10 Hz 
2.2 GHz 
General Purpose 
Audio-Microwave 
$21 9 

< 5mv  
< 3mv  
< 3 mv 
< 3 mv 
< 7mv  
< 30 mv , 

2400H 
10 MHz 
2.4 GHz 
Microwave 

$1 89 

N A 
< 3 mv 
< 3 mv 
< 5 mv 
< 7mv  

, < 30 mv , 



Compare.. . Ours & Theirs 
Choosing the radio that's right for you can be 2 METER HANDHELD YAES~I  ICOM KENWOOD 
pretty confusing That's why we decided to make SPECIFICATIONS FT4 I I /HI I IC2SAT/IC4SAT TH-2 1 SflH-416 

it as simple as possible for you to see how these 111.1n11r> Ch;tl~nt.l\ 49 48 I U  

Yaesu hand-helds stack up against the competi- 7 VF( k - I I 

tion. No boasts, no sales pitches, just a factual Memory Channels Store 49 10 10 

side-by-side comparison of "ours" versus "theirs." Any Offset 

Because Yaesu quality speaks for itself. Wide Receiver Frequency Ran~e  146173 1.38.174 141-168 
(M1lz)-VIIF 

Wide Receiver Frequency Range 430450 440-450 438-450 
(Mll~)-[~llF 

YAE SU 
17210 Edwards Road Cerrltos. CA 90701 (800) 999-2070 

Built-in CTCSS Encode/Decnde Included Option Enude Only 

Memory DTMF Autodialer 10 None None 

CT('SS Paging / Option - 

Prrrgrammahle Rattery Saver 1L/ fl d 
Backlit LCD Display v I4 v' 
Racklit DTMF Keypad r/ - - 

APO, Autnmatir Power Off 4 4 - 
I MHz Ilp/Dnwn Stepping 4 4 I/ 
Vinyl Cav  l/ Option Option 

Scan For CTCSS Tone / - - 
R U I I I  In vox V - - 
CIwk - 4 - 
&It1 Split, Any Tx Or Rx Frquency 49 10 I 
In An) Memory Channel 

Suggested Retail Price $406.00' $439.95' 5949.9.5' 

DUALRAND HANDHELD YAESI! ICOM KENWOOD 
SPECIFICATIONS FT-170 IC32AT TH.75A 
\ l tm~~ry ('h;tnni~ls 4 2 21) 20 

\'Ff k 1't.r Rand 2 I 1 

\Vide Recr4vrr Frequency Range 136180 138.174 140-164 
(Mllz)-VHF 

Wide kt-iver Frequency Range 430450 440-5.50 4:Wl.W 
IMIIz)-I'HF 
- 

Built-in (XAC Encnde/Decnde Included O ~ t i i ~ n  Encndtl Onlv 

Memory DTMF Aulodialer 10 Nnne None 

Dual Receive With Ralancv Cnntml L/ - r/ 
- -  - -  - 

CR:SS Paging v - r/ 
Crn.;s Bani1 Full 1)uplex 

Prngrammahle Battery Saver v/ 

Backlit LC[) Display v / 
Racklit DTMF K~lypad v - - 

Alternating Rand Scan / r /  v' 
Cross Rand Kepater v - - 

Powrr Output on 2 Meter and 440 2. :W 5.0W I..iW 

APO, Automatic Power Off v - 

I MHz llp/Dnwn Stepping d 
Memr~ry Channrls Stnre 4 2 20 21) 
Any Offset 

Yi~lyl Caw v Option Opt inn 

Odd Split, Tx Or Rx, Any Frequency 42 20 2 
In tnv Sfemorv Channel 

Suggested Retail Price f 576.00 $629.00 S.549.00 
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